PROCESS AND APPARATUS FOR REMOVI NG COKE FORMED DURI NG

STEAM CRACKI NG OF HYDROCARBON FEEDSTOCKS CONTAI NI NG
WORESEDS781 ELD OF THE | NVENTI ON [ 0001] The pr eSBEI/US2005/017695

invention relates to the cracking of hydrocarbons that

contain relatively non-vol atile hydrocarbons and ot her

contam nants. Mre particularly, the present invention

relates to reduci ng coking in apparatus used for '

cracki ng hydrocarbons. BACKGROUND OF THE | NVENTI ON

[0002] Steam cracking, also referred to as pyrolysis,
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| eave the pyrolysis furnace for further downstream
processi ng, including quenching. [0003] Pyrolysis
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t hermal deconposition of the Targer nol ecul es. The
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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 fesulting products including olefins leave the pyrolysis furnace for
further downstream processing, including quenching.

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

[0004] The formation of tar after the pyrolysis effluent leaves the steam

cracking furnace can be minimized by rapidly reducing the temperature of the



[0004] The formation of tar after the pyrolysis

ef fluent | eaves the steam cracking furnace can be
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theeffluent exiting the pyrolysis unit to a |evel at

which the tar-formng reactions are greatly sl owed.

This cooling which nmay be achieved in one or nore

steps and using one or nore nethods is referred to as

qguenchi ng. [0005] Conventional-st eam cracki ng systens

have been effective for cracking high-quality
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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-



cracki ng service. [0008] Additionally, during

transport sone naphthas are contam nated with heavy
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Conventional pyrolysis furnaces do not have the

flexibility to process residues, crudes, or many

resi dueor crude-contam nated gas oils or naphthas

whi ch are contanminated with non vol atil e conponents.

[ 0009] To address coking probl3ens, U.S. Patent

3,617,493, which is incorporated herein by reference,
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discloses a process for inhibiting coke formation in a furnace by preheating the
feedstock in the presence of a small, critical amount of hydrogen in the convection
section. The presence of hydrogen in the convection section inhibits the
polymerization reaction of the hydrocarbons thereby inhibiting coke formation.

[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.



froma preheater in the convection section of the
pyrolysis furnace. This preheated feedstock is then
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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 furnace 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.



the lighter fractions which can be processed in the

pyrolysis furnace, it is inportant to effect the
waeepans7eon so that nost of the non-vol atil e cPOPUSNG/E17695

will be in the Iiquid phase. O herw se, heavy,

coke-form ng non-vol atil e conponents in the vapor are

carried into the furnace causing coking probl ens.

However, the flashing in a flash/separation vessel is

typi cally acconpani ed by cokigg of internal surfaces
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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



renoved. [0017] In another aspect, the present
invention relates to a process for renoving coke
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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, (ii) radially through at least one side inlet located in the side of the vessel,



[0018] In an enbodi nent of this aspect of the present

i nvention, the flash/separation vessel conprises a
whadoshes7posi ti oned above the |iquid outlet whiPRdI/US2005/017695

carries liquid outward and fromthe center of the

vessel and downward. Typically, the baffle can be of

any suitable shape, e.g., a substantially conical

baf f| e whose apex points up, effecting the desired

flow of liquid outward and devinward. The baffle can be

perforated, typically conprising perforations
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[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



times the volune of the flash/separator vessel. [0021]
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i ntroduced through at |east one side inlet of the

fl ash/ separati on vessel. The air/steam m xture stream

is characterized by an air/steam wei ght ratio rangi ng

fromabout 0.01 to about 0.5, preferably from about
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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



the art. Typically, the nonitoring is carried out by
nmeans of a thernocouple associated with the inside of

wao b@sfilagh/ separati on vessel . The process can POr/Uk®N5/017695
conprise nonitoring the bottons slipstreamtenperature
of the flash/separation vessel and controlling the
air/steamweight ratio as a function of the interna
tenperature. [0025] In another enbodi nent, the
nonitoring is carried out by-geans of a surface
t hernocoupl e attached to the outside of the bottom of

t Rgedrh ashfosapasdkei Recuyes skebleted vdper phaerdhd 2108 Brle@lr¥or rich
downstream of the flash/separation vessel. [0026] In

y diquishphassy thentssel wemprising it @ Ppiiem i aitleh whiasdcamprisey internal

analyzing ,the tlu rroduced dur.i ng air/steam. .
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i ntroduci ng an air/steam m xture throu
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 vessel contains a

