PROCESS FOR CRACKI NG A HEAVY HYDROCARBON FEEDSTREAM CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms priority to U S

appl i cat iwo 28swvi7ade1No. 12/ 437,063, filed May 7, 2009 anecuS200n64095i onal
application Serial No. 61/142,6537, filed January 5, 2009, the disclosures
of which are hereby |ncorporated by reference in their entireties. FIELD
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steam mixture is then introduced into the radiant section where the cracking takes place. The

20  resulting products including olefins leave the pyrolysis furnace for further downstream
processing, including quenching.
[0004] Conventional steam cracking systems have been effective for cracking high-
quality feedstocks which contain a large fraction of light volatile hydrocarbons, such as gas
oil and naphtha. However, steam cracking economics sometimes favor cracking lower cost

25 heavy feedstocks such as, by way of non-limiting examples, crude oil and atmospheric
residue. Crude oil and atmospheric residue often contain high molecular weight, non-volatile
components with boiling points in excess of 590°C (1100°F). The non-volatile components
of these feedstocks lay down as coke in the convection section of conventional pyrolysis
furnaces. Only very low levels of non-volatile components can be tolerated in the convection

30 section downstream of the point where the lighter components have fully vaporized.
[0005] To address coking problems, U.S. Patent No. 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withdrawn from a preheater in the convection section of the pyrolysis furnace.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

S 1-



wi thdrawn froma preheater in the convection section of the pyrolysis
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phase and a |iquid phase by flashing in a flash/separati vessel . The
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found to [bgo7) U.S. Patent No. 7,244,871, which is incorporated herein by reference, discloses a
process for removing coke formed during cracking of hydrocarbon feedstock containing resid
and coke precursors, wherein steam is added to the feedstock to form a mixture which is
thereafter separated into a vapor phase and a liquid phase by flashing in a flash/separation

25 vessel. The vapor phase is then separated and cracked and the resulting cracked product
recovered. Coking of internal surfaces in and proximally downstream of the vessel is
controlled by interrupting the feed flow, purging the vessel with steam, introducing an
air/steam mixture to at least partially combust the coke, and resuming the feed flow when
sufficient coke has been removed.

30 [0008] Controlling the ratio of vapor to liquid leaving the flash has been found to be
difficult because many variables are involved, including the temperature of the stream
entering the flash, which 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 furnace
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difficult because many variables are involved, including the tenperature of
the streamentering the flash, which varies as the furnace | oad changes.
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feedstock stream [0010]  Further efforts to reduce coking after the flash
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heavy hydrocarbon conprising heating'the heavy hydrocarbon feedstock,
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and cool itReriAe 1P 1adus bx&sbik&8ke formation from the heavy end of the heavy hydrocarbon
feedstock stream.
[0010] Further efforts to reduce coking after the flash are disclosed in U.S. Published
Patent Application No. 2005/0209495, which is incorporated herein by reference, which
25 discloses a process for cracking heavy hydrocarbon comprising heating the heavy
hydrocarbon feedstock, mixing the heavy hydrocarbon feedstock with a fluid and/or a
primary dilution steam stream to form a mixture, flashing the mixture to form a vapor phase
and a liquid phase, separating and cracking the vapor phase, and cooling the product effluent
in a transfer line exchanger, wherein the amount of the fluid and/or the primary dilution
30 steam stream mixed with the heavy hydrocarbon feedstock is varied in accordance with at
least one selected operating parameter of the process, such as the temperature of the flash
stream before entering the flash/liquid separator vessel.
[0011] However, even in light of the aforementioned advances, coking of the various

internal contact surfaces of a pyrolysis furnace remains a problem. In the past, removal of
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in a transfer |ine exchanger, wherein the anmount of the fluid and/or the
primary dilution steam stream m xed with the heavy hydrocarbon feedstock is
vari ed i rwacemwvdatsce wWith at | east one sel ected operati RgTABR@IO695 of t he
process, such as the tenperature of the flash stream before entering the
flash/liquid separator vessel. [0011] However, even in light of the
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i nprovenent of the on-stream decoking process is disclosed’in U S Patent
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separator vessel upstreamof the radiant section of the furnace. [0013]
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further devwnstdsferdtiridceugh the systemto be renoved later in the process.
In either case, it was necessary to collect the coke residues and send it
to of f - silPBlHast Hodicxgopapr dewgimmrincthods #jtherrespicdagpwadingt goke geudugstinto
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containing nonZvolatile co nents in a hydroc¢arbon cracki ng furnace having
upper andn-owem daokmgt isanliheadkagesiimet ifatiser vddwnistrean fthvaglofthd kestémrtname, a
sai d | ower,
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connect ed.}@i3@b -G HARLdi}R]dI ng section, a furnace box containing furnace
0 :

burners and sal d radiant heating section, and a vapor/liquid separator

vessel cHIMMARYbet ween the upper and | ower convection heating
20 [0014] In one aspect, the present application is directed to a process for cracking a
hydrocarbon feedstream containing non-volatile components in a hydrocarbon cracking
furnace having upper and lower convection heating sections within a flue of the furnace, a
radiant heating section downstream of and connected to said lower convection heating
section, a transfer line exchanger downstream of and connected to said radiant heating
25 section, a furnace box containing furnace burners and said radiant heating section, and a
vapor/liquid separator vessel connected between the upper and lower convection heating
sections, the process comprising (a) passing said hydrocarbon feedstream into said upper
convection section to heat said hydrocarbon feedstream to a first temperature sufficient to
flash at least a portion of the hydrocarbons within said hydrocarbon feedstream into a vapor
30  phase to form a vapor/liquid stream; (b) passing said vapor/liquid stream out of said upper
convection section and into said vapor/liquid separator to separate said vapor/liquid stream
into a hydrocarbon-containing vapor phase and a hydrocarbon-containing liquid phase within
said vapor/liquid separator; (¢) collecting said liquid phase into a bottoms liquid within said

vapor/liquid separator; (d) passing said vapor phase into said radiant heating section and
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sections, the process conprising (a) passing said hydrocarbon feedstream
into said upper convection section to heat said hydrocarbon feedstreamto a
first temmwenratunedesufficient to flash at | east a porti oRC®USREDL/064995

hydr ocarbons within said hydrocarbon feedstreaminto a vapor phase to form
a vapor/liquid stream (b) passing said vapor/liquid streamout of said

upper convegction section.and.into said vapor/liguid separator to, separate
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coIIecting said liquid phase into a bottons liquid within said vapor/liquid
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ef fluent sStrean a periodically 1njecting an air-steammxture into
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to incine %#e coke fornmed and passing an inciqﬁ#ated coke residue/air-steam
Ve REY ¥

m xture HF%B@“B%FW@ﬁHﬁ?H@hf Wﬁ%&@mﬁﬁﬁ_ QLo If furnace box.
[0015] I nogigt het, epkadi dBASdimkRe the 9{&)@% in@ﬁﬂdﬁéjﬂﬁed?fnghﬁﬁftﬂoﬁ%t&% Ghto said

hydr ocar bon feedstreamprior to step (a) wth heat extracted from said
bot t ons |hegted dap¢rdOé] stteamanot her enbodi ment, the process incl udes

injectin jJution steaminto said heated vapor/li.quid,strea 0017] .In
anot ner ML e A a8 SheBe B i Pt e BBR Nl o B 6520 2O hing”
hydr ogar ko %@hﬁbﬂﬁdkﬁ@@%oﬂﬁ%ﬁ@nb@%@n?ﬁbﬂmhﬂwﬁﬁ)conV¢Ct'0” section prior
o step : n anot her enbodi nent, e process includes varying a

t t (d 0018] | th nmbod th | ud

draft wi tl@PElsai th fegthecenbiodimenti the proepsafncludsatveniing ¢ srafinweibipsdid ifurgaes
| east oneyfurnace fan di sposed downstire of the caonvect.ion heati section
woh r oo et IRE Actf Borl R AESEH, SRMASHRGE BN o ERS s BB R R bRt

process ith¢taidestionhtihg Bgtidn Stith iofPcoGogakl fuittade drafioot section of said
vapor/liqyid separator to enhance renoval of hydrocarbon vapor from said
bot t oms 08810, ~ [roeymsheriombodbneidy the prsEshigtudes Hecqhing @eddpnipg Bafd@éo a boot

guenchin {d - { Ql I :Rﬁﬁg1' ' :
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i ncl udes tpassishiguidne i nci nerated coke residue/air-steamm xture of step (e)
tor through said | ower heatin%lg

seot on, TolRH° 2 S Do ah oS (hoR Gy Gaiider AaGhBR Tchet RETIREE
prior to pAsSkiedd DBt WaRTL 1R dUANREE FOMIREESam] 0022] I n anot her
enbodi ment, the process for cracking a hydrocarbon feedstream further
conpri sed0p2si nén anpthet | anbogimerie thogirnersatiodludok eassexd due/ia¢inerstedanvke
m xt Ulo® frresqg{'le%?ﬂr-gteam mixture of step (e) from said vapor/liquid separator through said lower
convection heating section, said radiant heating section and said transfer line exchanger, prior
to passing it between the furnace burners.
[0022] In another embodiment, the process for cracking a hydrocarbon feedstream further
comprises passing a portion of the incinerated coke residue/air-steam mixture from said
25 vapor/liquid separator through a bottoms liquid outlet of said vapor/liquid separator, prior to
passing it between the furnace burners.
[0023] In another embodiment, the present application is directed to a process for
reducing the environmental footprint of a hydrocarbon cracking furnace having upper and
lower convection heating sections within a flue of the furnace, a radiant heating section
30  downstream of and connected to said lower convection heating section, a transfer line
exchanger downstream of and connected to said radiant heating section, a furnace box
containing furnace burners and said radiant heating section, and a vapor/liquid separator

vessel connected between the upper and lower convection heating sections, the process

comprising (a) passing said hydrocarbon feedstream into said upper convection section to
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vapor/liquid separator through a bottons |iquid outlet of said vapor/liquid
separator, prior to passing it between the furnace burners. [0023] In

anot her ewbadiomemntel t he present application is directedPCo/s2006095 for
reduci ng the environnental footprint of a hydrocarbon cracking furnace

havi ng upper and | ower convection heating sections within a flue of the
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effluent stream and (e) periodically injecting an air-steamm xture into
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further im&kreimbdeaidabtheckesdcéshdue and to provi de additional heat from
said air-steamm xture into said convection section. [0024] In another
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| ower convection heating section, cti and said transter
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Conveniently, when said additional heat is provided to said furnace
convect i &?S%{%gbﬁwg,thet Ehace Bture of said upper and | ower convection

sections [ppgg|easegnélitidoly, SR 5(11%) addﬁt%&%ﬁh%a& i§ l;BEclw?@erd RTRRdITRALe &invbbifon

present application is directed to a hig ermal efficiency hydrocarbon
cracki ng tfibe beke, thatdnmgraufewd sadeipbenandridwer donvestiopergrans iimygeagppduring step

