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CONTAI NI L | ELD OF THE | NVENTI ON 100011 The pre on
rel ates Pgn?ﬁﬁ'gﬁgc i ng of hydrocarbons that contain reﬁgﬂhSﬂﬂ¥ﬁp*§

non-vol atil e hydrocarbons and ot her contam nants. Mre partlcularly, t he
present invention relates to reducing coking in apparatus used for cracking
hydr ocar bons. BACKGROUND OF THE | NVENTI ON [ 00021 St eam cracking, al so
referred to as pyrolysis, has long been ysed to crack various hydrocarbon

f eedstocks into olefins, preferably |ight "ol efins such as ethylene,

propyl ene, and but enes s a pyrolysis
furnace which has two Maﬁggtéﬁﬁépgﬁ\m@%mwgﬁénd a radi ant
section. The hydrocar 6 QQ%&QQIS AN ERACKENGFect i on section
of the furnace as HYIDIQOCQ\RB&)&EEE TOCKN COMNIUSINING RESIDS enter as a
vapor) wherein it is typically heated and vaporized by indirect contact
with hot flue gas fromthe radiant section and by direct contact with
steam The Vﬁﬁ?'ﬁﬁq‘"ﬁ@ﬁ*ﬁghﬁ@ steam m xture is then introduced into

t he radi ant ing takes place. The resulting products
including ol ¢hog1§ | eavertehgresint ahnestion kelateaee teiracking bhBYdAeNBEAS BRAM

processi ng, including quenching. [0003] rolysis involves heating the
f eedst ock sutbn@nemﬂbyVﬂw mmugﬂanbhbymatm' apd sithéro nomtbmiseaty. ar Mere

nol ecul es. The 0CEeSS wever roduces npl ecul es mhlch tend to
conbi ne to fB?mDm 11'6 Eﬁff‘%’t‘wﬁ%ﬁ‘ at‘??efPé’F‘? In@ppaEtus ysed fpg 5

hi gh- boi I'i ng DAL ho Ml RGHSs reactl ve mat eri al that can foul equi pnent

under certai i conditrons. general , feedstocks containing higher boiling

materials tend to produce greater quantities of tar. [00041 The formation of

tar after the pé/rol sis effluent | eaves the steam
GROUND OF THE INVENTION

[0002] Steam cracking, also referred to as pyrolysis, has long 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 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 tesulting 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 fumace can be minimized by rapidly reducing the temperature of the



cracking furnace can be mnimzed by rapidly reducing the tenperature of the
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sl owed. This cooling which nay be achieved in one or nore steps and

one or nore

cracki ng systens have been effective for

methods is referred to as quenching. [0005] Conventi onal

which contain a large fraction of light volatile hydrocarbons, such
ht ha. However, steam crackingyeconom cs sonetines favor cracking
heavy feedstocks such as, by way of non- limting exanples, crude
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volatile components of these feedstocks 1 own as coke in the convection
section of conventional pyrolysis furnaces. Only very low levels of non-volatile
components can be tolerated in the convection section downstream of the point
where the lighter components have fully vaporized.

[0006] In most commercial naphtha and gas o1l 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] 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.

{0008] Additionally, during transport some naphthas are contaminated
with heavy crude oil containing non-volatile components. Conventional pyrolysis

furnaces do not have the flexibility to process residues, crudes, or many residue-



[0008] Additionally, during transport sonme naphthas are contamnated wth
heavy crude oil containing non-vol atile conponents. Conventi itq ol ysis
furnaces do not have the flexibility to process residues ,ﬁggg So170)s Many
resi due 1W8 ¥B¥94d6 WO 2005/ 113721 PCT/ US2005/ 017695 - 4¢ HIOTTS
crude-contam nated gas oils or naphthas which are contam nated wi th non-

vol atil e conponents. [00091 To address coking problens, U S. Patent
3,617,493, which is incorporated herein by reference, discloses the use of
an external vaporization drumfor the crude oil feed and di scl oses the use
of a first flash to renove naphtha as véﬁor and a second flash to renove
vapors with a boiling pojnt between 450 nd ﬁlOOF (230 and 590C). The
vapors are cPREREIE-FRIIRmaled, gas, Qi of EFF‘H%{E%* VRIS arg| emfaaingisd Wik 298par at ed

liquids fromt t f tanks are renoved, stripped wth steam and used
as fuel. [ooiﬁif’glﬁ %Qn]ﬁ?aq%gtr%t 3,718,709, which is incorporated herein by

teference, (00 0Ses A PLABRSS LRingl Pioblehes, COKE PRBASE 61191393 titi@s Gy i bes

preheating of heavy feedstock inside or outside a pyrolysis furnace to

vapori ze aboircofiiatedl henan Hyawferehes disadeses whe ss vpenhedtred sipamtod t he
The_vapori zed hydrocarbons,
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herein by ref@f eIIRF (230 &l $R°E) A TRE Q8RS afeQiradk@R iR tHel PY0I¢Sik Eurhasemid on in a
furnace by preheating the feedstock i'n the presence of a"small, critical

amount of hydefigeand the kepacaters Bquide frons ¢t iven fladthtings esereseved, fivigpalyen in
the convection section inhjbits the polynerization reaction of the
hydr ocar bonsWith&kaBy 2nAnses aSitHel coke formation. [00121 U.S. Patent

She2, ) L .l SSPPABISS DO Bl TRy apbsaRyar oo

preheat er i ndisdiesezanpectssan niigitizedokd dépositipns 6f Jatabdsyireheting Diihsavy
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
liquid. The vaporized hydrocarbons, which contain mostly light volatile
hydrocarbons, are subjected to cracking. Periodic regeneration above pyrolysis
temnperature is effected with air and steam.
[0011] U.S. Patent 5,190,634, which is incorporated herein by reference,
discloses a process for inhibiting coke formation in a fummace by preheating the
feedstock in the presence of a small, critical amount of hydrogen in the convection
section. The presence of hydrogen in the convection section inhibits the
polymerization reaction of the hydrocarbons thereby inhibiting coke formation.
[0012] 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 predetermined 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.

The separated vapor from the gas-liquid separator is returned to the pyrolysis

furnace for heating and cracking.



preheated feedstock is then nixed with a predeternined anount of steam (the
dilution steanm) and is then introduced into a gas-liquid se

o
separate @qu(){/ pye a required proportion of the non-vo‘L(alt,Qfgﬁ SF) Ugjsi qui d
fromthe separator. The separated vapor fromthe gas-liquid separator is
returned to the pyrolysis furnace for heating and cracking. 1 9 DEC 2006 WO
2095/ 113721 PCT/US211115 /0 1 7 6 9 5 -4- 10013] Co-pending U.S.
Application Serial No. 10/188,461 filed July 3, 2002, Patent Application
Publ i cati on US 2004/0004022 Al, published January 8, 2004, which is

i ncorporated herein by reference, describés an advantageously controlled
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100151 In usin to separ eavy I1qui rocarbon fractions from
the |ighter [6orgti ons WS Patehd i ppicicacSsid dNd. Nl V068,415, dlledsFebriafynzge, it is

inportant to effect the separation so that nost of the non-volatile

conponent s w0P$, which is incorporated herein by reference, describes a process for cracking
heavy hydrocarbon feedstock which mixes heavy hydrocarbon feedstock with a
fluid, e.g., hydrocarbon or water, to form a mixture stream which is flashed te
form a vapor phase and a liquid phase, the vapor phase being subsequently
cracked to provide olefins, and the product effluent cooled in a transfer line
exchanger, wherein the amount of fluid mixed with the feedstock is varied in
accordance with a selected operating parameter of the process, e.g., temperature of
the mixture stream before the mixture stream is flashed.
[0015} In using a flash to separate heavy liquid hydrocarbon fractions from
the lighter fractions which can be processed in the pyrolysis furnace, it is
important to effect the separation so that most of the non-volatile components will
be in the liquid phase. Otherwise, heavy, coke-forming non-volatile components
in the vapor are carried into the fumace causing coking problems. However, the
flashing in a flash/separation vessel is typically accompanied by coking of internal
surfaces in and proximally downstream of the vessel. The extent of such coking is
dependent upon various factors including feed type, preheating protocol, and

design of the vessel. Liquids contacting the internal surfaces of the vessel and

downstream equipment provide coatings of films that are precursors to coke.



be in the liquid phase. O herw se, heavy, coke-formng non-volatile

conEFnents in the Vﬁporf?rehcarried ipfo L?e furnace causin?]gggﬁgg? .
probl ens. % e ashing in a flash/separation v S cally
acconpaniggp%@°§gﬂfﬁg of internal surfaces in and proxiﬁéﬁﬁ?m%g( *t eam of
the vessel. The extent of such coking is dependent upon various factors

i ncluding feed type, preheating protocol, and design of the vessel. Liquids
contacting the internal surfaces of the vessel and downstream equi prment
provi de coatings of films that are precursors to coke. 1 9 DEC 2006 WD

2005/ 113721 PCT/ US200n/ 017695 5- ExcesSi've tenperatures, such as above

about 427C (800F), typically from about 450 to about 460C (840 to 860F) or
from about 5HxCESIVETWeENEE: spohLes pkpye abpy Y5OSO pRerlYy from aheat
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Feedstock st eansoBgcadRAdtD & BRKReMWIUR 480riRll RClal % ki dbiveokand
i ncrease pressure diop within the overal{ process, it would be advantageous

to control tiendsionl o pheninehimcling dnddeht 2eakinganf] tienhediy adndl of the\iresty eam of
the flash zone. SUMVARY OF THE | NVENTI ON 100161 1 n_one asBect, t he present
i nventi on rehxgesahgnfeedsipckssrenmy:  Beeapss itg celbik burdunrean aifestigstieb@ki ng of
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into a vapor ;pRasiehapeidy WikihGhdNase, 0¥ ahd ashicttdlP ddwndaaghbSEP RG] | ON
vessel . The vapor phase is then separated and cracked and the resulting

cracked produeote.recovered. Coking of internal surfaces in and proximlly
downstream of the vessel is controlled by interrupting the feed fl ow,
purgi ng the vessel with steam introducing an air/steamm xture to at |east

partially CWM the feed flow when sufficient coke
has been re : pect, the present invention relates
to a process|foab] In one aspect, the present invention relates to 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 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.
[0017] In another aspect, the present invention relates to a process for
removing coke formed during cracking of a hydrocarbon feedstock containing
resid and coke precursors. The process comprises (a) heating the hydrocarbon
feedstock; (b) mixing the heated hydrocarbon feedstock with a primary dilution
steam stream to form a mixture stream containing coke precursors; (c) flashing the
mixture stream in a flash/separation vessel to form a coke precursor depleted
vapor phase and a coke precursor rich liquid phase; (d) removing the liquid phase
through a bottom outlet and vapor phase with a trace of condensed vapor phase

through an overhead outlet in the flash/separation vessel, which vessel comprises



removi ng coke formed during cracking of a hydrocarbon feedstock containing
resid and coke precursors. The process conprises (a) heatingjghgrhyw@rocarbon
f eedst ockwo(2o)s/mixiing t he heat ed hydrocarbon feedst ock vedTiuseosémeysy
dilution steamstreamto forma m xture stream containing coke precursors;
(c) flashing the mxture streamin a flash/separation vessel to forma coke
precursor depleted vapor phase and a coke precursor rich |iquid phase; (d)
renoving the liquid phase through a bottomoutlet and vapor phase with a
trace of condensed vapor phase through@n overhead outlet in the

fl ash/ separation vessel, which vessel conprises 1 9 DEC 2006 WD 200-5/113721
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piping, (iii) introducing an air/steam mixture through the flash/separation vessel

under conditions sufficient to at least partially combust coke on the internal

surfaces and outlet piping, and (1v) restarting the flow of the hydrocarbon

feedstock to the flash/separation vessel when a predeterrmined lower coke level on

the internal surfaces and/or outlet piping is reached.

