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fl'uent” exiting the pyrolysis unit to a level at
Wrididnt tseetidrannd by riitegt cavast ivots staas. The vaporized feedstock and

steam mixture is then introduced into the radiant section where the cracking takes

place. The resulting products including olefins leave the pyrolysis furnace for
further downstream processing, including quenching.

[0003] Pyrolysis involves heating the feedstock sufficiently to cause
thermal decomposition of the larger molecules. The pyrolysis process, however,
produces molecules which tend to combine to form high molecular weight
materials known as tar. Tar is a high-boiling point, viscous, reactive material that
can foul equipment under certain conditions. In general, feedstocks containing
higher boiling materials tend to produce greater quantities of tar.

[0004] The formation of tar after the pyrolysis effluent leaves the steam
cracking furnace can be minimized by rapidly reducing the temperature of the
effluent exiting the pyrolysis unit to a level at which the tar-forming reactions are
greatly slowed. This cooling, which may be achieved in one or more steps and

using one or more methods, is referred to as quenching.
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cracki ng systens have been effective for cracking
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in the steam turbines, it is necessary to superheat the steam produced in the
transfer line exchangers.

[0007] The integration of transfer line exchangers with their corresponding
high-pressure steam superheaters in a conventional steam cracking furnace (e.g.,
cracking naphtha feed) is shown in Figure 7 of the paper “Specialty Furnace
Design: Steam Reformers and Steam Crackers,” presented by T. A. Wells of the
M. W. Kellogg Company, 1988 AIChE Spring National Meeting.

[0008] Cracking heavier feeds, such as kerosenes and gas oils, produces
large amounts of tar, which lead to rapid coking in the radiant section of the
furnace as well as fouling in the transfer line exchangers preferred in lighter liquid

cracking service.



| arge anounts of tar, which lead to rapid coking in
the radi ant section of the furnace as well as fouling
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l'iquid cracking service.[0009] Additionally, during
transport sonme naphthas are contam nated with heavy
crude oil containing non-volatile conponents.
Conventional pyrolysis furnaces do not have the
flexibility to process residugs, crudes, or nany
resi due or crude-contam nated gas oils or naphthas
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hydrocarbons, are subjected to cracking.
[0012] U.S. Patent 5,190,634, which is incorporated herein by reference,
discloses a process for inhibiting coke formation in a furnace by preheating the
feedstock in the presence of a small, critical amount of hydrogen in the convection
section. The presence of hydrogen in the convection section inhibits the
polymerization reaction of the hydrocarbons thereby inhibiting coke formation.
[0013] U.S. Patent 5,580,443, which is incorporated herein by reference,
discloses a process wherein the feedstock is first preheated and then withdrawn
from a preheater in the convection section of the pyrolysis furnace. This
preheated feedstock is then mixed with a pre-determined amount of steam (the

dilution steam) and is then introduced into a gas-liquid separator to separate and

remove a required proportion of the non-volatiles as liquid from the separator.
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the furnace is operated with low levels of excess oxygen in the flue gas, the flue-
gas temperature in the middle to upper zones of the convection section will be
lower than that when the furnace is operated with higher levels of excess oxygen
in the flue gas.
[0016] Co-pending U.S. Application Serial No. 10/188,461, filed July 3,
2002, which is incorporated herein by reference, describes an advantageously
controlled process to optimize the cracking of volatile hydrocarbons contained in
the heavy hydrocarbon feedstocks and to reduce and avoid the coking problems.
It provides a method to maintain a relatively constant ratio of vapor to liquid
leaving the flash by maintaining a relatively constant temperature of the stream

entering the flash. More specifically, the constant temperature of the flash stream
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t he Inv tion [0019] The present invention provides a
plsffé’é@ f%EfPaeSE-ki ng heavy hydrocarbon feedstock which
conpri ses heati ng a heavy hydrocarbon feedst ock,

Summary of the Invention

[0019] The present invention provides a process for cracking heavy
hydrocarbon feedstock which comprises heating a heavy hydrocarbon feedstock,
mixing the heavy hydrocarbon feedstock with a fluid to form a mixture stream,
flashing the mixture stream to form a vapor phase and a liquid phase, removing
the liquid phase, cracking the vapor phase in the radiant section of a pyrolysis
furnace to produce an effluent comprising olefins, and quenching the effluent
using a transfer line exchanger, wherein the amount of the fluid mixed with the
heavy hydrocarbon feedstock is varied in accordance with at least one selected
operating parameter of the process. The fluid can be a hydrocarbon or water,

preferably water.



m xi ng the heavy hydrocarbon feedstock with a fluid to
forma m xture stream flashing the m xture streamto
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l'iquid phase, cracking the vapor phase in the radiant
section of a pyrolysis furnace to produce an effl uent
conprising olefins, and quenching the effluent using a
transfer |ine exchanger, wherein the anmount of the
fluid mxed with the heavy hgdrocarbon feedstock is
varied in accordance with at |east one sel ected
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of the pyrolysis furnace before mixing with the fluid. Preferably, the temperature
of the heavy hydrocarbon feedstock is from 300 to 500°F (150 to 260°C) before
mixing with the fluid.
[0023] Following step (b), the mixture stream may be heated by indirect
contact with flue gas in a first convection section of the pyrolysis furnace before
being flashed. Preferably, the first convection section is arranged to add the fluid,
and optionally primary dilution steam, between passes of that section such that the

heavy hydrocarbon feedstock can be heated before mixing with the fluid and the

mixture stream can be further heated before being flashed.
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exchangel: fafiReusgd to produce high pressure
[0027] The transfer line exchanger can be used to produce high pressure
steam which is then preferably superheated in a convection section tube bank of
the pyrolysis furnace, typically to a temperature less than about 1100°F (590°C),
for example about 850 to about 950°F (455 to 510°C) by indirect contact with the
flue gas before the flue gas enters the convection section tube bank used for
heating the heavy hydrocarbon feedstock and/or mixture stream. An intermediate
desuperheater may be used to control the temperature of the high pressure steam.
The high pressure steam is preferably at a pressure of about 600 psig or greater
and may have a pressure of about 1500 to about 2000 psig. The high pressure
steam superheater tube bank is preferably located between the first convection

section tube bank and the tube bank used for heating the vapor phase.
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heavy hydrocarbon feedstock and/or the m xture stream

The heavy hydrocarbon feedstock, fluid, optional steam
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Description of the Invention [0030] Unless othermnse
stated, all percentao parts, ratios, etc., are by
Degailed Dps e09ni o 3 reference to a

C?MTnd or Lﬁﬁg@ %@l‘fe%vlse stated, all percentages, parts, ratios, etc., are by

weight. Unless otherwise stated, a reference to a compound or component

includes the compound or component by itself, as well as in combination with
other compounds or components, such as mixtures of compounds.

[0031] Further, when an amount, concentration, or other value or
parameter is given as a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair
of an upper preferred value and a lower preferred value, regardless whether ranges
are separately disclosed.