20 (e).
[0026] A further embodiment of the present application is directed to a high thermal
efficiency hydrocarbon cracking furnace having a furnace box and a flue, comprising upper
and lower convection heating section tube banks within said flue, a hydrocarbon feedstream
inlet pipe connected to an inlet of said upper convection heating section, a vapor/liquid

25 separator vessel disposed outside of said furnace and connected between an outlet of said
upper convection heating section and an inlet of said lower convection heating section,
radiant heating section tube banks disposed within said furnace box and connected to the
outlet of said lower convection heating section, a transfer line exchanger outside of said
furnace and connected to and downstream of said radiant heating section, a plurality of

30  furnace burners within said furnace box and a decoking recycle system, comprising a first
decoking recycle pipe connected downstream of said transfer line exchanger, extending into
said firebox and exiting between said furnace burners.
[0027] The high thermal efficiency hydrocarbon cracking furnace can also comprise a

heat exchanger connected between a bottoms liquid outlet of said vapor/liquid separator and
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and | ower convection heating section tube banks within said flue, a

hydr ocarbon feedstreaminl et pipe connected to an inlet of said upper
convect i omohkenri7TmMgisecti on, a vapor/liquid separator ve®selUsdiwposes
outside of said furnace and connected between an outl et of said upper
convection heating section and an inlet of said | ower convection heating
section, radiant heatjing. section tube banks.di ed within i d furnac

box. and’ CORTEReH D (HOEER bR alr ST snan BOTTER Mokhiel BRlouwsifEh, o
transfer dxithg @i@b@a@ﬁmn@%ﬁhd@r ahd sahdefipnacehant eahigdbedbédfRbgrcam
downstream of said radi ant heating section, a plurality of furnace burners
wit hi n sdhigt Pilenace box and a decoki ng recycle system conprising a first
decoki ng cl epi C t . i i er,
ext ondi ng "V elo. SIneRfbHARAGR GH-ERARH SR cRfkily fARE Sln hire: SHEHA
[0027]5 ThwohingHldidgripap @hhcatdrieywdwpdsad atrdafer cliic kkcigngerr aad eanothor diesto
conpri se a heat exchanger  con Fcted etween a bottons liquid outlet of said
vapor / | i GiFeegen F%?S@“%ﬁﬂ%%ﬁ@‘%?ﬁ? &r bon feedstreaminlet pipe, for

extracti ngofat toRRAISPMAhER BehIREP dishPitddwikint i redhek YIRPAS 1bdaad d
separator and transferring said heat to said hydrocarbon feedstreaminlet

pi pe. [ 00R8}echhveidnipghr 4idowat cafvEitainesectyortsy dr ocar bon cracki ng furnace can
further i secool fl ui i pi ng,connect ed, bet ween sai ransfer line
exchanger DO andtnSietbsrmed e HiekinR b dREpBE R AT R HGAS 61 U RReEPITE =

[ 0029y Copyendonfbl ¥ystthechig@isiex ahapgerond! ARRREAfaM HRpsLed addiviisuenacss flue
is |ocated between said upper and | ower convection sections. [0030] The

hi gh t heragayectiphihestigogctigrowile sesbom tesad kirpgrefdigthace can further conprise a
draft co system conprising, at .| east one furnace fan disposed
downst r calV el ¢ nESETHORTR! b5 P Ring® et Bl BARF e T VIREETY ¢ ur mace

draft. [Q0632] Convenirget bmbodikendaaédond detdkahg &y gélepiptus Edigkcte® apWhERamA
fan danper. LOOSZ]‘In‘a further enbodi ment, a second decoking recycl e_pipe
i s connecifedt atRIS diduidnowtct o satd: vaRorilingdi pargtaretesy agj @nyeaso g P it

separ at or connects to said first decoking recycle pipe. BRI EF
DESCR?PT“%%@%@gkﬁga NG [0033] Figure 1 is a schematic diagramof a

st eam pyrBRIEF DHSGREPIION R THEODRAWENGCi ng t he present invention.

DETAI LED | PTI ON OF THE EMBODI MENTS [ 0034] The .present i ntion. .

provi des [Eg%]:gn Fravegt st ee F@E%Og?g%‘? 05% é‘é’&@dﬁ’rﬁﬁ%{g@mace useful for practicing
the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

20  [0034] The present invention provides for an integrated process for cracking heavy
hydrocarbon feedstocks which maximizes throughput and olefin effluent from the pyrolysis
furnace, while minimizing the environmental footprint of the pyrolysis process, by reducing
waste generated by the system and more efficiently utilizing thermal energy produced within
the furnace itself to run the pyrolysis process as well as other off-site processes.

25 [0035] Unless otherwise stated, all percentages, parts, ratios, ctc. 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.

[0036] Further, when an amount, concentration, or other value or parameter is given as a

30 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 of whether ranges are separately disclosed.

[0037] As used herein, non-volatile components, also referred to as asphaltenes, resids or

pitch, are the fraction of a hydrocarbon feed with a nominal boiling point above 590°C
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hydr ocar bon feedst ocks whi ch maxi m zes throughput and olefin effluent from
the pyrolysis furnace, while mnimzing the environnental footprint of the
pyr ol ysi swpnowag461by reduci ng waste generated by the spsTArsR@Mc4¥0F e
efficiently utilizing thermal energy produced within the furnace itself to
run the pyrolysis process as well as other off-site processes. [0035]

Unl ess oth i.se stated,. all # S Synfatio etc. are by .

wei gnt . U CLER e RS o AR T E S ERE PLRE AR i BlsBBom Foli il avi

i ncl udes rohevtAiROURENSra BOMRANERilinYY pbins@bbve as0WRI(14GSF). MTEOBHilngt point
Wi th ot her conpounds or conponents, such as m xtures of conpounds. [0036]
Furt her, difehutzan efnthehydrosgher headas ingnasured bytGrsrClramatogsphdaisabiattonr (GP)

gi ven as ® Lisi 191‘63@?4@%3“Iﬂ%?f@@%ﬁ&f%%ﬁ%ﬁo@ ion3Yfha Fﬁfs%ﬁmg%fbgr%nggﬁg om

this is to bée understood as specifical osing a range
any pair (02922R).uNpewolatiekerre dargealere hiph raolcover woight endlecilasalnglding coke

regardl ess of whether ranges ,.are separately disclosed. [0037] .As used
herei n, r%?ﬁ%%ﬂr%fw @%h%ﬁ%Hﬂ‘élfip RS g 1 of af) %@gaé@ﬁan%%ﬁ@é,vapweas or

pitch, argqtgich LAC RN csMe ﬁld&yq{eo&&'iﬁi?{% dRaiom AcAnRed NedheiRbddsPgr RRY Nt
above 5900C( 11000F), as neasured by ASTM D-6352-98 or D-2887." This

i nvent i orprewgnkigvergron. wel | wi t h non-vol atil es having a nom nal boiling point
above 76 1400Q0F). The ,boil.i n int distribution of the hydrocarb

feed i < MBI aq By hesrd ToARSHEOD SraplrobeEh FB Y ch o Eemoy e SHbT BORaLS. o
or D @887peut smvdedr RyaveXddnaRhtat icompbRéntsTediRh1 fedditdRRi douUcARRYR, BPRRS of
(1292F). Non-volatiles are large, very high nol ecul ar wei ght nol ecul és

i ncl udi ngroadieitipe esamples.sonchytmeneradi steaithcraplecd| gagilldanshigsiduess gesheily, dggfingder
of the hydrao .feed vaporizes., and which can form.coke under .th
oper ati ng Tk anderh Qi Re G S s s BhaE A0k LA Sual - Farb Bfpaty,

[ 0038] Theadreawaphihdl dgardamikitee dgboedtc,Cafficaapefostar, |Fdcer-PRpbdoliquilych
as about 5 to about 50% of heavy non-volatile conponents. Such feedstock
coul d corfipshseTrapschnegasest naByiell parofinpgdistibapl syginpopephha, nEmeskiterist pistill
crackgd gag ! rSatdine Snhdifie bBREL NGigQ tboilieShnfd Blphif BS&k 0l
ker osene,g[%ggs ol Y%ggmc@%es?l n%%ﬁ%a?agéle%%gc%%aglggr?gbhtghal,léééatpa ytt?)c SIofl
cracked neapldémates,hedvp aoaekgineydrafadronmestieams difoin neineriee fvacumm gas oils, heavy
Fi scher-Tropsch |.iguids, Fischer-Tropsch gases, natural gasaqline,, )
di still at&s o P@Plﬁﬂ% SPHERAAI, Wil ﬁﬁé% STSPRETS 1ot B Teyydisa sy i 1 |
streanms ifaq]ikdtddafihd/RERIuc Wit iBe! dds o/t aB%Ea PARAFO3nl @R Dil0! |
condensat es, heavy non-virgin hydrocarbon streans fromrefineries, vacuum
gas oil s,[063Hvy dhs heiting efaphthidrocamhbaftadatoeld can tdkecamyderm dnnws glyethpse of
resi due, heavy residye, s/ resi due adm xtu pht ha/ r.esi due adm xt ure,
gas ol / ro&&n&%@kﬁlﬁm ﬁkeﬁ&{%%ed’%raﬁﬁgoml In The f:‘l%UIQE, 1t is preferred that e heating
comprises indirect contact of the hydrocarbon feedstock in the 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 hydrocarbon feedstock through a bank of heat exchange tubes 2 located within
25 the convection section 3 of the furnace 1. The heated hydrocarbon feedstock typically has a
temperature between about 150 and about 260°C (300 and 500°F), such as about 160 to about
230°C (320 to 450°F), for example about 170 to about 220°C (340 to about 430°F).
[0040] As will be understood by those skilled in the art, in commercial operations, all of
the tube banks consist of multiple, parallel-flow systems of tubes, not merely a single tube
30  within the furnace, as described in U.S. Patent No. 3,557,241. Thus, any one or more than
one flow path can be isolated by appropriate valving, thereby permitting a decoking cycle to

be run on one or more selected off-stream tubing flow-paths, without disturbing the overall

hydrocarbon pyrolysis process in the remaining on-stream tubes. Even individual banks of



[ 0039] The heating of the hydrocarbon feedstock can take any form known by
those of ordinary skill in the art. However, as shown in the FIGURE, it is
pr ef er r edwohato/a7hesiheat i ng conpri ses indirect contact ofPCrhs20padseemnr bon
feedstock in the upper (farthest fromthe radiant section) convection
section tube bank 2 of the furnace 1 with hot flue gases fromthe radi ant

xam o, e N T Rued bRt o PRSI RS0 R PR 75080 b

exchange mubes 2 located within the convection section 3 of the furnace 1.