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



fl ash/ separati on vessel under conditions sufficient to

at least partially conbust coke on the internal
waesacEsl and/ or outl et piping; (d) a pyrol ysi BCT/USWaD&7695

conprising a convection section, and a radiant section

for cracking the vapor phase to produce an effl uent

conprising olefins; (e) a neans for quenching the

effluent; (f) a recovery train for recovering cracked

product fromthe quenched effjpuent; (g) a neans for

determning the level of coking in the ‘

A SRR RGnYCadRlerAl 0dn bR 8, $S06h&URA comprises a

outl et prping; and (h) a control valve for controlling

t higerfdoowné mduatddywitita aieodashfsepatstiockesaelt h resi d and

coke precursors _to the flash/se araﬁjon vessel . [0028]
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e.g., a perforated, substantially conical baffle. The
petréan aan ba sntuwiucedhtheougp the at lezst pnagideinlado of its

t surface ea. [0029] I n.anot her. enbodi nent. of .
B2 pect 0l St ARPCRP IR OLEGRDR of the invention, the
sy | althot Gt iaCalkand RO3BhitbM LB RRPLNEE: temperature.
er%ggéglgfrﬁr%nt, thé(;d{?#) asﬁ/asep%ﬁ ation {/essel Ocont ai ns aempera e
mEgpRalle, amyrduitalle inichns furenmdtoring Mpemadrualeempstpiueatdnybe used,

any suitable nmeans fornonitoring the internal
t rgpethatptaig Meanssen, coggise aoiefach Aerpgepiple atiacked to the

t her npcoup e hiyn.at : aratjon -
BEGERSPhE, TR SRR SRR OR et pivin
asRefeli#dly UB&nbiRaanbS @8 flaihrephtishAeaLRr at i on vessel
further conprises at | east one side inlet for

t 4003ht i al | ynianothet ewbedjmentofithis aspectsefi bapresdhieinvention, the
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the 1 nvention, the apparatus further conprises a
meatist tempemtire.or the bottom outl et tenperature.
Typically, any suitable nmeans for nonitoring the
internal tenperature can be used,

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



e.g., the nonitoring nmeans can conprise a surface
t her nocoupl e attached to the outside of the bottom of

wao b@sfilagh/ separati on vessel or the outlet pi pP@IUS2005/017695
i medi atel y downstream of the flash/separation vessel.
[0033] In another enbodi ment of this aspect of the
present invention, the apparatus further conprises a
nmeans to control air/steamweight ratio of the
air/steam m xture stream as -alifuncti on of the internal
tenperature and the bottomoutlet tenperature. BRIEF
DbSGRIdETSt6dd 63 siadii daRAW §dlo i) 31U Jratkdeg Ubemdd iffonuahy dagSof an
a schematic fl ow diagram of the overall process and
appeeraptgicrrad vl prhAdewss prefarred yaluss spgardlgssent whpther ranges

enpl oyed . wi t.h rolysis furnace. DETAILED
PRSP PR IBERTRE | NVENTI ON' [ 0035] “Unl ess ot heri se
st@izeg. all RencedMt 98, r&add sre Mhivethatil®tompRLRisPY g, the

wei ght. Unl ess otherw se stated, a reference to a
¢ firapidem cbfothe clayryosselin ifeed| withsa trioeizanpaling mint above 590°C

component by itself, [l as_in conbination wth

of hid0 Ebﬁﬁ&ﬁ%&@egrbycéﬁi%?@-%%eﬁ%g? xtlde &vgption works
cQ O\'{laqlls 'wih’p%ﬁlvo'l_'é{ﬂésh%ﬁv' § nncﬁﬁ'inglm%mn point . above 760°C
concentrati on, or other valln e or pararretel‘g IpS gi ven as
a(140erFnf The peiling rpeit rdiditibutical oftbe dpdrocabeh fegdeisahédhRd by
values, this is tobe understood as sseci ficall

dCise Cepmglograph TiRGUAoN AR NI Mnh-GIRr98atr B85 petended

preferred, value and a .l ogwer preferred, val ° .
b Puegeietigh Fr abileflas Hfind TP BRI T s Ngwarglattes
[ RB/de AkeYy2EshrdtRs, 8illch hRSbER, 86Rich@Bie/RbRUIS which condense
conmponents, e.g., the fraction of the hydrocarbon feed
witt the vaponrandtheh doin ogkepoidat the lppertit® 00 i(i¢iEEIEYuESsred in the
measured b A1S M.D-6352-98 or D-2887. This invention
\NBW%“RP@?%FVS% eI/ N - vol ati | es having a noni nal
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GasthGhe prasenginaaition typichllptompri¢ssCar ddyndsS oYl k26352081 gas

ogil %n%ereZidSé(st, eggsd %?ls, heating oil, jet fuel, diesel, kerosene, gasoline, coker
naphtha, steam cracked naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases,
natural gasoline, distillate, virgin naphtha, crude oil, atmospheric pipestill
bottoms, vacuum pipestill streams including bottoms, wide boiling range naphtha
to gas oil condensates, heavy non-virgin hydrocarbon streams from refineries,
vacuum gas oils, heavy gas oil, naphtha contaminated with crude, atmospheric
residue, heavy residue, hydrocarbon gas/residue admixtures, ’hydrogen/residue
admixtures, C,'s/residue admixtures, naphtha/residue admixtures, and gas
oil/residue 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).



