WD 2005, / 095548 PCT/ US2005/ 006471 -1 PROCESS FOR STEAM CRACKI NG HEAVY
HYDROCARBON FEEDSTOCKS Field OF The Invention [0001] The present invention
rel at es tQot ﬁwg q@klng of hydrocarbons that contain relatively

non- volatlpe ydiocar bons and ot her contami nants. BackB¢HUSHPOSPO6TTI

I nvention [0002] Steam cracking, also referred to as pyrolysis, has |ong
been used to crack various hydrocarbon feedstocks into olefins, preferably
light olefins such as ethylene, propylene, and butenes. Conventional steam
cracking utilizes a pyrolysis furnace which has two nmain sections: a
convection section and a radi ant sectdlon. The hydrocarbon feedstock
typically enters the convection section of the furnace as a Iiquid (except
for |ight feedstocks whi CPR@R@%S FQI@SyEW)CM@mm;l t is typically heated
and vaporized by indiregigp &F ﬁ&ﬁﬁﬂ O énnthe radi ant
section and by direct cents =& ed feedstock and steam
m xture is then introduced |nto the radlant sectlon where the cracking takes
pl ace. The okl s including olefins |eave the pyrolysis furnace
for furth FRYOF T 18 essi ng, including quenching. [0003] Pyrolysis

i nvol ves hefapdrlg t he ThedskatKkneutibh eélert ky thocaause of hii@osabogetaposi ti on
of the larger nolecules. The pyrolysis process, however, produces nolecul es
whi ch tend contatorddatiesly non—mlﬁtxll)élfgﬂrwbenmmdrom egntaminanter i al s known as tar.
Tar is a high-boiling point, viscous, reactive material that can fou

equi pnment under certain conditions. In general, feedstocks containing

hi gher boi Ipng. Sd A rheGVendigh Produce greater quantities of tar. (0004]
The format |17n—§ﬁéa-r—-aﬁv—h€%—pyrol ysis effluent | eaves the steam cracking
furnace carjpbg2jm ni m Si@éintb)‘ackaigl disy réfedledtonds pyelybie e leigbeen Ased e

effluent exiting the pyro s unit to a level at which the tar-formng
reacti ons awreek carioas h ydwpwégmfeeﬂﬁpﬁsdatﬂ olafns, wmf@ﬂabhd;ghbgleéi@msmle@s in one or

mor e steps
P e?]:l}qene, propylene, and butenes. Conventional steam cracking utilizes a

pyrolysis furnace which has two main sections: a convection section and a radiant
section. The hydrocarbon feedstock typically enters the convection section of the
furnace as a liquid (except for light feedstocks which enter as a vapor) wherein it
is typically heated and vaporized by indirect contact with hot flue gas from the
radiant section and by direct contact with steam. 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.




using one or nore nethods, is referred to as quenching. WO 2005/ 095548
PCT/ US2005/ 006471 -2 [0005] Conventional steam cracking systens have been

ef f ect i vewiigosmeagki ng hi gh-quality feedstock which co i rqe
3 Uile  hydrocar ekl

fraction of light volatile hydrocarbons, such as gas o ‘
However, steam cracking econom cs sonetinmes favor cracking | ower cost heavy
f eedst ocks such as, by way of non- |imting exanples, crude oil and

at nospheric residue. Crude oil and atnospheric residue often contain high
nol ecul ar wei ght, non-volatile conponents with boiling points in excess of
1100F (590C). The non-vol atile conponems of these feedstocks |ay down as
coke in the convection section of conventional pyrolysis furnaces. Only
very | ow | e{@0§] of norf-onyentidnak steanpoenasking cpsteme hayee beane @¢ffeetivieh for

Ful 1y vapor FEEIDE BERERI FOLOokoHHsOCIoMath o AH APPTO AL ghi VERBker o,
i f . ' ' hj d
ising 3 sysfagosfiophd Sl 14 R Gl BARRIDHLNEDE Bkt RRIGH pbnBA0aCCr

and a vat er sgemebs AN trakink NeWee ebst lﬁ@\gd;ﬂé’éaﬂbeks'rﬁﬁhsds,e@%w& abged in
transfer |line exchangers can be used to drive |arge steam turbines which

power the niijoting exgunpless oreleuskahdoitwspterie residud eCruletni] ambatprospherici on unit .
To obtain high energy-efficiency and power, producti o in the steam
tur bi nes, i fesi@‘en@é%%sc&ﬂﬁ?lq Jugh, Jeplseudlar yraghiy é&’l"ﬁ‘ﬁ’i“ﬁﬂﬁc“éﬂnli’%e’é‘ﬁemﬂ"r ansf er

| h . : i i £ i it h
thetr -cor r coRRERSIR Rt 08 o T BETASHATID THeRloRle LORRERGRANIALR 1L

st eam cr ackigsthelsiag ot 4 coke Gh K toiretiidh sdefioh Qﬂd:bnifé‘ntﬁ)h@l\/%rrbl}sﬁi gure 7
of the paper "Specialty Furnace Design: Steam Reforners and Steam {

Crackers," furezent Enbbyeri lowlevals dfsnoatvaldtde chinpyenketdnopptolaatpdimythe1 988
Al ChE Spring National Meeting. [00Q8] Cracking heayier feeds, such as
ker osenes afeRVgEROTHgedion dopmsEean #é&%@oﬁhﬂﬂﬁf%aﬁa}%}&?{ CRIPEIISRAYEt 0 rapi d

coking int Hﬁlyr\%%ﬁ%d. section of the
{0006] In most commercial naphtha and gas oil crackers, cooling of the
effluent from the cracking furnace is normally achieved using a system of transfer
line heat exchangers, a primary fractionator, and a water quench tower or indirect
condenser. 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.

[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.



furnace as well as fouling in the transfer |ine exchangers preferred in
lighter liquid cracking service. W 2005/095548 PCTI US2005/ 006471 -3

[ 0009] Additionally, during transport sonme naphthas are contam nated wth
heavy cr U@ 28P¥0%5818t ai ni ng non-vol atil e components. ConPERUSENAI00647 o ysi s
furnaces do not have the flexibility to process residues, crudes, or many
resi due or crude-contam nated gas oils or naphthas which are contam nated
wi th non-volatile conmponents. [0010] To address coking problens, U S
Patent 3,617,493, which is incorporated herein by reference, discloses the
use of an external vaporization drumfgar the crude oil feed and discl oses
the use of a first flash to renove naphtha as vapor and a second flash to

Ao S oA SRR Bl S s 200

The vapors a acked | urnace i nto

separ ated | i Githdgaty erinié bR coi@inidg@sdh-{ARKR RufHoheTeY EtnventibhARFlys t h
steam and used as fuel. [0011] U S. Patent 3,718,709, which i's ihcorporated

herein by refusnangs do nothavelosBexibility tepresess semnduss.irudescokmanieyesilue ioon. | t
descri bes preheating of heavy. feedstock inside or qutside. . a pyrolysis
furnace to v%n‘b‘g?‘lcﬂ’étg‘é‘b%tﬁd HHIHPT B %éW“hﬁ@éiﬂ’&agERatﬁ# P‘Whﬁﬁ‘ﬁe‘foiféﬁﬁ ed steam
and the remoy, he residual, separated |iquid. The vaporized

hydr ocar bons,&h\/\ﬁl ceﬁ{st:ont ain nostly light volatile hydrocarbons, are

subj ect ed townua}:ki ng. Th OLfHAdss WoRingprédém§, 199, Badnt WH19MM9BS wWingpripor at ed
herein by reference, discloses a process for inhibiting coke formation in a

furnace by pnetmpatiterhbherhim by eefdsnoekdistlosdscthpruss exican exXtermak Nagdrization t i cal
amount of hydrogen in the convection section. _ The sence of hydrogen in
the convecti gm&ﬁbeoﬂuﬁlwf freflen Risclase (e 9h# ?%ﬁﬁ Wagh oy eBIvE napea

hydr ocar bons,_ t L.nAj it ' 13]..& e

5, 580, 443, WAl gaﬁj'o:?gn}icll ﬁ%k@grg%gégﬁéﬁg?%%@ﬂﬁg}?g}%%ggl,]ﬂ% I%ﬂlﬂgs?%ggésn ggoprocess

wherein the 4glediSNeE RI0nlisPeIC)PBREADSE add cratkelin\thd PFOBR furnace into
olefins and the separated liquids from the two flash tanks are removed, stripped

with steam, and used as fuel.

[0011] U.S. Patent 3,718,709, which is incorporated herein by reference,
discloses a process to minimize coke deposition. It describes preheating of heavy
feedstock inside or outside a pyrolysis furnace to vaporize about 50% of the heavy
feedstock with superheated steam and the removal of the residual, separated
liguid. The vaporized hydrocarbons, which contain mostly light volatile
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 comvection 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.