The heated hydrocarbon feedstock typically has a tenperature between about
150 and dB84kl 26dbe heagd miomdvoFicedyodn agixgbitithipomay dieian seapcnd320

to 4500F), . Q 7 t , :
{00407 A ffing SR ERRTh o SHURARRE piereisty i P BRAI R b
oper atsi onscangldr aofixtive therbef. Hanksceondiflsid of wamt. tA pberce péttal flekd-dahdw low

systens of tubes, nqt nerel %ha singl e tt%be }lill.thl n trh% furnace, as descri bed

in U S mPaesHic bgdler fedavaters The semperatungot dhetlyid 638be Belpan cgHal t1 pheNe Bhcan

be i sol atygdyO%nAPHF APHEALLrMALYING, thereby permitting a decoking cycle to
be run on onhe or nore selected off-streamtubing flow paths, w thout

di st ur bi H042je oVee alikinppd thecleatrdrhydyacetbpsifsedstook @sd thanflyidean enwmirniiandg or
on-stream tubes. Even .individual banks of.tubes can,be so-isolgted, .as

G 5ol osed HTUITE PTFFun AN -t Pater e iiEecRe: S dnfa s “GsEL A 5 e ioa 1)
The hgat e d&y&hﬁl@sﬁ%@@ﬂné aRgatigiak dbsicEka®rn Withth RE aFFBFY Sampld, @ns pbLAMR #nd
optionally, a fluid which can be a hydrocarbon, preferably |iquid but

opt i onal lipiegtafhod fropatie | 7asinémarfirss spaigen kelle doubleesnseder ayygabhy @ ferrthe snikingi d
s water. 1y BONLCS Al LIE M Id] SANOG ST S3RUAS, POILET 8 Ml OF . The
t enper at ure of tHeST Uyt EanT e Bt 6w, equag’to, 8r ya%gv% AR &hperattr e
of the hemti¢dipbe esieddacton 61084 Alidlike it keagd Bfdrbhebdiet&todry dr ocar bon
feedstock and the fluid can occur inside or outside the pyrolysis furnace

1, but pri@9EHabl ¥he PresepiuyCRHifns s S piiPARCE. VAHEIS hakts Y B pregess. The
accoml i i: 1 X Vi .4 byl it
e poBsi ity iflof Bt o0 ERTEDIRENR, Weh Moty AidrocaPlin fXAIRAEas
doubl e sphraled bakse tblayot@eif @nbddiment, ¥isagnddiyedifutios tsteapagtgem B8 canbakeaita or

reduce hammering, caused by sudden vapqrization. of the fluid,
intr oduc_tlfqgﬁe 8?19‘@%01? SRR A GMERE W : ﬁ@dh%_gﬁ&rlaeﬁwso%ﬁfeﬁ@e@?raéﬁg ol The
present [ GURAL6OMLSEDILGAUMBHCHTE! fhayHd MMaPAIdRIOR 4O RRACKSS beche

primary dilution steamstieam 17b can be” m xe th the heated hydrocarbon
f eedst oclksupsrhdatdiopadndliyl iow. conmecivotsharonerfisbelpyrehisis farrsee dithar gr bivth wf ithen
steam stream 18 c(fn be heat he convection sect.ion and nmxed with the

d.in
heat ed miFAHYE &% ég%nﬂg%fiﬁutﬂ% s%elagls ﬁ‘gream% may comprise Sour Or process steam.

Superheating the sour or process dilution steam minimizes the risk of corrosion that could

result from condensation of sour or process steam.

[0044] In one embodiment of the present invention, in addition to the fluid mixed with

the heated feedstock, the primary dilution steam 17b is also mixed with the feedstock. The
25 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 hydrocarbon fluid mixture

before the resulting stream mixture enters the convection section through pipe 11 for

additional heating by flue gas.

[0045] The primary dilution steam can have a temperature greater, lower or about the
30  same as 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.

[0046] The mixture stream comprising the heated hydrocarbon feedstock, the fluid, and

the primary dilution steam leaving the second sparger 8 is optionally heated again in the
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source of the secondary dilution steammy be primary dilution steamthat
has been superheated, optionally in a convection section of the pyrolysis
furnace. WOthavo7od61bot h of the primary and secondary di Pariuspomoesss st r eans
may conprise sour or process steam Superheating the sour or process
dilution steammnimzes the risk of corrosion that could result from
condensat i on of sour. or pr.ocess, ste 0 In onesenbodi nent.. of th

o esent 180er 08 Ria® bR SRR EE e Gy thrE R TRFCRED B b e

f eedst oclkaccéihiplighed. "By Wag d fUbdronmaimgasRalpie, 19 phssghihyadixwirt Btbhie therdptaock.
The primary dilution steam stream can be preferably injected into a second
spar ger gank of hgatgrshaeedybesntatocated withindhs cenvegiqroseeipatialy anpgt of the

i njected 4 . i i r t

ikt ur o e AEpq e MYEHBAREARA LbbiTof e Bl 308 YRRt hP oL EBIR
heat i ng yorh theeragast sccOOAO] th Hernped. Mae yhudiHeutet omixSirestmaaaitavB e éonvection
tenperature greater, |ower ?é about the sane as hydrocarbon feedstock fluid
m xt ure BEEUPrBSAIPRING SEFE  tenperature is greater than that of the mixture

and servggopqn paobiigﬂéa{%gg@es&ﬁggi Db sdsboG kAl W &nrﬂeﬁﬂﬁ&-spﬁmmoa gy y

di l ution steam may rheated before being injected into the second
spar ger 8teah00u#GIm Thewinick tisimexst wethnthe dygdracsibog rhixéurhdat edoteyttic dbah bod a

feedstock, the fluid, and the pri i ut | eaving the. d
Spar ger  PersperbG LR AR At By RUBr Bho B gy b e e
pyr ol ysi Shef MiRAGHILS tRedfoe phike fibashe ﬂﬂﬂﬁliﬁkﬁé_tsie?i}at@ﬁfi RERABONRprSHRG: iPY

way of non-limting exanple, by passing the m xture streamthrough a bank
of heat exedkadde theedag sceen efl thd furhecct Hbe queseattiventige el opsraigswih|a)l as

part of the first., .upper. copvectio ection,tube bank f ot fiurnace and
Phts Doaragorsbiy it dBRenf 08 YS! 4o 3P To W LB e Soarh o, MHERRREAE

The t hus-the at@entnin¥éntiod @hRaspcraed estht R€ordafy diltiticiNstsaa ti8odircsedatonyplaty €
stream 12. ?0047]‘ Optionally, the secondary dilution steam stream 18 can be
further sHiant 2] mtth 2o flpdstean d Ands aqcordango Wighi e Present nsentignt Hietpio of the

hydr ogar ] 2 ghef t : Le : ich
bypasses The JrEL iR o B b sMn (AR AP b X RRST 01 A khaitlead
wi t h the tuaponbodivase, fheoffashhecdnt d9h4 Iniged avithetharatdercatboherhixtere tshreariajPoto

phase is cracked in the radiant section of the furnace.. The present
i nventi oﬁoﬁﬁﬁ%ﬁ%ﬁfé@?’é‘l D YIS fondcBerdiigd AR 0 igodi guidseparalr v Psch
steam 19 SMPtré'feﬁBIy?Yl&as%éoﬂa%gH?lh?tﬂqn P 5RA KehuBerhbited H{ g%ﬁﬁ'&héa&\f &BdtoAN 26‘3?”

be operat‘e'd wi th-secondary "dilution steam 18 directed ypass steam
wi t h no fihdbh femmeancd®cction hefoor sidnteg wid miking wite senhydnovahon omxturhelleat i o

g];); g_hz%al;]lf%a&gﬁt %ﬁ gets glggl'a%e%%]ntst?ea%}/ 3™ % %ﬁee glndrsétcarlr & n21ix r§ as?regr% }2 Zal(i’dst %he
vaporization of most volatile components of the mixture before the flash stream 20 enters the
flash/liquid separator vessel 5.

[0048] The mixture stream 12 or the flash stream 20 is then flashed, for example in a
flash/liquid separator vessel 5, for separation into two phases: a vapor phase comprising
25 predominantly volatile hydrocarbons and steam and a liquid phase that contains the great
majority of the non-volatile hydrocarbons, including coke precursors. The vapor phase is
removed from the flash/liquid separator vessel as an overhead vapor stream 13 and fed via
control valve 36 to a lower convection section tube bank 23 of the furnace, preferably located
nearest the radiant section of the furnace, for optional additional heating and through
30 crossover pipes 24 to the radiant section of the pyrolysis furnace for cracking. The liquid
phase of the flashed mixture stream is removed from the flash/liquid separator vessel 5 as a
bottoms stream 27, which contains most of the coke precursors. However, some coke

precursors are unavoidably left on the interior surfaces of the flash/liquid separator vessel.
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this enbodinment, the flash steam 19 is m xed with the hydrocarbon m xture
stream 12 to forma flash stream 20 whi ch can be introduced tangentially
into flaswOlzogui7diesepar at or vessel 5. Preferably, the secoadarg/odiobuti on
steam streamis superheated in a superheater section 16 in the furnace
convection before splitting and m xing with the hydrocarbon m xture. The
addi tion Iash m Str am 19 t roca m xture stream 12
S ds the 10T, kR BRETEARLRNDE: bied BohSa PO FAARRr ikt i BodbiBRE (e

fl ash st rieamligQidesdparasort Yisdll ﬁs‘thlﬂ Judnlirdtis epaAIfALOl tyats&shredand G&ﬁfﬂl ARean
m xture stream 12 or the flash stream 20 is then flashed, for exanple in a

flash/ | i qlictagepdeapeiiue ot e Bixtps St%‘»‘éﬁ‘al%b?@l‘? thet Bash{lisiujsheeparatoravaysgh dr
h d
phase comppi ns%dpa[s e?]h{ﬂdﬂ@& a;%&faln&éjé?ﬁgfﬁ ngr&%%i)%ﬁl a?qu]ta%ﬁ %ﬁ?rpg%% afel S;ﬂu'

phase that cont Al ns e gre ’he nori-vo e hy car
i ncl udi ngoaatket yapector lsqiid ratibhe tlveaﬂﬁﬂh/lp:lm gcpasatsrensesctd. fdealby, tvﬂ&:nfthaﬁhﬁﬁneqw d
separator vessel as an .overhead vapor &%Fn113 and d via controg?valve