by extrapolation for materials boiling above 7000C

(1292F). Non-vol atiles include coke precursors, which
wa@e@sha7ge, condensabl e nol ecul es whi ch condenB&T/Us2op$1e17695

vapor, and then form coke under the operating

condi tions encountered in the present process of the

i nvention. [0038] The hydrocarbon feedstock with resid

and coke precursors for use with the present invention

typically conprises one or nmor2- of steam cracked gas

oil and residues, gas oils, heating oil, jet fue

dijees], ker @Mpresgﬁsﬁbd:m@n I@Iak&rtonzapfﬁoh@, fcﬁt}ﬁﬁﬂhg and steam

cr acked napht ha, catalytically cracked naphtha,
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aggoy ures, Inaphy faa;ééces%u rea,slfm Xiveh€sn réREsIRS a process for
oil/resi due adm xt ures. I n one enbodi nent of

t nérsodspeeke ffrmeauring erﬂCkmg ofthbréroltryldtpn d@ndbtmnk containing resid
Flﬂ(gstock with resid.and coke pr curso s. ha om na
f
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process for heating an

f dadgicpatation nteasahi ﬁl@hermd phddeeis phac mram:mmd smsked and the
heat i ng the hydr ocar bon feedstock, m xing the )
h}%’d‘P]é]élﬁr sEaTked cRretetk Py ed f IGaking it giteRnal misfeeasein and

?o%ﬁ&aﬁ?% HH%&T*@&BP bf t}}e efsgerl o goﬁltﬁcﬁ]gé eb?thg%t?ﬁ gpgggh% ﬁeied flow,

ase eed e vapor
S pelgimpnthefvegse it |sisé§inS nfttd)fdﬂalﬁg an aﬁﬁteﬁlh‘bﬁlﬁéﬂ%ﬁb layleast partially

uenchl ng the reaction, e. using a transfer line
ex@hblﬁﬁ@é%e cqbenatd tishming tb@;u@ﬂ@ qumawéwen {ufiheient ¢akeohas been
a%%%%% .the present invention relates to a process for
[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



removi ng coke formed during cracking of hydrocarbon

feedst ock containing resid and coke precursors,
wob@seiinzst eam i s added to the feedstock to foP@T/ES2005/017695

m xture 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-1i3n ernal surfaces in and

proxi mal Iy downstream of the vessel is controlled by
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internal surfaces and associ ated outlet piping, which

s surfaee samindupétp piping) emdnéive cestadinguttien floepef ahé drydrocarbon
't sajd |iqui hase and/ or conde phase
bisdenck ixedio-Bebrea Vsssel WRER ¢ RE Pdmue%) owﬁae%edavel on
“EH% MR sﬁrtfgc% ah@oPodth ?Pm%ﬁgggéhgéimf a pyrolysis
furnace to pro uce an e t conprising olefins, the

pyooaBysi s fun rmemboahrpremsmmgth& agdtant theqiréswnt am:nﬁon the
convection section; (f) quenching the effluent and

r Bagvaappitgor MaeRbePpRTisen & batllcdasiiionsd abee theyiquid outlet which
? ?%‘glﬁ?]l 1g%u%\9§rd afid %Jo {he cgﬁtlern gf t'he VCSS%I and ddO\?fneer%;d Typically,

I on ves

daw&tfﬂ@@aﬁ 8t oFahy sﬁﬁzﬂﬁ@élﬁz@@aé gt |a0§ﬂ1bh’tﬁ§t$eﬂ1y, cobich] BRER Whose
predeterm ned upper coke |evel is reached (i)

i mpeecrpmptsmpg effegwgahe ﬁbﬂgreld)ihwooﬁﬂlnmd dutwdst arkdownward. The
ngrl}lﬂglcghn per ora‘ceda ?y%lé: (I)ly 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, (ii) 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



precursors to the flash/separation vessel, (ii)

purging the flash/separation vessel with steam under
we@oemdiltizens sufficient to substantially renoveP€TES2005/017695

vapor phase fromthe vessel and the Iiquid phase from

the internal surfaces and/or outlet piping, (iii)

i ntroducing an air/steam m xture through the

fl ash/ separati on vessel under conditions sufficient to

at | east partially conbust cokg-on the interna

surfaces and outlet piping, and (iv) restarting the
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side inlet located in the side of the vessel,

r abeutl 159 ek ehayh 260°G é?é)é)tartsln%O(lé’Fbesupb] |aé@b<p15c1é9et9 au)bﬁut 230°C
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outI et of the vessel. I n one enbodi ment, the m xture
s Steemnanids optivmabpue Suid whigbntanabd g hydrach@son, preferably liquid but

flash/ separati onvessel thro e l.
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skill in the art. However, as _shown _in the Figure,