Y

froma preheater in the convection section of the pyrolysis furnace. This
preheated feedstock is then m xed with a pre-determ ned anount of steam (the
dilution steam and is then introduced into a gas-liquid separator to
separate éﬁb”m ot a requi red proportion of the non-vor@yUs$aees/ms4d1i qui d
fromthe separator. WO 2005/ 095545 PCT/ US2005/ 006471 -4 The separated vapor
fromthe gas-liquid separator is returned to the pyrolysis furnace for
heati ng and cracking. [0014] In using a flash to separate heavy |iquid

hydr ocarbon fractions from the lighter fractions which can be processed in
the pyrolysis furnace, it is inportant4.to effect the separation so that
nost of the non-volatile conponents will be in the liquid phase. O herw se,

heavy, CokerholghiltteAOnpkPiidhi ik EAR ﬁrkte?ar_iat]d? i el BeCofihkised 1Nto

t he furnace causi ng coking probleits. [0015 e control of t tio of
vapor to | i firhsbel fonlicanggfahdsiackiag. been { found to be difficult because many
vari ables are involved, including the tenperature of the streamentering the

flash. The {GdEr at ur &n BYing A dlash tossgparaterheary Hguidwdfacashienfzsetiens fimt he
furnace | oag change The t erature is higher . when.the furnace js at full
| oad and i sgﬁeoﬁ%t%mn?ﬂse “ﬁﬁ&ng&%%% pé‘?cefﬁfat o, the pEEplysisy M%pﬁrﬁt ure of
the stream S 4021 A8 P 505 @l bl < RS
tenperature%&%aﬁg furnacee t hat ﬂggétgiﬁt eSfee ésgglggda%ete&ﬁé?églggéﬂﬁ

t enper at ur ebe imtHeliquid phases Gtherwrish, hgatyo cbhefaniignhowiolatie dignpgonshtshas
occurred in the furnace. A Wien the furnace is clean or very lightly coked,

t he fl ue- gai therpeergrueasriedinioefurnepaeaugingroking mroblamse i s heavily coked.

T L1 e SRS 2 45 el A% B K PR BRSO ) i
Lo Shs)s RinBrists, Qmaan, bale e sl e b pARE b
when the f uenpemting cfptheagtedmneitbribg ghe flakiev eThe oémperatass obxily@etearhn t he
flue gas. entering the flash varies as the furnace load changes. The temperature is higher

when the furnace is at full load and is lower when the furnace is at partial load.

The temperature of the stream entering the flash also varies according to the flue-

gas temperature in the furmnace that heats the feedstock. The flue-gas temperature

in turn varies according to the extent of coking that has occurred in the furnace.

When the furnace is clean or very lightly coked, the flue-gas temperature is lower

than when the furnace is heavily coked. The flue-gas temperature is also a

function of the combustion control exercised on the burners of the furnace. When

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 coniained 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




[ 0016] Co-pending U. S. Application Serial No. 10/188, 461, filed July 3,
2002, which is incorporated herein by reference, describes an advantageously
controll ed process to optim ze the cracking of volatile hydrocarbons

cont ai newqjﬁ"’s”t’%é”neavy hydr ocar bon feedstocks and to P@E@éé‘m&’ﬁﬁ“&boi d the
coking problens. It provides a nethod to maintain a relatively constant
ratio of vapor to liquid Ileaving the flash by nmaintaining a relatively
constant tenperature of the stream entering the flash. Mre specifically,
the constant tenperature of the flash stream WO 20051095538

PCT/ US2005/ 006471 -5 is maintai ned by-5automatically adjusting the amount of
a fluid streamm xed with the heavy hydrocarbon feedstock prior to the
fllash. The f{dhghied lkgeamaahsﬁcan&%{%ﬁng thedn@iusht 60K FudeRASI mBRJivA he first
stage of preheating in the convection section (and excessive coking in the
radi ant andthgieachhgdretarbe) feptwtocknrics to taedloplar Thafliid oaapemiared f eed and
dilution stean1strean&js geperally wthdrawn_fromthe caonvection section

before the HM03dlis fullPya\pishspks, deposityn Beths igrsk stage o \nschepiing driher at ur es

are devel oped .in. i.on cti . cassiy il m erat ures,
such as abo‘goéwgﬁ%%rpgeﬁggﬁ?(%glﬁ%fssf‘% %‘%‘g@eﬁlﬁg3%@%%@@!3%%%%5{3&&2}%i ng on
the feedst ogfxedalafid t RERAIIZ Sepdiizet RAd t shdeMABASH Viteant W@arh OfsMBEALALY  OM t he
heavy end of the heavy hydrocarbon feedstock stream (0018] "The present

i nventi on pwithdwes from tHeecamyectwh sectiombsfore thé fieed Bximizngeorized mahj uncti on
with the invention of US. Application Serial. No. 10/188,461 to allow nore
ef ficient gorEnErespwsive ftloniempemtiresarelevelansd/in he grBresHpR FectigBdRlesck. |t

or e Py s S BB Kioh 46D LU0 SHERTL BRI °

tr ansf er anger Supér in’s

t enper at ur ey 15pSE F(Bmm?fdeﬁélﬁﬁﬁé 8 fihd FecdQOLK, Odrk QHedrized @6 UER ©OKicREsVe t he
convection section of the furnace. Summary of the Invention [0019] The

present i nveakeiformaiooviahe thechepyy esbaf the heayy dyyidiavgriiea desgdstobly streagar bon
Feedstock Wiyl COMP RS Sbsent iiEnfon oviay TP B¢ 280 0158 Tandfer” tine
exchanger in conjunction with the invention of U.S. Application Serial No.
10/188,461 to allow more efficient quench operations despite the heavy
hydrocarbon feedstock. It further provides for an optimization such that the steam
generated in the transfer line exchanger is superheated in such a way that the film |
~ temperature upstream of the flash is controlled to reduce coking in the convection |

section of the furnace.

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 mxture streamto forma vapor phase and a liquid
phase, rewyiogoodsie |iquid phase, cracking the vapor ph%ﬁﬁ%ﬁhé&ﬁlﬁadiant
section of a pyrolysis furnace to produce an effluent conprising olefins,
and quenching the effluent wusing a transfer |ine exchanger, wherein the
ampunt of the fluid mxed with the heavy hydrocarbon feedstock is varied in
accordance with at | east one selected operating paranmeter of the process.
The fluid can be a hydrocarbon or water preferably water. WD 2005/ 095548
PCT/ OS2005/ 006471 -6 [0020] Sone non-r?hiting exanpl es of operating
paranmeters controlled jn the inyentive process are the tenperature of the

mi xture strd3R0efore R HpHtng Rmples GfOPETaLing dgramgters coplallpdeingf ¢ he

flash, the DeL AL L th oW: t f j re stream
and/ or the télgeg@gé oxfg%(%fs? %&ﬁﬁ%{%_&a“gﬁg’f@e Ptg Re usﬁﬁg%eﬁe?&fme heavy
hydr ocar bon s#£64$4 05hedSBE prékshfdl of the MM KIRNtePRratGRTthe Bad) thdflowor € of
st eam cracked gas oil and residues, gas oils, heating oil, jet fuel,

di esel, ker oztepEtheguisbiré stecane,cindfor HmpEtdsa oxgpaamthe Huk gak ofaphfiraace.
catal ytical ly cracked_naphtha, hydrocrackate, refornate, raffinate
ref or mat e, (&Pﬂher - TH8psBeRWYi HH‘%&%@‘M §€‘Ff{§FQ°1Fr B§sdc o VeRUeR, rean

gasoline, distil.late, Vvirqai rude qil.,: i j pestill
bot t ons, vagﬁfﬁ%l%oei %nges rian%s rsé%?}tgarap%g Ig.l%éi%ﬁgéngoljf %18]%5?25\%0 EJ’ l%lg?tp{lgg%lﬁr ange
naphtha to gasse] ! diesldeReAbss, sNVANY, Bsker Niphehia) H¥gh OsaElRAN naftBaMs from
refineries, vacuumgas oils, heavy gas oil, napﬁt ha contam nated with

crude, at nosghlgticaly esicied, ndphthey hyelsdaackateCAtefdrmasd, d caffinatd nisformate,

napht ha/ r esi.due m xture, gas pil/residue adm xture,  and. crude oi]l. i
Preferably, ¥ tsa@erﬁﬂrawhﬁw% Rrosber- Frepbagess. Rawral aaawpwaﬂlsflhﬁta VIBER| i ng

point of a st F.. 3}@%} 0 i IS _} td t he heavy
hydr ocar bonh?ﬂ_ehe t%r?:gé)n%g’/ e H}é% eﬁﬁ%?thlpn I réygf n‘%&h{ﬁgcpiﬂ\}hg@ﬂ %tll%[éiélsga_s in a
first conveﬁi_clxﬂmésmfdnwnwi&@soihag kang@apBa Y A 15 condenshias; bedsf @ire M xi ng
with the fluid. Preferably, the tenperature

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.
Preferably, the heavy hydrocarbon feedstock has a nominal final boiling point of
at least 600°F (310°C).