36 to a |UGEP CHRGREIT dh hagher BRre yplt %ﬁﬂaqnw% BirfeReiEzednpnd
| ocat ed ngafgst, atsfaevar %pgﬁm@ ﬁﬁ%}dcﬁﬂlgohoweeelf WHaRGR mhQhreOich@Nainy aqqfré asona'

heating and through sover pipes to the radiant section of t e
pyr ol ysi goé bighaverd bravg hadiocaonsTvel b¢ pueheht ph s evapbr plhlee ahdasdradd overttothe

streamis renopyv fro he fl ui d se ar at or v 5asa ott

o1 eam b3ohGHReR hulsheShnes ey bathg ReRR BB P Healar LB R e
Pr eCuf S Oorgsdahe tubRa e kitaidnéfdr 8fnk eQBha{nlg@r M?tlﬁﬁh&hlﬁhlﬂefs%ﬂé% Qf tehﬁb@rature is too
flash/1iquid separator vessel .[0049] It is preferred to maintain a

pr edet er nPWedksabingtiark lomaratio off vapapér ligeidl inghe dllaslﬁhqmé sepagtiar vespal 8, more
separ at Ol voYatiie Eyc%rgéargouﬁ[g SHC h%l%ll%tlh %qH]sd )pt(iillagef almc(;iLHl S \I);H l]_]g)'%%éf%%%la d %81[211% 1ng As

an alternative e ure str

flash/li qunsb]sepahatrm&twesﬁedm Scrépdratuee s @ehid8 byNhighekt reedveBavpaELRTont 6F
measure, control, and nmaintain an approxi mately constant vapor to |iquid

ratio in VORI WsHel fegdnterkswhe aveidingegwassive cldam i yhe finascet spavastionying
stream t egper afP% Sollh@he i D aplﬂg%ﬁ%‘c%és%fs éo%vggﬁﬂg%@hﬁ%pg : Yo thl%\i%‘éﬁﬂﬁudzed

and becone avai as-a ase, for Ki n wever

m xt ur e skpeaior vespledahafuendcs lt\oa) hhe @B or nakimg hetavyrahs»fdlr beacitvhmsgenil ltuties.

pr esent ﬂ}?ﬁ he vapqgr ghase and cagcl ed over, to.the cg@vectl on furnace,

t ubes, evelttiaPPHY €k ﬁ@sstthﬁp%t}ﬁ/ EQTRY g tREsMiXtE t Higi IQWET CBNEGHOR SCetings
and the tubgsq it E&%savre%m‘l@% ol é'rf‘d RECRANGRRE Zise| aﬁldtﬂ}@ssmexaﬂapeac%sg q@w12
tenperaturelstoo resufti inalowratio of vapor to |qU|d|nthe
flash/1i cp@ndeoslepaccatoorB\m&ssb& mﬁmtaﬁmdeo d@ibcattlnd @Shy@fr@kalghnnlslemlﬂornmﬁmcn, in
l'iquid phase ndt avai.l apl e for crac

Ki
m xt ute StrBalif Cé?FB‘éYeétHE?Sé“’ie i o iBGT RiCGMES L0 MECHVSF W@%ﬁ# S8 2ot
vol at i | esyehstibendr&B8 sdadly dBitd BoldM® kdlinigcaBXCB5S kaped 6pKIiMPof bntddevAlve Bace

convection and
the temperature in the flash/liquid separator vessel 5 and the mixture stream 12 should be
reduced or the feed rate reduced. If coking occurs in the lower convection section, the
temperature of the flue gas to the superheater 16 increases, requiring more desuperheater
25 water 26.
[0051] The selection of the mixture stream 12 temperature is also determined by the
composition of the feedstock materials. When the feedstock contains higher amounts of
lighter hydrocarbons, the temperature of the mixture stream 12 can be set lower and still
provide an attractive vapor/liquid split in separator 5. As a result, the amount of fluid used in
30 the first sparger 4 would be increased and/or the amount of primary dilution steam used in the
second sparger 8 would be decreased since these amounts directly impact the temperature of
the mixture stream 12. When the feedstock contains a higher amount of heavy hydrocarbons,

the temperature of the mixture stream 12 should be set higher. As a result, the amount of fluid

used in the first sparger 4 would be decreased while the amount of primary dilution steam
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radi ant tubes or coking in piping and vessels conveying the m xture from
the flash/liquid separator vessel to the furnace 1 via line 13 or coking in
t he transweneloateseexchanger 42 tubes. The pressure dropPaErusSs@INESIPiI pi ng
13 conveying the mxture to the | ower convection section 23, and the
crossover piping 24, and the tenperature rise and pressure drop across

| ower convectign section 23 noni t or t o _det.ect the onset. of coking
or ob1 e Lo (M RERAL SPyrk P aPE pEIR B ot SulFUBC e s BB

pressur e tt@péhgird, O preAY e6ddn€ion SRR i agPlidaEighd1$n LOWIdICKea&e dfafkdityckdue
to coking as indicated by a rapid opening of control valve 36, the
t enper at UREciiglst he flash/| i qui d separator vessel 5 and the m xture stream

12 shoul d j '
12, 2houl ol SYERR, R R RS SIUERC rdy POKL e QBT ol P
super heatterwdm aboat Fldsasl, abbeid0r Crigotmmic] @SB sudheattetwauatadbut?B/0 {ndAbdiit The

| ecti th ' { 2.1 t ' I t ined t h
composi 18 G S ekETHRuF pat e e AN cbast BkCorl arh SR e
amunt s of gl dfRRtREwENIIRGEAUBORRY bR 4787P]E A HAE 800K NPhATh XaHIe§ il $iaBel2

can be set lower and still provide an attractive vapor/liquid split 1n
separ at orwith thadodingesumte of thhleydnooulnin foedstdakiad dissesbed abdvwe first sparger 4

woul d be i eased and/ or the,anpunt q rimary dilutiao t eam used . i.n t he
second <glPEHr " 3EReiGeGinsgBco SButhe the BbRattrinstide PSR I PR he
t enpejpat q{cﬁiicpfahaisél € PAI%EIhE IRERIRVA ok 2ok MatiBe of @&%&9&1{(%5@ R adlls ﬁl@st?eaﬁi gher
amount of heavy hydrocarbons, the tenperature of the m xture stream 12

shoul d behgwaporilighidrsepaxaton anesuthe flaghilequadrsenatatert fluid used in the first

spar ger | d ecreased i.l.e the a nt of primary. dilution steamused
TP e sdoBRH! <, 2B dRERARE ol Bt PEBER My B bl oL b PASR

m Xt ure styhicRoin®Rpsr &t L, a tdepRiteResinsdMeNbhPkné@A dohtrdl apptd, Gath @es i n
a wde variety of feedstock materials. [0052] Typically, the tenperature of
the ni xt fenster eppliqztiogaRraferablyy then EPNSHIIGS| SeBEPTARID EiShRe O uiRsutl hg X9kl

bout .54 : d 0
1558 s S o RO s bbb R b SR
9000F), @ahat thé ampulreifivbe fluabaid thd Poinany ddtudort stéahd EnteBag) thantsvo8Pateys cahhese
values w Il change with the boiling curve of the hydrocarbon feedstock as

C
di scussed4H8 v [0053] Considerations in determining the tenperature
i ncl ude tiggsgiesi Lodder fBhBLRI a @oﬂs‘taﬂl‘t':té#nﬂé%ﬁl% HPHGHNERe bidGin ﬂ%ﬁhkiﬂg%tho‘c

coke formation on convection tube walls ‘upstream of the vapor/Iiqui
separ at orflaahdtdam {hend lcashhgithe ifldshelepad atparatof 0064 toTaphidve rmermatant eatwf of
m xt Ulo® s\;arpgra o lil'q%i(f 181'1nthg %asch(?lr}&l{i ls!cpeagatgly v&sdl %?grli %0 aS 015({ seur‘tr)]stgntial temperature and
flash vapor to liquid ratio variations, the present invention operates as follows: When a
temperature for the mixture stream 12 before the flash/liquid separator vessel 5 is set, the
control system 7 automatically controls the fluid valve 14 and primary dilution steam valve
15 on the two spargers. When the control system 7 detects a drop of temperature of the
25 mixture stream, it will cause the fluid valve 14 to reduce the injection of the fluid 17a 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.
[0056] When the primary dilution steam stream 17b is injected to the second sparger 8§,
the temperature control system 7 can also be used to control the primary dilution steam valve
30 15 to adjust the amount of primary dilution steam stream injected to the second sparger 8.
This further reduces the sharp variation of temperature changes in the flash 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 valve 14 is closed more. If the temperature starts to rise, the
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whi ch conprises at |east a tenperature sensor and any known control device,
such as a conputer application. Preferably, the tenperature sensors are

t her nocowbeast10/0fmsicontrol system 7 communi cates w t h t ReTfuSedod/o9@bve 14
and the primary dilution steamvalve 15 so that the amobunt of the fluid and
the primary dilution steamentering the two spargers can be controll ed.

[ 0055] Inn%rlder Y m%'en;tnaiar] a G ns%oanatti gl?rrgfraturretfor tge% m%clhl%re ﬁttgo%am
12 m xi nd) Wih dfﬂluagllll St&an 19 Mand emer rP{; Re "9 %s%f?quﬁui%egepapago?
vessel t ataehiteds iajcerdsionke sbhdsmtgy 3patilchalyd Huis @pértdtwiged | ash/ 1 qui d
separator vessel 5, and to avoid substantial tenperature and flash vapor to
i qui d r d0P¥lvar imen sampichempedigent Wihakgethe byd dp erdete shasomtenlleswaricsin a
t enper at r i r ream: r lash/ i qgui r

vessel -5 iriounfior! B M4 bRkl SIS AEETE MEhh ok L TpRERE] g

val ve 514 tamgepturdrerly vehilcuhiadmaiaingam acalstaet I&ioonfthgctsasparfgetssockWierthd he
control system 7 detects a drqp of tenperature of the m xture stream . it
Wil caudtingie ) §pdigaaveorl Be vainics o ibe flashetemnsrptge. thadreseat Bvention nt o
the fir Sty PRCELEbI utilibest AL ETRELAL HES &Beét%ﬂ%%ﬂérﬁpéﬁlﬁﬁﬂ{rg @b o bt
rise, the fluid valve wll be opened V\ngler to increase the i1njection of the
flui d i ntsecdarieryf dihgonspangarthd furh@@5Ghis\ahlews tthesypeirheatey 16 ob Uit tempsaagrio

stream 17b is injected to the second sparger.8, the.t erature. control
yst om 7 Bahonkiollst b YOer BeRRaCt Phav e 1958 BHmErn R GEOHS 1 o
adj usfy t hBaRIRUStcef o:BigbMBE¥] Gha{n'gteé,%ﬂd%&&@%ﬁ%l@@@drﬁhﬁ?}tﬁﬂ; dQupdiBeasgcond
sparger 8. is further reduces the shar(glvarl ation of tenperature changes

in the flmghtags thpdpmperatuieonf it sespatdem diluionedtan dedrasp avout dapendtabpet of
t he m xt o m.l b i1l instruct the pri-mary, dil.ytd te e 15
208 C HAO P . B ko Sy iy B Sl e Bl R TUE Y