i $0046] The mixing of the heated hydrocarbon feedstock and the ﬂu1d 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 introduction 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



preferred that the heating conprises indirect contact
of the hydrocarbon feedstock in the upper (farthest

w0 e@siitdtel r adi ant section) convection section PCESHaFKL7695
2 of the furnace 1 with hot flue gases fromthe
radi ant section of the furnace. This can be
acconpl i shed, by way of non-limting exanple, by
passi ng the hydrocarbon feedstock through a bank of
heat exchange tubes 2 | ocated5sd thin the convection
section 3 of the furnace 1. The tenperature of the
hyliluticastean dteedst®cin bé héntedni e @nnveedle sprtRAIahiked with
|s typically fromabout 150 to about 340C (300 to
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f st with thy ous) fergiodk merrgnmrwdﬂehm sieen 1fyidelseanised with

fluid
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[ @edstpckihe present invention uses steam st rearrB in
various parts of the process. The primary dilution

st4M st r earthg Prizagsy @éuﬁ?& 6 A e ahf@mpé@ture greater lower
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h@ﬂi}ﬁ:ﬁh‘[mﬁ it Bfeatd AVAChAOST healikRfe anlsdivesad ﬁé&’ﬁdl‘lyt\rh@orlze the
heated m xture steam before the flash. The source of

t feedstecidididr gmmulrmu dhe primary dilution steam may be superheated,

preferably in the convection section of the furnace, before being injected into the
second sparger 8.

[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



steam may be primary dilution steamthat has been

super heated, optionally in a convection section of the
w@shy¥es furnace. Either or both of the prineelUs2d5/017695

secondary dilution steam streans may conprise sour or

process steam Superheating the sour or process

dilution steam m nimzes the risk of corrosion that -

could result from condensation of sour or process

steam [0048] In one enbodi nel®t- of the present

invention, in addition to the fluid mxed with the

heat gt teedstior kectivheutigr bamkriy tydiidallyiless thareabul §15% (1500°F),
also mxed with the feedstock. The primary dilution
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hﬁﬁ’n&ﬁar bon qpé’é’&%ﬁbé € SP04YY dthiiop staray §iream 48 icam be further

S \ . . LOwer, or .about

CTERBEA AR K SEIREIPRNIR BRI R B itbctore 12

pb&bey gl fashhend: £ Bppasatstdagn sGedh @atWhich ﬂ@?ﬁis@ﬂheoﬂa%hgf the
e

m xture and serves to partially vaporize
f beeeasbrn migiuge andtinstead Fhaixadi with yhed vaneriphase freamthe flash

CBYpRORE SRR rulthed LS sl sted oot B Bipachy 3he pessent
SREERbSOR GRFatd withOIPQkoddigy HilksH ﬁeaﬁa]g 1838 gﬁgﬁﬁ%&gn 19
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t he convection section, usually as part of the first

corifeband mest ersfeRblyulsé thark Indhiserbofumensche dach sthars 19 is
hn%f%(tegdwm tﬁehls?ycﬂgéarlgcl)nu%ig%rse 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 furnace 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
contaminated 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 § without mixing with dilution steam 17 or fluid.

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

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



fromthe radi ant section of the furnace. The
tenperature of the flue gas enteringthe first

w@orvgecl’epbn section tube bank is typically | esBCT/82905/017695
about 815C (1500F), such as less than about 7050C
(13000F), less than about 6200C ( 115Q0F), or even
| ess than about 5400C (10000F). The thus-heated
m xture stream | eaves the convection section as a
m xture stream 12 to optionaliy- be further mxed with
an additional steamstream [0051] Optionally, the
S%ﬁ%d%rﬂpﬂélhgtﬁr%nﬁhﬁﬁm $61eBRMyBo&@briRCarldUStEAR and a liquid
split into a fTllash steam stream 19 which is mxed with
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invention, the ratio of the flash steamstream 19 to
bgpass steam stream 21 shoul d be pr efer ably 1:20 to
20:1, and m;}st preferably 1:2 to 2:1. |n_this
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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 i1s 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.



separation vessel 5 without mxing wth dilution steam
17 or fluid. [0053] The. m xture stream 12 or the

w0 b@shixyeream 20 is then flashed, for exanpl e PEI/ES2005/017695
flash/ separator vessel 5, for separation into two
phases: a vaporphase conprising predom nantly volatile -
hydr ocarbons and steam and a |iquid phase conprising
predom nantly non-vol atil e hydrocarbons. The vapor
phase is preferably renoved fygomthe flash/separator
vessel as an overhead vapor stream 13. The vapor
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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.



coking in the furnace tubes or coking in piping and

vessel s conveying the m xture fromthe flash/separator
weemsal37ep the furnace 1 via |ine 13. The presBUF/ESH0DM 7695

across the piping and vessels 13 conveying the m xture

to the | ower convection section 23, and the crossover

pi ping 24, and the tenperature rise across the | ower

convection section 23 may be nonitored to detect the

onset of coking probl ens. For- j;nst ance, when the

crossover pressure and process inlet pressure to the
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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 starts to rise,