[0018] In an embodiment of this aspect of the present invention, fhe

flash/separation vessel comprises a baffle positioned above the liquid outlet which

carries liquid outward and from the center of the vessel and downward. Typically,

the baffle can be of any suitable shape, e.g., a substantially conical baffle whose

apex points up, effecting the desired flow of liquid outward and downward. The

baffle can be perforated, typically comprising perforations substituting for at least

about 1% of the total surface area of a corresponding unperforated baffle. In

another embodiment of this aspect of the present invention, the flash/separation

vessel 1s substantially cylindrical. The mixture stream is introduced to the

flash/separation vessel in a suitable manner, typically, by introducing the mixture

stream (i) tangentially through at least one side inlet located in the side of the

vessel, (ii) radially through at least one side inlet located in the side of the vessel,



carries liquid outward and fromthe center of the vessel and downward.
Typically, the baffle can be of any suitable shape, e.g., f %Egﬁgﬁntially
coni cal bﬁ&{%@_magﬁe apex points up, effecting the desiF§ QI V .J1quid
outward a SWh d. The baffle can be perforated, typ P??mﬂ%ﬁ%Fising
perforations substituting for at |east about 1% of the total surface area
of a correspondi ng unperforated baffle. In another enbodi nent of this
aspect of the present invention, the flash/separation vessel is
substantially cylindrical. The m xture streamis introduced to the

fl ash/ separation vessel in a suitable manner, typically, by introducing the
m xture stream (i) tangenti)%_llly through at least one side inlet located in

the side of (g thrpagh ghe topiof fhe vessel) and/aripg thyrugh thecwstonvefths vassel, andt

| ocated in the side of th se 1 DEC 2 W0D,,2005/.11372
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rangi ng from about 400 to about 550C (750 to 1025F), a total pressure

rangi ng fronpadging Deann sbdypic8B0 ikPadpced too the Oflpdisgparationd eessadt at £ | ow  of

steamequal 5 to 250 tinmes the volune of the f] separ at or_vessel . [0020]
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the volume of the flash/separator vessel. [0021] In yet another enbodi nment
of this aspel028f the pneswatberi prbpdingamt, purging steam is introduced to the

flash/separation vessel at a temperature ranging from about 450 to about 510°C
(840 to 950°F), a total pressure ranging from about 350 to about 700 kPag (from
about 50 to about 100 psig), and a total purge stearn volume equal to 100 to 200
times the volume of the flash/separator vessel.

[0021} In yet another embodiment of this aspect of the present invention,
the air/stearn muxture stream is introduced through at least one side inlet of the
flash/separation vessel. The air/steam mixture stream is characterized by an
ajr/steam weight ratio ranging from about 0.01 to about 0.5, preferably from about
0.05 to about Q.2.

[0022] In another embodiment of this aspect, a major portion of the
air/steam mixture is removed from the flash/separation vessel as an overhead
stream and a minor portion of the air/steam mixture is removed from said
flash/separation vessel as a bottoms slipstream. The minor portion is typically at
least about 2% of the total air/steam mixture, typically ranging from about 5% to
about 10% of the total air/steam mixture. In yet another embodiment, the amount
of the air/steam mixture removed as a bottoms slipstream is controlled by at least

one of a flow valve associated with the bottom outlet and one or more restriction



the air/steam m xture streamis introduced through at |east one side inlet

of the flash/separation vessel. The air/steam m xture streamg( 7006

char act enygegdodyisdy air/steamwei ght ratio ranging frompaRpsideRéed 0 about
0.5, preferably fromabout 0.05 to about 0.2. [0022] In another enbodi nent
of this aspect, a mgjor portion of the air/steammxture is renoved from
the flash/ separation vessel as an overhead streamand a m nor portion of
the air/steamm xture is renoved fromsaid flash/separation vessel as a
bottoms slipstream The minor portion isgtypically at |east about 2% of the
total air/steam m xture, typically ranging fromabout 5%to about 10% of

the total aiflateamil XbMlCosshdlall it tRhoSIRAM ML airf SR TRURLe 07 LN
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about 570 t@ogpwq:)ﬁlSC (1060 to 1140F). [0023] The air/steam weight ratio
of the air/steamm xture is typically mintained at no greater than about
0.2 during ¢2ski ng ofTleasiristeanomight edtic alfethe aridean moxtgreent Bpidatign about
0.5 after decoki .ng.éL0024] I n, one enbadj nent_ of this aspect of the present

i nvention, wHet2HFGEEEQ gregter plaan @&H‘bpizsdé’éi_nﬂtﬂﬁi?ql%?g ﬂ@eqsﬂfépﬂ@P§tﬁéﬁ9@=ap ure of
the flash/ SelF(ﬁétaI%An r%ateyﬁ%%%oﬁ@sgﬁg}ée%%ngg the air/steamweight ratio as a

function of & ernal” ténperature. nonitoring can be carried out by

any suitabl guﬁa] hod knpWhel Bmbbdithedt lof thisPhspebd ¥t tHehPredBiiti {REhtsh, i heCar ri ed
out by nmeans of a thernocouple associated with the Inside of the

f | ash/ separ pokcess fnethsetomiihges prnowsgmecateriial iteiperature of the flash/separation

vessel and controlling the air/steam weight ratio as a function of the internal
temperature. This monitoring can be carried out by any suitable method known in
the art. Typically, the monitoring is carried out by means of a thermocouple
associated with the inside of the flash/separation vessel. The process can further
comprise monitoring the bottoms slipstream temperature of the flash/separation
vessel and controlling the air/steam weight ratio as a function of the internal
temperature.

[0025] In another embodiment, the monitoring is carried out-by means of a
surface thermocouple attached to the outside of the bottom of the flash/separation
vessel or the piping immediately downstream of the flash/separation vessel.

[0026] In yet another embodiment, monitoring is carried out by analyzing
the flue gas produced during air/steam decoking for CO/CO,.

[0027] In another aspect, the present invention relates to an apparatus for
cracking a hydrocarbon feedstock containing resid and coke precursors,
comprising (a) a heating zone for heating the hydrocarbon feedstock to provide
heated hydrocarbon feedstock; (b) a mixing zone for mixing a primary dilution
steam stream with the heated hydrocarbon feedstock to provide a mixture stream

containing coke precursors; (c) a flash/separation vessel for flashing the mixture



conprise nmonitoring the bottons slipstreamtenperature of the
flash/ separation vessel and controlling the air/steam wei ghtt §8tf @¢ilhs a

function he jnternal tenperature. [00251 In another j ent, the
nnnitorin§&1%myéb9%ed out by means of a surface thernnégﬁgﬁgﬂggﬁa@ﬁed to

t he outside of the bottom of the flash/separation vessel or the piping

i mredi ately downstream of the flash/separation vessel. [00261 In yet another
enbodi ment, nonitoring is carried out by analyzing the flue gas produced
during air/steamdecoking for CO CO . [0027] In another aspect, the present

invention relates to an apparatus for <cfacking a hydrocarbon feedstock

containing resid and. coke precursors, carlpri sipg (a), a heating zone for
heating t he Hy@PbERABEH arcoke Presursor deppisdivdRoT RBEE A d iR eRi6 oaFBBIPTiGddst ock;

eati ng the ¥ S of 8RS0 e Tt
hent od hycr GLGPRa Pl sl FolphBE Y batlf BBt PR AR Ay Coke

Precursors; {ffacds %has&yoéﬁ&@r@ﬁlbpqigw%@wcﬁ Qrfdckaahd PRt Gurifgxdpisioh 9 U E C
2006 WD 200 /113721 PCT/US2 0 0 5101 769-5 -9- streamto forma coke

precur sor delcetredcomtgebwith hizeslégac ghase ok ehgeaitarras deast parhally cakedd(iphase, the
vessel conprising (i).a pbottomout]let which conprises internal _surfaces and
associ at ed oweriegadyptleifor fpmpeving the Yaer phge sindi b gaeruof AEneFEIhyRRN  becone

coated wi th Gie ! bithooPhaes A: (AFRERL oAl LGAREs DAAtLAACFRKed: (11)

;
an over head® 5?’!e or renoving e vapor phase an ce ensed
vapor  phaseypifsl @hichvirfatachndHipie dGERPObEESol PéRmtoafd i &hdendd

associ at ed ou?let pi pi ng, which surfaces and pi pi ng during operation becone
coat ed wi t h apndphssdand, #porafiphak Eastnphrtidiér eafader(iintan wés tfopanttodating coked;

(iii) an inlet_for introducin suffjcient purging steamto the
f1 ash/ separ auflgicyeREgINgt %e%g%\}’gtﬂ%%%?ﬁﬁionpﬁ%f’éa tofTERYE His XAPesBhasand t he

111, Phes bt el D o e PR LS LR B4 ),
vessel underpigigadidridolis) saif finled €nt idtevdakingeast aipatehimaliytueOniiesth weke on
the internal surfaces and/or outlet piping; (d) a pyrolysis furnace
flash/separation vessel under conditions sufficient to at least partially combust
coke on the internal surfaces and/or outlet piping; (d) a pyrolysis furnace
comprising a convection sectton, and a radiant section for cracking the vapor
phase to produce an effluent comprising olefins; (e} a means for quenching the
effluent; (f) a recovery train for recovering cracked product from the quenched
effluent; (g) a means for determining the level of coking in the flash/separation
vessel and/or in the associated outlet piping; and (h) a control valve for controlling
the flow of the hydrocarbon feedstock with resid and coke precursors to the
flash/separation vessel.
[0028] In one embodiment of this aspect of the invention, the
flash/separation vessel comprises a baffle positioned above the liquid outlet.
Typically, the baffle is a substantially conical baffle whose apex points upward,
e.g., a perforated, substantially conical baffle. The perforations can make up at
least about 1% of its total surface area.
[0029] In another embodiment of this aspect, the flash/separation vessel is
substantially cylindrical.

[0030] In yet another embodiment, the flash/separation vesse! contains a

means to monitor its internal temperature. Typically, any suitable means for



conprising a convection section, and a radiant section for cracking the
vapor phase to produce an effluent conprising olefins; (e) a hﬂ&lﬁg 2606+
guenchi ngwohwoes/afhuent; (f) a recovery train for recovepifgsangeisesk product
fromthe quenched effluent; (g) a neans for determining the | evel of coking
in the flash/separation vessel and/or in the associated outlet piping; and
(h) a control valve for controlling the flow of the hydrocarbon feedstock
with resid and coke precursors to the flash/separation vessel. 10028] In
one enbodi nent of this aspect of the invgntion, the flash/separation vessel
conprises a baffle positioned above the Tiquid outlet. Typically, the

baffle i ial I ical baffl ' d. e.9.,
per forat od. CURRC AN i e Elpedfie "R ABSE FE DO e it £,%1 °

| east about hmpdcoubR hetimkd SHhiRER RkRBepatlRA%esdd) anot her embodi nent  of
this aspect, the flash/separation vessel is substantially cylindrical.

10030] In yef00anjot her Bristildi ametiier dnitendihersthd dparaspdco wfvihs Salvemtion) ahens a
means to nonitor its internal tenperature. Typically, any suitable neans for
1 9 DEC 2006lagsepaysian yessel fathayspomsises abdemst ong sidgonlet dor tapeenalbnt er nal

tenperature .can,be used, .e.d., one at_conpr.ises ther oupl e nmount ed
wthin e ooy TRl wedly ThBhotT ieaR o bt RER BB HER: o
this aspect @b.hhanibBYaRidREd irb8gh fHeds NaSCRR Al ARt vessel further conprises
at |east one side inlet for tangentially introducing the m xture stream
The pur gi ng [8832]m and/ b stilhgetainofher earodinxdnt o€ this bspeatof die ibeeritivhy deduced

through the at least one side inlet. [0032] In still yet another enbodi nent
of this aspd@pargtust ethen Gemprieas a imeans ¢ paeritondhe betteidr owtigtigempadtueneans t o

nmoni tor the -bott I enper re .. Typjcal |l ny. suitabl e means for
noni toring t & lcla@? égrﬁ}a‘ciuﬁagfﬁﬁgga Sgéﬁmgglﬁorb’éo {11}5 é’&?x”a}agﬁl’,a#ﬁ‘@ Bt ’ng nmeans
can conprise A fHerhagiforimpemeReOtR CorApliRCHSGHAR thB®nocBUpR! Afichdd {fhebot t Om
of the flash/separation vessel or the outlet piping

outside of the bottom of the flash/separation vessel or the outlet piping

immediately downstream of the flash/separation vessel.

[0033] In another embodiment of this aspect of the present invention, the

apparatus further comprises a means to control air/steam weight ratio of the

air/steam mixture stream as a function of the internal temperature and the bottom

outlet temperature.

BRIEF DESCRIPTION OF THE DRAWING

[0034] Figure 1 illustrates a schematic flow diagram of the overall process

and apparatus in accordance with the present invention employed with a pyrolysis

furnace.

DETAILED DESCRIPTION OF THE INVENTION

[0035] 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.