. t
to incre e 1njectro y utron stea

second spacigas be&wabh laBowadsseintidibost £106e@50mne 9501F); hed ty?maﬁy detivensibait s
to rise, theprimary dil on steamvalve will automatically close nore to

reduce t HEOpwH #heyt ‘@ﬁf‘&ﬁiﬁa@t%ﬁ%? h@dﬁ%@?ﬁh@@%‘éﬁnihﬁ’taocoﬁlﬁé?/%&%m igngler 8
whi | elsva'\k/ﬁerlétohﬁﬁé%pﬁ&%’e. %fé&f parl-tiglog@heéltﬂlgar}hg)%@w{‘dgag'aﬁﬁ%mg@am ghe ide
t s the-a 0 mary

fluid is water, e controller vari nount ter and pri
di | uti on oheaioh cseprdmiaad i &inc anst afitwartx fione liat rF¥acart dopeidad uvieci Zapidhy | e

mai ntai ning a constant rati o of water+steamto-feedstock i.n.the m xture 11.
To furt he‘iag%%ﬁsoﬁnéhfgaﬁbceééﬁ? SRR the Sqegs E@%@i&ﬁ%@eﬁiﬁhﬁ%ﬁwﬁé dhihe
i nvent i onoal.&QioR rs;é‘d‘tf%h@?hé’ abiidtlof %%te‘?'add(ljéllltts &ﬁ@ﬁip@%lﬁat@?_édi%ﬁ%?@h@ &ergﬁerétﬁ%e_t he

super heating section of the secondary dilution steamin the furnace. This
al | ows t he tlugtesrhedidris ifxalwitemixterqptreatnul?e t o be controlled at a constant

e |l R IR B6e AR o SICOSB S S
the primary dilution steam streams injected into the hydrocarbon feedstock in the two
spargers 4 and 8, according to the predetermined temperature of the mixture stream 12 before
the flash/liquid 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

25 flow rate of the flash steam 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, possibly
a slow one.
[0059] An alternative or additional method of controlling the ratio of vapor to liquid
leaving the flash/liquid separator vessel is disclosed in U.S. Patent No. 7,351,872, which is

30  incorporated herein by reference. The pyrolysis furnace 1 is equipped with a draft
management system, including at least a fan 64 disposed downstream of the convection
sections, with respect to the direction of the furnace draft, which can be adjusted to vary the
volume of flue gas drawn through the furnace flue and thereby adjust the temperature of the

hot mixture stream, vapor stream or flash stream. The speed of the furnace fan can be varied
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mai ntai ns the tenperature of the secondary dilution steam between about 425
and about 5900C (800 and 11000F), for exanple between about 455 and about
5400C ( 8580ant/e®d0F), such as between about 455 and alpoutus2@906196850 and
9500F), and typically between about 470 and about 495C (875 and 925F). The
desuper heater can be a control valve and optional water atom zer nozzle.

Af i al h i d di | I i h i
R IR R R

vapor i zesyifinAusesimesaidia theiRe ahibheyvillineresdeeai® das oRY @meimdhhys dhEncicdsd her
heated in the convection section. The anount of water added to the
super heattBe teraperaigrt folthe penveeiigie seatigne2-ofn #heltematys ambedimest, fhg dan wpayh

m xture str Q t JER N B

st ng TR AR Al P YRR Lagof S8R Y b8 BRRY i BIcPAREREO iper

i nj ectsed dontpontihie diyttie odraft bmandgeedst opdterh ncdnfyeist wiangeay @eotsSilkistated)8to the
accordi n&yto tthj @redeter 1 ned tqerrg ratur(g) of the 'xt.urgﬁrét ream 12 before
the flasHUigulY fLgss Hedy dapsseinotillupiaicrany s PBRtRRHARARME: can be
appl i ed tigogiher 1PAHEMBH oS nAlntGhie" a | BRakkORMpcFire! HS HRANGExtutd §trédrRS
pressure and the tenperature and the flow rate of the flash steam 19 can be

changed tenteeingeb¢ flashélhqnd scpamtohessyapions gemetallyuileh deatralgle iton ntalrgaiflaamnstadl so,
excess o en i.n the.fl ue gas can _al.so be control variable, albeit

possi bl y TOSCaTo8 ATt R A (BF (B rsa0L 2070 QAR 9 SRIF A Frytage ratlo of
contrpl | ivagot A& ligatd ¢ Qhe YRBDNiqhi@ édﬁoﬁfé'td} &yl rmg( R»&az ot agdhpleuing &mp@h@t or
vessel is disclosed in U S. Patent No. 7,351,872, which is incorporated

her ei n byhydedcerbongertial heespiye oany/led mamipireichy mainginng coppeant Wastiliguid serfarator
managenent syste i.hcl udi at lLeast .a fan di sposed. downstream of .t he
Convact | oSt B PEuBt of Patenanfr, & pfl oRE SR QM kBl
whi ch canohgokid Wsd @o o stéamyto h@roesrboimeccaitoét hest@am i TNe vhfurphade lideel 3
furnace flue and thereby adjust the tenperature of the hot m xture stream
vapor st reoafsr a fifags rpfs¢qndgmsed THEOE phays BY additon (p rfhe &apain PRas. BECstafpesdi n

response ah?ou%ﬁe%fgﬁﬁ@méiﬁﬁfd 2%)2 ghéjsre%% tgpfcgﬂy X QM) Gbo @ WG | éEES;M{Hafﬂ fostheed

of the furnace an 1 ncrease 1n the draft, I NCrease
fl ue gas vogdtheatochl bherhcas dticamnElbease, thee presoperiahighey umickingble onavmaath on
section 2, In an alternative enbodi nent, the fan nay operate at constant
speed andN§R&opdeRpicheAn aska S HPORodul ating fan inlet danpers. O her

conponentgo@f] th ?Kﬂircgﬁﬁ, & Qﬂi@?dﬁ%nsﬁa?ﬁﬁ@&%ﬁg bB ehdRARELRedrQh the present

illustrated) to the burners”10, furnace ack danpers (not illustrated) or
any conbiinednition ifet bikcaibolled af B0GEIn dhoubitand dwut 83 hieRaat(diand g0 asiehwsthant

et Bl 1S PSS, B R LB A BSBRIFLSY
about 75 kPaa (6 and 11 psia).

[0062] In one embodiment, the flash is conducted in at least one flash/liquid separator

vessel. Typically the flash is a one-stage process with or without reflux. The flash/liquid

separator vessel 5 is normally operated at about 275 to about 1400 kPag (40 to 205 psig)

25 pressure and its temperature is usually the same or slightly lower than the temperature of the

flash stream 20 before entering the flash/liquid separator vessel 5. Typically, the temperature

at which the flash/liquid separator vessel operates is about 310 to about 540°C (600 to about

1000°F). For example, the pressure of the flash can be about 600 to about 1100 kPag (85 to

155 psig) and the temperature can be about 370 to about 490°C (700 to 920°F). As a further

30 example, the pressure of the flash can be about 700 to about 1000 kPag (105 to 145 psig)

with a temperature of about 400 to about 480°C (750 to 900°F). In yet another example, the

pressure of the flash/liquid separator vessel can be about 700 to about 800 kPag (105 to 115

psia) and the temperature can be about 430 to about 475°C (810 to 890°F). Depending on the

temperature of the mixture stream 12, generally about 50 to about 98% of the mixture stream
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hydr ocarbon partial pressure of the flash stream 20 in order to maintain a
constant ratio of vapor to liquid in the flash/liquid separator vessel. By
way of exsopbew774éhe constant hydrocarbon partial press®eCca/usanles99s

mai nt ai ned by maintaining constant flash/liquid separator vessel pressure
t hrough t he use of control valves 36 on the vapor phase line 13, and by

controllln t N ti.o f steam to hydrocarb e in stre am20 The
vapor phasgﬂ% e(? 1E:lotn SRS PR g%c\ﬁ of %(%t etrﬁ)sﬁ) u?b%zrforﬁéamp b8'd ?Stl on
to the vam@ﬁtgﬂwse These trace anpbunts of condensed vapor phase are

typi caIIy | ess than about 3 wt % say, less than about 1 w % of the total

over head [80¢dam Thefleseliquid ﬁ@afat?fr‘@é%%éés g@lerﬂllgmpyraﬁﬁddésmea%p@cti RARHVEH as

these co n[gg ﬂg Eief)ia tl?eclsot?oﬁl 81?151@ Vggsgf t@’n?era 1199 ?&fhc%}ﬂﬁ% Gf&u/ A Pre%}ﬁ li rgllul

hydr ocar bon parti a pressure of the reamin t resent inve

I s sets anthasoticrobll @dclahg Iﬁmh\/\/eeanrab@map@@ e&mdglab@tﬁcmeBG)kd(E’aﬁle(Bbtmndoﬁﬂ&

psia), such as betvveE about . 35 nd about 100 kPga i g% psia), faor
Ko m fhepsp

exanpl e BSPHRLR oot theosesprdany difption stepnasticgmy Stre[aeb BEPIING tsne
enbodi rrErﬁazsh/thlaﬁldf Le}ﬁﬁt&s vERAARSRd thd) vaborlA8ST tORFehtufS BedduQliid {SRREY @for

vessel. Typically the flash is a one-stage process wth or wthout refl ux.
The f| aslpattiagyircissepdrtat dydwesbehs 6.ci,s: hogorandly fmpmrabédlea\tapabmustteaﬁﬁ'lsattdo

e R ek B A e

bef org enjreficngxichRlll | asoMd imuhdqsaPasatasr V8SeElboRoml YRG! 3 bakketo the
tenperature at which the flash/liquid separator vessel operates is about