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



400 and about 4800C (750 and 9000F), and often between

about 430 and about 475C (810 and 89(Q0F). These val ues
wowdos/1icditange with the concentration of vol ati | BGT/US20051€17695

feedstock as di scussed above. [0058] Considerations in

determining the tenperature include the desire to

mai ntain a liquid phase to reduce the likelihood of

coke formati on on exchanger tube walls and in the

fl ash/ separat or.[0059] The terperature of mxture

stream 12 can be controlled by a control system?7
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known control device, such as a conputer application.
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CORA "1QhichiN 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 control 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 streams injected-into the hydrocarbon
feedstock in the two spargers 4 and 8, according to the predetermined temperature
of the mixture stream 12 before the flash/separator vessel 5, the same control

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



primary dilution steamvalve 15 to adjust the anount

of primary dilution steamstreaminjected to the
waewon7gpar ger 8. This further reduces the shBepUS2005/017695

vari ation of tenperature changes in the flash 5. Wen

the control system 7 detects a drop of tenperature of

the m xture stream 12, it wll instruct the primary

dilution steamvalve 15 to increase the injection of

the primary dilution steam styieaminto the second

sparger 8 while valve 14 is closed nore. If the
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 [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 is 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



fine mst of water 26 can be added which rapidly
vapori zes and reduces the tenperature. The steamis
w@e@baetyakl y then further heated in the convectPONUS2005/017695

section. The anount of water added to the superheater

can control the tenperature of the steamwhich is

mxed with m xture stream 12. [0064] Although the
description above is based on adjusting the anounts of
the fluid and the primary diJution steam streans

injected into the hydrocarbon feedstock in the two
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kR@e (tompadtd o@&h@}ecyﬁl@ﬂ 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



exanpl e between about 40 and about 75 kPa (6 and 11
psia). [0067] In one enbodinent, the flash is
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Typically the flash is a one-stage process with or
wi t hout reflux. The flash/separator vessel 5 is
normal |y operated at about 275 to about 1400 kPag (40
to 200 psig) pressure and its tenperature is usually
the sane or slightly [ower thm the tenperature of the
flash stream 20 before entering the flash/separator
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a%? lrﬁe b%%&)gr?of }1’%%}9%93%%9@5}1'27 Be b %@ ﬁﬂ'caf%ﬁ%gﬁl skde cgg@off the

pressure o 'ash can be about 700 to about 10

k Baof 396r the 1d#5pction) of\ flashsepateompessd 8r e of about 400
to about 480C (750 to 900F). In yet another exanple, )
t §RO essur dnatmyedhe a3 [thes presepaimaemiony edates te gengelling coking

bayt 700t 0, about 760 10 25 pei d th
- St SrenistiRnalor BBl Sduls ed ot FRuBRi wB0% hikfe by me
890 kepabRBERELRD tfx?}céllse ehPIRRY Briditor8f of MeoHTitthrBtures and

stream 12, general about "50 to about 98% of the
mcxhwacdos presameh e Thesefdoaditiens ars conducines tedhoforptation of coke by

such as abqut 60 to about 95% for ex | e about .65 to
aesmabogackiem ey thevers s‘ﬂieé"qéaﬁ%lr ﬁgergg@%e‘arn% walls.” In one

g r ORer, [+12,,0 t i 7l ich

SERGBty SPETA i o SRR ) FLGE 1O, i
Vv egseitadeeasdy sgerfoateduehploged fomyhec putpose ok iraduoiig ohevoiding
non-vol atiles in the |iquid phase. Use of the .

 sevrigmept @f |liguidin dhe Hvederd aih sjsckedt e cpking rolsits shrfaces.

entering the . fl ash/separ r.V: I . .
G 4 e SRR S it R ek BTAR! Pfgeioncd ittt
Pl offfaBsS e Bhe It Aohinsti@ER6 DS I AndEbottoin batl@eksociated
nol e fraction of the vapor is steam) and thus | owers

t tvatlr legyud phasel linglA 70 imhediatal e dpensiteameot the vasspl dlisenhisaced by

B

Flsashy ffglﬂlg:&&@ 'ri% \ﬂgi 36drht g fflam. cegke tfgﬁniﬂg‘ghy[he flash/separator

separate I qui ase at the bottom of t
f lvasdel 5 epditabdincane dswhstfeamStipmgroa® Be camoted yomelemigues 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 techniques 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 S 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



fromthe bottomof the flash/separator vessel 5 to the

cooler 28 via punp 37. The cool ed stream 29 can then
wheoospli7ei into a recycle stream 30 and export BCT/ES2005/017695