[0036] 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



i mredi ately downstream of the flash/separation vessel. 100331 In anot her
enmbodi ment of this aspect of the present invention, the appérgdlﬁﬁsmﬁﬁjrther
conpri ses neans._to control air/steamweight ratio of the air/

mi xt ure sW‘é%ﬁWf"é%”é‘ function of the internal tenperatur epﬁﬂﬁs{%?f‘”ﬂ&f‘t om

outl et tenperature. BRI EF DESCRI PTI ON OF THE DRAW NG 10034] Figure 1
illustrates a schematic fl ow di agram of the overall process and apparatus
in accordance with the present invention enployed with a pyrolysis furnace.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [00351 Unl ess ot herw se stated, all

per cent ages, parts, ratios, etc., are b'y1 Wwei ght. Unless otherw se stated, a

reference to a conpound or conponent i.ncl udes the conmpound or co onent by
itsel f, as wbe |uné§rst¢pdcwq%ﬁqaﬂﬁ qiFcdering e aanges ipanedi&rost apy PBY such

as mxtures of co un urthe an_a unt entratlon or
ot her val ue BPP é?t%ﬁeéfgvahg d%é?‘nw%{ prg%el’negn E‘f @?gﬁﬁ%r‘er%%es and
l ower prefer%g S Yk glscpogégﬁ isto 1l 9 DEC 2006 WO 2005/ 113721

PCT/ US2005/ 0 6S -1 be understood as specifically disclosing all ranges
formed from meg7pai r ofAansedideesinpraidy nad noalvetatida componests, eref elig ed

val ue, regardless of whether ranges are separately disclosed. [0037] As
used her ei n, fragiind©fathe Mrocasiont faed wihpbmentinal koiljng pch@t apqvgc PYBR of t he

hydr ocar bon th a nom nal 0, 00F

measur ed by {C@$ﬁﬂ I\g— %%gfa%n%ﬂjylﬁ%bq%ﬁq'%]ﬂ{/ig%@n e%‘?‘%}‘(ﬁ@?ﬁ with
non-vol ati | egehayieNd v YehNBlatRl hiidg PRI rmmlaylmbgﬂﬁgo ggmﬁ 1%@5) ?6015@9
boiling point distribution of the hydrocarbon feed asured

Chr onat ogr apf14004t). | Tid baifing GGIn) dibyriASDN @-tﬁ@ﬁ?dl@saﬂ)bn I})ecﬂBBTmmsufedd@d by

extrapol ation for material s bgijl. n% above 700 129213 Non-vol atil es
i ncl ude cokeGps ChurmypsraphRisthlagipa (FED)dY ASHIIALIBP 851 1228 exigpdash

condense by extrapolation for materials boiling above 700°C (1292°F). Non-volatiles
include coke precursors, which are large, condensable molecules which condense
in the vapor, and then form coke under the operating conditions encountered in the
present process of the invention.
[0038] The hydrocarbon feedstock with resid and coke precursors for use
with the present invention typically comprises one or more of steam cracked gas
oil and residues, gas oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker
naphtha, steamn cracked naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases,
natural gasoline, distillate, virgin naphtha, crude oil, atmospheric pipestill
bottoms, vacuum pipestill streams including bottoms, wide boiling range naphtha
to gas oil condensates, heavy non-virgin hydrocarbon streams from refineries,
vacuum gas oils, heavy gas oil, naphtha contaminated with crude, atmospheric
residue, heavy residue, hydrocarbon gas/residue admixtures, hydrogen/residue
admixtures, C,'s/residue admixtures, naphtha/residue admixtures, and gas
oil/restdue admixtures.
[0039] In one embodiment of this aspect of the invention, the hydrocarbon

feedstock with resid and coke precursors has a nominal final boiling point of at

least about 315°C (600°F).



in the vapor, and then form coke under the operating conditions encountered
in the present process of the invention. [0038] The hydrocar b@M8ff ggjst ock

with resigqoigk % precursors for use with the presentpipyenhiRiredypi cally
conprises one or nore of steamcracked gas oil and residues, gas oills,
heating oil, jet fuel, diesel, kerosene, gasoline, coker naphtha, steam
cracked naphtha, catalytically cracked naphtha, hydrocrackate, reformate,
raffinate reformate, Fischer-Tropsch Iiquids, Fischer-Tropsch gases,

natural gasoline, distillate, virgin naphtha, crude oil, atnospheric

pi pestill bottons, vacuum pipestill stréans including bottons, wi de boiling

range naphth 0 gas qil condensates eavy non-virgjn hydrocarbon streans
fromrefi neri%gél,)] vacuﬁhﬂedﬁgs‘?&fI’%‘fenﬁ@a\fl@agﬁgocﬁ P{OCﬁﬁp#ﬂfﬁ&y&'E%@aﬂﬁﬁ%d with -
crude, atnos I [EsS. : gtpsgy J: 2vd . eS|

adm xt ures, ‘%5‘3?‘%%5‘3’)1 ir%}g I Eiefe a n%x Xc{o‘lr}fdgg%ig&sfﬂ%/ ?ggﬁjéﬁggsag@hﬁé{l%r%e}%?ﬁng

napht hal r esi gié&yadisaroirfesdstakdngasg tid hydresirbhipfeadabolt withs. fifi@8%min one
enbodi nent of t%i s aspect of the invention, the hydrocarbon feedstock with
resi d and cokmixnss dlashing themixturotol foan  vaper pbastel andp bauidtphese, deedihgast
about 315C (600F). 1 9 DEC 200&3 WO 2005/11372 PCf[/ US2005/ 017695 -12

[0040] The phes@Rer PRISEN; bR TRERTE BCUPR of HPYOBSE 1BPRa%eaPd fybssdeateam

e B L R R e e i S g e G

fluid to fordhenéh Warrure, flashing the mxture to forma vapor phase and a
l'iquid phase, feeding the vapor phase to the radiant section of a pyrolysis
furnace, and084idsequenin yneqgaspacthithg pissent caventom, relags, tobyp pwicess dot r ansf er

e et SHCTE L S US0SE, MBS D01 HL oL e pE, 2REct i e
a7, RISBE SRS RN 0B GOkl A

which is thereafier separated into a vapor phase and a liquid phase by flashing in a
flash/separation vessel. The vapor phase is then separated and cracked and the
resulting cracked product recovered. Coking of internal surfaces in and
proxima]ly 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.

[0042] In another aspect, the present invention relates to a process for
removing coke formed during cracking of a hydrocarbon feedstock containing
resid and coke precursors. The process comprises (a) heating the hydrocarbon
feedstock; (b} mixing the heated hydrocarbon feedstock with a primary dilution
steam stream to form a mixture stream containing coke precursors; (c) flashing the
mixture stream in a flash/separation vessel to form a coke precursor depleted
vapor phase and a coke precursor rich liquid phase, (d) removing the liquid phase
through a bottom outlet and vapor phase with a trace of condensed vapor phase
through an overhead outlet in the flash/separation vessel, which vessel comprises
internal surfaces and associated outlet piping, which surfaces and piping become
coated during operation with said liquid phase and/or condensed vapor phase and

thereafter at least partially coked; (e) cracking the vapor phase in a radiant section



which is thereafter separated into a vapor phase and a |iquid phase by
flashing in a flash/separation vessel. The vapor phase is fl (sBptar at ed
and cracked and the resulting cracked product recovered in f internal
surfaces MNP AWY'"'H¢bxi mal 1y downstream of the vessel is %ﬁ?’%‘"?’gﬁmﬁ
interrupting the feed flow, purging the vessel with steam introducing an
air/steammxture to at least partially conbust the coke, and resum ng the
feed fl ow when sufficient coke has been renoved. [00421 |In another aspect,
the present invention relates to a process for renoving coke fornmed during
cracking of a hydrocarbon feedstock contalning resid and coke precursors.
The process conprises._ (a) heating .the h%géocar bon . feedstock; (b) m.xing the
heat ed hydr oehRbBWOEsEt§raage R PRAuCe 7 HHULIGicomprisng Qlefingm the PYEYYED form a
m xture stream contal ni.ng._coke. pr ; shiag the mxture stream
in a flash/ sﬁ’BB%%et ?L“%lﬁp{}sé]g% él a8 %%%{%ngé%ﬁe&%%}%‘%l&r%s%F H%ééﬁe‘ﬂlggc;ﬁ(lggﬁﬁ? phase
and a coke PEARIHSAhd réoWelihflttabkdan@d@uct (HrefrBAR Mhil 9o ) Bfernlifinis ALONARE

t hrough a bottom outl et and vapor phase with a trace of condensed vapor
phase t hr oughcaingusrthe didstgsepbtion rvesdet of limplpise pamadiatety dessstteambf ch
vessel conprises internal surfaces and associ ated outl et piping, which
surfaces andsai piaphy/Seracaing vesshtand VdFNi A RFCOTeMAPES HPRAT cokasigvel 16 repahefl phase

aracki ng neby apisr eanae SRR o PERFERH PPk “BRlidfb g St Ber 1ar 1

PCT/ US2005/ 03:£69R0rs th3thef IRhRYFLAYGH Sesséll RAY BuipdnPHRIUER/BPar8hidd VERE]
conprising olefins, the pyrolysis furnace conprising a radiant section and

a convect i onwithctteon;undt) condetaarisi ndficiket toefdlistemtinllamemoec theevipog phescked

product therefrom and ) ,determi ning the level of coking in the
f1 ash/ separ affP@nﬂ%é’%SéFl( gPd ithe Eﬂﬁﬁdnﬁgf?sﬁng@i"a% | Prerpiingfasenapd/or oxflgt

fl ash/ separat.i 0 ] 1 . eV LS
reached (i )p]f)ln é?fﬁﬁgﬁrﬁ%%wmgg/sﬁ?g{ ﬁg rg%:@rgg%‘ P@gﬁa{éspésgéﬁg%ﬁ} g%sr#lng resid
and coke prgiér snditioast figfidib@std aepaktphaiallvesgabust ok daUit@i Nerhite

fl ash/ separation vessel wth steam under conditions sufficient to
subst anti al |%prfagm)\p@dt hl@tlc\iappmgpwage(lv) restarting the flow of the hydrocarbon

feedstock to the flash/separation vessel when a predetermined lower coke level on

the internal surfaces and/or outlet piping is reached.

[0043] In an embodiment of this aspect of the present invention, the
flash/separation vessel comprises a baffle positioned above the liquid outlet which
carries liquid outward and from the center of the vessel and downward. Typically,
the baffle can be of any suitable shape, e.g., a substantially conical baffle whose
apex. points up, effecting the desired flow of liquid outward and downward. The
baffle can be perforated, typically comprising perforations substituting for at least
about 1% of the total surface area of a corresponding unperforated baffle. In
another embodiment of this aspect of the present invention, the flash/separation
vessel is substantially cylindrical. The mixture stream is introduced to the
flash/separation vessel in a suitable manner, typically, by introducing the mixture
stream (i) tangentially through at least one side inlet located in the side of the
vessel, (i1) radially through at least one side inlet located in the side of the vessel,
(iii).through the top of the vessel, and/or (iv) through the bottom of the vessel, and
the vapor phase is removed through an overhead outlet of the vessel. In one

embodiment, the mixture stream is introduced tangentially to the flash/separation



fromthe vessel and the |liquid phase fromthe internal surfaces and/or
outlet piping, (iii) introducing an air/steam m xture throudH Bie2(06

f I ash/ sepwoadoniyassel under conditions sufficient to pgr/isastnpestially
conmbust coke on the internal surfaces and outlet piping, and (iv)
restarting the flow of the hydrocarbon feedstock to the flash/separation
vessel when a predeterm ned | ower coke level on the internal surfaces
and/or outlet piping is reached. 100431 In an enbodi nent of this aspect of
the present invention, the flash/separgyi.on vessel conprises a baffle
posi ti oned above t he | quid outlet which carries liquid outward and from

the conter alecdISnNSiafch J8RF oOUNEAE IBXRLTRY i RRaRALIL GAc . of any

sui tabl e shap coni ca ose” ape ts up,

effecting thepde §hﬁ@ds§érﬁawegfthﬂdugwaﬂoeemmr&mafdﬁww@ld The baffle can
be perforated, typically conprising perforations substituting for at | east

about 1% of [0A44) ot al Thehasterganfdbe bydracaben feegstndi can takpeny formtlashvioaf f | e.