[0022] In applying this invention, the heavy hydrocarbon feedstock may
be heated by indirect contact with flue gas in a first convection section tube bank
of the pyrolysis furnace before mixing with the fluid. Preferably, the temperature ()
of the heavy hydrocarbon feedstock is from 300 te 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.



of the heavy hydrocarbon feedstock is from 300 to 500F (150 to 260C) before
mxing with the fluid. [0023] Follow ng step (b), the m xture stream nay be
heated by indirect contact with flue gas in a first convection section of
the pyrol Y0554 e before being flashed. Preferabl yPOIEs2665086471
convection section is arranged to add the fluid, and optionally primary
dilution steam between passes of that section such that the heavy

hydr ocar bon feedstock can be heated before mxing with the fluid and the

m xture stream can be further heated before being flashed. WD 2005/ 095548
PCT/ US2005/ 006471 -7 [0024] The tenpermture of the flue gas entering the
first convection section tube bank is generally |ess than about 1500F, for

exanpl e | esgggalipn aboute I3RREatureIFIRe ASe LASSdr@ha Ak bodvie
preferably Foess?t han about 1000!5 10025?éDi I utii?%n st eam may Enes a{cﬁ%d at any

poi nt i n t heibprback ssgenkwily lex drplaboui 150085, fbeexadgddlesothhh eabliedgg0tFy dr ocar bon
f eedst ock before or after h to the m xture strea and/or to the

eating, 1
vapor phasesuchas lessithan abuiskloQh, a5d peaferablylessdbagy sbost LG Fst eam  Any
dilution st -Sstrea e, heat e [ uper heated jn convection section
t ube bank I@?Pid angm@%ﬁggﬁeﬁﬁ} ﬁnag'hge aggﬁ(\geaéﬁngnﬁos%%tn? g}ﬁe gg’focteﬁe Lr nace,
pref erably éih:ﬁolhe, ftih®) beTad3QC N thd UBAORMtocarbRD ERdstdbIe baTord WE &fst r eam may
be at about 600 to about 1000F (315 to 40C) before the flash in step (c),
and t he f| abéetinge &s theemizayre ereanpand/dp td theabapor pha®0 Psiyadilufoh|stesmg t he

flash, 50 to 98% of the m xture streamnay_be in the vapor ghase. An
additional SEGHH Y COTRERC SR Stoasht ATpugirtioneyieam stipamanahbe beatefl of o r enove

trace amounts of |i,qui rom.t he vapor,  phase, a ase,. iy, be heated
tb above th uﬁpﬁée@*]edt Igln%ef;o&v%ﬁngnb%ch@g %‘ﬁ? Z‘?aimn(gb? %tgé{r%&i(”gﬁ{]e g‘@t@ﬂ é‘ﬁe of the
furnace, fogoR¥eh®] Refich SMRYTNRRE, A0 n {itdRstd séQa@mbelbling. heati ng may
occur in a convection section tube bank, preferably the tube bank nearest
the radi anfo026fti on Ghe nigufeustreanemaly 3@2:t hbdFitetQlr mnatfoat 1000E (Bkchanger can
be used to produce high pre re
us §)4,0°%l)J %eforel tge ﬂgsh i?'lss%jep (¢), and the flash pressure may be about 40 to about

200 psia. Following the flash, 50 to 98% of the mixture stream may be in the

vapor phase. An additional separator such as a centrifugal separator may be used

to remove trace amounts of liquid from the vapor phase. The vapor phase may be

heated to above the flash temperature before entering the radiant section of the

furnace, for example to about 800 to 1300°F (425 to 705°C). This heating may

occur i a convection section tube bank, preferably the tube bank nearest the

radiant section of the furnace.

[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.



steamwhich is then preferably superheated in a convection section tube bank
of the pyrolysis furnace, typically to a tenperature | ess than about 1100F
(5900, zofix/@m-lf about 850 to about 950F (455 to 5100% gé i ndi rect
contact wthtHE>PT ue gas before the flue gas enters thBCEUERMEEMIEA secti on
tube bank used for heating the heavy hydrocarbon feedstock and/or m xture
stream An internediate desuperheater may be used to control the
tenperature of the high pressure steam The high pressure steamis
preferably at a pressure of about 600 psig or greater and may have a
pressure of about 1500 to about 2000 psB8g. The high pressure steam

super heater tube bank is preferably |ocated between the first convection
section tubgogzspk and AhembtiNety,bahk wsedss otarheqimpitset eatigpon Hease. WO
2005/ 095548 PCT/ US2005/ 006471 -8 tLOOZB] Al ternatively, the process can
conpri se hehyinogarbonegedstooky mivagribe hetvehydroedtbomfoesigek mathhe fimd to

hydr ocar bon _feedstock with a fluid . to .forma m xture strea fl ashi ng the
m xture str &4 ?@*’%Wﬁsﬁre%pg?s%% RIS Smemﬁﬁﬁﬁﬁs@pof B iﬁH@ % he

i quid phas r Ny! [ radi i :
pyrol ysis fgg‘?\@c@%%’ %%%géﬁgﬁ{qe‘?@ﬁ%ﬁt &ggﬁpﬁgi@?k olp(;]?%\gi, ﬁ{aénlgﬁlagtuenchi ng
the effluenteddshngf a pyralysisefurddcs eoeprotiadty an effiiett otpridingt bRASE.eind | ne

exchanger is used to produce high pressure steam which is superheated in a
convect i on gquaerching thebeffldemusingcatiedsieu bne exehangere wheren dass tramsderslinene hi gh

Py 06ar bon CHRBEAEHTo B USSh ) BIOCHe Mgtk PHSaLtE F e Wi BRI 66 2 bon
feedst ock, I;A,weegﬁogeéatﬁﬁ be %&&%aﬁé&&éﬂﬁmﬁﬁfﬂg&%&%ﬁ&ﬁe ngg@f@s es are

all as descri above. Brie scription o aw ngs Igure {1

i '] ustr at essigarfi PrRiTab icentatiing thba@aaks efntdir Ppahe dsavyrhydeacetialiofeedstvél h t he
present invention enployed with a p%rol ysis furnace. Detailed Description
of the | nvemd/onthioagtrdatrease of he bapee hydrgearbion fpedsinskc &widhgepsionplar t s,

ratios, etc., are b vveigrht. HQ' ess ot herw se atat. d, ,a reference to a
conpound orStE%ﬂﬁUﬁ%r\éf’ presstures, and temperatures are all as descri ed above.

Brief Description of the Drawings

[0029] Figure 1 illustrates a schematic flow diagram of a process in

accordance with the present invention employed with a pyr. ysis furnace.

Detailed Description of the Invention

[0030] Unless otherwise 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 conpound or conponent by itself, as well as in conbination with
ot her conpounds or conponents, such as m xtures of conpounds. [0031]

Furt her, %r}) %n anmount, concentration, or other value or paranmeter is

gi ven as 905 "%’F’“hpper preferabl e val ues and | ower pr &GS/ 00GTUES,

this is to be understood as specifically disclosing all ranges fornmed from
any pair of an upper preferred value and a | ower preferred val ue,

regardl ess whether ranges are separately disclosed. [0032] As used herein,
non-vol atil e conmponents are the fraction of the hydrocarbon feed with a
nom nal boiling point above 1100F (590¢) as neasured by ASTM D-6352-98 or
D-2887. This invention works very well with non WO 2005/ 095548 PCT/ 1JS2

005/ 00 64 7vdlatited kolind ial asmiraVibbiding puint aBdvebabdut NDIOREF NY6@EegyeTROOUt 1400F
(760C). The boiling point distribution of the hydrocarbon feed is nmeasured
by Gas Chr bodinggmept Bissilbiutiont pHrih¢ Gipjroeasbon dfead iso ménsumedt hpdSaslescri bed

in ASTM D-6352-98 2887, ded h t |.at.i for mater| al

boi 1119 abobBromeaEapl 2seiong 1O aatar beds o REASS SatrrDpd oS ke
precursor s, g eflofi DS alehdedhr eudfilhely FEARLIIRITBLARY! By, SUCh as
mul ti-ring aromatic conmpounds, [ can condense trromthe vapor phase and

then form cogeQIIPOL°F)l NvnorgstHE tafipsiRnti chh AFud oY prRufdrd, Whidhardr esent
process of the invention. Nominal final boiling point shal [ mean the

t enper at ur enaxdessidly hh@oys andloy heactiver owigculsls, ssuchr 8 cuhliicringangbmatias r eached
its boiling point., [0033] The present ijnventiogn relates to a process for
heating and® B‘%E’f‘ﬂdscwgl‘fgi%cﬂ%‘%(}? Sr %é{f‘%r?%@éee?fé‘f@‘@kfofﬁ@l%r‘ﬁ@é%s

conpri ses hgatj ! n;.f aed s T e V.