[0032] As used herein, non-volatile components are the fraction of the
hydrocarbon feed with a nominal boiling point above 1100°F (590°C) as measured

by ASTM D-6352-98 or D-2887. This invention works very well with non-



i ncl udes the conmpound or conponent by itself, as well
as in conbination wth other conpounds or conponents,

WG owlh/0g854811 Xt ures of conpounds. [0031] Furt her PCTHIS2005606471
amount, concentration, or other value or paraneter is
given as a |ist of upper preferable values and | ower
preferable values, this is to be understood as
specifically disclosing all ranges forned from any
pair of an upper preferred value and a | ower preferred
val ue, regardl ess whether ranges are separately

d&o?;& 195 %vagoé)%%lm&ﬁ Bhiggh BB bovBoouel1abodre (760°C) The

nponents are the fraction of the hydrocarbon feed
V%dlhng:l poini rdstribation ng e ity dedwexbeonl ]f@@F i¢ 5eBayured by Gas
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bmo@ef(lmpyraN@@Jvenm&oiﬁpdnbm bamr(cﬁae)coa@ predisng, which are
t he net hods descri bed in ASTM D-6352-98 or D- 2887,

embéeraiely theawxt msher aedctive f wplegplesr isark @oumlﬂlﬁgl%&y@naﬁc

7000C Non-vol atil e one n d
SRPDE TE S5 RHEH et EGENa By e ool under
rt‘ﬁ@% eY 1n'§0{:$ﬁ&'t“i&1§ ereH&kle®d MUiNe! prebdid Iﬁfl’)&ﬁmdfcthc invention.
conp ch can condense fromthe vapor phase and
t]h’emum rfinat d»lodmgnplmnt sihedl open dhé nempaondire iabrgich 99.5 weight

encountered in the sent procepﬁ of the i nvention.
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| ErdE€hE BBavyeh@irecarbsn &e@ft@des Thé @rodesatomprises chestiiemmheavy
cracki ng heavy hydrocarbon feedstock, The proces

cidypdasean ﬁa@d@tp@ig ralxneathy Inwf Bﬁ@ﬁ%ﬁ% dedsiosk Rmﬁl a fluid to

%ﬂ?}n% t.he %&%VHIP %?‘ﬁ’é“{%{b Jfo? ure é&ﬂatsg aﬁ‘% vau% bhase,

PHRESaIAP dvﬁ?rﬂng%ﬂed albaseof Fued Qﬁﬂd@ﬂyw\kﬁr hen@edvirehydrocarbon
amount of flurd m xed with the heavy hydrocarbon

f fedsodc kn apcaadarse daitic et Wash one seleelsd Qneeating| pastaegfer of the
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agﬂ)sequently quenching the reaction using a transfer line exchanger.
[0034] The heavy hydrocarbon feedstock can comprise a large portion,
such as about 5 to about 50%, of heavy non-volatile components. Such feedstock
could comprise, by way of non-limiting examples, one or more of steam cracked
gas oil and residues, gas oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker
naphtha, steam cracked naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases,
natural gasoline, distillate, virgin naphtha, crude oil, atmospheric pipestill
bottoms, vacuum pipestill streams including bottoms, wide boiling range naphtha
to gas oil condensates, heavy non-virgin hydrocarbon streams from refineries,

vacuum gas oils, heavy gas oil, naphtha contaminated with crude, atmospheric



subsequent |y quenching the reaction using a transfer

i ne exchanger. [0034] The heavy hydrocarbon feedstock
W@ 200500958 | se a | arge portion, such as about 5PCDUSIPOR006471

50% of heavy non-volatile conponents. Such feedstock

coul d conprise, by way of non-limting exanples, one

or nore of steam cracked gas oil and residues, gas

oils, heating oil, jet fuel, diesel, kerosene,

gasol i ne, coker naphtha, stegm cracked naphtha,

catal ytically cracked naphtha, hydrocrackate,

r ef on mat .pate~feformate. . Fi sc - sch .

| e e, B o B ID iy B ARRRERE agmixture, gas

digitekilaé &dmikhirg) ahdadddip, crude oil, atnospheric

pi pestill bottonms, vacuum pipestill streans including

bdP03fls, wi dheblsiavy duydrogapen eqdstobl cew hgessa aipinal end boiling
condensat es, heav -V rgi n _hydrocarban streans from,
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adri0gtru(0°QasT o edonmeniiciie packhirad fiedstoeksdare rpanksaldy low sulfur
[ 0035] The heavy hydrocarbon feedstock can have, a

noFY aresisiugs bmosplifrisoresidusy. raphthas stontamynated owidls qrade; and

0Q),. r er than about 9500F (5100C0),
t%’%‘gﬁe %dgéké%?g‘?&%an about HOOOF (59C0C), for

exaogy]e gr edtlRrhebhiad ofithe HealARHrodafsddfepdstddkecan take any form

econom cal l'y preferred feedstocks are generally |ow
swkipwp baibpse @fiagdisery skiluspherite Hewvicueredt isnprsfrrtedsthat the
nt am nat ed wit % cr.ude ari ous

g Wig, FULPTIFEy 03 fecfh%onitﬁggpog,{ée JEayy, élg’ﬁl’élg%gn feedstock in the

hygpacenmer: kegd fﬁeolcahia%a @eéttﬁh)‘-‘ ﬁ%%cﬁ&{ RHRANRLO YahN9SEF the

of "ordinary skill in the art. wever, it is preferred

t Hatna¢eh vwhidaatat igre asgsrirae $hd mdianessction of det fuoface.h@his can be
heav rocarbon feedstock in the upper (farthest
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220°C).
[0037] The heated heavy hydrocarbon feedstock is mixed with a fluid

which can be a hydrocarbon, preferably liquid, but optionally vapor; water; steam;
or a mixture thereof. The preferred fluid is water. A source of the fluid can be
low pressure boiler feed water. The temperature of the fluid can be below, equal
to, or above the temperature of the heated feedstock.

[0038] The mixing of the heated heavy hydrocarbon feedstock and the
fluid can occur inside or outside the pyrolysis furnace 1, but preferably it occurs
outside the furnace. The mixing can be accomplished using any mixing device
known within the art. For example, it is possible to use a first sparger 4 of a

double sparger assembly 9 for the mixing. The first sparger 4 can avoid or reduce



a tenperature between about 300 and about 5000F (150
and 260 0C), such as about 325 to about 450 OF (160 to
WQ 085548 or exanpl e about 340 to about 425F (RFDUS05/006471

2200C). [0037] The heated heavy hydrocarbon feedstock

is mxed with a fluid which can be a hydrocarbon,
preferably liquid, but optionally vapor; water; steam

or a mxture thereof. The preferred fluid is water. A
source of the fluid can be | gqy_pressure boiler feed

wat er. The tenperature of the fluid can be bel ow,

F iln e ClBRRY A% AP SRl SR fhucton o
hyRli@ &b derhebred tsivchy Roshrbdiefetdsidit. can occur inside

or outside the pyrolysis furnace 1, but preferably it
od803Y out silhe nrbsent nveaden usER@PHPRL StpaBBsiregms in various parts

acconpl.i shed ing. an {.xi ng . device knawn w thi.n the

art R gy R e ey BBt s O b fted Wit the
S RAQE hedhyaity do AR BeSRALIR1B31RE BBloW. InfRbtHePBmbodiment, a
m xi ng. The first sparger 4 can avoid or

r edemelhgnirbrtiongsteaca sgenn iy @uodeereatedparthe abnctiofi sédt@n and
[ uction of the fluid into the heated

fluid
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feedstock as detail ed bel ow. I n another enbodinent, a
sewh@hithe arimary end seeandasn didgian geara rrlisamp aadse goinprise sour

t on Lon. segtion_ anpd.m xed w t.h.the heat.ed .
ol EpeuRi Bl AR i een b Bish, W MR ot comosion
seaaaeasid fishi o condeadmibRYf &fir Bichm@r y dil ution steam

whi ch has been superheated, optionally in a convection

sd894Mn of thenpymbbgisient biitha poesentEnvéngionon additionad the fluid
t he i mar n condary dilufion steam streans na )
cotiPs sate Peged BhPeHstrhadhn e COUO LR FAR BRI 17 is
SLERAMRLN Wikehe! RRASHAK g;hé; %Ei'h{%ﬂf Qﬁlu%{) CheAPWrlam can be

result from condensation ur steam |[0040] I n one

e poefeliabninjeoted tifte apeesentpaigay 8nitiioprefdrredablatithe primty dilution
the fluid m xed with the heated heavy feedstock, the
prSteRRY U it ilra?Pt%fi &t e rheary fydiogarbon Huid mixtire before the

resulting stream mixture optionally enters the convection section at 11 for
additional heating by flue gas, generally within the same tube bank as would have
been used for heating the heavy hydrocarbon feedstock.