In another enbodi ment of this aspect of_ the present inventign, the
f1 ash/ separ ai dhose Riswimary Skilbét S P |9089v¢rn&ﬁi8§awn ipnberkighngs dt & ream i s

i ntroduced .toafe{rhd tfxﬁtEiﬁMéaQch%ﬁﬂé:?ﬂ{:é/ ﬁfdf%h éoﬂ{al%(;i ?f'j[h%aiﬂ)d?oc I fef:%; lcall'y,

by i nt r oduci® angen rou one

side inlet ligGR @ éﬂ‘(férﬂﬁ:sﬁfr@ﬁ 186 radignt séeﬁ@gloonoédtbonrsesm{ {mbetﬁamm at

| east one side in et | ocated in the side of the vessel, (iii) through the
top of the wbsfehaceahdithrhotifing garasdugh thdmdiaot sexton fof theefivezss e Thisacesh t he

vapor phase is renoyed through ?n overhead outl et of the vessel. I.n one
embodi ment , berrecamplighed, by waynof SopHimibag cxamplie denpasaingythe hydrsarbon

oot meeer abgfhct Bl IR o R ORIt e PSR SBc, rems

the vapor Rpbasm 3SoffBeTM@Ecd Ir ONEhteRipepranEade Hydtclartdh fee&wacs&@ml 10044]
The heating of the hydrocarbon feedstock can take any form known by those

of ordi nary resid |andi epkerreenrsors Hpweally Foms hbawt 130 tohabauit gid08C (300ite

oreferred gl Reatl g COmE! See,tpdinect cont ety o Ly bydr o bor

section tubg,Barksaff about 260°C (300 and 500°F), such as about 160 to about 230°C
(325 to 450°F), for example about 170 to about 220°C (340 to about 425°F).
[0045] The heated hydrocarbon feedstock is mixed with primary dilution
steam and optionally, 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.
[0046] The mixing of the heated hydrocarbon feedstock and the fluid can
occur inside or outside the pyrolysis furnace 1, but preferably it occurs outside the
furnace. The mixing can be accomplished using any mixing device known within
the art. For example, it is possible to use a first sparger 4 of a double sparger
assembly 9 for the mixing. The first sparger 4 can avoid or to reduce hammering,
caused by sudden vaporization of the fluid, upon intreduction of the fluid into the
heated hydrocarbon feedstock.
[0047] The present invention uses steam streams in various parts of the
process. The primary dilution steam stream 17 can be mixed with the heated

hydrocarbon feedstock as detailed below. In another embodiment, a secondary



the furnace I with hot flue gases fromthe radi ant section of the furnace.
This can be acconplished, by way of non-limting exanple, by 9ad$siigig t he
hydr ocar ock through a bank of heat exchange t ed

wi thin tﬁ\g%czghﬁg'gﬁlon section 3 of the furnace 1. The t'!éﬁ]rr'gésr'zé?gd‘ﬁgg%f t he
hydr ocarbon feedstock with resid and coke precursors is typically from
about 150 to about 340C (300 to 650F) before mxing with the primary
dilution steam stream preferably between about 150 and about 260C (300 and
500F), such as about 160 to about 230C ,(325 to 450F), for exanple about 170
to about 220C (340 to about 425F). 1004% "The heated hydrocarbon feedstock

is mxed wt rimary djluti.gn tea nd tional.ly, a fluid which.can be a

hydr ocar bon, aﬁﬁﬁgﬁﬁ%? ﬁ{rﬁrﬂ L}I%CF aﬂfheeheglk%i 8 ﬁg‘?mp‘{?ﬁﬁﬁ/ Sechiopend muxed Withy 5

m xt ure thergof r W0 MY t 0, td can be

| ow pressur eﬁgg}e%%ra r?féﬁ&f V\S/gct%g]r &i'%héeitﬂtezﬂrr%%r Sﬂt‘hgrsgﬁgf% Hf{l&g S? {:cl),ll cgﬂrl#%% bel ow,

equal to, orsiedin\eayt be ptiampedititione sehmt thet heabed dupetsbedkopticali¢aa alhe

m xi ng of the heated hydrocarbon feedstock and the fluid can occur inside

or outside tépmvpstias gestien fafrthe@araysipdurnpeeef Eithey 9r bethoeft thesprimaryi anel t he

furnace. The m xin 81 n. be accon?tl i shed usin m xi ng devi ce known wi t hin
%Fl?ﬂ( €, s

an
the art. ForS¢&R pion SRR o PFAIS: JUis COPRTSF s SO8 A g dFOHSHF SIBoubl e
sparger —assephlye, JF prboBas dlifioh istesin SRARGSS e G ' to
reduce hanmeri ng,ea géglgee%i&gy sﬁt;rgdeﬁ vapgriszea%ll on o? tsheef ui ,‘R{E%S%r“
i ntroduct i onthef cdubderebliltfidm cdraehdacion béatedr pydescasdmn f eedst ock. [00471 The
present invention uses steamstreans in various parts of the process. The

primary dil UOP$H st eanimsenccimbodimentpiibe piesad ipyenHorHa addiioado thg/fvidcar bon

f eedst ock as_detai.l.e el ow. In apot her. enbodi ment, a.secondar. 9. DEC 2006
VD 2508 113 7neRou L s et fordBistR e Brg R ATy carf 235 B e g
heated in thge ¢QavBEE Phe PAATHOMIGRG SiaheSrethi ban Eé"ﬁ'&:ﬁ@%l?%j@%té& {it§ aSt €am
before the flash. The source of the secondary dilution steamnay be primary
di | uti on st eacerdgtardeas. Hesprefeped hied tedpriroptyi dihadohstdam streagois\viajetiedn

section of the pyrolysis furnace. Ei hfer r both of the primary, and
into the hydrocarbon fluid mixture before the resulting stream mixture optionally

enters the convection section at 11 for additional heating by flue gas, generaily
within the same tube bank as would have been used for heating the hydrocarbon
feedstock.

{0049} The primary dilution steam can have a temperature greater, lower
or about the 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,
preferably in the convection section of the furnace, before being injected into the
second sparger §.

[0050] The mixture stream comprising the heated 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 non-
limiting example, by passing the mixture stream through a bank of heat exchange
tubes 6 located within the convection section, usually as part of the first
convection section tube bank, of the furnace and thus heated by the hot flue gas

from the radiant section of the furnace. The temperature of the flue gas entering



secondary dilution steam streans nmay conprise sour or process steam

Super heating the sour or process dilution steam minim zes thé3MiEs K0
corrosiog.othaf eyl d result from condensation of sour TAIQ6RAHT7dEeam

[ 0048] In one enbodi nent of the present invention, in addition to the fluid
m xed with the heated feedstock, the primary dilution steam 17 is also m xed
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 streamis injected into the hydrpcarbon fluid mxture before the
resulting stream m xture optionally enters the convection section at 11 for

addi tional heati by f.lue gas, genenrally . wthin.the. s t, as
woul d have ﬂ@gﬁfsgggﬂ%fcg?n ﬁeé‘“g’toinr{ﬂgff E@h’ﬁ&f%&%n}b%ﬁs thﬁaéag&g@ée?gb&a‘l °The
primary dil ytio n 136095, RELHHEN & ocl 0 ut the
sanme as hyd%dga%b%ﬁgggggﬁagcz{y?lcﬁ(l d ?n@ztlg%e bgt Bgﬁtte eorgbq?ﬁ E)é%rté?r%ger ature
is greater tdhanhimadboaf MO {i000Fe dhitt sersveatedompaute sirédm Vepesi e t he
feedstock/fluid mxture. The primary dilution_steam may be superheated,

pref erably £onVeRdoR GeRiE aSnmEbte Breasy 12 feoptimally de fogher minediwith ianj ect ed

into the se&gnd slp?r er 8. [00501 The m xture stream conprising the heated
hydr ocar bon? RO S8 SYSIB £ | ui d, and the optional primary dilution steam
stream | eavj he seqp;ﬂg) 8 8&Ecdhdhs GRliidNa heah i ﬁjla he
convection Ldggtlf on of t engyggtﬁysi% arnace 3 %Aer%gre tﬁ@?#gg : e% heat i ng

can be accogmitimbed{ladhysteuny stedanndh whidhis intiRed extarthé Rydroyarpas giix@rd e m xture
stream t hrough a bank of heat exchange tubes 6 |located within the

convect i on kaderei te, flagbuand § bypagsayteanpstrears 21 which bypassestthodlagle of ither t ube
bank, of the f d_thus heat ed by the.hot fl fromt di ant
sect] on of eGP e, 848 JRSEAEES Rt Ry dhe vobS BBRe fram e b "D
2006 VWO 200p/ed L 36 %f}?’ﬁh@ﬁ@ﬂcﬂw GPhe radint s%&l‘tgodi;) d|>:ff thé RETRAE CiHePRestREL | ON

tube bank is typica ess than about 815C ), such as l'ess than
about 705C iniSHn) canl gsaté Marh @Absaecdndi2Q Gil(fiddOkrm I8 useden flash steam 19

with no bypass steam 21. Alternatively, the present invention can be operated
with secondary dilution steam 18 directed to bypass steam 21 with no flash steam
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, and most preferably 1:2 to 2:1. In this embodiment, the flash steam 19 is
mixed with the hydrocarbon mixture stream 12 to form a flash stream 20 which
can be introduced tangentially before the flash in flash/separator vessel 5.
Preferably, the secondary dilution steam stream is superheated in a superheater
section 16 in the fumace convection before splitting and mixing with the
hydrocarbon mixture. The addition of the flash steam stream 19 to the
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.

[0052] Very high volatility feedstocks (e.g., ultra light crudes and
contarinated condensatesj can be heated in tube bank 2 of convection section 1
forming a vapor and a liquid.phase and conveyed as stream 12 directly to the
separation vessel 5 without mixing with dilution steam 17 or fluid.

[0053] The. mixture stream 12 or the flash stream 20 1s then flashed, for

example in a flash/separator vessel 5, for separation into two phases: a vapor



| ess than about 540C (1000F). The thus-heated m xture stream | eaves the
convection section as a mxture stream 12 to optionally be fpii @grﬂurﬁ xed
ol Yo

with an Wil)&%{?ﬁ%] steam stream 10051] Optionally, therﬁ(z,ﬁﬁg ilution

st eam stream can be further split into a flash stea “Whi ch is
m xed with the hydrocarbon m xture 12 before the flash and a bypass steam
stream 21 whi ch bypasses the flash of the hydrocarbon m xture and, instead
is mxed with the vapor phase fromthe flash before the vapor phase is
cracked in the radiant section of the furnace. The present invention can
operate with all secondary dilution stedh™18 used as flash steam 19 with no
bypass steam 21. Alternatively, the present invention can be operated wth
secondary di PRAsF ciwnaresing pedgmirantlyqvelatilsiysisecaghons nanpll stegrn tandoa fliqaish st eam

19. In a preferred _enbodi nent in accorda ith the present invention, the
Fati o of "t hEVEEF ZORTERORERRIAS 05 ypae B Petmbad T CRancrBet i be
preferably 1; ' ShaP Wssk ol [

enbodi nment , ]]tnrﬁger?tflgsr%&g% g%%%%gﬂ?iﬂa%ﬁs}%gd Wi tvhsstlﬂéS tﬁg rg%gﬁigra]ﬁ&ryi %ﬁeﬁ?i e stream
12 to form al13.| aitle sapcraphadé) meieedbly,canfddevie donadlvaliet 361ge @t domvestidpef or e
the flash in flash/separator vessel 5. Pref erabI%/, the secondary dilution
st eam st r eaniecHox g brskt230of the Aumagre Prrfatably loseted inparestehe rdidns seafiomace

convection b re. splitting.and, m xin i.th the hydrocar i Xxture. The
o ¥ on or e Fudlre.bt A RS pEkneihd bt e PR B e e ARt oo 12
aids the va i i iid.e n : i fore the
flash st rea%%%&gtr??glr}% %?fﬁdél??% ggﬁ% gi?arr %I?%?H%e?gaelsh%@tj 1%%%2?6%%51%%}?&
volatility frapdetaticam(ie.rgmpved from the dhishepmster acdel £antavitonisetteam

condensates) can be heated in tube bank 2 of convection section 1 formng a
vapor and a 4% qui d phase and conveyed as stream 12 directly to the

The m xt ure B0FBam 12 Brs ohetOrstbBRmli R mhrERRRT B e phy P anami o
in a flash/ sgngfupd o theeBaBlseuratbP Ve REPS BiltisAh rMoOistdMicRNAS ffcasire @Ol 1 9
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control. As an altemative, temperature of the mixture stream 12 before the
flash/separator vessel 5 can be used as an indirect parameter to measure, control,
and maintain an approximately constant vapor-to-liquid ratio in the flash/separator
vessel 5. Ideally, 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 liquid phase and thus will not be
available for cracking.
[0055] The mixture stream temperature is controlled so as 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 1 via line 13. The pressure drop
across the piping and vessels 13 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.



phase conprising predom nantly volatile hydrocarbons and steam and a |iquid
phase conprising predom nantly non-vol atil e hydrocarbons. Thég\B&ﬁdﬂ%phase IS

pref er ablyohgEprefrom the flash/ separator vessel as arp@ygdieadaapor
stream 13. The vapor phase, preferably, is fed via control valve 36 to a
convection section tube bank 23 of the furnace, preferably |ocated nearest
the radi ant section of the furnace, for optional heating and through
crossover pipes 24 to the radiant section of the pyrolysis furnace for
cracking. The |iquid phase of the flash m xture streamis renoved from
the flash/separator vessel 5 as a bottons stream 27. [0054) It is preferred
to maintain_a predete ned constant ratio gf vapor. to liquid in the

e
£ ashi separ KOBAMTERLAIEN Uhs §rOSAYRF PEETBe Ad BIQFISIat Pressigde e loser
control. As ternatiy | ; P ¢ fore the
fl ash/ separ 3%&5’8@5@?‘“&" g%r]?%glgp Eégﬁd‘y %@e%&p@ﬁﬁ?@e@t %kg?é%ﬁgﬁg at}%d Asur e,
control ,  apghid®iphidibfadnaBPVANE 38! ﬂieyte%ﬁéﬁhﬁ@ﬁn HRPO4shfsepdrafey vesseRSi O i N
the flash/ separator vessel 5. ldeally, en the m xture streamtenperature
i's higher, bndéhe/olistiid greahy ii? sharlt begedude dyéhey fged rateadduened. HE colag

avai l able, as a v_apﬁr Ehase, for, cracki ng. However , }L\hen the m xture stream
t enper at ur e9FQIE dB HE JAWerEPRVeREaR eCRy 1BE AsBRarRtulg P thee flye a8 He the t he

vapor phase.th SRLTIGS GRS LaubE S8RVRSHAN.] Wage tubes. eventually

. U
coking the Ptyes e mxtu ream eraturé "is too | ow,

resulting i [wssh ow ratTHe @éleMaRPloft the! infihile | sirehhe 12| AGHHGEIMAE Ak Oslsyessel 5,
nmore volatile hydrocarbons will remain in liquid phase and thus will not be
avai | abl e f deteonimeihygthe[ @OE®pitiDheointhr tfaedstarkrvataritlenp®iha uhe féedstockt r ol | ed

so as to nmaxi mze,.recovery/vapor.izatipn of volatiles in the, feedstock while
avoi di ng ex%&wélg@smﬁr%&fwtﬁ e%ar@%e&eoﬁwﬁﬂaratwg Qfihe, myXREE and

vessel s conyeyl0qat s ¥l Xiotier [T UhgT 1AS HdRRARATRNL KESPR] qlosie

furnace 1 via e pressure drop’ across the piping and vessels 13

conveyi ng térrgard woeldite hbeadedvwid/os ahy eabumrof psigedry diludon siead dsbe ier ossover
pi ping 24, and the tenperature rise across the |lower convection section 23
may be nonithersedondosppegesk wonld bendasreased sors Hgsppobheseliregtlp impt 2006

temperature of the mixture stream 12. When the feedstock contains a higher
amount of non-volatile 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 used in the second
sparger 8 would be increased. By carefully selecting a mixture stream
temperature, the present invention can find applications in a wide variety of
feedstock materials.