310 to abftash/! lanxd@@f{remvmelatb@@tp @b@@mﬁwlma@i@mued phdse apthe betiem optha he

flash cany b ut._ 600 to 85 155 a t

tempor ot VEARRREErHREn F 8800 Mol 3 S 88 st RybB DR B RbMm M M pionis
exanpl e, sbbﬁaﬂaf e&selr etoahe tdigerf 18ash paap 3be1nacbmetmb2ﬁﬁnér@ tlaPitionkAQRikfagm( 105
to 145 ) vvlth a ter‘rBerature of about 400 to about 4800C (750 to 9000F)
In yet tGrarbeesealedity, the freopring fagduodt intqeeler REsHd Gogueiaely disals dhoteeduacdkel

can b

can bS aﬁﬁ S -2 B0 ST R, PRICI ORI tepRllte
of the msptitiingo streqaba s’kﬁbangmwem@bmommm B0 Tth(a taﬂnpuhtu%% dic r'ehﬁcleni sttcdme
For - exanpt SISbBTRT B oSl 0go0s (BOBSI0rRe 1T Gb M DU Subsr Beh (JAkse
5 is gengpabhyCPRRE ahRdnt bircPNGcAKRAAT canl & %uﬁ%@'t@ aBé'lﬁ 2'50%”61dth9 haRaneds t he

bottom of the vessel at a tenperature sufficiently lowto prevent [iquid
phase t heherakwty aeraratgd botomoloqud ninde thepiladhyli@nd wghrrator fvessal, sokle ab rPOt toe

bot t om of arato 9f the secondary dilution steamstream 18 in
Che. Paot? S0 Sarmampls iy A

[0064] 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/liquid separator vessel. Typically, the liquid phase retention time in the drum is less
25 than 75 seconds, for example, less than 60 seconds, such as less than 30 seconds, and often
less than 15 seconds. The shorter the liquid phase retention/holding time in the flash/liquid
separator vessel, the less coking occurs in the bottom of the flash/liquid separator vessel.
[0065] A further improvement in recovery of desired volatile components from the
flash/liquid separator can be achieved by introducing a stripping gas into the boot 35 of the
30  separator vessel 5 through pipe 33. The stripping gas can comprise any non-reactive gas,
such as steam, nitrogen, hydrocarbon gases or the like, with superheated secondary dilution
stecam being the preferred embodiment.  U.S. Published Patent Application No.
2006/0129012, which is incorporated herein by reference, discloses such a system.
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flash/liquid separator vessel |owers the vaporization tenperature because
it reduces the partial pressure of the hydrocarbons (i.e., a larger nole
fracti on wb 20t0079@por i s steam) and thus | owers the reqeCras200006i9ds phase
tenperature. It may also be hel pful to recycle a portion of the externally
cooled flash/liquid separ ator vessel bottons liquid 30 back to the

at “the. babbeh of A RN LERF petfr Ceeien DoeREN ¥ STRNAT AL 8o

conveyed the emttshse stb@'frﬂ meﬁf bé bn Bd ReMED bobkide FepasfatiRrbosesset e 1bw steaeon
cooler 28 via EI I n one enbodi nent the bottonms |iquid stream 27 can
be cool el @ulﬁrﬁéﬁﬂﬁi‘tﬁ@wsé@c?stock in cooler 28, and conversely heats the

f eedst oc 06 hel Whg%bé?pﬁﬁ%ste 1&5%&1@%9?6 @??egéﬁra 3%@? 15y %ﬁa&{“c %E‘fﬁ ¢go! ed

stream 29 ca then be recyc expo ream 22.
The t enpeixainplee 56fto 70% H}&lmgaaﬂﬁﬂhs shd 6ano WoUl sedny. pTl&a]bdlyng)encab@iut o500 viapor

amount o s porstaly Pelah et 580 SobUDOR0- et o SOOI R TG 5k

the new y,REPRIA o056 LT p]'otﬁwfi 'ﬁ'ﬁé% @nas& %§*&6ﬁﬁ1ﬂf6h§1 SERRVE FonY @RSE! |
such as 90 to 225% for exa % 0% [0064] The ] lash 1's generally

al so operfmsh/diiguidrseamtohecssalsiaérmughtcoyenhera,d rplpbell Méncth mpnodalrlﬁ‘cmvteys)meh@pm ng
time in the f essel . one exa e enb nt the e .S
i schar gdf roealined ageer S it SR Bt et e g aph sy BEH 3
on thg botHompet thdretyblcasp/fowduingd §eRAiRIPthay RS utesTHR! FRY Iuy thd Bshvetisp d
phase retention tine 1n the drumis less than 75 seconds, for exanple, |ess

t han 60 seelomdy thefighacgs | ess than 30 seconds, and often |ess than 15
seconds. shorter the.liqg se retetlon/h | di ng, t
c{-lm | rﬂl apor \pélél%e ﬁreapﬁi@ ontlnug%ﬁ(}l lr]%m%\ée fd o dhd F%?ﬂlb%utl(ﬁ Serﬁara*tot he

flash/li separ FeEY ur S i

flash/|i qukstl separabbly supsbedted ﬁIO&&Sﬂ;yrAlyfsurmhefce lldsmérowcﬁwemonl fecti@cogabyy of
desired vol atile conponents fromthe fla separat or can be achi eved
by i ntrode@PegiuEe e fopiaAplyaboytiis to ﬁbmﬁ&% %SS%)rtOtlﬁéosFéﬁafrta@ dluc gas fam 5
t hr ough I i uch
as. ot Sam ofydfy el 3o B ek OE ST ARGATRL! FTpa el Rl i Seri!
secondar womﬂthﬁpyrnlysisémb@ioﬁg drinde¢pr ef erred enbodi nment . U S. Publ | shed

Pat ent ati g,g No. 2006/012901 whi ch IS i nCﬁI‘ ratg:d herein

SRS

refer encel%ﬁﬂ scl QcPhase sffeda i Gewspd Alamn liqud ﬁﬁ@rﬁ%fvw%ﬁm
embodi meny tlBRz{llyslBé ﬁfﬁ{@dzvzltﬁ Q bih AW Qb Qfcaf®l 9&5?606'916%mtt1133u&9%1t03tﬁe fehh&am

27 can be can be | ocated as a side drawoff the boot 35 or the | ow section
of fl ash/lbwguichvedparsattom 2fessel 5. [0067] The vapor phase exiti ng t he

e Ol HEBRE B TOAER Bl P e SETR Sy TR A o
stream 13 ensures that all components of the mixture in this section of the furnace are
vaporized before entering the radiant section 40. Raising the temperature of vapor phase to
about 425 to about 705°C (800 to 1300°F) in the lower convection section 23 also helps the
operation in the radiant section since radiant tube metal temperature can be reduced. This

25 results in less coking potential in the radiant section. The superheated vapor 24 is then
cracked in the radiant section 40 of the pyrolysis furnace to produce an effluent comprising
olefins, including ethylene and other desired light olefins, and byproducts which is passed to
a recovery train for recovery of products.

[0071] Unique to the present invention is a first decoking recycle pipe 57a, extending

30  from line 43 just downstream of the transfer-line exchanger 42, to positions between burners
10 in the firebox of the pyrolysis furnace. This system permits the effluent from decoking
cycles, such as coke residue, air/steam mixture and CO gas, to be deposited within the firebox
and between the burners, resulting in further incineration of coke residue. A smaller flow of

air/steam mixture can be drawn from the bottom of the separator through a second decoking
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phase is normally bel ow about 7600C (14000F), such as bel ow about 5900C (
11000F), and often bel ow about 565C (10500F). The vapor phase is

cont i nuousDyoroentossed from the flash/liquid separator ve®selus2omisoogh

over head pipe 13, which optionally conveys the vapor to a centrifugal
separator 38 to renpove trace anounts of entrained and/ or condensed | i quid.
The vapor_then typiLcall.y flo into a nifald that di.stributessthe flowto
Che convdath S bEar Shis boetbihe, Pl B Bie miid Bradhit fieats STnlcdEhied
cont i nuousjeytidre My etk fadiat fikedok| ABR/detdhd dr/separfiivoendes&slht tskepk ebbadd y

superheated in the pyrolysis furnace | ower convection section 23 to a.
t enper at UF@n gle beteym ef dieptcparais oigesch 25ccorlinglpuvhitoBoer teceescy 80 demkingy

the flue rg%@&ﬁ%ﬂg%%leofr c%gé mgd[u%%?to%tgﬁteﬁﬁg%s?% ?ﬁgﬁkgsaf H{eg,atﬁgg)lre-sgglﬁt ; GORE r#@@%se s

then intro he Tadi ant section 4 e pyroly nace e
cracked. drQOia8hatdhécoodipp@rwaphapmdatts eaithid 3ha pyroiyed furraoe itldf.f ICgsindalllyq ibek
separator, vessel can _optiponally be m xed wth bypass. steam stream 2 1
before bW Atthoglutiee dielgsthi Puy dadat s R0 MR ISoc GBERIdreen by
[ 0070] Thersyperhealding uaf fehot he m xi ng of the bypass steam2 1 with the
vapor phase stream 13 ensures that all conponents of the mixture in this

section df0THe f impatatlsr sendupoithe edlupaf dram gh¢ etecolgng heycleadinentthes éahaan

40. Raisi,ng.the t rat.ure, of. vapor. phase to about 425 to about.7Q05 0C
(800 to PROGUREr A58 RenTeend bty et Bu Sh s ak O rdiems B SFars i on
Int hg r %@h%t{tioﬁ%@&tid?f) t@sn&&aﬁ@lﬂg e eﬁié&%cﬂ%‘f@ﬂle F@RRal aF ¥ble &8 bshvegshiced.
This results in I ess coking potential in the radiant section. The

superheatsé@tiQﬂetpb?S- 24 is then cracked in the radiant section 40 of the
DY O YS! SN2 Gl GuREAIER ORI AN oo RTB fShNG BB L0 Foandi PFLAILD

et hyl ene ot her I're ef1'ns; ypr oduc S passéld to

a recoverfgedstarkninf@e préseay @iven@dn paroduatsidlyl 08b1dd idJai s fdrOint h& cpargsent,
invention is a first decoking recycle pipe 57a, extending fromline_43 just
downst r eHeNSRtIRE BighPaGsIE StopME idactHermpsyPhep arkay st Vit issterdd deem 4hur ner s