hgdr ocar bo nﬂgegé%s}?%ncé:%%%ﬁﬁogy% c&lﬁgt%]%g T g'rﬁn? %g%hx?ljélr:éeg,g ncgl %E h]flﬂgﬂioé'e m xture
to forma vapafingihfisd t&mﬂ@ﬁbinquhﬂl plvas ethe tonpéanadlay wiicly 988 wbghanount of

fluid mxed with the heavy hydrocarbon feedstock in accordance with at
| east one spéreented agpdicalar sgmplahassacheddts boHing pristcess, feeding the vapor

phase to t hﬁ)ﬂ%@f hant %ﬁgtﬂrgsgntofnvgntpoy 1%&2%&?5' fo Iilf)rrgc?e%se foraﬁe%ﬁng and steam

cracking heavy hydrocarbon feedstock. The process comprises heating a heavy

hydrocarbon feedstock, mixing the heavy hydrocarbon feedstock with a fluid to
form a mixture, flashing the mixture to form a vapor phase and a liquid phase,
preferably varying the amount of fluid mixed with the heavy hydrocarbon
feedstock in accordance with at least one selected operating parameter of the
process, feeding the vapor phase to the radiant section of a pyrolysis furnace, and
subsequently 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 |ine exchanger. [0034]
The heavy hydrocarbon feedstock can conprise a |arge portion, such as about
5 to abo % .0, heavy non-vol atile conponents. Such could
conpri seW%gﬂ%\%’ff%{% non-limting exanples, one or nore %‘?f’ﬂggg‘%ﬁg%’g’cked gas
oil and residues, gas oils, heating oil, jet fuel, diesel, kerosene,
gasol i ne, coker naphtha, steam cracked naphtha, catalytically cracked

napht ha, hydrocrackate, reformate, raffinate reformate, Fischer-Tropsch

| i qui ds, Fischer-Tropsch gases, natural gasoline, distillate, virgin

napht ha, crude oil, atnospheric pipestilD} bottons, vacuum pipestill streans
i ncl udi ng bottons, w de boiling range naphtha to gas oil condensates, heavy
non-vi rgi n hasgies dehon résidea 'shregtneg edmixeire £ Saphthi@edsiiedatinittlrs, ghteavy gas
oi |, naphtha contam nated wth crude, atnospheric WO 2005/ 095548

PCT/ US2005/ 0iiGdsidue adnyxtuee,ianderudeanddy resi due, C,'s/residue adni xture,
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typically gPea er t about exanpl e greate

1400F (760Cypickily erare thadlabyutPl BHEFr@dokpedsi ekfipR' eregRPahal layohtow sul f ur
waxy residues, atnospheric residues, naphthas contam nated with crude, and

vari ous r esil#EFAd0%Duride. ecpo@aBhllT heefreest feadstotkstare ghuant)y lydsaéar bon

f eedstock can take .any form, known by those of ordi.nary skill |[n the art.
However, it “R¥Y grafues, Ampspherie h"és‘dﬁ‘}éat”ia E%r?ﬁ?ﬁagg%atF‘%dWlié&F“{e@rﬂﬂgct of the

heavy hydrogﬁgég‘{g?%%&gg%jmg{ﬁn%sﬁbt he wupper (farthest fromthe radi ant

section) conve tion e bank 2 of the furnace I with hot fl ue

gases from F(*CBGI adi antThe eitimpofathe besythyarratbon TBedsidikicab@akedofibhi shed, by
way of non-limting exanple, by Et5)(Ss$i ng the heavy hydrocarbon feedstock
t hrough a blmiwmbyhbase ek erdiragy skilbaw the ibc ddewever: it is prafered rihatcthieon

Section 3 of fing domptises iddirect Gontact of the- heavy Hydro6Abos Teedsfoak acthe! YP' €21 1Y

upper (farthest from the radiant section) convection section tube bank 2 of the
furnace 1 with hot flue gases from the radiant section of the furnace. This can be
accomplished, by way of non-limiting example, by passing the heavy hydrocarbon
feedstock through a bank of heat exchange tubes 2 located within the convection
section 3 of the furnace 1. The heated heavy hydrocarbon feedstock typically has
a temperature between about 300 and about 500°F (150 and 260°C), such as about
325 to about 450°F (160 to 230°C), for example about 340 to about 425°F (170 to
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 sparg 2r 4 can avoid or reduce



a tenperature between about 300 and about 500F (150 and 260C), such as about
325 to about 450F (160 to 230C), for exanple about 340 to about 425F (170 to
2200). | e heat ed heavy hydrocarbon feedstock i ] ith a fluid
whi ch caﬁp(ggdogjg%’#ocar bon, preferably liquid, but opt %ﬂéﬁ?’@“%ﬁﬁr’; wat er ;
steam or a mxture thereof. The preferred fluid is water. A source of the
fluid can be~ |ow pressure boiler feed water. The tenperature of the fluid
can be below, equal to, or above the tenperature of the heated feedstock.
[0038] The m xing of the heated heavy hydrocarbon feedstock and the fluid
can occur inside or outside the pyrolydils furnace 1, but preferably it
occurs outside the furnace. The m xi ng can be acconplished using any m xi ng
device knowam#hdritigncaused By suddenrvapuazmion ofithe flaidpapsi bt dudtists 6f thef i 1 St
sparger 4 of a double sparger assenbly 9 for the mxing. The first sparger
4 can avoi d fimid inteithe deste! heyy/ydssadondydsseB05/ 006471 -11 hammeri ng,

caused by s vapor,zation of the fluid, upon introduction of the fluid
into the heﬁl‘g@?heavy Tll#ﬁc?ﬁ)“@’_étr%ﬁmfoé’e'&gf BETR‘?D“FG%%@]SH?PI@S%@@@PHS B¥ent i on
uses optiongk gl ??d&sié. r ri'rﬂ?aryacﬁfuﬂgé SRART Streall 1‘7%%eﬁﬁﬁ§§d wifhSr | mary
dilution steam stream 17 can be"mxed wth the heated heavy hydrocCarbon

f eedst ock agested atdvethydaicatbon feeddtivk he de@itOBlIoRN N afothereeabstHmEnhl uti on
steam stream 18 can be heated in the convection section and mxed with the

heat ed ni xt a¢eondamylilutien steanx sieeam 48 lsan Phdested e dhepeonvigetion sentindaang di | ut i on
steam may be .prjm di Lution steam whi ch _has.,begn, superheated, tionall
in a conzecP?‘g?fl %@{Iﬂ}fﬁ B?te‘fﬁﬁlx%'ﬁ?oﬁt?fﬂgbef?ﬁn%eﬁa%t B?mc%&fhg‘gf t he Y
rimary and a i Wl an : : c i : 30 am

5 y s&@g{gﬁg a;srutﬂi_nl Wb 134, ﬁwgdmxﬂ SR, $8icHO s Blefl

uper heat i ng our dilution steam es theris corrosion which

coul d resul supetipsatedpostenahy oa cofivestion setion vl tHeOBAysik fumaee. eBithddiorent of
the present invention, in addition to the fluid mxed with the heated heavy
f eedst ock, bpd of theeprymay| and saconday ribyion sigany sfregams may comprise sour

steam. Superheating the sour dilution steam minimizes the risk of corrosion

which could result from condensation of sour steam.