[0057] Typically, the temperature of the mixture stream 12 can be set and
controlled at between about 315 and about 560°C (600 and 1040°F), such as
between about 370 and about 510°C (700 and 950°F), for example between about
400 and about 480°C (750 and 900°F), and often between about 430 and about
475°C (810 and 890°F). These values will change with the concentration of
volatiles in the feedstock as discussed above. |

[0058] 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.



WO 2005/ 113721 PCTNS2005/ 017695 -18- For instance, when the crossover
pressure and process inlet pressure to the | ower convecti ony %ﬁ?ﬁ im 23

begins to.jncre rapidly due to coking as indicated by d-openi ng of
control Vg{({;@oggﬁﬁphe tenperature in the flash/separat orp@yé F‘i’%]-"gé‘nd t he

m xture stream 12 should be reduced or the feed rate reduced. If coking
occurs in the | ower convection section, the tenperature of the flue gas to
the superheater 16 increases, requiring nore desuperheater water 26. [0056]
The sel ection of the m xture stream 12 tenperature is also determ ned by

the conposition of the feedstock mat erial’. Wen the feedstock contains
hi gher amounts of |ighter hydrocarbons, the tenperature of the m xture
stream 12 calf088] set | hisr tmperafuree of) mpixtur, strggppukd con be wortreladdby e t he

first sparger 4.wuld Re i.ncreased a . .the amount of priary, dilution
steam used i ﬁontE%éygg%de lﬁarcagilpnées\/\%gllle%t l?eteﬁjéjgg%‘ggesﬁnﬁrnaé’g ﬂ%@%unt s

di rectly i mpaghdi "gevide "RRh kUL Cchipdibte appiihiise ?Pfe?éﬁi?j)}?-thm&ﬁ e

feedst ock contains a higher anount” of non-volatile hydfocar bong, tFle

t enper at ur e @hsér8earaithiérmiczosplegarifhb2contbbwysterb €7 s@nnfunidaess. with the flagll t, the
anount of fluid used in the first sparger 4 would be decreased while the

amount of prvales ¥4 dndube prmare Sl stern ahe Besoiut thepameent o gl be

i ncreased. B ref.ul | el.ecting a mxture stream t eratyre, the present
vent on” catnd h gy AOSEREHEAR ARl otf Gt PR R s HERHBPEE o or o 5.
[0057] Typi C@'ﬂkd} the 1LERRE Webnidih 4 Btk ieniRrabfeamienairdareagl and
controll ed at between about 315 and about 560C (600 and 1040F), such as

bet ween about2 diringvdtlafiasht sté&dd C9 (an0 @nenidg A0 sh/separamx aepdet thathiemern about
400 and about 480C (750 _.and 900F), .and often between about 430 and about
475C (810 antprsgpiyatiorREs@Pohaitediuid 1 tah Sasiscrprator; Hesseloncapd tadver of

vol atiles in_the fge s . di S - 58],..¢ i derations in
determ ni ng %uﬁ?gta?té%pge?ﬁﬁ Eér&gﬁl ﬁc‘? ?dz}eéﬁtﬁagm%lgészlﬁ téld'E ga%%n]ﬁ?rn golsnrsl’ Zﬁei iﬁ%eug F phase
to reduce thgvédieal bpaads ok foDkws: OWRBH la0RMPBradixe PP g miktie sedrh S2and i n

the flash/ separator.

before the flash/separator vessel S 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 mixture
stream, 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.

[0061] 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 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 starls to rise,

the primary dilution steam valve will automatically close more to reduce the



1 9 DEC 2006 WO 21105/113721 PCT/ US2005/017695 -19- [0059] The tenperature
of mixture stream 12 can be controlled by a control system 7 98h{cHUlb

conpri sesyalaph$AsH1a tenperature sensor and any known cqif&oodlMkdze, such
as a conputer application. Preferably, the tenperature sensors are

t her nocoupl es. The control system 7 communicates with the fluid valve 14
and the primary dilution steamvalve 15 so that the anount of the fluid and
the primary dilution steamentering the two spargers can be controll ed.
100601 In order to maintain a constant tgnperature for the mxture stream
12 mxing wth flash steam 19 and entering the flash/separator vessel to
achieve a constant..ratio of_vapor . L qui.d in the flagh/ arat or .vessel
5 and o aBrird bRt sTRRD e bRl ol FotesB BRI B iSET o
vari ations, fed:886§Nt invention operates as follows: \Wen a tenperature
for the m xture stream 12 before the flash/separator vessel 5 is set, the
control systjees2] aut omhi baakhypodinsent iolascdrance| withl theapregerk4nodidions ithear y
dilution steamvalve 15 on the two spargers. Wen the control system?7

detects a drceptrof syEapel senrks wrditRec both the pmawgt of the flnidcands thet he
fluid valve 14 to reduce the.injection of the fl.uid int he first sparger
2.1 the t Lot pmam Sof SiatluPam e Be ke b0 Bal Srerests i & val ve
Wil be openggkyi der tg, ANELRFNE ebibBdinfi® e tRf NtiAGs Wakkr i bRurblig Fi st
sparger 4. I'n one possible enbodinment, the fluid [atent heat of vaporization
control s m xhtiee tisd rammt efrpeitat arde prifAH6 #]ludidre Biehimetop maiain alicbndtamtn st eam

stream 17 is injected to the secQ,nd sparger 8, the tenperature control
system 7 camizie HEeagsdempygapshtllel While mpnfayiipg 3 qonsiash ratieah Walve 15 to

dj h f pri i) Ut i nj d h d
cparger S TRRERsiPmEr FRiedinth A BI T TR RBT AP Hafib b BrioP P C hanges
in the flas hléﬂasmﬂlgkﬁ_ﬂjr@,%é Pﬁ&semﬁ@moz aflotefetably SRR sGh inRARRARL Ur e of

the m xture stream 12, it wWill instruct the primary dilution steam valve 15
t 0 i ncr ease dehuperhwatar 25 om thef supbihegingrsaction pf thei secorsianadalwionsseam it thet he

second spar ger 8 whil e val v 1 L oL 0T IR Simpbark2o SRS AHY & $TAT LS O
constant value, independent of fumace load changes, coking extent changes,
excess oxygen level changes, and other variables. Normally, this desuperheater 25
maintains the temperature of the secondary dilution steam between about 425 and
about 590°C (800 and 1100°F), for example between about 455 and about 540°C
(850 and 1000°F), such as between about 455 and about 510°C (850 and 950°F),
and typically between about 470 and about 495°C (875 and 925°F). "The
desuperheater can be a control valve and optional water atomizer nozzle. After
partial preheating, the secondary dilution steam exits the convection section and a
fine mist of 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 contro] the temperature
of the steam which is mixed with mixture stream 12.

[0064] Although the description above is based on adjusting the amounts
of the fluid and the primary dilution steam streamns 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/separator vessel 5, the same control

mechanisms can be applied to other parameters at other locations. For instance,



the primary dilution steamvalve will automatically close nore to reduce the
1 9 DEC 2006 WD 2005/113721 PCT/ US2005/ 017695 -20- prinmary HBIDGCi2606 st eam

stream i n%&,%g“'ﬁgp t he second sparger 8 while valve 14?#@8%?@%&’39?*;“'

100621 I n one ennodi nent in accordance with the present

control system 7 can be used to control both the anmpbunt of the fluid and the
anmopunt of the primary dilution steamstreamto be injected into both
spargers. [0063] In an exanpl e enbodi nent where the fluid is water, the
controller varies the amount of water and primary dilution steamto
maintain a constant mixture streamtenpdrature 12, while maintaining a
constant ratio of H2O (water+stean)-to-feedstock in the mxture 11. To
further avoi thedlashppressnieadridothe efmperitore dnalsthe flovpmtaoinhe flash stepmeb®nan

invention also preferably utilizes an internediate . desuperheater 25 in the
super heat i ngheermest @ fifeq @ Cgé‘bgﬁ’riaé]i‘f’y"@of'ﬁﬂ'ﬁgwdsrﬁ%%m 'ile':'ﬁ flaste AfSQrES6€ES Thi s

| as ne o SRGERIR YR adPe it BleoETERALIick . BRARLAN) Fdoffo. SO0S! ant

val ue, indep nt o ace [oa anges, ges,  excess

oxygen | evel jppbsnges, anddaidfrtovidkmfhias a dafstmt kempdritufe Bemeaikeat er 25
mai ntai ns the tenperature of the secondary dilution steam between about 425

and about 59@am( 8@0emeningl 10 Eash/feparatoravgssel, betiwgemeraho atso4ddsimbleg ahout
540C (850 and, 1Q00F), such as between about 455 and about 510C (850 and
950F), and mgiglam|a (ensiani iaudsocasban partiel Bpuspyhe dedoiesmsibifyodoniy . The

desuper heat er ?i%@ﬂn %eCO%SI%BP}aEi lof %éééfﬁ‘&’g?@‘ifg iﬂf t]}%.rﬁzlsh)g?ﬁea%toﬁkggglz ,? ﬁ% Q’Q%’rz] e

Af ter partilg preheati ng, e se i‘on ‘steam exil vection

section and & efdnipled]l e @nsiai @ydrba®an Retiddpessuydical beapiatityinv@ngr i zes
and reduces the tenperature. The steamis preferably then further heated in

t he convect i maintaseiogi emstalh dastreapataterf vessglepresere through te vsgpef keatrelr can
control the tenperatur of the stea i is mxed with m xture stream 12.
00647 Al t nOGHo Ho oBelbe VPR BiPSE BBFelT Sniob GoBro Ui s TG Sheleaotnts o
the fluid ang4he psi fRENoA! Inlieafh 50.63M $hidaRsd hE €S 0ntaftsQ LAR of

hydr ocar bon
condensed vapor phase in addition to the vapor phase. These trace amounts of

condensed vapor phase are typically less than about 3 wi%, such as less than about
1 wit% of the total overhead stream. However, their presence is highly undesirable
inasmuch as these condensates act as coke precursors.

[0066] Typically, the hydrocarbon partial pressure of the flash stream in
the present invention is set and controlled at between about 25 and about 830 kPa
(4 and 120 psia), such as between about 35 and about 100 kPa (5 and 15 psia), for
example between about 40 and about 75 kPa (6 and 11 psia).