[0041] The primary dilution steam can have a temperature greater than,
lower than, or about the same as heavy hydrocarbon feedstock fluid mixture, but
preferably the temperature is greater than that of the mixture and serves to
partially vaporize the feedstock/fluid mixture. The primary dilution steam may be
superheated before being injected into the second sparger 8.

[0042] The mixture stream comprising the heated heavy hydrocarbon
feedstock, the fluid, and the optional primary dilution steam stream leaving the
second sparger 8 is optionally heated again in the convection section of the

pyrolysis furnace 3 before the flash. The heating can be accomplished, by way of



also mxed with the feedstock. The primary dilution

steam stream can be preferably injected into a second
wepasges48. It is preferred that the prinmary dPCTIUSINS/006471

steam streamis injected into the heavy hydrocarbon

fluid mxture before the resulting stream m xture

optionally enters the convection section at 11 for

addi tional heating by flue gas, generally within the

sanme tube bank as woul d havejheen used for heating the

I;_eavy_ hydr ocar bon feedstock. [0041] The primary

ug. a r haRikc
bR LERBIE Ty g ETREIA, dEul GR1R0 % pam of heat
f eetahckbds diiodatedl xiithie thetuohveutieheeetirny usiadly as part of the first

t enper at [ t th th f th '

RS AIE S PRIt MLk BTN Hf N U B
Lxture. Th g:1" i Luti

oS ES NG R EBE by s PP LBTRARY gyt agse Rt i

[ QAR & cHbX h!h Snigiur® SR LO TR b Bpfichallhdehaahadmbedwyith an
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paddiaenal dichmtsireamst eam stream | eavi ng t he second

SBRIEN or ' DeBbinBofyseconiin SuB0% Hepd i oRmeR VICH Rltter
Tg}ﬁitnﬁf%t b s %aﬁest?e%.ﬁpww}ﬁﬂ? ty ni¥eda¥thohe Mealy Riddob&tbon
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by passin m xture streamthrough a bank
ohikaat stexshingsoteuhe $lagh hok atbgpasaistdainnstteam Zlomhindt hypasses

section, usually as part of the first convecti.on.
et 15 of e hemAky datcaring Wi AR dnHge o iEd i gy vapor
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CORMAE! | The SREEAOMVaStich Gl bpé@teswithadil d&tohdary dilution steam
optionally be further mxed with an addjtional steam
sttrezam 18] 08433s dosh steant pireamel S edBn@ar Yynasy §ieesn stream 21,

st.eam stream 18 can be further splijt, Jj.nt .
S e R e 85 BB o Ry Phuion s
hyd£06 26 RRBcE ¥ W RsSitb AR rdan befatiend NEshl didsh stadieh 89. In a
bypass steam stréam 2 1 which bypasses the flash of

t peefreal ymbydimesaivbasordarca wethathel presentrigyesipnpieerptio of the
with the vapor ase fromthe flash. before the

o Rade S gReLh 1 O PSS SR A eBR oL [y 24 AR 1:20 to

; gggﬁg\a Fe):/ g%?ﬁr%lf 2 gzr‘ttgtiég‘é}ﬁ{‘fhiisoéln&ﬂﬂm@ﬂ,eﬂﬁtfﬁasmsfeﬁmaﬁtﬂeam 19is
mixed with the heavy hydrocarbon mixture stream 12 to form a flash stream 20
before the flash in flash/separator vessel 5. Preferably, the secondary dilution
steam stream is superheated in a superheater section 16 in the furnace convection
before splitting and mixing with the heavy hydrocarbon mixture. The addition of
the flash steam stream 19 to the heavy hydrocarbon mixture stream 12 aids the
vaporization of most volatile components of the mixture before the flash stream 20
enters the flash/separator vessel 5.

[0044] The mixture stream 12 or the flash stream 20 is then flashed, for
example in a flash/separator vessel 5, for separation into two phases: a vapor

phase comprising predominantly volatile hydrocarbons and steam and a liquid

phase comprising predominantly non-volatile hydrocarbons. The vapor phase is



stream 18 used as flash steam stream 19 with no bypass

steam stream 21. Alternatively, the present invention
w@2amshesseper at ed with secondary dil uti on st eanPGL/DSBNF/006471

18 directed to bypass steamstream2 1 with no flash

steam stream 19. In a preferred enbodi nent in

accordance with the present invention, the ratio of

the flash steam stream 19 to bypass steam stream 2 1

should be preferably 1:20 to_30:1, nore preferably 1:2

to 2 1. In this enbodi nent, the flash stean1strean119
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dilution steam streamis superheated in a superheater
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d xture. The
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t 65 ippdewr swHag évniovolatio af vaperdp digriddnithetlashisapanter yessel 5,
morQ evogﬂtﬁé l’hry oscta:rrb%ﬁgn giiﬁ %(Ier{a?{g I%P ggcﬁm{) gﬁ%s%é?%g rugt R not be

vessel can use
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[0046] The mixture stream temperature is optimally controlled to

maximize recovery/vaporization of volatiles in the feedstock while avoiding
excessive coking in the furnace tubes or coking in piping and vessels conveying
the mixture from the flash/separator vessel to the furnace 3. The pressure drop
across the piping and vessels conveying the mixture to the lower convection
section 23 and the crossover piping 24 and the temperature rise across the lower
convection section 23 may be monitored to detect the onset of coking problems.
For instance, when the crossover pressure and process inlet pressure to the lower
convection section 23 begins to increase rapidly due to coking, the temperature in

the flash/separator vessel 5 and the mixture stream 12 should be reduced. If



and mai ntain an approxi mtely constant vapor to liquid
ratio in the flash/separator vessel 5. ldeally, when

W@ b@sndssssir e stream tenperature i s higher, norBCT/US2005/006471
vol atil e hydrocarbons will be vaporized and becone
avai |l abl e, as a vapor phase, for cracking. However,
when the m xture streamtenperature is too high, nore
heavy hydrocarbons will be present in the vapor phase
and carried over to the convggtion furnace tubes,
eventual |y coking the tubes. 1f the m xture stream 12
t enper | Q low resultfi ' | ow, rati.o o
OBt it Ry fH B, R By Bl o o p s o
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thus will not be available for cracking. [0046] The
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c CRYEET T Boulbbs insFrasl apeprithrap i Sd PEmaEY gilndopsteah gsed in
| o .
L0 LSRESALLL S Horf R S0Gsh kO BLe FRNEE LRy et e

C QlhP&afik® bE @i® mikire istednanee, WikaNthe hRedst kS R4ins a higher
pressure and process inlet pressure to the |ower
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v oS8 %en it AR Ul et by 1Bt E BB R apareer 4
| fy6ltd BY dQGEAES while HkEarh QUR bf SIARMS/ diluPiBn 386k 28 it h€ second
tenperature of the flue gas to thé superheater section