10 in.t he[})f)*/cfr]nEbO*h Eteaﬁ%eﬂ?{a@d%ﬁ't%ﬁﬁféf ﬂﬁ‘é"gxchl{ﬂ &ts %Xﬁ%@ﬂ&e}i%'ﬂrk% 158€ steam

ef fl uent trom decoki ng cles, such as coke residue, air/steammXxture and
CO gas, ttorbixesddpdspded the hiajor dohgréssorshexd arelvlinet wethn ctiydenairodircsion unit.
resul ti n%i n further inciperation of coke residue, A smaller flow of

ai r/ st eamt SPWRiHHER: SRETRR CHICHRGY PR RPTREPIDERE S 1B1the peard dRings oif 1 BEHEN a

second degQkhOAERINE sRaR PEIRED il W ehsARIRE! ROnarRBR. FbXEhmMIL, N thforfRAN
decoki ng recycle effluent before injection into the radiant firebox. This

second ai U, B0edhe (1 TN mreutes sykam, thokscans woelidwaaoducorhat fpréomatty 3f5°Che
separ at or (¥ &%5 %ha WetfP bSOt eat il B ROMetidh Lol SRS furthce S SRBL s 1o
590°C (800 to about 1100°F), for example about 455 to 510°C (850 to about 950°F) before
being consumed in the steam turbines.
[0075] The saturated steam 48 taken from the drum is preferably superheated in the high
pressure steam superheater bank 49. To achieve the optimum turbine inlet steam temperature
25 at all furnace operating conditions, an intermediate desuperheater (or attemperator) 54 may
be used in the high pressure steam superheater bank. This allows the superheater 49 outlet
temperature to be controlled at a constant value, independent of furnace load changes, coking
extent changes, excess oxygen level changes, and other wvariables. Normally, this
desuperheater 54 would maintain the temperature of the high pressure steam between about
30 425 and 590°C (800 and about 1100°F), for example between about 450 and 540°C (850 and
about 1000°F), such as between about 450 and 510°C (850 and about 950°F). The
desuperheater can be a control valve and water atomizer nozzle. After partial heating, the
high pressure steam 50 exits the convection section and a fine mist of water from line 51 is

added which rapidly vaporizes and reduces the temperature. The high pressure steam 52 is
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requi red di sposal of coke residue at off-site waste disposal sites, the
present process reduces or elimnates decoking waste products within the
pyr ol ysi swbunrvaoessit sel f. Optimally, floor burners suchpra3/ush@wasepscl osed
in US. Patent 6,877,980, which is incorporated herein by reference, are
used in the firebox. [0072] Inportantly, sending the effluent fromthe
decoki ng cles into,the furnace..box/burners, also transfers i tional heat
resul t1 ndferishiprCldnt SRl T §2a88Y B BPRREn R e SRS 0 Lls PER -l osy

t hus enhanahdgthiytac prdduetiemeacilal, thmentsmRrdalboot. THKEbUR B Grteatdec@mo the
section tubes. [0073] The radiant section effluent 4 1 resulting from
cracki ng SHPPTEEAIST qapdpBERrtbd e rinsEdee 9E Khdi sieathe present invention can be
rapidly dinp.a hr RT X , erati.ng. hi e
G oam 45 PO/, | LoneltbARE v abiRE 18 K0 RR R, o O R A Bl AT

st eamsgerfecdtoeld stroarhy mnthé Erst tubeebaak chahphrsesan skanuspdricatctdcdnies lbedtgein

steam turpi nes which power the maj Qr conpressors used el sewhere in the

et hyl ene (Y SoRHEHSSEHPT Sufothgbi di ﬁowwa lﬁyreémcr 8 @ﬁé@%ﬁaﬁﬁﬁw Rom
product i qRe kfHiM SRR i FHINAES ofithe bEpPGHESS AlpéritBres YRELPGRLnt St HRIM
produced in the transfer |ine exchangers. For exanple, In nom nal 10, 340
kPag (1500bpbank) Sineamosysiperncatetrearstlecatedvaithoh the fpmedu ded catveappr soditiont el y
315C (60Q0QF (gndlmo . d be su erhegted in tQﬁ convection §ect' n of tGﬁ
furnace tBCABYRN%YE @ SUREHHESEEHIOL BnIRGRIT TBREESCS 2d s e&%ﬁﬁ%l%esa%t 50455
to 51Q0C t6 §abhchahehRsdcc IRRQE), 0aEQI8. bei ng consumed in the steam turbines.

[ 0075] The saturated steam 48 taken fromthe drumis preferably superheated

in the hil@d7Hr es¥rls Sequpicstipwichieen &ps begik dagribath ant hlilusirated Hy eferenganio
turbine inlet. steamtemerature. at.. all furnace operating.conditions, an

| nt or moai AT R STRGFRET b R o Pl P TEE s RED P ag i, e B e g
pressur e lsidaiRcHuperdRabey ndafdcessifilysSilakiravé heheh. SwpahiRadiwhn, ARknotdféehce
tenperature to be controlled at a constant val ue, independent of furnace

| oad charfgesld hegradegsodsly éhthecaprprpded clawe despyRgtss 9f [detganinkigathgdaic sserRr of her
vari apl e : £ his desuperheater 54 would maintain the tenperature
of thg hﬁgﬁggéggéh%gné?ean1betmeen about 425 and 5900C (800 and about
11000F), for exanple between about 450 and 5400C (850 and about 10000F),
such as between about 450 and 5100C (850 and about 9500F). The

desuper heater can be a control valve and water atom zer nozzle. After
partial heating, the high pressure steam 50 exits the convection section
and a fine mst of water fromline 5 1 is added which rapidly vaporizes and
reduces the tenperature. The high pressure steam 52 isthen returned to the
convection section to be further heated and exits at line 53 for other uses
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in the ethyl ene production facility, as mentioned above. The anmount of

wat er added to the superheater can control the tenperature of the steam

[ 0076] Towerthewioessthe ability to control coking of the @esiusedonemvy

hydr ocar bon feedstock streans in the first tube bank, the high pressure

st eam super heater can be |located in the convection section such that it is
downstre i4h respect to the flow of flue gas fromthe radi ant section
of the fmﬁ@ of the vapor phase superheater and upstream of the first

t ube bankweSiange bot h superheaters are |located within the furnace

flue/ convection section, they not only act to superheat steamfor running
ot her pr dcesse’ PEITEsSSior iecking isihydeocarben fegdseany coifeinie ramevdlifilp se@penanes

gas, as ng gqxg/qroc[ng)gz uacmiglfﬁmtapfh&;i g??ﬂbteeﬁ%ﬁﬁ/ FoWeir Q&J%?ﬁorpﬁe%ﬁpg géc 'roh?%gth nd

illustrated by reference to particu odi nent's, ose o rdinary skill
in the ardflué bt thepfurect.ad eadidnathedthyy scotiendownstteandst afdsaddnettod vasaidtibwas
not necessarily illustrated herein. For this reason, th r ef erer(‘ice shoul d

n,
be made <OPEFSopdicping ssHehdbbaRen e pxhapesr slorastrenm Bg%ﬁi Pt iReS ue

scope of gy PRESRP el e AL fuffhc Clobk '%n%ﬁﬁﬁﬁ% FithoclburfeR HOCSR Flant TR&RINY @
hydr ocar bon feedstream contai ning non-vol atile conponents in a hydrocarbon

cr acki ng stcramacandhav ivagpriigpelr sepadatbiowesset aroneatédobetveni thg spedri amb lowethi n
a flue of the furnace, adi ant heat i nqgﬁsecti on downstream of and
v

connect odORECEaR R B CHSy BE PSRRI S oot i on. & transfer |ine

exchapger downast paaMgai @ RGI6ERPEE FQAsthQnS #tél _sﬁi@d&%_@f- cORRLARD s&eioh 1 t8heatd
furnace box containing furnace burners and said radi ant heating section,

and a vapor/ | sadihpdroepheafasdstieansiel 2 Hih trspesduiseuiiecent o dasippdrashadortewer
convection h eaft %1% ?1Iy§1goc E’J.I:‘bﬁ{rllss Withﬂlesalio({ irrggarggnnp reldssdrera]lgl: i oa% HQ a%sﬁ%lg‘g% tsoztlg?ra a

hydr ocar bon f 8e 0 sald upp onvectron sectl
hydr ocar bon fegdstigg@mtcona first tenperature sufficient to flash at |east
a portion of the hydrocarbons within said hydrocarbon feedstreaminto a

vapor phase t®)f Bising spiloesppriigiid gtream auigf spid)uppaseInygetiog; sgeiogpdid/intogdidd
stream out of I np vect | ect:ly0 -1t i d. or Ll quid
separgt or to g%%g@g#@ g%agﬁgraggr%e??raﬁei glngt ?@’%ﬁﬁq{ﬁ{aoggé%glp goigdr tl)lglrilllcogérr]ﬂtbglll ni ng
vapor phase acshtaéiningdva@ar piose cart ai hiydgcidrborHcontpinase liguidhiphasgawdthin  said
vapor /i quid sepa/.at or; (c) collecting said liquid phase into a bottons
liquid withi nv&RFHY456PI RO d

(c) collecting said liquid phase into a bottoms liquid within said vapor/liquid
separator;
20 (d) passing said vapor phase into said radiant heating section and cracking
hydrocarbons in said vapor phase to form an olefins-containing effluent stream; and
(e) periodically injecting an air-steam mixture into said convection heating section,
then through said vapor/liquid separator to incinerate coke formed and passing an
incinerated coke residue/air-steam mixture so-formed between the furnace burners
25 within the furnace box.
2. The process for cracking a hydrocarbon feedstream according to claim 1, further
comprising preheating said hydrocarbon feedstream prior to step (a) with heat extracted from
said bottoms liquid.
3. The process for cracking a hydrocarbon feedstream according to claim 1, further
30 comprising injecting dilution steam into said heated vapor/liquid stream.
4. The process for cracking a hydrocarbon feedstream according to claim 1, further
comprising passing said hydrocarbon-containing vapor phase into said lower convection

section prior to step (d).
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separator; (d) passing said vapor phase into said radiant heating section
and cracki ng hydrocarbons in said vapor phase to form an ol ef ns-cont ai ni ng
ef fl uent wonesm774md (e) periodically injecting an air- SCEAISRONN6499% | Nt O
sai d convection heating section, then through said vapor/liquid separator

to incinerate coke fornmed and passing an incinerated coke residue/air-steam

m xture so-foryged between the furnace burpers within the furnace box.,. 2.
s o ocebe Tommecratl RE buddtigl ShIRGE B BErofr dehaldo oMl DRGE, it

further ok fither @naitRate wgyiagiadrdfy ditaiaahpfiriLe dist et daft@ontrel Sbem (a)
Wi th heat extracted fromsaid bottons |liquid. 3. The process for cracking a
hydr ocar BOmPrisEgstt deashpee &peicHgn ispesed davinstregpiaidhe eonmseiien hegptingjseetfamg
dilution s; i hto j vapor/liquid stream 4. The process for
cracki ng Vzﬁ}ﬁgegﬁégggor%gﬁfﬁ%ggkaﬁgam according to claim11, further conprising
passi ng fai d hdrecassh for-ccatkig ahydyosaaipar feplsiem attordagy 0 angwé thecoselitg on
section prior to step (d)..5. .The process for .cracking a.hydrocarbon . .