[0067} 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 275 to about
1400 kPag (40 to 200 psig) pressure and its temperature 1s usually the same or
slightly lower than the temperature of the flash stream 20 before entering the
flash/separator vessel 5. Typically, the temperature at which the flash/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 kPa (85 to 155 psia) and
the temperature can be about 370 to about 490°C (700 to 920°F). As a further
example, the pressure of the flash can be about 700 to about 1000 kPa (105 to 145



feedstock in the two spargers 4 and 8, according to the predeterm ned
tenperature of the mxture stream 12 before the flash/separ gtQoyf(vegsel 5,

the sanme G@Mwhol1370ECchani sns can be applied to other par ®sflaed her
| ocations. For instance, 1 9 DEC 2006 WD 21105/113721 PC%JE@% 8ﬁ{57f85t1 76 9

5 -21 the flash pressure and the tenperature and the flow rate of the
flash steam 19 can be changed to effect a change in the vapor-to-liquid
ratio in the flash. Al so, excess oxygen in the flue gas can also be a
control variable, albeit, possibly a sl one. [0065] In addition to

mai ntai ning a constant tenperature of tHe& m xture stream 12 entering the
fl ash/ separator. vessel, it is generall e to maintain a

| desirab
constant hydPo®arbiin? paprpsraurs Pg§§%‘|“e4(ﬁ)f taoc ;]go‘*t?‘gio%%sbls@éﬁ] Y9Fh dnast to

mai ntain a constant rati f _vapor | & Qg ] f| ash/ separ vessel .
By vy of cRmus et 8 et S of e SlbisChrc ol Pse! BRUBERRCIY a2 |
mai nt ai ned yhouMBE0tEaN108 t§ARS LA ahHaBbISORIR@FOEan/BS 88but3858 WhSuf hr ough -
the use of control valves 36 on the vapor phase line 13, and by controlling
the rati o of4&r€aidlao 890ek)ocBepordifpead feoleknpertaerefahe 26ixtufh streaapadR, phase
line 13 contains a trace of _condensed vapor phase in addition to the vapor

phase. Thesesenemdly ahavtit0stogabout SR nt the apBTe Frease baing Hgsbepd ag by theess t han

about 3 wt%_such as | ess a Qu % of the total .qverhead,stream
Covever , 't nerpoppudluBhas iRl )8 thends b ebuails e oadd BTG naensa os
act as coke [BOgEIUT SO SThé AAGHLepFiRlaRL § it BEndRY QEALRANIIG dsBlotPloeSSur &
of the flash streamin the present invention is set and controlled at

bet ween abouhin?bizante adyoperat@8dok e liqudd phate 2 0hpbotdm ofuhd vesselblsdcaeen about

35 and about 100 kPa €5 and 15 psia), .for exanple hetween about 40 and
about 75 kPdog mushchaat maycause colaugsof thernagnvolaiilisddn theriquiq rbase) diss ofs

conducted i at | ea o) - fl S t e | i v the fl,ash is a
one- st age p?%%essegm\]/\ifa%% a(}?m%/(vh %ﬁel%" %?rgérﬁu%g %lrh:t%? I gesl%ygsgr%%lpatggtrc g s{shéal 5is

nor mal |'y operagh/eehathiton Rkl Blrd theadPtizatihORnifRrtue Mechke 20 LeddséTthePr ESSUr €

and its tenperature is usually the sanme or slightly |ower than the
t enper at ur e paftial peesstistl Serhyaino@bdpef(oe.e adnataer imgletitastion of the vapor is

stearn) and thus lowers the required liquid phase temperature. It may also be
helpful to recycle a portion of the externally cooled flash/separator vessel bottoms
liquid 30 back to the flash/separator vessel to help cool the newly separated liquid
phase at the bottom of the flash/separator vessel 5. Stream 27 can be conveyed
from the bottom of the flash/separator vessel 5 to the cooler 28 via pump 37. The
cooled stream 29 can then be 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 520 to 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 90 to 225%, for
example, 100 to 200%.

[0069] 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 75 seconds, for example, less than 60

seconds, such as less than 30 seconds, and often less than 15 seconds. The shorter



fl ash/ separator vessel 5. Typically, the tenperature at which the
flash/separator vessel operates is about 310 to about 540G qpBODML about
1000F). For _exanpl.e the pressure of the flash can be about 600 to about
1100 kPa ?‘%20{"“1 Bl hsis) and the tenperature can be ab8GE/USFWSITXhout
490C (700 to 920F). As a further exanple, the pressure of the flash can be
about 700 to about 1000 kPa (105 to 145 1 9 DEC 2006 WD 2005/113721

PCT/ US200/ 017695 -22- psia) with a tenperature of about 400 to about 480C
(750 to 900F). In yet another exanple, the pressure of the flash/separator
vessel can be about 700 to about 760 ki3 {105 to 125 psia) and the
tenperature can be about 430 to about 475C (810 to 890F). Depending on the
t enper at ur e tfe tipwidriphaser ectentiondrplding timenarthe | Yashiopara®d vessebihet 1€88% of
the m xture stream being flashed is i,n.the vapor phase, such as about 60 to
about 95% f 6PKIBXQRPYEL H’(?LHO%%’??%‘?‘S\QBWSEQWPWF%E& The flash/ separat or

vessel 51 GRAB(ATY OREAGHESI i MednfeASPEGbodiRn Blhfcyf RenlTRpr at ure

of the Iiqui ttomo e vesse ecause 00 nmuch heat

cause coki ngopihettoetonpof thelbabi 3% Stream RNeah bevinlbphraRd ddeesidf dratvbf tRecondary
dilution steamstream 18 in the flash streamentering the flash/separator
vessel | ower boatl3& arapedew sedtion of Saple/separater wsssehfise it reduces the partial

pressure of ydrocgrbons.(i.e., a larger nole fraction of.the vapor is
steam) and thﬂ"élromer sa}f"'f’?gl“rc@qﬂﬁ ﬁ@deels‘EfUi V?fﬁ&?eretl%tﬁi)é?a&oﬁﬁr@{lmgth]ﬁé‘}g al so be

hel pful to rg N RAfskbRoP ledsBE3 X IsGIdM it GAH ! A vessel
bottons i qﬁﬁé%@ebacﬂkt% tﬁe ﬁsas?i/ sespar at or @[gssng?né (%l%rsfgf %ﬁcgg)?ttl?‘{le new y
separ at ed | i fadhdkeppintee vadsel gpibiolt entpidyst dmdfticas hé S el adppers@fsehnd.
Stream 27 can be conveyed fromthe bottom of the flash/separator vessel 5
to the cool eeor8cOMmPISEFPCR 7T heph sondibensede sendiigive thafrrmadian becaksitit into a
recycle stream 3Q and,export .stream 22. he te ature of .the.recycled
st ream woul d&%ﬁcﬁfﬁ%ﬂ Ry it Vgﬁfgl t’Btegﬁ];ﬁjte‘gﬁg%@&h@@’%t SHiscfn ¢
exanpl e 520 {.0nRRfenf 210 HeO iARGbn, EheuRiRUMAly OfonidaCiatied1 #d,” GaMPCAN be
about 80 to about 250% of the ampbunt of the newly separated bottomliquid
i nsi de the fidahtageqaslyatperfotst edmpleyh fasth® Opurpo2bfgredueing or avoiding
entrainment of liquid in the overhead, is subjected to coking of its surfaces.
Moreover, coke laydown in the outlet piping {(overhead outlet associated with that
portion of vapor phase line 13 downstream of line 21 and bottom outlet associated
with liquid phase line 27) immediately downstream of the vessel 5 is enhanced by
steam stripping of the lighter components in the vessel overhead stream by bypass
steam 21 injected in the overhead stream. Coke forming in the flash/separator
vessel 5 and its adjacent downstream piping can be removed by techniques such as
hydroblasting which requires shutdown of the furnace 1 for hydroblasting of the
vessel internals and associated piping by introducing water (not shown) to the
vessel. Such technigues typically require long shutdown times followed by steam
purging before restarting the process.
[0072] In one embodiment of the present invention, the sensors comprise
sensor 112 and sensor 114 within the vessel 5 or its boot 35. Sensors may also be
positioned downstream of the vessel, e.g., downstream of where bypass stream is
introduced to overhead at 116 or at 118 downstream of the boot 35 which allows

monitoring the bottoms slipstream temperature of the flash/separation vessel. The

sensors are typically surface thermocouples associated with the inside of the



exanple, 100 to 200% [00691 The flash is generally also operated, in
another aspect, to mninmze the liquid retention/holding tingppg fofge flash
vessel . Iwoanes/epsappl e enbodi nent, the liquid phase is gepgRangefhess om t he
vessel through a small dianeter "boot" or cylinder 35 on the bottom of the
fl ash/ separator vessel. Typically, the liquid phase retention tine in the
drumis less than 75 seconds, for exanple, |less than 60 seconds, such as

| ess than 30 seconds, and often |ess than 15 seconds. The shorter 1 9 DEC

' 200b WD 2005/ 113721 PCT/ US2005/017695.2423- the liquid phase
retention/holding time in the flash/separator vessel, the | ess coking

occurs in t@% R OPm&;fvésmsfdr%%Ucﬁ?eg;ﬁi?ﬁ@r IV 6@ELlo ef[fe@’élzglg rﬁ:‘g&tﬁé’m It is

the preferr diment for stream o flowout of t ttom of the
boot 35, stihedsmpéraame diehecairistoam imisaire gpicallp caeraledwo bé hohenoughad 35 or
the I ow section of flash/separator vessel 5. 10071] |nasnuch as the present
i nvention rasinzhust the cekmtsuel ps At dRP g (8W°Fhi A be er/Seam matigeisdypically vessel

5, it is noted that tim zi.n ut. de .by th flash/ at.or vessel
Dypi cal 1y dopreVedca B PR bt FRE septdfines fo in SO HME cssur es.
These condigd,i0ps NVt f r cracki ng
on the vessé:all5 |&n Igégglﬁglthgffg'a’%dbtg% ??ﬁ%éggg@%ﬁlﬁswﬁﬁﬁ@éﬁgb& gﬁé}gﬁi dr%:lﬁ of the
i nventi on, s50SCbEIGETCF lsb yascauti wakxdeed fthe alloWablehdssipn semysediataret afelgais| y

per f or at ed, eg})l oyed for thgemgpr pose of reducing or avoidin entr ai nnment of
liquid in tlshisoparatian vesssl anghjteatseetated rRiplRnd e the yessgl isadeseked, tha eover

coke laydown in the outl|et pipin over utl et  as iate .t h that
portion of a\‘/rat_ﬁoﬁlc?)'_ﬂa{g% R e %ﬁﬁ%&ﬁ%?ﬁ%‘gﬁ?@fff Pﬁ%r efiﬁchvsg;[ ?ﬁfm‘%% et
associ at ed e{)hob'iﬂ% SaRiaseodd Repravide MMciRAE! Yudoynsideamebs e vessel
5 is enhanced by steamstripping of the |ighter conmponents in the vessel
over head statrtsarbymbywadgbrough elanbdfile ipejfecitieds iand aieind ke hefild =rinssten Coke
formng in the flash/ d iits adj acent downstream pi pi ng

eparator vessel 5 a
can be r err@r)éd’“bﬁhlfoé‘éﬁ ﬁﬁ‘ﬁE}%‘%"’% QUHetAS Sthraay QB Mhoss Hgwapanche sarialled dYshut down
of the fur rr]gs?r?ct%oﬁ 8¥iﬁl?é(sdfﬁb ! 'Pﬁé }erﬁﬁurﬂilg %6% of the air/steam mixture can pass as '

overhead via 13 whose flow optionally can be controlled by 36. Both the
overhead and bottom flow of the air/steam mixture can be controlled by controller
110, such as a function of temperatures registered by one or more of the sensors.
Finally, controller 110 can interrupt the flow of hydrocarbon feedstock, effect
steam purge, and then resume the flow of hydrocarbon feedstock by valve 124
during the process as a function of coke levels within the vessel and associated
piping, in accordance with the present invention.

[0673] Turning from the subject of controlling coking within the
flash/separator vessel 5 and its associated piping, and considering the further
processing of the vapor phase taken as overhead from the vessel, it is noted that
the vapor phase may contain, for example, 55 to 70% hydrocarbons and 30 to 45%
steam. The boiling end point of the vapor phase is normally below about 760°C
(1400°F), such as below about 590°C (1100°F), and often below about 565°C
(1050°F). The vapor phase is continuously removed from the flash/separator
vessel 5 through an overhead pipe, which optionally conveys the vapor 1o a

centrifugal separator 38 to remove trace amounts of entrained and/or condensed



vessel internals and associ ated piping by introducing water §”0t. _shown) to
the vessel. Such techniques typically require |ong shutdowhdDEbedbf ol | oned

by steam i efore restarting the process. [0072] £ di ment of
t he pr ese\]"'if?)%lr"ﬁ’\ﬂe]l E’"‘ﬁon, the sensors conprise sensor 112 ﬂﬁéﬁ%@(@ﬁ?&im

within the vessel 5 or its boot 35. Sensors nmay al so be positioned
downstream of the vessel, e.g., downstream of where bypass streamis

i ntroduced to overhead at 116 or at 118 downstream of the boot 35 which
allows nonitoring the bottons sli pstrea,g tenperature of the

fl ash/ separation vessel. The sensors are typically surface thernocouples

associ ated wj.tht i nside of t.he, 1.9 DEC 2006 . 0115/ 113721 PCT/ US2 00
5/01 7 6 9 sliauidy e Yany theparrieelbhows &dp asn%i}'%gg%?@&_ R ‘%F’rﬂ?w i% or der
to effecti ve{ CBﬁP%éé%tﬂgsggfﬁ%"fttﬂgﬁhﬁ erature of the air/steamm xture is

typically contro ot enough to conbust the coke, such as about

480C (896F) . [obhg) ai r / st@@Mvagiri phise bir@ingald YeonGandush) |8shobed | R&H tan about
0.2 tolimt flanme tenperatures to about 570 to about 615C (1060 to 1140F)

and t he tenpBashisgperatdr veseelbist profesabdy i spperheatadnin dhalpymlysis F0Macd 0@6E) so as

not to exceed the_all owabl.e design tenperature of the | ash/ separ ation
vessel and i‘t"?"ﬁ%‘é‘b‘b?%‘@ﬂzgi%?ﬁ _pﬁ%@pﬁ&o%@g}ggle,i 0 kté‘(ﬂbot‘&gﬁogﬁr to