16panger fasesuld r bguincieagpdnor By desefpBy hedt@ingwat erix@6: stream
. [00474. The %el ection of the mxture stream 12 _

t dWBRFTANE lhP SPrajent vantiphicAR 1K, aPRiataR dY 2 e yfricty of

t hedRefsiRGk iyt erial s. Wen the feedstock contains

hi geher anounts of |ighter hydrocarbons, the
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As a result, the amount of fluid used in the fir

s pargeliedsat Betgen abpiiceh aedi 2he/ HIOOPR 3 b%mﬁﬁ@?él), such as
D S TP P 8 B BRI S o
t 80 and about 900°F (400 and 480°C), and often between about 810 and about
890°F (430 and 475°C). These values will change with the concentration of
volatiles in the feedstock as discussed above.
[0049] Considerations in determining the temperature include the desire to
maintain a liquid phase to reduce the likelihood of coke formation on exchanger
tube walls and in the flash/separator.
[0050] The temperature of mixture stream 12 can be controlled by a
control system 7 which comprises at least a temperature sensor and any known

control device, such as a computer application. Preferably, the temperature

sensors are thermocouples. The control system 7 communicates with the fluid



tenperature of the m xture stream 12. Wen the

feedst ock contains a hi gher anount of non-volatile
whyasoessbons, the tenperature of the m xture BCT/ES200I®6471

shoul d be set higher. As a result, the amount of fluid

used in the first sparger 4 would be decreased while

the anmount of primary dilution steamused in the

second sparger 8 would be increased. By carefully

selecting a mxture streamtegmperature, the present

invention can find applications in a wide variety of
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stream 12 can be control ed by a contro
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known control device, such as a conputer application.
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entering the two spargers can be controll ed. [0051] I n

orvabie wol halomla&mwede@ dnsm@mset bapajeatiar of ftlmer fiuke 1nto the first

m xture stream 12 th flas rea
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fl ash/ separator vessel 5, and to avoid substanti al

t 40@%2] at ur e Wheh fiheaphimaapatilution | stegun dtreahi 17 is 1nJected to the

vari at.i ons, resent invention operates_ as fol
WhESPRd Sp%rﬁﬁ%é Abe Fean gt rantrplyysica 2 £abalge po used to control the

primary dilution steam valve 15 to adjust the amount of primary dilution steam
stream injected into the second sparger 8. This further reduces the sharp variation
of temperature changes in the flash/separator vessel 5. When the control system 7
detects a drop of temperature of the mixture stream 12, it will instruct the primary
dilution steam valve 15 to increase the injection of the primary dilution steam
stream into the second sparger 8 while fluid valve 14 is closed more. If the
temperature starts to rise, the primary dilution steam valve will automatically
close more to reduce the primary dilution steam stream injected into the second
sparger 8 while fluid valve 14 is opened wider.

[0053] In one embodiment in accordance with the present invention, the
control system 7 can be used to control both the amount of the fluid and the

amount of the primary dilution steam stream to be injected into both spargers.



before the flash/separator vessel 5 is set, the
control system 7 automatically controls the fluid
WO 2008093548 and primary dilution steam val ve 15 PCT/UR®05/006471
two spargers. Wien the control system 7 detects a drop
of tenperature of the mxture stream it will cause
the fluid valve 14 to reduce the injection of the
fluid into the first sparger 4. If the tenperature of
the mixture streamstarts togise, the fluid valve
wi ||l be opened wider to increase the injection of the
fI Fyinto t f ne S:

) dl]rrent I?Eig éf"%@%’?@ Xt e4l‘w é}e VgHng? vagltt& the controller
Cﬂzﬁhéso b Sstoir of %ﬂeﬁ&ﬁdtpﬁﬁwy &Illdlltl@n &%52& n¥iemirt H&onstant
primary dilution steamstream 17 is injected to the
s SRIEHEE §Eaarg e1r2 Emnef?éur@ewbdc anaineiniem aresinsiayis rasion o water-to-

al ont | the |rrar di.l ution tea
o 4 e 5 thg PGB AL AtBLaPeT M P RRafPB T the flash
St rﬁﬁlfeeafﬁe' Bfe%@ﬁte%\}eﬁﬁgntfh?o SRERRDIPPALIGRE & iMRkRediate
furt reduces the sharp variation of tenperature

C Idamg:edaea‘wr £2hen theasperbentimgataionwdsbebecbndath dilutidresteam in the
et ects a drop of tenperature of the

mﬂ%?e{e i‘@t@iﬂ §ohe ﬁ?pwqaiter.lﬁswﬂ%ttemmataﬁ wabeycontrolled at a
d'chsFtéﬁ”va?ﬁ@ giﬁli}i%{h?c!lﬂ&tléf F@nhdaC [o%ﬁs&a%gg 'dykﬁlg %)glgnto changes,
con

he primary I on steam stream | the's

S Rat@e bxFeentieted chdnged avdbiter ¥ridblesc NEEAIINDHE. deblipetitgter 25
tenperature starts to rise, the primary dilution steam
v apajitaigs (the WmpsAIP ©4 Ithwseémasﬂ@év %mtm Heane befeveen ghout 800 and

sLr eam ct ed.in o
P BRIBCpofin, Hs AR RE53, B oAb eR e g B S5k 5L Nbo-r
I mm@@m(i?] &k ab rbeﬂ@e@ﬁra@aﬁtcssmaﬁdwaﬁdae 9ROGS@BE and 5100c>
i nvention e control system 7 can be used to control

bend tyhiealhymhetweenf abdvg §75uiand abdut W@S%t(ém afl 49€C). The

DL TREbS 8, SRS ol L ST A2

f lobihdatigy, WR Slcond 26 cEthﬂBﬁ Qfehr eﬁ{%rthg%oﬁ%tlaﬁ“g%fonognd a fine

water and prinmary dilution steamto malntain
c onistt afitesupexticatee vetardmai betadd@bwhtdhrrepld]lwvdp@nzes and reduces
nﬂ@nt aining a constant, ratjo of water-tofeedstock in

ferapetiteres 1Thergeqmy s mesferablyi then Humther igatedtinghe spuvection
1ohag?{ WM‘Q’ adh tonthhg g%%héa&:\f %Qﬁ ccg)lﬂro‘il Itl’?e temperature

pre era Zes an |n erne
of the steam which is optionally mixed with mixture stream 12.

[0055] Although the description above is based on adjusting the amounts
of the fluid and the primary dilution steam streams injected into the heavy
hydrocarbon feedstock in the two spargers 4 and 8, according to the pre-
determined temperature of the mixture stream 12 before the flash/separator vessel
5, the same control mechanisms can be applied to other parameters at other
locations. For instance, the flash pressure and the temperature and the flow rate of
the flash steam stream 19 can be changed to effect a change in the vapor to liquid
ratio in the flash. Also, excess oxygen in the flue gas can also be a control

variable, albeit a slow one.



desuperheater 25 in the superheating section of the
secondary dilution steamin the furnace. This allows