[0040] In one embodiment of the present invention, in addition to the fluid
mixed with the heated heavy feedstock, the primary dilution steam stream 17 is
also mixed with the feedstock. The primary dilution steam stream can be
preferably injected into a second sparger 8. It is preferred that the primary dilution
steam stream is injected into the heavy hydrocarbon fluid mixture 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 wwth the feedstock. The primary dilution steam stream can be
preferably injected into a second sparger 8. It is preferred that the
primary diebdegossgkeam streamis injected into the heav LOG n fluid
m xture before th; resulting stream m xture optionally éﬁ?é&%&”ﬁh&%
convection section at 11 for additional heating by flue gas, generally
within the sane tube bank as woul d have been used for heating the heavy
hydr ocar bon feedstock. [0041] The primary dilution steam can have a
tenperature greater than, |ower than, or about the sane as heavy

hydr ocar bon feedstock fluid m xture, bui2- preferably the tenperature is
greater than that of the mxture and serves to partially vaporize the

f eedst ock/ f Inginelimitkigy exampithe bproassing the Imiiwe streemnibrenghba baskpefr hesit ed
before being injected into the.secand sparger 8. [0042] The mxture stream
conpri si ng tgqﬁg"{@&ttggeshéhﬁteaﬂiﬁ%ﬁ}eﬁﬂee BFEEHIK 1S Eﬂﬁ& a\‘Sll?.‘i‘Fto"ix ‘é‘?\érﬁthe

opt i onal priﬂq? L ALt g a0k s rﬂnl” ' rQer S
optionally héea %Céggg%aéf%rll&?ﬂ&{ehe C’Oé]f\:/g%t | o%g%g@?f%%gﬁétaﬁtgnﬂ%ﬁgl@gi%agf ur nace
3 bef or e t herdrh #igdradidne sébtioh ofl heCirhaoe. TBE R Hesda chixhiye Y@oan0feaVd the

2005/ 095548 PCT/ US2005/ 006471 -12 non-limting exanple, by passing the
m Xt ure str eanvediivowrghtion ahd kniviraeizgam &X éhapienally besfusheomineddawith ghi n t he

convection sgaij on, usual Ia)r/%as part of the first convection section tube
bank, of th@dfitioRakteaR§Te4 s heat ed by the hot flue gas fromthe radiant

section of t ur nac hys- 1k rg.?@]l
convecti on slggﬁ]on asegp%;}i;aglg’r gés%gggﬁgl?lﬁ%%te%ﬁa y 1382(‘!?13?&[ er o xed
with an addplii fiala Sagasteshrstem [DWhadh oiiaaaity thé heawetpdrdadrbodi | ution

steam stream 18 can be further split into a flash steamstream 19 whichiis
m xed with muztire atrgamldrbstere teanilagh sndue bypass sigam sprepmf D whicheypasssh and a

bypass steam strea 1 whic asses . the flash of .t he hea hydr ocar bon
m'ygt ure and E'shf‘_gl gf J‘%VXE’HH%% OPH’_élxy’gf)(?Pd li)hef?é‘d%ﬁ‘?tvﬂé}/m%‘é"‘wobef ore
the vapor phase ﬁém%@ﬂ&&%éf&ettﬁévﬁ%q 'rpﬁﬁée is %@Eké&‘igftfle Fftfant sSEERSTE thd Ne

present invention can operate wth secondary ut1on steam
furnace. The present invention can operate with all secondary dilution steam

stream 18 used as flash steam stream 19 with no bypass steam stream 21.

Alternatively, the present invention can be operated with secondary dilution steam

stream 18 directed to bypass steam streamn 21 with no flash steam stream 19. In a

preferred embodiment in accordance with the present invention, the ratio of the

flash steam stream 19 to bypass steam stream 21 should be preferably 1:20 to

20:1, more preferably 1:2 to 2:1. In this embodiment, the flash steam stream 19 is

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 siream 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 liguid

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 can be operated with secondary dil ution
steam stream 18 directed to bypass steam stream 21 mﬁbﬂ: f h _steam

st ream MO 2PWS5H of erred enbodi ment i n accordance w ’?‘ﬁ%"‘iﬁ@é‘éht

i nvention, the ratio of the flash steamstream 19 to bypass steam stream 21
shoul d be preferably 1:20 to 20:1, nore preferably 1:2 to 2:1. In this
enbodi ment, the flash steamstream 19 is mxed with the heavy hydrocarbon
m xture stream 12 to forma flash stream 20 before the flash in

fl ash/ separator vessel 5. Preferably, -the secondary dilution steam stream

I S superheated in a superheater section 16 in the furnace convection before

splitting ;ﬁ}@féﬁmityrfsxn\wémfrbﬁem@ﬂwsebmdfo@%ﬁ@ps i oVEBread PEpRAbdrh on of
the flash eam sfream 19 to the heavy hydrocarbon m xture stream 12 ai ds

the vaporigat iTha vapomnpisise vopraferdbdy danpok déntsconfedtiva sattisrutube bafloP® t he
flash stream 20 enters the flash/separator vessel 5. [£044 The m xture
stream 12 oof theefurnagsnpecfarablin loentsd nearish the gl seqtign ok fhendymace.nfoy

fl ash/ separ at or | e QR t ;AP phase
conpri sing ?3?@&'8“4?‘%%%& aéidv%?cgﬂg?'l cgg#%érr g)gbaérst%ﬁtso ﬁ%aﬁ Q@%ﬁ?ﬁcgﬁa 42 ﬁtaﬁi d phase
conpri si ng B‘W %@,{9 RRRck Yo QBckiRg . aThé Bqild PhasAsMB NasHdiemaaR  stiehass i s WO
2005/ 09554 I5 US2005/ 006471 -13 preferably renmoved fromthe

f | ash/ separmimoved dssetheFlab/sqraravevdssedd av apottoss skeam 273. The vapor phase is

preferably fed back to a convection section tube b(fnk 23 of the furnace,
preferably 10845k ed neltrisprefemed fomaatan & pra-figarmncd RRNstant salieof yapor opt i onal

heati ng and t.hrowgh..cr i e_r.adj W) of the
Byrol yei o rariabd o o BRRAFheB: BRRer s P st s BRI b A L'
streamis JdppRYedAl r@MfidifatlveassthpaRarabP he/ 9ikfire JtrosmaA 1P VefRPRLST r €am 27.
100451 It is preferred to maintain a pre-determ ned constant ratio of vapor
to |iquid iftashisepirams vessebparcan be vsabasedn mdirbett pasaroter tt insasuge, diofifrdlcul t t o

nmeasure and control. As an, al ternative, ten&g}ﬁur.e.of the. m xture stream
12 before tand manidmAR apprpXinely certignt ¥apoyfo 2HodR 3ShSEPEROT par anet er

to measur e’ve%éjerllti Oideally, when the mixture stream temperature is higher, more volatile
hydrocarbons will be vaporized and become available, as a vapor phase, for
cracking. However, when the mixture stream temperature is too high, more heavy
hydrocarbons will be present in the vapor phase and carried over to the convection
furnace tubes, eventually coking the tubes. If the mixture stream 12 temperature
is too low, resulting in a low ratio of vapor to liquid in the flash/separator vessel 5,
more volatile hydrocarbons will remain in liqud phase and thus will not be
available for cracking.
[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 mately constant vapor to liquid ratio in the
flash/ separator vessel 5. ldeally, when the m xture streamtenperature is

hi gher, Wég?]o\%bgﬁklore hydrocarbons wi |l be vaporized apgrhesReBaYpi | abl e,

as a vapor phase, cracki ng. However, when the m xture stream
tenperature is too high, nore heavy hydrocarbons will be present in the
vapor phase and carried over to the convection furnace tubes, eventually
coking the tubes. If the m xture stream 12 tenperature is too |ow,
resulting in alowratio of vapor to liquid in the flash/separator vessel 5,
nmore vol atile hydrocarbons will remain-14 liquid phase and thus will not be
avai l abl e for cracking. [0046] The m xture streamtenperature is optimally
control | ed tookingeodcorzie the dowar gohveqtioni seetiony theofempetaatrel efsthe flue lpas teedst ock
whi |l e avoi ding excessive coking in the furnace tubes or coking in piping
and vessel s tBOMRYRGHET seetionnhoinereases  TeaNiiing Iore desupebaatar wateysel to t he

furnace 3. T ressurg, drop ..acr t he_pi pi and,vessel s, conveyi ng the
m xture to t@@"ﬁoyver c ?/ésgfefg?fl @Z?rfei ﬁxglﬁga%%a?]hgzc %E%‘%S%Fe 6? p%i% 24 and
the tenper atdegeg?ﬁea%jﬁﬂi@é&n,%&ﬁidnoaﬁhe fEéH%V%ﬁttht@riﬂ@.CtWB@n % TR Ysth

nonitored to ect t'he onset of coking problens. For instance, en the

crossover preeatiitischigha pnanes sf liphtet hpdressbors, the tehnpetavverof thomigmié on
section 23 begins to increase rapidly due to coking, the tenperature in the
f1 ash/ separ #reanvks & bg sghlpvigie A% vtrgrudt, dhe amennbos i gseseiny dadisy. 11 WO

2005/ 095548 PCTI US200 06471 :14,.coking occurs.in the.lower conyection
cecti on. ¢ hePEaRRAPAN B Bipnet #1d Ynao B Stipinidhy oRio? MPhmaREY B 16
Lporeases, Idliicohd 3pitgecs JRRUPBE BEREREd WREES thedd amolilE 4ifdectlP Sk fisd | 0N, Of
the m xture stream 1 enperature Is also determned by the conmposition of
t he feedst otkmpahmre af she Wisture Baedeeldst Fdien thenfeadstsckhcoitains anbighers of

| i ghter hydrocarbons, the tenperature of the mxture stream 12 can be set
| ower. As aamount of nppolatils Rydrecarpens, ghe temperatunepf the 1gixturg sieaarl24 woul d

e
would be decreased while the amount of primary dilution steam used in the second
sparger 8 would be increased. By carefully selecting a mixture stream
temperatﬁre, the present invention can find applications in a wide variety of
feedstock materials.