22. The tenperature of the recycled stream woul d

typically be about 500 to about 600F (260 to 315C),

for exanple 520 to 550F (270 to 290C). The anmpunt of

recycl ed stream can be about 80 to about 250% of the

anmount of the newly separat€h bottomliquid inside the

fl ash/ separator vessel, such as 90 to 225% for

GHBRRE BarallOf véeel 0assqRAEDpipitee I badehtd sffgmlve]lyabxlnyve coke,
al so operated, in another aspect, to mnimze
|thejteineparatuenel e Allsicamyg I Res iRieaHE Cpnta@iﬁd\zeégétpt enoggh to

R e M I
%hireﬁ&! 3R sOthah RBoRW. 4 Rmnﬁft e fhpehisepss Mot 570 to about

vesse pically, the liquid phase retention tine in
te°dr 660 s 1e4FF) had théﬁempmtands of flwr baticomypblip stt@BBto about
t han 60 seconds, such as Ies t seconds, an

P0G (1625 TDnseh 23 30k de gwered @mﬁ% design |thaa?rature of the

qpagéé?pa%%ﬁm LQRhnRl AN s ddidEd gﬂnlnjrié?t ﬁél:%‘ﬁ{y vesiid f1@!‘1(%"oked the

e I ess coking occur ottomo

fhagheapaitaican by Qﬁﬁ@ised {d04peR} 0Al. tIncorglr foteffestitdhe decoke the
preferred enbodi ment for stream 27 to flow out of the
treffio APBfit isnalvBoioge®s, to providem Fhipsiarrnbesugh 8s @bomoh% @@ the

25 Br S5 PR Ol 0B 288! pET ot i AL Rlnherimere
It%als SRR koY E M Bitiohne bAll& s lsBeSAMT FhbicdBow Qlkh BY cOhirblidd by

e flash/Separator vessel 5, it is noted that
apdtiiciian ogfitdsel 20ut Theatmalbying A% ¢ fabh Agéema moxturcessgiass as

ke b a0kt do FRECEAo e R oReHN B cBhdboi JBh the
lee}hlg?d {i o naxﬁ'}]ow oK %g@%’e Hﬁﬁﬁﬁ% &E%kdoﬂgol%ﬂ lg}hgontroller

vesse es an I's. In on€e

aTpodidiesta afnctibe of tmq&tatmﬁs reglﬁelﬂedtlr@rmleatrl r;aomaoaf ithakensors.
baffle 100, which is advant ageousl y perforated

dipllbycanieien e oo PESEBY e e TgPisrosRffgloc, ofe
SR o o s 08 QU5 o] AL Soae
Qg tth®ipRddaes 4PN FhimeRE dTUWokellerss osthatl ﬂ@ Wéstd) anBaksociated
piping, in accordance with the present invention.

[0073] 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 to a

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



portion of vapor phase line 13 downstreamof line 21

and bottom outl et associated with [iquid phase |ine
wQ@7Zgosiimredi at el y downstream of the vessel 5 i sSPEnnszwo®e7695

by steam stripping of the Iighter conponents in the

vessel overhead stream by bypass steam 21 injected in

the overhead stream Coke formng in the

fl ash/ separator vessel 5 and its adjacent downstream

pi pi ng can be renoved by techk§ qgues such as

hydr obl asti ng whi ch requires shutdown of the furnace 1

f afquity dTRbMasdrithe §bichlle Neessalo 4 magifeld!thatalghibutes the flow to

assoc:| ated piping by introducing water (not shown) to

t ke capisetion wt}hnpﬁthﬁlﬂlq@@% typically reqw re |ong

gg{’g‘ﬁanlt fV?‘B{%osP als‘5’[ ;tﬁ‘}%aﬁhpg‘ﬁg e],cl%é}ﬂvegf from the
55 A, B A ARG ST it e

Sebﬁ@ercslomyctainsm foea ogictdtared, o eratleaaboat 4256 about 705°C
wnst ream of where bypass streamis

| ﬁ%@%mk%@g%bbbthé thie £@s fromy the radiangiseqtian ofdhp firpacem 1gte vapor
t he boot | t bot t
L PRRRORL LR 8ftba ke OB AR S SO RBR fucge o be

Tlagacﬁgdnsors are typically surface thernocoupl es
associated with the inside of theflash/separation