W0 b355983¢8 heat er 16 outl et tenperature to be cpet/Dstobsahe471
at a constant val ue, independent of furnace |oad
changes, coking extent changes, excess oxygen | evel
changes, and other variables. Normally, this
desuperheater 25 maintains the tenperature of the
secondary dilution steam between about 800 and about
HOOOF (425 and 5900C), for exanpl e between about 850

a out 1G6000f..( 45 s _bet wee .
SHef10eh g R és%’ngg’f%gg%?f’%ﬁ%g@np%ﬁt E5F the mixture
t viega! 1 eheting ehe ahbiefifftonRNessah atitis 32hdraliy Aoatshirable to
495C). The desuperheater can be a control valve and

wanantagt @ ponsgant hpdiprabomnpardiel prassuread! the Slastastreay 2@ tneorder to
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The steamis prefterabl’y then further heated in the

c amaiatatning cerstdrit offash/Fegaratino wedselb presaire thadge dhd asd b€ control

superheater can control_the_ tenperature_ of the steam
wiidbts 3% oBpthe orRRPY yﬁ%ﬁexlétzf W t2Rd vk eenteolling dhgfafip, of steam to
[ ; cd ption above is based on

a ?ﬁg(%cﬁf;}élé)ht é(gﬁ%ﬁfé%?ge%%}m’he fluid and the prinmary

dijpeg7i|on st epypiGlye &iEBhyididREBRdpdridloprefiard18AME flash stream in
hydr ocarbon feedstock in the two spargers 4 and 8,

adbo prisery inventing ipse apdteontrphediat eatpyeeraahaug 4ognd: gheut 25 psia

(1S B EERTER o BriPa e et A0SRy s SBRAG P for
Pk aMBlccbrétn Bbles adPARlt PN Bsia (U addBii@Rge, the flash

pressure and the tenperature and the flow'rate of the
f 1[68%8] st eamIst prameni®dimentpehe hdasheds tcondidtettinaat least one

change in the vapgr to liquid ratio in the flash, _
AI%BI%S%%%V%& geh/ Pty 1B el gotnecsirecaioge s i or without
CRBRL! THANEABarafdl DELEL 2isHoRiafP8plARAGL abslia8db kbR 200
to maintaining a constant tenpera uFe ot ‘the m xture
StpsRARV1 2 B400EkR) Prdshee fahd sthisepaitaieor usedBehe sathe bSslightly
generally al so desirable to maintain a constant

hyeverc dhoribpatenineratipice oS utte dipsh hdrepmast) sef@gneyioring the
ioﬁgs %ép%f%&%;sgé gf Zflygl?:ggéggée P{eg%'{/@ %Q&h%ﬁl aﬂ?erﬂatsﬁ/sgﬂa%{brd vessel
operates is about 40 to about 200 psia (275 to 1400 kPa) and the temperature is
about 600 to about 1000°F (310 to 540°C). For example, the pressure of the flash
can be about 85 to about 155 psia (600 to 1100 kPa) and the temperature can be
about 700 to about 920°F (370 to 490°C). As a further example, the pressure of
the flash can be about 105 to about 145 psia (700 to 1000 kPa) with a temperature
of about 750 to about 900°F (400 to 480°C). In yet another example, the pressure
of the flash/separator vessel can be about 105 to about 125 psia (700 to 760 kPa)
and the temperature can be about 810 to about 890°F (430 to 475°C). Depending
on the temperature of the mixture stream 12, generally about 50 to about 98% of

the mixture stream being flashed is in the vapor phase, such as about 60 to about

95%, for example about 65 to about 90%.



of exanples, the constant hydrocarbon partial pressure
can be mai ntai ned by maintaining constant

w0 b@shdssepar at or vessel pressure through the uBET/U82005/006471
control valve 36 on the vapor phase |ine 13 and by
controlling the ratio of steamto hydrocarbon
feedstock in stream 20. [0057] Typically, the
hydr ocar bon partial pressure of the flash streamin
the present invention is set_jgnd controlled at between
about 4 and about 25 psia (25 and 175 kPa), such as

b n abo '
f g‘r)“\%ﬁ anpl e u{)hee?ﬂ V\iS g% g gtg% V%SQQ?EB}S%%?”? %gﬁé%% ﬁ%‘leaﬁﬁgectp to
7miRalze thOhfjerdtireastahe ihaidiphasy at thB®oftbRSdT ths vessel because

conducted in at |east one flash/separator vessel.
Tyipe Egichyheatyaay (cawss goking ofrike Bemyelaples de dlie liguid pbase. Use of

Wit ho reflu The fl ash/se t.or ,ve I iS .
ngfflgr]mﬁ%fg(flnf eraé(l{u ot dlof eairga{gg o 85t %I}glb 532%1 (Eotging the
t GlabHOpaldlan vREEISIBWER REFapdriatiONREAREMR bstalilRlrtdices the
the sane or slightly |lower than the tenperature of the

f Ipagial ressann 0thb diydrosabone (lienga ldrgerf hakhfrsaivar @it the vapor is

essel 5. iical l the.pressure, at which the
%Sﬁ%ﬂ?f@&ﬁ? dowers dhe |re(w§11 j{ﬂ@é plassfSmperatireo 14 sean also be

R R -
t Higujpi 3G batketo afie flid/sepastor oagelne hehoedol 8t HaviaepHratdd Hquid

psia (600 to 1100 kPa) and the tenperature can be
atbase atgbe petiamnfithe fleslEsqparatort vsseh Go Gytreams 24 cpnrberronveyed

SRR o BF B8 THUP s Pht) S S\p R oo fes Bt plig 355 he
akeuled §50arh @9ajaf WhenMMOGTit (1A0Q rb&cASEH M am 30 Bnd 8kport stream 22.

anot her exanple, the pressure of the flash/separator
vddsdemparatise ofiherecyoBdtstreamouould 25pigsliya be zdout 5007 &0 about

kPa), th rature can about o bout, ..
SO0 (P00 B4 50T SRR 287 PR Sange D o). The
U Rgh ol bEfeRySbd §88nt 2an 88966@! d0VtodiRME 2564t dF RO AHLUIBSP the
of the mxture stream being flashed is in the vapor
phewdy; sepacitedabottino litjudQinside dlzofldshBbparatoovesehnptieas about 90

about 6% to about 90% [ 0059] The flash/separator
Vé%é‘équ’f§2$§>, AP ROEY S iR 0oyt R0B%e aspect, to

Lné?\%dglnz g ; t tr]ﬁfehte\?[e%g gﬁaé«%{gfga}il ;aégorb%eut&ﬂ iil‘fI aﬁ&ﬁéreasﬁéct,t ‘Jaeminimize
the liquid retention/holding time in the flash vessel. In one example embodiment,
the liquid phase is discharged from the vessel through a small diameter “boot” or
cylinder 35 on the bottom of the flash/separator vessel. Typically, the liquid phase
retention time in the drum is less than about 75 seconds, for example less than
about 60 seconds, such as less than about 30 seconds, and often less than about 15
seconds. The shorter the liquid phase retention/holding time in the flash/separator
vessel, the less coking occurs in the bottom of the flash/separator vessel.

[0061] The vapor phase may contain, for example, about 55 to about 70%
hydrocarbons and about 30 to about 45% steam. The boiling end point of the
vapor phase is normally below about 1400°F (760°C), such as below about

1100°F (590°C), for example below about 1050°F (565°C), and often below about



too nuch heat may cause coking of the non-volatiles in
the liquid phase. Use of the secondary dilution steam

W@ 2008893548 in the flash streamentering the  PCT/US2005/006471
fl ash/ separator vessel |owers the vaporization
tenperature because it reduces the partial pressure of
t he hydrocarbons (i.e., a larger nole fraction of the
vapor is stean) and thus lowers the required liquid
phase tenperature. It may al s@_be helpful to recycle a
portion of the exter nal | y cool'ed fl ash/separator
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liquid retention/holding time in the flash vessel. In

oribhags nfhien iapduedenatthe tradiant spgtion pHatbe pysolws cdhmegedo be
fronp%t%e vessel through a small dianeter "boot" or
r 35 on the bottom of the flash/separator