. | . Lo
bai 11e 100 1 0P40 A0GATRS3H: A6 BROHomindrodhdhy D of I BRE, P NabE 1000 of

the air/ st esmseiixttHee ithidageh té kige bafifidtescpasd @Ff ahé Pysoladld fafRuedo thee baffle
perinmeter and out through the bottomoutlet as stream 27 whose flow can be

control | ed byrackedstriction orifices 120. The renmmi ni ng 90% of the air/steam
m xture can as oyerhead via 13 whpse flow_.optionally can be caontrolled
by 36. Both @ﬁzél over hiﬁ‘avﬂ?ﬂi pg@%et%‘ﬁﬁaf“l ]85\738?0"?%,30 P‘Fgfaé AERAFALPLYSSEan be

controll ed béénccg:{ﬁoglah!" BF mikd® withie B ?z?ssastgaﬂp%éaﬁpg?fbfgf%g%gfr@fﬂﬁ%ﬁucreﬁg' stered

by one or nore € sensors. Fi ng contro n-interrupt t he

fl ow of hydriamahbdurmbeckdsicd cénveefidesdctios 28am purge, and then resune the fl ow
of hydrocarbon feedstock by valve 124 during the process as a function of
coke | evel s P74 n t heThedyppssasttarassirapniZddis a split steam stream from the

secondary dilution steam 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 5. The superheating
after the mixing of the bypass steam 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 between about 425 and 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 results in less coking potential in the
radiant section. The superheated vapor is then cracked in the radiant section of the
pyrolysis fumnace.

j0077] The overhead vapor from the flash/separation vessel is optionally
heated to a sufficient temperature for passing to the radiant (cracking) zone of the
pyrolysis furnace. In the radiant zone the feed is thermally cracked 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 as known

in the art.



pi ping, in accordance with the present invention. [00731 Turnin% fromthe
subj ect of controlling coking within the flash/separator vet8§8EC50lind its
associ at agoph@igrz1and considering the further processimgr/o§20bdna75&por
phase taken as overhead fromthe vessel, it is noted that the vapor phase
may contain, for exanple, 55 to 70% hydrocarbons and 30 to 45% steam The
boiling end point of the vapor phase is nornmally bel ow about 760C (1400F),
such as bel ow about 590C (1100F), and often bel ow about 565C (1050F). The
vapor phase is continuously renoved er?FLhe fl ash/ separator vessel 5

t hrough an over head pi pe, which optionally conveys the vapor to a

centri fugal rator 1 0, [ enpyv S al nd/qQr
condensed 1[§6%gc 2006 eﬂ&ﬁéﬁ%ﬁ@%@ﬁgﬁ@WfE§§g%%7%%9%@%{amggﬂ“ﬁﬁﬁﬂﬁaf The
vapor then typik&Rl! ¥o flaRWldr NémbadiiRAs! Qhébet bAtordingty skt ¢8 thbearf lwii to the
convection section of "'the furnace. [00741 The vapor phase stream 13

cont i nuous| yappewinte dhdt rtheninveatiof |laisds/ sseffatoatavrations sel necesgridy éllwstayed
superheated in the pyrolysis furnace Iomeﬁ convection section 23 to a

t enper at ur e h§feing drorethisnispon, sy reigregce shald e madrsolebow the appewded by t he
flue gas frog}thg.radiant zggtion.ofttheefgrna The vagor. Rhase is then
i ntroduced tFHRETRYPEIT © c‘FPBW"Eﬁ hfﬁ%l Sy?pgl PePROFHATE e cracked.

[ 00751 The vapor phase stream 13 renoved fromthe flash/separator vessel
can optionally be mxed with a bypass steam stream 21 before being
introduced into the furnace | ower convection section 23. [0076] The bypass
steamstream 21 is a split steamstreamfromthe secondary dilution steam
18. Preferably, the secondary dilution steamis first heated in the
convection section of the pyrolysis furnace 3 before splitting and m xing
wi th the vapor phase streamrenoved fromthe flash 5. The superheating
after the m xing of the bypass steam 21 with the vapor phase stream 13
ensures that all but the heavi est conponents of the mxture in this section
of the furnace




are vaporized before entering the radiant section. Raising the tenperature
of vapor phase to between about 425 and about 705C (800 to 1@@ F) g the

| ower ¢ J ection 23 also hel ps the operation i H}E r L section
si nce ragﬁéﬁﬁ&ﬂﬁggé netal tenperature can be reduced. Tﬁ?s r%@d lggfn | ess

coking potential in the radiant section. The superheated vapor is then
cracked in the radiant section of the pyrolysis furnace. [0077] The

over head vapor fromthe flash/separation vessel is optionally heated to a
sufficient tenperature for passing to g@g_radiant (cracking) zone of the
pyrolysis furnace. In the radiant zone the feed is thermally cracked to

produce an éif llngﬁnt conprising olefins, including ethylene and ot her
desired |igh ol ns, and byproducts which is passed to a recovery train

for recovery redwetsas known in the art. 1 9 DEC 2006 WO 2005/ 113721
PCT/ US2005/ 0 %@g -gg- (8078] Wil e the present invention has been

-described ang il | asproresdfddrembeingr &ke efotred duting Wrakipnbodi iydrdcasbohhose  of
ordinary skill in the art will appreciate that the invention Jends itself
to variations notfegégieels eenthiping|resid epd ek praeureqrp, safbprogess sompesiogy, t hen,
reference should magde solely to the nded clains for purposes of
determ ning the t¥de sg?ﬁ;g’g&?‘ hydr %@ﬁggﬁw ntion. 1 9 DEL 1006 WO

2110. 5/ 113721 PCT4#KS20 A I\S; i E | Siog: A
{b gﬁ%ﬁ% 18O Reated }l?ldl%kélb% feé&?&c#( Vg“ff?%ga b((ﬁglr]i]tla{‘]ee dst ock

process for renoving c ormed during cracking o

containing resid and cskemptreatts firm a SiltdrepteasoHntOmpg cskaywecurf@y; heating
sai d hydrocarbon feedstock; (b) m xing the heated hydrocarbon feedstock with
a primary dilutio) st8ashirg thsamitieres dieamaling Keslt teepgration eswhtaforma coke

re r rs; i
precursors; coke precursor depleted vapor phase and a coke precursor rich

liquid phase;

(d) removing the liquid phase through a bottom outlet and vapor phase
with a trace of condensed vapor phase through an overhead outlet
ih the flash/separation vessel which vessel comprises internal
surfaces and associated outlet piping, which surfaces and piping
become coated during operation with said liquid phase and/or said
condensed vapor phase and thereafter at least partially coked;

(e) cracking the vapor phase in a radiant section of a pyrolysis furnace
to produce an effluent comprising olefins, said pyrolysis furnace

i comprising a radiant section and a convection section;

() quenching the effluent and recovering cracked product therefrom;
and

(2) determining the level of coking in said flash/separation vessel or in
piping immediately downstream of said flash/separation vessel, and
when a predetermined upper coke leve] is reached:

(i)  interrupting flow of said hydrocarbon feedstock containing

resid and coke precursors to said flash/separation vessel;



(c) flashing the mxture streamin a flash/separation vessel gch&fﬁ @1 a coke
precursor depl eted vapor phase and a coke precursor rich Iia i Sz:q se; (d)
renovi ng wbenbi/gard phase through a bottom outl et and vagarusHes@76¢%%i th a
trace of condensed vapor phase through an overhead outlet in the

fl ash/ separation vessel which vessel conprises internal surfaces and
associ ated outl et piping, which surfaces and piping becone coated during
operation with said |iquid phase and/or said condensed vapor phase and
thereafter at |east partially coked; (epg8cracking the vapor phase in a

radi ant section of a pyrolysis furnace to produce an effluent conprising
ol efins, said pyrolysigiif ur paggng CRNPI fl&hgpAatiGifli veiel SRtthi elRamNGinder
convection section; (f) quenching the effluent and recovering cracked
product therefrom and (g) cdedidoms mufigianheol swhsiantifliyx gkinoge isaid aiagor

flash/ separation vessel or in pLping.inediately . dowst{reamqof said
fl ash/ separation vessel, anﬂha%@ﬂmasﬂjiie‘fféﬁeér%dné%gdﬁb‘é‘i FE’G%%IO@%/éF“q S

reached: (i) interrupting f ' . f eedst ock cont ai ni ng
resid and coke precursors tgﬁ%gf@%gg%%g%%%gfg?@ﬁm\géssel; 1 9 DEC 2006 WO
2005/ 113721 PCT/ US2005(ifi1 768hrodudiBe Ghi ) aRisidind fdttlrel | aBRugRPaRALd ON
vessel wth steam under conditions sufficient to substantially renove said
vapor phase from sai d vess#éhshdsepgamtion vessglimilep harsditidnscmfisaent to anteastnal
surfaces and/or outlet piping;. (iii)_ introducing, an air/steam njxture

t hrough said flash/separat P%Iﬁali%%@i’uﬂrﬁ? £ CHoYRe tierRal %‘U?LaFF%?’%P“ﬁI@ at

| east partially conbust Coﬁﬁi;%?aﬁc?i d internal surfaces and outlet piping;

and
(iv)  restarting the flow of said hydrocarbon feedstock to said

flash/separation vessel when a predetermined lower coke
level on said internal surfaces and/or outlet piping is

reached.

2. The process of claim 1, wherein said flash/separation vessel comprises a
baffle positioned above the liquid outlet which carries liquid outward and

from the center of the vessel and downward.

3. The process of claim 2, wherein said baffle is a substantially conical baffle

whose apex points up.

4. The process of claim 2 or 3, wherein said baffle is a perforated,

substantially conical baffle.

5. The process of claim 2, 3, or 4, wherein said baffle comprises perforations

substituting for at least about 1% of its total surface area.

6. The process of any preceding claim, wherein said flash/separation vessel is

substantially cylindrical.

7. The process of any preceding claim, wherein said mixture stream is
introduced tangentially through at least one side inlet located in the side of

said vessel, radially through at least one side inlet located in the side of



(iv) restarting the flow of said hydrocarbon feedstock to said

fl ashi separati on vessel when a predeterm ned | ower coke | evell bt Hil
internal surfaces and/or outlet piping is reached. 2. The process of claim
I, wherein said flash/separation vessel conprises a baffle positioned above
the liquid outlet which carries liquid outward and fromthe center of the
vessel and downward. 3 The process of-¥ aim 2, wherein said baffle is a

substantially conical baffle ose oi nt 4. The process of claim
2 or 3, wherein SAIHVERF) |ﬂg0}l%hw§1 BPrSh %@desseiaa@pamwgm 3'/hf‘cgﬂ‘i“?fal(’fbaffle.
5. The process ofg,¢f gl andfsal@{}ap%ir H&%ﬁg §@e%d4 it fohlof o%%%r dfitlet of

perforations subSti YUt hg ast a its tota surface ar ea.
6. The process ofsagyesgglecedi ng cl aim vvherel n said flash/ separ ation vessel
is substantially cylindrical. 7. The process of any preceding claim
wherein said mxture streamis introduced tangentl ally through at |east one
side inlet I8ocat ddhe praches of dayoprecesing ojaisk ewheredisaid] ymsthreo@ghamtm east

one side inlet |ocat i,n the de C sai. d vess t hrough '
The top of 'sai d vaceBeetteiesRughe BBk Trbopureton srsseCtrartrens it S oar d

vapor phase is r%mgviggt &ragggﬁltm,&g/ﬁrsgﬁﬁgesgatlet of said vessel. 8. The
process of any preceding claim wherein said m xture streamis introduced

tangentially to the flash/separation vessel through at |east one side inlet
located in he silhe pfocsss of vdws pteceding Tdainpr shessn chidupprging ceeirmgiscl ai m

wherein said pur ng steam i i.nt roduc hrough at |east one side inlet.
10. The process %a*ge\% ?fdeal‘f’F ﬁ?f‘rﬁ‘s‘%\ﬂé‘? lein said air/steam nixture
stream is int roduced t hrough at | east one side inlet.

: 10. The process of any preceding claim, wherein said air/steam mixture stream

is introduced through at least one side inlet.

11. The process of any preceding claim, wherein said purging steam is
introduced to said flash/separation vessel at a temperature ranging from
about 400 to about 550°C steamn (750 to 1025°F), a total pressure ranging
from about 0 to about 830 kPag (0 to 120 psig), and a total flow of steam

equal 5 to 250 times the volume of the flash/separator vessel.

12.  The process of ciaim 11, wherein said purging steam is introduced to said
flash/separation vessel at a temperature ranging from about 450 to about
510°C (840 to 950°F), a total pressure ranging from about 350 to about
700 kPag (from about 50 to about 120 psig), and a total flow of steam

equal 100 to 200 times the volume of the flash/separator vessel.