- véeed] 5 or BHwswpbuphede pirgaomd3 r¢momdcfmttlnﬁ Bishéseparawir yessel
rermve.cog, the te ral%ure of the air am m xture

i $ot 95?18%65 b BTV DEBESFR SBRGlGH PaOE R troduced
t %QQ%M&@QM?,SCOQO%HLL&%}%I $P6F) . The air/steam

ratio 1s typically control to | ess than about 0.2

t §0076Qi t f 1 aihe bypaperstdaur egedm 2bdut IO dtennaboebmbiibfm the
(1060 to 1140F) and the tenperature of the_ bottons
sieqondimediitias dentlSssdeeterablys thpecopdary dibitiongsteam is first

e;ﬁ‘e‘ﬁg(jj il I?ﬁe {}A\%@@&l gecg %ﬁ' St %gpcﬁgs% %r%g@ef 3tbe?ore sphttlng and

separati on VESSE and SoCl a

Onggink hﬁlth/ eRSeipot Ehzd;@ cakad reﬁlbﬁecﬁfrémttﬁe $Ita§ﬁ51 "Iafe%uﬁé‘ﬂﬁeatmg
be increased to about 0.5. In order to effectively

defekdethxingaof the bypassi stedng 23 dwidh thegeapas phasepitiseindd ansures
BB T RSB O 5 B B R b B
9 B G IS A B8 SR o
ovagdr phesel@thetWem atena#nd agd QWtG‘DST(l’l €S 1o/ KA008IM in the lower
mcg(rgv%gt?og ?erg:tion 2% a?so helps the operation in the radiant section since radiant
tube metal temperature can be reduced. This results in less coking potential in the
radiant section. The superheated vapor is then cracked in the radiant section of the
pyrolysis furnace.
[0077] 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.



over head via 13 whose flow optionally can be
controlled by 36. Both the overhead and bottom fl ow of
W@ b@saly’tst eam m xture can be control |l ed by coP€T/05108$/017695
110, such as a function of tenperatures regi stered by
one or nore of the sensors. Finally, controller 110
can interrupt the flow of hydrocarbon feedstock,
ef fect steam purge, and then resune the fl ow of
hydr ocar bon feedstock by valwvg 124 during the process
as a function of coke levels wthin the vessel and
age@mjat ed PiBilBdhe bres@fGRVERTE Shaditebn UQ&rﬁBé&%ﬁﬂ"ﬁllustrated by
i nvention. [0073] Turning fromthe subject
c oeferenict i togpartikilay emtiodimentt$ ethiosa st/ exeipmrjatsrkrll vnsthel arb will

dit ted pipjng, . d the furth
DB G119 WEwso i 45T ¢4 RBRe s iPb ey dfftrted
t R eYES SE%# thik fredsdn nﬂ’l%ﬁ dg:tf%}@ﬁczf O%%HT@B@ EnaQE Afely Y ¢ }§ p[pended

contai'n or exanp dr ocarbons -and
A%P4irnk Earpurgdies bﬂcﬂéterﬁgnﬁgdhmumc & of iR préeAr inPaaRA. | S
normal |y bel ow about 760C (140000? such as bel ow
about 590C ( 11000F), and often bel ow about 565C
(1050F). The vapor phase is continuously renoved from
the flash/ separator vessel 5 through an overhead pi pe,
whi ch optionally conveys the vapor to a centrifuga
separator 38 to renove trace anounts of entrained
and/ or condensedliquid. The vapor then typically flows
into a manifold that distributes the flowto the
convection section of the furnace. [0074] The vapor
phase stream 13 continuously renoved fromthe

fl ash/ separator vessel is preferably superheated in
the pyrolysis furnace | ower convection section 23 to a
tenperature of, for exanple, about 425 to about 705C
(800 to 1300F) by the flue gas fromthe radi ant
section of the furnace. The vapor phase is then

i ntroduced to the radiant section of the pyrolysis
furnace to be cracked. [0075] The vapor phase stream
13 renoved fromthe flash/ separator vessel can
optionally be m xed with a bypass steam stream 21

bef ore being introduced into the furnace | ower
convection section 23.



[0076] The bypass steamstream 2l is a split steam
stream fromthe secondary dilution steam 18.

woe@betyakl y, the secondary dilution steamis fPEBHUS2005/017695
heated in the convection section of the pyrolysis
furnace 3 before splitting and m xing with the vapor
phase streamrenoved fromthe flash 5. The
superheating after the m xing of the bypass steam 21
with the vapor phase stream-1% ensures that all but
t he heavi est conponents of the mxture in this section
ofCtABMEur nace are vaporized before entering the
radi ant section. Raising the tenperature of vapor
pH¥edt If 6lesedden about 425 and about 7050C (800 to