f eedst re%lﬁ‘écé‘r‘@iﬁﬁﬁorpﬁ%‘?& ijfctinger HFIRIBEISAY ML PROT SPeHAth rsaeﬂgﬁﬁmr@ﬁqﬁgi

varying acffiéfol tdddhh&t S@lodall dhyatRatobh §apiriford sl @Btttorﬁé)ﬁéﬁig.l system
conprising at |east one furnace fan di sposed downstream of the convection

heat i ng skct i drhewrotess éspeaikingn Badrdcdrbpmzedstctraf accor@ingTthenp od tdespefaling
cracki ng a.hydrocarbon feedstream according to.an t he precedi. cl.ai s,
Furt ner oS RE PoPab Rt PR S Doy st SeBt Fofi g
vapor {gl i qﬁjechgwgg)@f&hﬁﬁgstgﬁﬁance renmoval of hydrocarbon vapor fromsaid
bottons liquid. 7. The process for cracking a hydrocarbon feedstream

accordi ng-t o affe piocesietop rceaskieny hydeicasbonfigedstrermcanepiding try clpiranb hiungersai d
ol ef ms- ¢ QLAY RLLL UEH i ShLSAM Idk-SALLLIANRLET il ne. eXChandsra,f oL ng
steam 8.°°THé plgo%égsgf or CYaek g a hy B¢ar Bon"t eeofg{rgar% dccord ng to
claim 1, Jaget/h@rid ceparitos tgugasst ngwthonRetisie hedtieg eokén, rail eldemaiheatiitgeam
m xture of step (e) fromsaid vapor/liquid separator through said | ower
convect i RctNdmgidsEmsics ine gxghangadirimito Resatngigbeween e funacerects r ansf er

0 SECAISCr P BAAS, W ELIGRLLNG Y DGR A Sl ©
conpri si ngnpassigneasaingar poroion aff thbéndinarhted rke deddictair-stsid uaixaire -fsdre asaid
mxture from satg vapor Liquids separfton Liroua botkoms Ligud autl et
passing it between the furnace burners.
10.  The process of claim 1 used in a process for reducing the environmental footprint of a
20 hydrocarbon cracking furnace having upper and lower convection heating sections within a
flue of the furnace, a radiant heating section downstream of and connected to said lower
convection heating section, a transfer line exchanger downstream of and connected to said
radiant heating section, a furnace box containing furnace burners and said radiant heating
section, and a vapor/liquid separator vessel connected between the upper and lower
25 convection heating sections, the process comprising:
(a) passing said hydrocarbon feedstream into said upper convection section to heat
said hydrocarbon feedstream to a first temperature sufficient to flash at least a portion
of the hydrocarbons within said hydrocarbon feedstream into a vapor phase to form a
vapor/liquid stream;
30 (b) passing said vapor/liquid stream out of said upper convection section and into said
vapor/liquid separator to separate said vapor/liquid stream into a hydrocarbon-

containing vapor phase and a hydrocarbon-containing liquid phase within said

vapor/liquid separator;
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passing it between the furnace burners. 10. The process of claim1 used in
a process for reducing the environnmental footprint of a hydrocarbon

cracki ng woresog74savi ng upper and | ower convecti on heat POg/UGse@ioe4¥95 wi t hi n
a flue of the furnace, a radiant heating section downstream of and
connected to said | ower convection heating section, a transfer |ine

exchanger downstr .0of and.connected.to said radi.ant, heating. ,section,.
Fur nace box conl STTCHEE 1 ARNAGERDFFAE! oM o Yeltiob M AL i i i

and a vapor/ | ispirdtogepar ator vessel connected between the upper and | ower
convection heating sections, the process conprising: (a) passing said,
hydr ocar bon f detiBess@gmstift yara; @hasspdito cemdetadianh kssing oppction hak csegking
hydr ocar bon f r 0 ' tur ffici at | east
a portion of t eﬁﬁﬁﬁg%%g}%%%%h&EFW#EQEE{ y ?%%%%%%%Epégéngtgﬁth %ia
vapor sphase t decf peiodacaligpiajectingbn dirsdt¢a@amixfuby) inp@ssid @nsaitidn iepoitgd kéogiond
stream out of Eaiqgup er .convection section and into ﬁaid vapor /| i quid
separator to dBPhfHPEs Y PR qyiq GERagatet f RS C] "ﬁf afoPEoRE i ng
vapor phase angsife g’ QkarealioarkRhmi Atk thicdd- rAP@TerWchhe alt burners
vapor/liquid separator;(c) collecting said I1quid phase into a bottons

i quid within wigid thapbiridce gboxd te efpethat arcinefa} ek sokg rssidae wapgoto pheasde

into said radi ant. heati section and cracki ng hydrocarbons.in said vapor
phase to f or mAdfUigna el ReReid Ay Sar FBrs mEr LSt OET B 1 oct cal |y

i nj ecfol Ngj1an affe PloR& fr Xethidng MO cAAChnsPRN Sobipeint REal hh8rosaebh Qackidpen

t hrough said vapor/liquid separator to incinerate coke formed and passing
an i nci nétared aeerdéing ée icthire/ ), furghes compriging rmassies thyy medctitadeaks rehidud/drnace

burners WL Rite. LRLARGE) BOX, L84 NIRANET§ NENSEAYEOSA! d:g lEor Saliug,and
to provi deaudi'tiion tﬁg t lpomss%i PR TIHT SER TP Xt UPET ATD "SAFa“TORvESt i on
sect i ons.hedflng SREoprsaiaadiahticatiBg setiog dndsarninsepmaatadhah@a! Pridimb padsir
hydr ocar bon cracki ng furnace according to claim 10, further conprising
passi ng tiheetvaen hefwnaee RWBRESr esi due/ ai rst eam mi xture of step (e) from said
vapor (| i qgui d a rg@’an I 2 V, | L i .sai d
ragi a{r?t ﬂlgati rsllggsé%%?%nfoqlalﬁ sla$ gll‘étjre gﬁ\é\;@ (Palnnig)8 xlcﬂgggagtrh?&%rc %@?ﬁ tcg%pl){é 5i ng
it bet wednrrabe atcordiageo blimet . wideinTdadd pddidess Hear proediedi tngsaich@urnace box

environment al footprint of hydr ocar bon cracki ng furnace according t
ol & m 10, M5t BHIDGraMTa i BHatPPRE AR Borvzﬁﬂce@&e lgn Safitp diRBE SiopdR - thus

increasing efficiency of de-coking.

13.  The process of claim 1 including a high thermal efficiency hydrocarbon cracking
20  furnace having a furnace box and a flue, comprising upper and lower convection heating
section tube banks within said flue, a hydrocarbon feedstream inlet pipe connected to an inlet
of said upper convection heating section, a vapor/liquid separator vessel disposed outside of
said furnace and connected between an outlet of said upper convection heating section and an
inlet of said lower convection heating section, radiant heating section tube banks disposed
25 within said furnace box and connected to the outlet of said lower convection heating section,
a transfer line exchanger outside of said furnace and connected to and downstream of said
radiant heating section, a plurality of furnace burners within said furnace box and a decoking
recycle system, comprising a first decoking recycle pipe connected downstream of said
transfer line exchanger, extending into said firebox and exiting between said furnace burners.
30 14.  The high thermal efficiency hydrocarbon cracking furnace according to claim 13,
further comprising a heat exchanger connected between a bottoms liquid outlet of said
vapor/liquid separator and said hydrocarbon feedstream inlet pipe, for extracting heat from a
separated bottoms liquid exiting said vapor/liquid separator and transferring said heat to said

hydrocarbon feedstream inlet pipe.
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i ncreases the tenperature of said upper and | ower convection sections
during step (e), thus increasing efficiency of de-coking. 13. The process
of cl ai mwoizoolardiemg a hi gh thermal efficiency hydrocar lpom/use@els4ygs f ur nace
having a furnace box and a flue, conprising upper and | ower convection
heating section tube banks wi thin said flue a hydrocarbon feedstreaminl et
pi pe conngcte sai convect i heatrn sect |

vapor/ i 31 d grehpalrl thel’\r/neatésewlanc%' p ]ﬂﬂns rd& mréofg‘%raae Gy gmg 8ngalm 6}3
connect edviRgtineRntranf@uink ekcrcaﬁlgaaﬂuﬁhuwpr@@mmﬂt Pidsiphignonseedd Eiwadd an
inlet of said | ower convection heating section, radiant heating section

t ube bankgidfrastss &de arehapger ead anqtherdm@wb&ng@hélseeﬁﬁrﬁéeth@asat%fqm@ceéhaer et of
said | owefg co c ti ihde of
ot d urmce and HsRindRRl!PRiGRE" hiRocddd BSKAE hifiC SEERAARTE QUbFLS)
secti an, whgptitrsaidi Heyt edchbugenatspolndrwighia swidt foimacs ﬂud 19‘ l(bbditad: beto@xn amd wpper
decoklngéwﬁgycle system conprising a first decoking recycle pipe connected
downstre ?W§a¥ﬁV??@H§PEPnP|ne exchanger, extending into said firebox and
exi ting bet weefheSgiof thithDACeHQNE ﬁ roéa?’bonTBI%cﬂhgrYuhﬂ% Blor&in g'tﬁ' &8RY 13,
hydr ocar bon crackr%g furnace acc Ing to claim further conprising a
heat excrfartgfar ccom}mmmg @ddiaét vendirol a;yhtemt oorspiisiggliatl least loet fofnasaifen disposed
vapor /i ep r and .said hydraocar bgn fee i nl et pipe, for

et ract | A5 ReGEs B o PR RGP bR I trobart Bded R Cact D apor /1 | qui d
separ gt orjgand Trreaﬂlghechéﬂnm FaindYeRFdrbQurSeH Srablidf aBA1ab® racé&@i@lgttbe@ﬁm nhet

pi pe. 15. The high thermal efficiéncy hydrocarbon cracking furnace accordlng
to clalnﬂmsﬁmmﬁeﬂeﬁmﬁ§¢mmﬁﬁ%ﬁ@mémﬂkiﬁemER%ﬁaﬁ@@ﬂmﬁmﬂther conpri ses cool ant
fluid pipighg nn n_sai fer n xchan n oth
neat _exchihger 8 Sbadei hIoRd: BrdbRRBEtrriE SEACSR% R o RdPh
ef fici enCthﬂMdraOS‘eadhﬁDdbo@kﬁl@%mlé pihBaE coreeed dowgsttantbod Bbtl&ns e @uklets ai d
heat exchanger di sposed within said furnace flue is |ocated between said
upper andfisgerpedipad sansritererpichard compectyHesad Grst deroking reerclq Ripency

hydr ogar bon cracking furnace according to claim13, further conprising a
draft control system conprising at |east one furnace fan di sposed

downst ream of the convection heating section with respect to said furnace
draft. 18. The high thermal efficiency hydrocarbon cracking furnace
according to claim17, wherein said draft control systemfurther conprises
a fan danper. 19. The high thermal efficiency hydrocarbon cracking furnace
according to claim 13, wherein a second decoki ng recycle pipe is connected
downstream of a bottons liquid outlet of said vapor/liquid separator vessel
and connects to said first decoking recycl e pipe.
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