Vq@@@j] Ty pigRlvapor pH8e kvt #3 REASRA RIS el M%lﬂsb}b'@atbf‘vessel

the drumis | ess than about 75 seconds, for exanple
| @sB optiamallybmuni>@d witle engpasssyiedm asede 24 helfom tebuint®duced
secong? and often | ess than out 15 seconds. The

s HBfett Well?‘ﬁﬁlcﬁnﬁ%ésﬁ'&o@ fon/holding tine in the

epar Hr of t
b tto of tﬁite fFﬁ?ggegar g?%%n?\?zzsgng é})?%%%&a]k‘r[ 'the&{/laﬂglp the
phlkasmdapydiboivhateam bipgane X 8nHreferabbouhe S&ohdargiblution @Béam is
hydr ocar bons and about 30 to about 45% steam _The
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5. In some applications, it may be possible to superheat the bypass steam again
after the splitting from the secondary dilution steam but before mixing with the
vapor phase. The superheating after the mixing of the bypass steam stream 21
with the vapor phase stream 13 ensures that all but the heaviest components of the
mixture in this section of the furnace are vaporized before entering the radiant
section. Raising the temperature of vapor phase to 800 to 1300°F (425 to 705°C)
in the lower convection section 23 also helps the operation in the radiant section
since radiant tube metal temperature can be reduced. This results in less coking
potential in the radiant section. The superheated vapor is then cracked in the

radiant section of the pyrolysis furnace.



1100F (5900C), for exanple bel ow about 10500F (565C),

and often bel ow about 1000F (540C). The vapor phase is
w@oovsiovasarisl y renoved fromthe flash/ separat orPOEESBDS/@6471

t hrough an over head pi pe which optionally conveys the

vapor to a centrifugal separator 38 which renoves

trace anounts of entrai ned and/ or condensed |iquid.

The vapor then typically flows into a manifold that

distributes the flow to the gguvection section of the

furnace. [0062] The vapor phase stream 13 conti nuously
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to about 1300F (425 to 7050C) by the flue gas fromthe
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vessel can optionally be m xed with a bypass steam
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| ower copvection section 23. [0064] Th ass. st eam

s ¥ bailipg Pamtsspaqnﬁ'aﬁtf ésﬁa“é fhs .4)9 Fdit ?%5 which ek jransfer
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and m xing with the vapor phase streamrenoved from

t Hdeam suerheaiss imther copxecion ssetion of a heavgpised ddnpemin a manner
t he

b ossi bl e .t o _superheat b s_steam again.
by BoRoPBReT e sSPE T bl ot SRS a1 EMsn SBbdign, end
bufioBERIIS reduekd e MhrinthtioR ®F ¢8RO thd8&ifrectidifiubes upstream of the
superheating after the m xing of the bypass steam

stftashiveirdationi vhssthe Bapaepprphaatelys iocating 1tBe ehighrmaessutgatsteam
all but the heaviest. conponents of th Lxture in this
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t ri@ec{sﬁ%k%gor&cﬁﬁé Qe cdRehStddbcdIESHEIMANIH! ﬂﬁ%fhi%l{ R%éﬁ% steam
phase to 800 to 13000F (425 to 7050C) 1nh the Tower
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the furnace) of the zone where the flash/separation vessel overhead vapor is
superheated, but is upstream of the zone where the mixed stream and/or the heavy
hydrocarbon feedstock is heated. In this manner the heat absorbed by the high-
pressure steam superheater ensures that the flue gas entering the mixed stream
heating zone is cooled sufficiently that film temperatures do not reach levels at
which coking occurs, typically about 950 to about 1150°F (510 to 620°C)
depending on the composition of the heavy hydrocarbon feedstock. Thus, the
danger of forming coke in the tubes upstream of the flash/separation vessel is
significantly reduced. The heavy hydrocarbon fractions that accelerate coking in
the radiant and quench systems of the furnace are removed from the furnace as the

liquid phase stream removed as the flash/separation vessel bottoms.



potential in the radiant section. The superheated
vapor is then cracked in the radiant section of the
w@0sl0955is f ur nace. [ 0065] Because the control | BC/UE9$1006471

of the m xture streamresults in significant renova

of the coke- and tar-producing heavi er hydrocarbon
species (in the liquid phase), it is possible to

utilize a transfer |line exchanger for quenching the
effluent fromthe radiant seghion of the pyrolysis
furnace. Anong other benefits, this will allow nore
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tion section ro ensl
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Specifically, the high pressure steam superheater can
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f ?ﬁﬁﬁ&mpf the zone where the flash/separatlon vesse

ovéerhead vapor is superheated, but is upstream of the

zqoesiher e tlhemostxetmsérciehivaiddiracketsheohlézy pf the effluent from

hydr ocar bon_feedstock is heated. ILn this manper the.
hdht CEASSHELEAss 15 METmhg Eh@ﬁe Ui 8aHSTpE Fan®y line heat
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t p&dmtuIres ad?pﬂd@ltndphﬂﬂffeécﬁtoeksthaﬁrankfeﬁine:hﬂelt Bgchangers cool
occurs, typically about 950 to about 115Q0F (510 to
62mmood$pgmmng> aout 780T0 6&7@§C) i edficightlyt genem@mgyhlgh pressure

hydr ocar bon fee toc Thus e danger _of. for
SRR That oAb {1668 GRS Flesibirh i [P FOLh Rrst B ateam shall

VEsShl stéat with a nomlnal pressure of approximately 550 psig and higher, often
about 1200 to about 2000 psig, for example, about 1500 to about 2000 psig. The
radiant section effluent resulting from cracking a heavy hydrocarbon feedstock in
the present invention can be rapidly cooled in a transfer-line exchanger 42,
generating high pressure steam 48 in a thermosyphon arrangement with a steam
drum 47.

[0070] The steam generated in transfer line exchangers can be used to
drive large steam turbines which power the major compressors used elsewhere in
the ethylene production unit. To obtain high energy efficiency and power
production in the steam turbines, it is necessary to superheat the steam produced in

the transfer line exchangers. For example, in a nominal 1500 psig steam system,



significantly reduced. The heavy hydrocarbon fractions

that accelerate coking in the radi ant and quench
waeywsens40f the furnace are renoved fromthe fRCTHS®ORHGG6471

the liquid phase streamrenoved as the

fl ash/ separati on vessel bottons.[0067] In the furnace

illustrated in Figure 1, coking problens are avoi ded

in the first tube bank in the convection zone, where

the heavy hydrocarbon feedstggk and/or the m xture

stream are heated, because tZe feed is not fully
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I nventi on

Cafork@er dREALY CoRdrefartial Redtirgnsther highnpressehastgar oks the
generating high pressure steam 48 in a thernmsyphon .
arcoavagéine sectioint andaa §ne anstaefutary Sl is added which rapidly vaporizes

and reduces the temperature. The high pressure steam is then further heated in the
convection section. The amount of water added to the superheater can control the
temperature of the steam.

[0072] To allow the desired heavy hydrocarbon feedstock streams to be
cracked without forming coke in the first tube bank, the high pressure steam
superheater can be located in the convection section such that it is downstream
(with respect to the flow of flue gas from the radiant section of the furnace) of the
vapor phase superheater and upstream of the first tube bank.

[0073] The use of an attemperator (intermediate desuperheater) is
preferable to the use of a desuperheater after the high pressure steam exits the
convection section since the superheater with an attemperator removes more heat

from the flue gas when the high pressure steam generation rates are reduced.