[0048] Typically, the temperature of the mixture stream 12 can be set and
controlled at between about 600 and about 1000°F (315 and 540°C), such as
between about 700 and about 950°F (370 and 510°C), for example between about
750 and about 900°F (400 and 480°C), and often between about 8§10 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 conirol system 7 communicates with the fluid



tenperature of the m xture stream 12. \Wen the feedstock contains a higher
anount of non-volatile hydrocarbons, the tenperature of the m xture stream
12 Shouﬁﬂ)%sﬁ%ﬁ” gher. As a result, the anmount of flpdgushsecodsint he first
spar.ger woul d be decreased while the anmount of primary dilution steam
used in the second sparger 8 would be increased. By carefully selecting a
m xture stream tenperature, the present invention can find applications in
a wide variety of feedstock materials. [0048] Typically, the tenperature of
the m xture stream 12 can be set and cantrolled at between about 600 and
about 1000F (315 and 540C), such as bedfneen about 700 and about 950F (370
and 510C), for exanple between about 750 and about 900F (400 and 480C), and
of ten bet wesnlvgbbLiandthe raieary sislytion gam a0l asrithay te) amauns of theafluids wi | |

change with t concentration of vyolatiles in the feedstoc s di scussed
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stream 12 gsyeam, it will cause the fluid valve 14 to reduce the injection of the fluid into the

first sparger 4. If the temperature of the mixture stream starts to rise, the fluid
valve will be opened wider to increase the injection of the fluid into the first
sparger 4. In one possible embodiment, the fluid latent heat of vaporization
controls mixture stream temperature.

[0052] When the primary dilution steam stream 17 is injected to the
second sparger 8, the temperature control system 7 can also be 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 steamn 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 valve 14 and primary dilution steamval ve

15 on thgypWeesmRaggers. Wen the control system 7 det el 260sR8621
tenperature o? the mixture 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 mxture streamstarts to rise, the fluid valve wll be
opened wider to increase the injection of the fluid into the first sparger
4. In one possible enbodiment, the fluid |atent heat of vaporization
controls mxture streamtenperature. 168521 Wen the primary dilution steam
stream 17 is injected to the second sparger 8, the tenperature control
system 7 canf0854Jo be ubeth exampieembpdintest wherenthe Jiutd isuvaten the eentrollzi ve 15 to
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(455 and 540°C), such as between about 830 and about 950°F (455 and 510°C),
and typically between about 875 and about 925°F (470 and 495°C). The
desuperheater can be a control valve and water atomizer nor-le. After partial
preheating, the secondary dilution steam exits the convectior: section and a fine
mist of desuperheater water 26 can be added which rapidly vaporizes and reduces
the temperature. The steam is preferably then further heated in the convection
section. The amount of water added to the superheater can control the temperature
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 steam
in the furnace. This allows the superheate 6 outlet tenperature to be

controlleq,v Lonesgpst ant val ue, independent of furnace J,@ﬁgs Pé}&}g , coking
ext ent changes‘ excess oxygen | evel changes, and ot her variables. rmal |y.

this desuperheater 25 nmaintains the tenperature of the secondary dilution
st eam bet ween about 800 and about 1100F (425 and 590C), for exanpl e between
about 850 and about 1000F (455 and 540C), such as between about 850 and
about 950F (455 and 510C), and typically between about 875 and about 925F
(470 and 495C). The desuperheater can #é-a control valve and water atonizer
non-le. After partial preheating, the secondary dilution steamexits the

. convection sq0056jn and & ddditon v mbintdinidg suUpeETshmatianperatues of thecaixthe added
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example between about 6 and about 11 psia (40 and 75 kPa).

[0058] In one embodiment, the flash is conducted in at least one
flash/separator vessel. Typically the flash is a one-stage process with or without
reflux. The flash/separator vessel 5 is normally operated at about 40 to about 200

psia (275 to 1400 kPa) pressure and its temperature is usually the same or slightly

lower than the temperature of the flash stream 20 before entering the
flash/separator vessel 5. Typically, the pressure at which the flash/separator vessel
operates 1is 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 exanpl es, the constant hydrocarbon partial pressure can be naintai ned by
mai nt ai ni ng constant fl ash/separator vessel pressure through the use of
control velosmod@sers t he vapor phase |ine 13 and by cont rrd/isegosdeesmat i o of
steamto hydrocarbon feedstock in stream 20. [0057] Typically, the ‘
hydr ocarbon partial pressure of the flash streamin the present invention
Is set and controll ed at between about 4 and about 25 psia. (25 and 175
kPa), such as between about 5 and about 15 psia (35 and 100 kPa), for

exanpl e between about 6 and about 11 psigg(40 and 75 kPa). [0058] In one
enbodi nent, the flash is conducted in at ?east one flash/separator vessel.
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kPa) and the thenpencadaye dilytiombdeam 6gamo [3bsutthe ofash (sBeamt entsving) theFor

exanple, the pressure of the. flash can be.about 85 tq about. 155 psia (600
CR 1000, Py DSt et oS dhe SRR Enstitus DeBanE b 2oRcES | o
490C). As a f -he ug: f : t:.105 to
Sbout 145 psi HrtidCpreSAtRE e hioBLBARIGE, X lardel tndle 3EiGH b tFe S is 100 |
900F (400 to #84f) and Amyelovwanotikereqaadnibeid pHaee pempantuee. df niahealso be

flash/ separator vessel can be about 105 to about 125 psia (700 to 760 kPa)
and the tenpehelpiit to eg¥iclbe posen ofthe exismally goolgd dlasly agarater vepsbbottompendi ng

o e oD i STk DA Bk B o SRS YRR el RS O
e S ST AP SOty
operated, in fie thsperém dfohe flashiseparetor hesseleirpethatcuoler 28 vidwurhp 87 Thphase at
the bottom Ofcgo?e% s\ftr?:SaJSﬁ%Q Eaenct%lég %e split into a recycle stream 30 and export stream 22.

The temperature of the recycled stream would typically be about 500 to about

600°F (260 to 315°C), for example about 520 to about 550°F (270 to 290°C). The

amount of recycled stream can be about 80 to about 250% of the amount of the

newly separated bottom liquid inside the flash/separator vessel, such as about 90

to about 225%, for example about 100 to about 200%.

[0060] The flash is generally also operated, in another aspect, to minimize

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 aboui 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 much heat may cause coking of the non-volatiles in the |liquid phase. Use
of the secondary dilution steamstream 18 in the flash streamentering the

reduces {nSTORMAIBEREL (ITTS of “the hvar ocar bons (1 .. ECTARRRT oISt

fraction of the vapor is stean) and thus lowers the required |iquid phase
tenperature. It may also be helpful to recycle a portion of the externally
cool ed fl ash/separator vessel bottonms |liquid 30 back to the flash/separator
vessel to help cool the newy separated liquid phase at the bottom of the
fl ash/ separator vessel 5. Stream 27 can b®-conveyed fromthe bottom of the
fl ash/ separator vessel 5 to the cooler 28 via punp 37. The cooled stream 29
.can then be spl00°F n{BI0&CY.ecyTiee wipbeaphasd gndogtimontlys treraved From The:
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PCT/ US2005/ 004dgieB] - 19 The vapor phase stream 13 removed from the flash/separator vessel
can optionally be mixed with a bypass steam stream 21 before being introduced
into the furnace lower convection section 23.

{0064} The bypass steam stream 21 is a split steam stream from the
secondary dilution steam stream 18. Preferably, the secondary dilution steam is
first heated in the convection section of the pyrolysis furnace 3 before splitting
and mixing with the vapor phase stream removed from the flash/separator vessel
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 8§00 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.



1000F (540C). The vapor phase is continuously renoved fromthe

fl ash/ separator vessel 5 through an overhead pi pe which optionally conveys
the vapowd swsoessag ri fugal separator 38 which renoves tpagesaifoisis of
entrai ned and/or condensed liquid. The vapor then typically flows into a
mani fold that distributes the flowto the convection section of the
furnace. [0062] The vapor phase stream 13 continuously renoved fromthe.

fl ash/ separator vessel is preferably superheated in the pyrolysis furnace

| ower convection section 23 to a tenpergture of, for exanple, about 800 to
about 1300F (425 to 705C) by the flue gds fromthe radi ant section of the

furnace. The v r phase is then intrqdyced to. the radiant section, of the
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significantly reduces the formation of coke in the convection tubes upstream of the

flash/separation vessel. By appropriately locating the high-pressure steam
superheater in the convection section, the propensity of the heavy hydrocarbon
feedstock to produce coke can be reduced. Specifically, the high pressure steam
superheater can be located in the convection section of the furnace so that it is
downstream (with respect to the flow of flue gas through the convection section of
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.