13. The process of any preceding claim, wherein a portion of said air/steam
mixture is removed from said flash/separation vessel as an overhead
stream and a portion of said air/steam mixture is removed from said

flash/separation vessel as a bottoms slipstream.



11. The process of any preceding claim wherein said purging steamis
introduced to said flash/separation vessel at a tenperature 1angpng;from
about 400 to about 550C steam (750 to 1025F), a total pressure ranging from
about 0 to about 830 kPag (0 to 120 psig), and a total flow of steam equal
5to 250 tines the volunme of the flash/separator vessel. 12. The process of
claim 11, wherein said purging steamis3{ntroduced to said flash/separation

2 T otal “pr eddur & THEEPSHSS OF SRRk RSER SEdd50ei JEEUREAG Friettharsst 0 16
about 120 psig), Jan fﬁlett%%ir/fs{eﬁmxﬁ[xnﬁ%.eam equal 100 to 200 tines the
vol une of the flash separator vessel. 13. The process of any preceding

claim wherein a portion of said air/steam mxture is renoved from said

fl ash/ separ atj on 'I\hesﬁrﬁl:esasofaﬂaﬁx\iaﬂmeﬁ(éreiﬁtsfa&ﬁfbbaﬁﬁhsas]ip@frédlﬁﬁa@%essﬂrbﬂl
air/steammxture is renoved fromsaid flash/separation vessel as a bottons
slipstream 1 9 BE®itZG060 abgg 194 offthe tplonwsisammicturem 13, wherein said
bottons slipstreamis at |east about 2% of the total air/steam m xture. 15.

The process . of claim14 erein i,d bottops sljpstream ranges from about
5% to about 1%)% b?‘etpﬁ‘%cqsﬁ\tgglcraé?jrlliﬁéaﬂ{ Eigx‘fvﬁ?sr m :%@mﬁﬁgg&mﬁ?a@l ai m 13,
14, or 15, wher eifixfhe r&mBuet adh SRtFhAblifste8ANs Mok HyERTURY vafed
bottons slipstreamis controlled by a flow val ve associated with the bottom

outlet. 17. The pssocegsl withthebotiohBoutled, 15, or 16, wherein the anmount of
said air/steamm xture renoved as a bottons slipstreamis controlled by one

or nore restrictjon orifices, in e pipLn sogi ated with the bottom
outl et 18, Thne Bh@cudtesst SE Dy 1L khnEs 19 By Stlshein b, figpurtrob apd
air/steam m Xt Ub/stein] ALXQAUCREDVES a8 i tditbhRASINpSERM & EBfrolIed 3§/ ondnAer
conditions sufficient to conbust coke while limting adiabatiC flane

t enper at ures t o muoe grseatton drifeas abthe piBad GsptiadPyith tHedbatesi gutldatenper at ur e
of the piping

18. The process of any of claims 13 through 17, wherein said air/steam
miﬁ:ture is introduced to said flash/separation vessel under conditions
sufficient to combust coke while limiting adiabatic flame temperatures to
no greater than about 615°C (1140°F), the design temperature of the piping

for said bottoms slipstream piping of the flash/separation vessel.

19. The process of claim 18, wherein said design temperature ranges from

about 570 to about 615°C (1060 to 1140°F).

20.  The process of any preceding claim, wherein an air/steam weight ratio of
the air/steam mixture is maintained at no greater than about 0.2 during

decoking.

21.  The process of any preceding claim, wherein said air/steam weight ratio of
the ait/stearn mixture is maintained at no greater than about 0.5 after coke

in the flash/separator is removed.



for said bottons slipstream piping of the flash/separation vessel. 19. The

procgss of cl ai(m 18, wherei n)sai d deﬁi gn terrpera]'Eure ranges fir1 L;@ﬂ]ut 570
to about 615C (1060 to 1140F). 20. The process of any pr i gr%

wher ei n aWOa%"PVéPg%Em wei ght ratio of the air/steamm xtﬁ?@glgs oIt ai ned at
no greater than about 0.2 during decoking. 21. The process of any preceding
claim wherein said air/steamweight ratio of the air/steammxture is

mai nt ai ned at no greater than about 0.5 after coke in the flash/separator
is removed. 1 9 DEC 2006 WD 2005/ 113721 BCT/ US2005/ 017695 -31 22. The
process of any of clains 18 through 21,  Wwhich further conprises nonitoring

internal tenperatyre of the flash/separatjon ve | an controlling said

ai r/ st eam Werr'reaht r'dt§ Broggssaotﬁ G%Pf(fﬁgﬂ?satéa?}bmp ﬁﬁné’l’ahlg't STHRST AOMRLISES3 The
process of any pr } cl:a "‘4}’1.1@3 t her i i t.ard g he
bottons sli pstreaqrﬁq e#gg]tgatlﬁere{éﬂa%f t er{#gs%?sé%gr@%ﬂl% vgeﬁs)dsyelﬁgéneg and
eontrol ling said abhfrslli@gmsaei GiHétesat woighs ratié wach i faActn oisdid Mieniadl
tenperature. 24. The process of claim 23, wherein said nonitoring is carried
out by neans of é4emperde® t her nocoupl e attached to the outside of the
bottom of the flash/separation vessel or the piping i medi ately downstream

of said flash/separation vessel. 25. The proces f claim?24, wherein said
Toni Lo i ng. | car ATEPTRES 1) A6 Rt Sing  HiFb THER Tygier sk at e
ai r/ st eam decoki ng,d gfott&q qﬁgstrgzgn EhPeRhAc eSS tf MY At Mdsd! hdD
wherein the purge and or decdke stream conprises sour or process steam 27.

An apparatus for eceaekiing sidwilaemi besightedss aska dondtinnoNGaidefriteimand coke
precursors, conprising:

temperature.

24.  The process of claim 23, wherein said monitoring is carried out by means
of a surface thermocouple attached to the outside of the bottom of the
flash/separation vessel or the piping immediately downstream of said

flash/separation vessel.

25.  The process of claim 24, wherein said monitoring is carried out by

analyzing the flue gas produced during air/steam decoking for CO/CO,.

26. The process of any preceding claim, wherein the purge and or decoke

* stream COmprises sour or process steam.

27.  An apparatus for cracking a hydrocarbon feedstock containing resid and
coke precursors, comprising:
(a) a heating zone for heating said hydrocarbon feedstock to provide
heated hydrocarbon feedstock;
(b) a mixing zone for mixing a primary dilution steam stream with said
heated hydrocarbon feedstock to provide a mixture stream

o containing coke precursors;



(a) a heating zone for heating said hydrocarbon feedstock to provide heated
hydrocarbon feedstock; (b) a mxing zone for mxing a primanyg sl @i on steam
st r eam wiwo 26mnds72heat ed hydrocarbon feedstock to provi RECTASONTUTESSE r eam
contai ning coke precursors; 1 9 DEC 2006 WD 21105/113721 PCT/ US2005/ 017 , 95
-32- (c) a flash/separation vessel for flashing said mxture streamto form
a coke precursor depl eted vapor phase and a coke precursor rich Iliquid
phase, said vessel conprising: (i) a bottomoutlet in the flash/separation
vessel which conprises internal surfacgg.and associated outl et piping,

whi ch surfaces and piping during operation becone coated wth said |iquid

phase and ther eaf(cor aj fl.g8dpaRioh! RbdeY f3¥RHine(lald midftuVRIIRAR Bithliet for

renovi ng the vapor  phase and a trace of condensed vapor phase,

over head outl et conpriess pieotsondkpisied§ eapes phast and ac caltee prezutdoetrighi pi ng,
whi ch surfaces and pi ping during operation becone coated with condensed

vapor phase and t her eafiqg phase, ssad vessgheomarising: coked; (iii) an inlet for
niroduct ng sufl) i ent pur gL sLEAmAQ 551 e DLRRARERRI SRR SFE) L0
T St e and o chbBh 9o geeld i Wl gt piingcie 1o
sufficient to at |east parivhithl syrfacssbunst pipink eluwingsaiechtiont icomk cautetiaces
e . oy P g (D RYia oid phase and thercater at 1east partialy coled;
section, and a radi ant with said lrquid p p y ;
(11) an overhead outlet for removing the vapor phase and a trace
of condensed vapor phase, which overhead outlet comprises
internal surfaces and associated outlet piping, which
surfaces and piping during operation become coated with
condensed vapor phase and thereafter at least partially
coked;
(i)  an inlet for introducing sufficient purging steam to said
flash/separation vessel to remove said vapor phase from
said vessel and said liquid phase from said internal surfaces
and/or outlet piping; and
(iv)  an inlet for introducing an air/steam mixture through said
flash/separation vessel under conditions sufficient to at least
partially combust coke on said internal surfaces and/or
outlet piping;

(d)  a pyrolysis furnace comprising a convection section, and a radiant
section for cracking the vapor phase to produce an effluent
comprising olefins;

(e) a means for quenching the effluent;

(£ a recovery train for recovering cracked product from the quenched

effluent;



section for cracking the vapor phase to produce an effl uent ﬁ rﬁﬂi 'fﬂhﬁng
olefins; (e) a neans for quenching the effluent; (f) a recover& ain for

recovering, Cl.ac product fromthe quenched effluent; JdcPBuPResdB8 WO
2005/ 1137%?%’%‘#‘% 005/017695 -33 (g) a neans for det erl;n(1: ning the | evel of

coking in said flash/separation vessel and/or in said associated outl et

pi ping; and (h) a control valve for controlling the flow of said hydrocarbon
feedstock with resid and coke precursors to said flash/separation vessel.
28. The apparatus of claim 27, wherein _333}11' d flash/separation vessel
conprises a baffle positioned above the1iquid outlet to prevent

trai t of the h | i qui d bot.t i i r ph 29. Th
appar at ug of cl ai W26, Aderisiy Sapgrpienne i a Y col i asPICaFY saireeel
baffl e whose apex poi ”tv%séép}i\?dlgr in3Bid égg&iﬁg(pgﬁ@gt;}gmf;% d&hai m 28 or 29,

wherein said baffle is a perforated, substantia onical baffle. 31. The
apparatus of clai (h)28, a28ontesl 38lve woer eintroiirigd tleafffove ofosgidi Bediocarbon
perforations making up at |east about [%of its total surface area. 32. The
apparatus of any of cl| d¢adstopk with ssithand colghpreewraorsdp craidk | Rashfsepgpatiant i on
vessel further conprises a[ | east one side inlet for tangentially

i ntroducing sai d m xtur&3§tream 33. The apparatus of any of clains 27

t hrough 32, wherein said purging steam is introduced through said at | east

one side inlgf. 34pe pﬁmmemtaﬂﬁyf,my 518 1k WBerafatddl QUGN BRmridhier i n
said air/steam mxture streamis |ntrodeuceoi through said at | east one side
infet. 1 9 D E C 20affle positioned above the liquid outlet to prevent entrainment of the

heavy liquid bottoms in said vapor phase.

29.  The apparatus of claim 28, wherein said baffle is a substantially conical

baffle whose apex points upward.

30. The apparatus of claim 28 or 29, wherein said baffle is a perforated,

substantially conical baffle.

31. The apparatus of claim 28, 29, or 30, wherein said baffle comprises

perforations making up at least about 1% of its total surface area.

32. The apparatus of any of claims 27 through 31, wherein said
flash/separation vessel further comprises at least one side inlet for

tangentially mtroducing said mixture stream.

33.  The apparatus of any of claims 27 through 32, wherein said purging steam

1s introduced through said at least one side inlet.

34,  The apparatus of any of claims 27 through 33, wherein said air/steam

mixture stream is introduced through said at least one side inlet.



WD 2005/ 113721 PCT/ US2005/ 017695 -34- 35. The apparatus of any of clainms 27
through 34, wherein said flash/separation vessel contains a ndahBtt @lonitor

its interwao00semier ature. 36. The apparatus of any of ckarms2@Fmtpdugh 35,
whi ch further conprises a mneans to nonitor the bottomoutlet tenperature.
37. The apparatus of claim 36, wherein said nonitoring neans conprises a
surface thernocouple attached to the outside of the bottom of the

fl ash/ separation vessel or said outlet piping i mediately downstream of

said flash/separation vessel. 38. The apparatus of claim 36 or 37, which
further conprises a neans to control air/steamweight ratio of said

air/steamm gEur e sif e Sud of Lg;ﬁ,t T phmsaig itﬂfo%ﬁgﬂalmt eTRel&h uggdand
said bottom outlet te rature. ’
flash/separation vessel contains a means to monitor its internal

temperature.

36.  The apparatus of any of claims 27 through 35, which further comprises a

means to monitor the bottom outlet temperature.

37.  The apparatus of claim 36, wherein said monitoring means comprises a
surface thermocouple attached to the outside of the bottom of the
flash/separation vessel or said outlet piping immediately downstream of

said flash/separation vessel.

38.  The apparatus of claim 36 or 37, which further comprises a means to
control air/steam weight ratio of said air/steam mixture stream as a

function of said internal temperature and said bottom outlet temperature.