[0070] The steam generated in transfer |ine exchangers
can be used to drive |l arge steam turbines which power

W0 b@snogises conpressors used el sewhere in the epdilyUs2905/006471
production unit. To obtain high energy efficiency and
power production in the steamturbines, it is
necessary to superheat the steam produced in the
transfer |ine exchangers. For exanple, in a nom na
1500 psig steam systemthe sgfﬁnwmould be produced at
approxi mately 6000F (3150C) and woul d be superheat ed

i ect i ction of the furnace to about 800

t Bt BB RE Sl B0aBherenth iR uBbo s dbp wanster
t dirkb@uhaRefoul 498 tide HEER: JF8 80 |cBssi

t he s;e;ﬁ%%urbfhes. f0871] The nggﬁggggﬁggggﬁéggFBnk&mu@
t dieavief feghstedks. drum i s preferably superheated in the

hi ressure,st eam superheater bank 49. To_ achi eve
tﬂga%‘ﬁti num‘gﬁ?rb Hae; %%qu & dhentragpise limeyexchangesy the furnace
g g . L iy di .
desuperﬁggfg?ﬁ?%?ygg?gﬁ%%?g?gk?qghﬂhéﬁﬁgéwﬁé%te?ﬁ g%gnmbk
hiqghlifyr@sach eil.st eam super heat er bank. This all ows the

s%@grheater 49 outlet tenperature to be controlled at
a 8Ot ant  \Resiienng e Jeslhiresswe staarmsunsrlicsted behlawaes that it

cokj C S,..excess oxygen | eve] ,changes,

LB AE o PROIES e T RS UNHEMg e pRo 20 heavy

whiytiebcarbiont &dedstble drempRiad UstRalf a'llla%sh.b&ﬂlédslr 533 3&15 €flue gas
an

st eam bet ween about 800 and about HOOOF (4
5 demyratufey puchxhap fibm Bemperetureshaat m@sGimdobadwut 1ek8DBFwhich

( . and Q) , ~such as bet n about 850 and about )

o 0bEE Sagd RS 1P AE R e Rt epeeing o 0g convection
C@adtionl tub@b¥fc ANEENUAIISTeRUAM Z6ut rl%ét‘};egslé*‘éc)e ForPlahd R, less
heating, the high pressure steamexits the convection”

s Sl aboua D 0EF (1068 bt asflesaahaarabbutl ] 159 BEHOECVaRE Preferably
rapi dl apoy i nd. reduces the tenperature. The
h%%ﬁ%ﬁ%%%gg?gxéﬁigﬁpﬂg-then further heated in the
convection section. The anount of water added to the
super heater can control the tenperature of the steam
[0072] To allow the desired heavy hydrocarbon

feedstock streans to be cracked w thout form ng coke
in the first tube bank, the high pressure steam



super heater can be located in the convection section

such that it is downstream (wWth respect to the flow
w@boosloess4gyas fromthe radi ant section of the fRCTHEHSE®)S/006471

of the vapor phase superheater and upstream of the

first tube bank. [0073] The use of an attenperator

(internedi ate desuperheater) is preferable to the use

of a desuperheater after the high pressure steamexits

the convection section sinceyyhe superheater with an

attenperator renoves nore heat fromthe flue gas when

twg pressure steam generation rates are

re - Reduced high tenperature steam generation

occurs, for exanple, as the transfer |ine exchangers

f oMhatdy eleing¢diis: because of tar production inherent in

pr.ocessi ng _heavi er st o . 4 t i.Ng..:

cc}ol ed ‘Ar‘n‘%f) A& tfP Bncéc%fn% %nggae chg%éggrrbéi r%édfstbr%lﬁhggd Process

efcfohﬂ,@i@ﬁlgnay optionally be further cooled by injection

of a'stream of suitable quality quench oil. [0075]

Posi ti daj ng lmhﬁmg’wvaﬁle'gma@oatf@@ﬁ’ﬁosb;per heat er bank

such that it coolg the flu a ripor to the flue ga

cont act(S}g ey she@&ﬁtlﬁ'i%ﬁ%ara’qg‘e%\?‘gﬁt%@(d%t at B@hd %'Torm a

f eedst QfnQL sidaat.ure streamall ows control of the flue

gas tenpérature sSuch that filmtenperatures are

mai nt ai(eed Hedshingaht envieturatstrafcto fooki o gapmuplhsecodra liquid

The tenperature of the flue gas entering the top

convecthb@ptisecti on tube bank is generally |ess than

bout 15000F £ or , . {
shout 159007 LA e L0y AT S Lessoian i
(62Q0C)(e) anctrakaicemhakbporl #ase tharadano séctidbd@P@mpyrolysis furnace

(5400C) . CLAI M5 What is clainmed is: 1. A process for
cracki g @rdsees yarhyeffloenir lsomprisiags plsdins, $aidd Prelyes s furnace

conprising:. (a) heatjing.a heavy hydrocarbon feedstock;
(b) ni ﬁOﬂﬁerﬁv@)wE@g}t %&mﬁ%%%%%&&%es%%&n?h a
fluid t@ forqReRcHhgindle@iliRdnk 83 a transfer line exchanger,
wherein the amount of the fluid mixed with the heavy hydrocarbon feedstock is

varied in accordance with at least one selected operating parameter of the process.

2. The process of claim 1, further comprising heating the mixture stream by
indirect contact with flue gas in a first convection section tube bank in a pyrolysis
furnace between steps (b) and (c), said pyrolysis furnace comprising a radiant
section and a convection section; said convection section comprising a first
convection section tube bank, a second convection section tube bank, and a third
convection section tube bank; and said flue gas flowing from the radiant to the

convection section of the furnace.

3. The process of claim 1 or 2, further comprising using the transfer line

exchanger to produce high pressure steam.



(c) flashing the mxture streamto forma vapor phase
and a liquid phase; (d) renoving the |iquid phase in a
w0 b@shdssepar ati on vessel ; (e) cracking the vappeT/phms#006471

in a radiant section of a pyrolysis furnace to produce

an effluent conprising olefins, said pyrolysis furnace
conprising a radiant section and a convection section;
and (f) quenching the effluent using a transfer line
exchanger, wherein the amountsof the fluid mxed with

t he heavy hydrocarbon feedstock is varied in

accor dance. W S ' .
G0t oSy P S LGSR, o s
f yrdahen thOMd &dnRectit@adebigh hube bahktthe ehift c@aattvdh section tube

indirect contact with flue gas in a first convection .
s datk being Ubcatdslasvich ithat flusygas| lasiing theriadicat spetior oh tha pyrelysis

E air::%:l cq&l%fq tf}% %@{@O&%ké%&g{:ﬁ%ﬂ&l gg%ﬁgﬁ%éé irg:gnt%cting the first
C%Bﬁﬁ&hbgﬁgggghhgqmﬁgnprising a first convection

section t ank, a second convecti on section tube
bank, and a third convecti on section tube bank; and

said flue gas flowi ng fromthe, radjant toth]g )
convecthherprogass i ngfpreerding e vhareinTihe Frlgagegtperating
claiml or rther .S i r e
il s PR B0 B0 R T80 ARRLT MRkt

PrRi&aEs stedantCisalamhedl, further conprising superheating
the high pressure steamin the third convection

section tube bank, the third convection section tube
d such that as. | eavi

bank bej.ng | ocat 1 h _
o ant SaRpron Sy e sieid iR B8R e gpgratog
E ﬁﬂgfaqn&any 8 1ch@bnS @8 ok QBurk WIthd Bty Rphnffion QessOINteddidratbre of

first convection'section tube bank. 5. The process
ofthafiyshiseparatiomygessélatlow mateeofethe nik@rastrdaga nd enesss oxygen in
oper ati ng %aréggter of the process is the tenperature
ofthe Hie gsqtihelieraceam before the mixture streamis
flashed. 6. The process of any preceding claim
wherein the at | east one operating