-20 [0065] Because the controlled flash of the m xture streamresults in
significant renoval of the coke- and tar-produci ng heavier hydrocarbon
species (in the liquid phase), it is possible to utilize a transfer |ine
exchanger for quenching the effluent fromthe radi ant section of the
pyrolysis furnace. Anong other benefits, this wll allow nore
cost-effective retrofitting of cracking facilities initially designed for

| i ghter feeds, such as naphthas, or othé l'quuid feedstocks wth end
boiling points generally bel ow about 600F (315C), which have transfer |ine
exchanger quench systens already in place. [0066] It has been found possible
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radi ant a_nd q;gpfuahc@ﬁszmrrs of the furnace are rermved_ fromthe furnace as
the |liquid phase streamrenoved as the flash/separation vessel bottons.
[0069] In most commercial liquid crackers, cooling of the effluent from
the cracking furnace is normally achieved using a system of transfer line heat
exchangers, a pri_mary fractionator, and a water quench tower or indirect
condenser. For a typical naphtha feedstock, fhe transfer line heat exchangers cool
the process stream to about 700°F (370°C), efficiently generating high pressure
steam that can then be used elsewhere in the process. High pressure steam shall
mean steam with a norninal 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 41 resulting from cracking a heavy hydrocarbon feedstock
in the present invention can be rapidly cooled by line 44 in a transfer-line
exchanger 42, generating high pressure stearn via 45 and 48 in a thermosyphon
arrangement with a steam drum 47 fed at 46. '
[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,

the steam would be produced at approximately 600°F (315°C) and would be



-21- [0067] In the furnace illustrated in Figure 1, coking problens are
avoided in the first tube bank in the convection zone, where the heavy
hydr ocarbon feedstock and/or the m xture stream are heated, because the
feed is not fully vaporized and the flue gas is sufficiently pre-cool ed by
t he high pressure steam superheater to prevent filmtenperatures in the
first tube bank reaching a coking tenpef28ture, generally between about 950
and about 1150F (510 to 620C), depending on the heavy hydrocarbon
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resul ting froeantrodetk ahg constandwpluey tdependsoinof fuemace dedd chiangesheoking sxient

i nvention can_be rapidly cooled by line 44 i transfer-1i changer 42,
generating hi ‘ﬂ??‘"ﬁ?ses?w%g SEeeh !ﬁ‘él fba‘%"ﬁ’ A?ggi %h g tVﬁE‘PﬁB§ypﬁ§Hnael§'rr§‘h€errent

with a steam gisupadidatée94 aodlf- mhAPAR] thd NEmpLRATE IANBeahRH prdsdutRichi] |ine

exchangers can be used to drive |large steam turbines which power the mgjor
conpr essors usateee shonh 80@ andhabauin d 1 69 (42 eng 580651 forgxample befweeplabaiih hi gh
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950°F (450 and 510°C). The desuperheater can be a control valve and water
atomizer nozzle. After partial heating at 50, the high pressure steam exits the
convection section and a fine mist of water 51 is added which rapidly vaporizes
and reduces the temperature at 52. The high pressure steam is then further heated
in the convection section and exits at 53. 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 cc;nvection 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 rémoves more heat

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



the transfer |ine exchangers. For exanple, in a nom nal 1500 psig steam
system the steam woul d be produced at approximately 600F (315C) and woul d
be -22- superheated_ in the convection section of the furn 800 to
about 1100PYOAEYWISHE590C), for exanpl e about 850 to abou?egg%gﬂo?@%t’%o
510C) before being consuned in the steamturbines. 100711 The saturated
steam 48 taken fromthe drumis preferably superheated in the high pressure
st eam super heater bank 49. To achieve the optinumturbine inlet steam
tenperature at all furnace operating conditions, an internedi ate
desuperheater (or attenperator) 54 may be2dsed in the high pressure steam
super heater bank. This allows the superheater outlet tenperature at 53 to be
control l ed at RegQRdtkBh t¥abetaiurd a@aﬁe%ﬂ%ﬁo@foc&ué,n@@exéxﬁﬂé,_ & 8ROGSsfOKI Ng
‘extent changes, excess oxygen | evel changes, and other variables. Normally,
this desuper hbnat ercliphgorsufiodl medrrting betduse v targraduction ahhdrems ihigrhcgssingsur e
steam between about_ 800 and about 1100F (425 and 590C), for exanpl e between
‘about 850 andheayarsifea 5(450 and 540C), such as between about 850 and

about 950F (4 d 510 Ty rheate I ve and
water atom zeﬁ%r’{ggzl e. _eérQﬁrﬁﬁgﬁsh@aﬁengmgﬁ%&ﬁﬁe taeﬁ[gﬂ#ltgéﬁ t;l}}rée arcg st eam
exits the CONYEREhO MmaFCEpticHANAME ﬂirﬂlbﬁeoélb&%yoﬁl{‘ébﬁbﬁrof%l stréanf @4t adtitibleCch
rapi dly vaporizes and reduces the tenperature at 52. The high pressure

steamis then fualithgpedvhadied in the convection section and exits at 53. The
anount of water added to_the superheater can control .the fenperature of the
steam [00721 978l ow tﬁ@sﬂéﬁngége I@Q\/VCFE}‘B? 6@%%@“#@@8%%@@&5 rtgﬁtrﬂé to be
cracked wi t hout form coke, | fars E'Qﬁa t hﬂltil1I st eam
super heat er ca%oar%ée)qi@ogg?e%i%ﬁc{}h{gh@gnﬂ}%c ?St)n se‘%@ggﬁr}estﬁgs% a leﬁigsl?es%?

downstream (VhydtoéRb6E CleelQodkhenf hidupsl sideatd gBSWE r @mtioleof’ akk afile SRS T ON
of the furnace) of the vapor phase superheater and upstream of the Tirst

t ube bank. [ 00®8ipefdiereuswhdhatanlmatereparaiuresare Mainigined diekive adevelpdrwlgigher) i s
preferable to {he o' vould oftuf  THR Seniseatite & the b s Endind Sp tonvechion’ < * S
section tube bank is generally less than about 1500°F (815°C), for example, less
than about 1300°F (705°C), such as less than about 1150°F (620°C), and preferably
less than about 1000°F (540°C).



convection section since the superheater with an attenperator renoves nore
heat fromthe flue gas when the high pressure steam generation rates are
reduced. WO 2005/ 095548 PCT/ US2005/ 006471 -23 Reduced hi gh tenperature

st eam generation occurs, for exanple, as the transfer |ine exchangers foul
over time because of tar production inherent in processing heavier

f eedst ocks. [0074] After being cool ed inp4.he transfer |ine exchanger, the
furnace effluent may optionally be further cooled by injection of a stream
of suitable @uaiy quench oil. [0075] Positioning the high pressure steam
super heater bank such that it cools the flue gas prior to the flue gas
contacting the tubes containing heavy hydrocarbon feedstock or m xture
stream al | owsywgank cRimed ist he flue gas tenperature such that film
tenperatures are nmaintai ned below a | evel at which coking would occur. The
t enper at ure of. t heAf Ipeegmdorntaekingga t vy opydeoraviant fepdstoskc saidnptagbss bank
is generally |less. than about 1500F (815C), for exanple, |less than about
1300F (705C) ,““8i¥K’s | ess t han about 1150F (620C), and preferably |ess

t han about 1000F ( V. I .aimed is: 1. A process for
cracking a heavy h g?%%lgﬁggﬁa@@rﬁw}s@?g‘og’ocess conprising: (a)
heating a heavy hy@)atanpe Leedsldokarboh feddstock gvithefliiday Yory @ hEigairdon

feedstock with a fluid to forma mxture stream (c) heating the mxture
stream by i nditea@t contact with flue gas in a first convection section tube

bark e Y7ol ol WD S ks B, b 5B PRI LRS: P ) &

convection section tube bank in a pyrolysis furnace, 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 convectioh section tube bank; and said flue gas flowing from the
radiant section to the convection section of the furnéce;

(d) flashing the mixture stream to form a vapor phase and a liquid phase;

(e) removing the liquid phase in a flash/separation vessel;

(i) cracking the vapor phase in the radiant section of the pyrolysis furnace
to producel an effluent comprising olefins;

(g) quenching the effluent using a transfer line exchanger to produce high
pressure steam, and

( (h) superheating the high pressure steam in the third convection section

tube bank, the third convection section tube bank being located such that flue gas
leaving the radiant section of the pyrolysis furnace contacts the third convection
section tube bank prior to contacting the first convection section tube bank;

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 wherein the at least one operating parameter of the
process is the temperature of the mixture stream before the mixture stream is

flashed.



conprising a first convection section tube bank, a second convection section
tube bank, and a third convection section tube bank; and said flue gas
flowwng fromthe radiant section to the convection section of the furnace;
(d) flashing the mxture streamto forma vapor phase and a |iquid phase;

(e) renoving the liquid phase in a flash/separation vessel; (f) cracking the
vapor phase in the radi ant section of the&€5pyrolysis furnace to produce an
ef fl uent conprising olefins; (g) quenching the effluent using a transfer

| i ne exchanger to produce high pressure steam and (h) superheating the

hi gh pressure_steamin the third convection section _ tube bank, the third
convection seéti on%ﬁﬁﬁ%ﬁ‘éﬁl@l}ﬁé‘ﬁ’rﬁe?%’éﬁ &lpimy wherel, the phgeaatagne PESAAHRE t he

radiant sect | ghkaled: 1€ PREQ!HE 1P 8[#5”%@%&%p%g}g&e@afa@.%nmkge@, (EAPLARAIL AP

secti on tube prior to cont onvecti on secti on

bank; wher ei ntHeNRastrsepirhtic véshel, fibwi etedixbe Mixhite strearpandyexte sy @0aichan

feedstock is varied in accordance wth at | east one sel ected operating

par anet er of theHftuggasofthe fummacdhe process of claim| wherein the at |east
one operating paranmeter of the process is the tenperature of the mxture
stream before the m xture streamis flashed. -25- 3. The process of any

pr ecedi ng cIahﬂ1mhquL&PFgghﬁiah;qﬁ%ugﬁﬁ%qgﬁgf%hﬂganpﬁkaﬂgh%rPya?ﬁébbﬁast

one of pressure of t eparation ‘vess tenperature-o

f1 ash/ separ at feedsto€is 86mprifdswterdtrior@foft sheanicrdcked gad vitam! residuexgassilnxygen
in the flue gas of the furnace. 4. The process of any preceding claim

wherein the hBeafipghgdy ist diplordlieselciesessor, eawnbines eskesneapbihayoieanb crackedm
cracked 9% hinfhe FERLINER: AR5, R i Ak Sk, BFRIGH

ker osene, gasory d~"nap
cracked napht hforniatelr Fedch sch AiqRidsat Bischicdf Tropshe gase’] afaf®hE, gasoline,

Fi scher-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 ol
condensates, heavy non-virgin hydrocarbon streams from refineries, vacuum gas
oils, heavy gas oil, naphtha contaminated with crude, atmospheric residue, heavy
residue, C4's/residue admixture, naphtha/residue admixture, gas oil/residue

admixture, and crude oil.

5. The process of any preceding claim wherein the heavy hydrocarbon
feedstock is heated by indirect contact with flue gas in the first convection section

tube bank of the pyrolysis furnace before mixing with the fluid.

6. The process of any preceding claim wherein the fluid comprises at least

one of hydrocarbon and water.

7. The process of any preceding claim wherein the temperature of the flue gas
entering the first convection section tube bank is less than about!500°F (about

815°C).

8. The process of claim 7 wherein the temperature of the flue gas entering the

first convection section tube bank is less than about 1000°F (about 540°C).



distillate, virgin naphtha, crude oil, atnospheric pipestill bottons, vacuum .

pi pestill streans including bottons, w de boiling range naphtha to gas oil
condensat es, heavy non-virgin hydrocarbon streans fromrefineries, vacuum
gas' oils, heavy gas oil, naphtha contam nated with crude, atnospheric

resi due, heavy resi due, C4's/residue adm xture, naphtha/residue adm xture,
gas oil/residue adm xture, and crude oil3g.5. The process of any preceding
cl ai mwherei n the heavy hydrocarbon feedstock is heated by indirect contact
with flue gas in the first convection section tube bank of the pyrolysis
furnace before mxing with the fluid. 6. The process of any preceding claim
wherein the fBuid d"dlprmw@es oﬁtanyem@:tedmglﬁamf furthér sompbismgamdkingtthe hedvy The
process of ani\;yﬁ?recg erein the tem erature 8]‘ the flue gas

entering the mEuRe gy p grimary dilntion steamysteEaB0F
(about 8150 f%re ﬁg@u ﬁ’x‘é‘?ﬁ& Es&«l:a%m 7 wherein the tenperature of the flue
gas entering Pﬁe |rs conve Ion section tube bank is | ess than about
1000F (about 540C). -26- 9. The process of any preceding claimfurther
conprising mxing the heavy hydrocarbon feedstock or the m xture stream
with a primary0di | dihe proeseaheiaim aavherbaftbe glmmﬁlmntsmnmtmam s hwateglam
10. The process_of clai.m9 where H [ dilution steamstreamis
heated in thé“%ﬁ\?@%‘icf@ﬂsg‘ékﬁ“l‘&fﬁ ?) °§si s furnace. 11. The process
of any preceding claimwherein a secondary dilution steam streamis heated
in the second convection section tube bank of the pyrolysis furnace and at
| east a portigh of Thaimtosss afdmyyprdedditg olaimtwhereimt 4 segonidaryt didutionsieath Wi t h
the m xture stream before flashing the m xture stream 12. The process of
clai m 11 wher 8iteam He hsated igathp éﬁ®ﬁ@|%v§%t@an$e§f19%éﬁbq §aﬂ]§Lﬂfe§hﬁeBXf85’51513

The process ok, a0d PN GE WA aPHibh Yol JedolGary SHRRIGA! YEGin AtrchliCis then

mixed with the mixture stream before flashing the mixture stream.

12, The process of claim 11 wherein the secondary dilution steam stream is
superheated.
13. The process of any preceding claim wherein the temperature of the

mixture stream before flashing in step (d) is from about 600 to about 1000°F
(about 315 to about 540°C).

14.  The process of any preceding claim wherein the mixture stream is flashed

at a pressure of about 40 to about 200 psia.

15.  The process of any preceding claim wherein step (d) further comprises

flashing about 50 to about 98 percent of the mixture stream to the vapor phase.

16.  The process of any preceding claum wherein the vapor phase is heated to a
temperature above the temperature of the flash in a fourth convection section tube

bank of the pyrolysis furnace prior to step (f).



m xture stream before flashing in step (d) is fromabout 600 to about 1000F
(about 315 to about 540C). 14. The process of any preceding claimwherein
the m xture streamis flashed at a pressure of about 40 to about 200 psia.
15. The process of any preceding claimwherein step (d) further conprises
fl ashing about 50 to about 98 percent of the m xture streamto the vapor
phase. 16. The process of any precedi ng claimwherein the vapor phase is
heated to a tenperature above the tenpe2dture of the flash in a fourth
convection section tube bank of the pyrolysis furnace prior to step (f).
-27- 17. The Dbt.oce$he giroceny op apy paicadingl claim wherain @ secondarmdbluyiodi dtern on
steam streamis heated i.n a second convecti.on %e ti on_.tube bank of the
pyrol ysis furREa® 15di5gtediin asgeqnd Logyeetiopsegiion iy 8%9\5@85%8/)"8 YSigupiacs t eam

streamis the ﬂmgM g;énhioﬁ B?sﬁeegé%@gﬁﬁgm%fn%@aﬁ%ﬁ%ﬁg thehSnixkd Gyt OCESS

of any preceding clal mwherein sai ressure steamis superheated to a

tenperature |@gSapdiaphasdbeforelstéOff).(about 590C). 19. The process of claim18
wherein the high pressure steamis superheated to a tenperature of about

850 to about 950F (about 455 to about 510C). 20. The process of claim 18 or
19 wherein anént eﬁ_ﬁedi at e desuper he&t er 1.s sed ta ﬁ?ﬁi ntain the desired
tenperature ofdt helPF §FPG55EOL AR PECELNE |ckim Wg‘elieﬁésa‘fi 120 PISSUS TS8R 18 ect i on
tube bank. 2 RHESS Sl Ale88 thén 19100t @bE@WdghcFonvect i on section
t ube bank islsulp%_;eh%gonvgct?gﬁérgecti on tué@ﬁ{)grllg fFih@st cont a%t ed by flue gas

| eaving the radiant section of the furnace. 22. The process of any of

clainms 16 through 21 wherein the flue gas |leaving the radjant section of
t he (pyr ol ysi s!% ur nhbe Prasasspitdamis whgicimtheiigh gresgyre siegm i fyperhpsted to

convection Sef{eﬁ%@rm%ﬂagukt%%% E\Q&h Sgbqefabout 455 to about 510°C). '

20.  The process of claim 18 or 19 wherein an intermediate desuperheater is
used to maintain the desired temperature of the high pressure steam leaving the

third convection section tube bank.

21.  The process of claim 16 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.

' E 22.  The process of any of .claims 16 through 21 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.