7. The process of any preceding claim, wherein the heavy hydrocarbon

feedstock comprises one or more of steam cracked gas oil and residues, gas oils,
heating oil, jet fuel, diesel, kerosene, gasoline, coker naphtha, steam cracked
naphtha, catalytically cracked naphtha, hydrocrackate, reformate, raffinate
reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases, natural gasoline,
distillate, virgin naphtha, crude oil, atmospheric pipestill bottoms, vacuum
pipestill streams including bottoms, wide boiling range naphtha to gas oil
condensates, heavy non-virgin hydrocarbon streams from refineries, vacuum gas
oils, heavy gas oil, naphtha contaminated with crude, atmospheric residue, heavy
residue, C,'s/residue admixture, naphtha/residue admixture, gas oil/residue

admixture, and crude oil.



paranmeter is at |east one of pressure of the
flash/ separation vessel, tenperature of the
w0 b@shdssepar ati on vessel, flow rate of the m xXPC¥/ES2005/006471
stream and excess oxygen in the flue gas of the
furnace. 7. The process of any preceding claim
wherei n the heavy hydrocarbon feedstock conprises one
or nore of steam cracked gas oil and residues, gas
oils, heating oil, jet fuel, ~di esel, kerosene,
gasol i ne, coker napht ha, stean1cracked napht ha,

cat al yti,cal | racked napht ha rqcr ackat

"8 or el bioke REAEY PSR slatt affbcti 1o dleeky hydrocarbon
| 'féBél'sﬁ')‘ék if he%@é&?ﬁy fﬁﬁﬁ@&%anﬁ@tsﬁﬁh ﬂ‘ﬁ@tg% 8l thg Qﬁ‘é}lc'oﬂ%ctlon section
distillate, virdin naphtha, crude oil, atnospheric

pmmmhankloft&mpwcﬂgslsmanﬂhqﬁmrpmmﬂgiwﬁh thedhid.i ncl udi ng

bottons, w de boiling range naphtha to gas oil

condensat es, heavy non-virgin hydrocarbon streans from
f i nerpy , a '

c?nt aan gf‘pera&%g %ﬁ %f ?? cQ&hhg Cl‘is}l%h\é%eg‘%? ggél uldn&%g}arl\}gs at least

r@ﬁedﬂﬁydﬁ%mﬁéﬂﬁmiﬂmenadn1xture napht ha/ r esi due

adm xture, gas oil/residue adm xture, and crude oil. 8.

The process of any preceding claim wherein the heavy

h roc bon feed tock.i.s. he rec

D oF g e S AP HRESS 1R 2 i Gug poRuBE tog iehfHtre of te

bm& dg«aé ehﬁengxn@ms@ bemfeumag&ueﬁftﬁweebdﬂmg W&s"ﬁh&ﬁhaﬁo‘ﬁ? 1500°F
he process of any preceding claim wherein

tﬁdXﬁiﬁlﬁTbonprlses at | east one of hydrocarbon and

wat er. 10. The process of any of clains 2 through 9,

wherein the tenperature of the flue gas entering the

fijh st [ j :
1330 PBLERLDE SRR QiR BEinRub o3 DTN 30 g
Wer ﬁeﬁsncdﬂvecﬁcermem@t tube badk ik s thaneabgas1 @0LIe (abogt 340eC).
first convection section tube bank is |ess than about
10000F (about 540Q0C). 12. The process of any preceding

Chal m Tfhérptrg&‘trs% 6P EEW 1%&91% e mgﬁﬁ?g goq@r}/s n%’/ Iql 2 ﬁé‘ heoﬂeavy

f eedst e mx ure

dihl difo @B os FeaABiosk ble&mnlneﬁl@é ﬁré‘ahaazhh RGrithay rmmﬁ@ﬁ Steam stream
stream
before flashing the mixture stream.

13.  The process of claim 12, wherein the primary dilution steam stream is

heated in the convection section of the pyrolysis furnace.

14.  The process of any preceding claim, wherein a secondary dilution steam
stream is heated in the second convection section tube bank of the pyrolysis
furnace and at least a portion of said secondary dilution steam stream is then

mixed with the mixture stream before flashing the mixture stream.

15, The process of claim 14, wherein the secondary dilution steam stream is

superheated.



13. The process of claim 12, wherein the primry

dilution steamstreamis heated in the convection
w@ewsiers4of the pyrolysis furnace. 14. The pr or€EBESWN5S/006471

any preceding claim wherein a secondary dilution

steam streamis heated in the second convection

section tube bank of the pyrolysis furnace and at

| east a portion of said secondary dilution steam

streamis then mxed with the;m xture stream before

flashing the m xture stream 15. The process of claim

14, wh [ il it jon I '

stfer naBFaoka® Granpiaitale Phil wIbRATHAL (ERfkEre of the

WhB LR stréien thefRe fhakhing i8fstéph &) s o exbstir 6@Mtd ebounte1000°F

flashing in ste cg is from about 600 to about 1000F

( &dbout 3 B1® abgu €).540C). 17. The process of any

preceding claim wherein the mxture streamis flashed

at a pressure of about 40 to about 200 psia. 18. The

PR 9CesTHRhrGRYs B bdire! @hif, WIRRSR i AB@te sB@arhGs flashed

about 98 percent of the mxture streamis in the vapor

phis preadure of dwund0 fd @mnei00 g9a. The process of any

preceding claim wherein the vapor phase is heated to

a tenperature above the tenperature of the flash in a

e e

PoeardhRure kaédn ivihelievapoaphae aftdabeinglilhghed.on st eam
streamis heated in a second convection section tube

bank of the pyrolysis furnace and at |east a portion

of .sai d.,secondary dil uti.on st.eam stre ' '

wi9h TR PERBEe Y R B DBl G Bor i BitEa o o
OferfpRhtllfatidfve A¥teRipdiafirel 8P ERAAE ik b FHUE &diVediion section tube
wherein said high pressure steamis superheated to a

t bapleofitha perdlpssiuriea pabotatstésdeDF (about 5900C). 22.

The process of claim?21, wherein the high pressure
steamis superheated to a tenperature of about 850 to

abgut 9L {RD B b PreckGin@ RPN, IHE) a secondary dilution steam

stream is heated in a second convection section tube bank of the pyrolysis furnace
and at least a portion of said secondary dilution steam stream is then mixed with

the vapor phase before step (e).

21.  The process of claim 4 or any claim depending from claim 4, wherein said
high pressure steam is superheated to a temperature less than about 1100°F (about

590°C).

22.  The process of claim 21, wherein the high pressure steam is superheated to

a temperature of about 850 to about 950°F (about 455 to about 510°C).

23.  The process of claim 21 or 22, wherein an intermediate desuperheater is
used to maintain the desired temperature of the high pressure steam leaving the

third convection section tube bank.



23. The process of claim2 1 or 22, wherein an
i nternmedi ate desuperheater is used to maintain the
waele®sneid4g enper at ure of the high pressure steabPtT/E8200510p6471
the third convection section tube bank.24. The process
of claim 19, wherein the fourth convection section
tube bank is the convection section tube bank first
contacted by flue gas | eaving the radi ant section of
the furnace. 25. The process,gf any of clains 19
through 24, wherein the flue gas |eaving the radi ant
section of the pyrolysis furnace contacts the fourth,
third, second, and first convection section tube banks

I D4t hatrhepe®kss of claim 19, wherein the fourth convection section tube bank
is the convection section tube bank first contacted by flue gas leaving the radiant

section of the furnace.

25.  The process of any of claims 19 through 24, wherein the flue gas leaving
the radiant section of the pyrolysis furnace contacts the fourth, third, second, and

first convection section tube banks in that order.