. 13000F), i.n the dower convection section 23.alsg helps
Ui opds dRPEHS o i PPN FQthef Fiing! achife 3F 4 BScarbon
t ube n&&@istd&rmﬁfaﬁ{iﬁg ReskPdhdRBkE BRUERErs, Jdid BrdoBsWolibristhg:
| ess coking potential in the radiant section. The
super hdat ed heapiog sdid hydreparbomtdedstotly t he radi ant
sectio

f the. lysis f . [0Q77] Th r head
vapor RPbm UREHY BeHiceieddmabr i teiofs s By diution
heated to a Lelent : ' )
radi ant (cr a%%%‘fé zonefglgggt%%lghgé rgtg{a%fcgﬁ?ciﬁﬁrngggié?p{eg&rsors,
t hedr agernt fer?]l‘ii@lgttFG nfigeee ist_‘ﬁeahhﬁ’li H??ldsﬁ/sel_ﬁa’ﬂﬁlkﬁlgyés@el to form a
produce an effluent conprising ol efins, including _
et hyl ene andole Hegcugwsi qeplpted yaporophase rrnd asgke precursor rich

bypr oduct s icEFis_passed to a recovery train for
recovery of SR as known in the art.[0078] Wile

the pregent rbRYeLIRNIHAE pRERNNARSE i RRGNPAT]et and vapor phase
illustrated by reterence €o parti cul ar enbodi nments,

t hose of or dvitan yraskf tondenseduevapot phidel themgh eoieeshead outlet
that the inyen iog %fnds I.tsel f Lo vahiati ns not, )
necessari | y 11 16 stk SSRAIRROR eSsekoVhich ¥essel 2 SYRPIises eipternal

reference Shgihchshnd USR8k Rhiled piggﬁggc@ggﬁ 348t Al Fiping

for purposes g% etermning the t
present i nvéetime clidd MainphaperhtsorCvith e liqiid phasé and/or said
process for renoving coke forned durin% crackin? of a

y

hydr ocar bon cPees#sebtapoE Bhasgandl riereaidsrart inagt Rastially coked,
ﬁ;g?ggger Lg’n c agiélgagtqéeg &gpc‘o? p%g ! fa8%nt ge%}iorl? ) ngg)l}g’s?sl rnace
to produce an effluent comprising olefins, said pyrolysis furnace
comprising a radiant section and a convection section;
) quenching the effluent and recovering cracked product therefrom;
and
(g)  determining the leve] of coking in said flash/separation vessel or in
piping immediately downstream of said flash/separation vessel, and
when a predetermined upper coke level is reached:

(i)  interrupting flow of said hydrocarbon feedstock containing

resid and coke precursors to said flash/separation vessel;



(b) m xing the heated hydrocarbon feedstock with a

primary dilution steamstreamto forma m xture stream
w@omsalyteng coke precursors; (c) flashing the PERUS2085/017695

streamin a flash/separation vessel to forma coke

precursor depl eted vapor phase and a coke precursor

rich liquid phase; (d) renoving the |iquid phase

through a bottom outl et and vapor phase with a trace

of condensed vapor phase thraggh an overhead outlet in

the flash/ separation vessel which vessel conprises ,

i nternal sur@@gcesp@aathgassiaciflasigstpatitibat véeseli Rdth Whiagh under

surfaces and pi pi ng become coated during operation

with said |iquid pdgwnanafoeicriaial subsiediade dremmyer said vapor

phase and thereaft.er | eas artially. coked; (e .

cracking the vapo?haﬁﬂgigoénisﬁldfavgséa]i 5191‘% %@cﬁﬂ%‘ﬁ 12)‘?"“5%1 from said

pyrolysis fur nacein¥é?n£rsﬁ’1%t%§aﬁﬂoﬁ&&tle‘f?gﬁnéomr' si ng

ol efins, said pyrolysis tfurnace conprising a radi ant

secti on and (@ixonweofucimp semt i odir/stefih queinniné ngthrdigh  said

ef fl uent and recoyering cracked product therefrom and

(g) deternining tﬂ@h{sg%@m@fve@@ﬂ}iua@eq genditiogs sufficient to at least

downst r oo of  saitpngestRlsDeRte b Sl THER:F iien apa guue

predet erm ned uppspingOkrl | evel is reached: (i)
interrupting flow of said hydrocarbon feedstock
cont ai ni ng r(@9i d rastertive kibe of saidshydroembeh feedstock to said

fl ash/ separati on yessel; (ii)_ purgi sai d .
flash/ separation %@é?m%%v‘%{s@a%%h&ePreé?)tﬁlai’i“f‘?%ﬁ%Wer coke
sufficient to subsfanti alaldy ifEHRY ke UAROE aagﬁ Siping is

fromsaid vessel and said |iquid phase froms

i nternal surfacegseahdd.or outlet piping;, (iii)

i ntroducing an air/steam m xture through said

flash/ aration_.vessel under c itions sufficient to

at | eaiﬁl@ process of claim 1, wherein said | Hasth/separatslon 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



partially conmbust coke on said internal surfaces and

outlet piping; and (iv) restarting the flow of said
whyasocaebon feedstock to said flash/ separati oPCT/ESHEH017695

when a predeterm ned | ower coke | evel on said interna

surfaces and/or outlet piping is reached. 2. The

process of claim1, wherein said flash/separation

vessel conprises a baffle positioned above the liquid

outl et which carries liquid.ggward and fromthe

center of the vessel and downward. 3. The process of

cl ai m Zaidvesd] threadtdieadobl &f datd Resselbsiddstt thaduoh the bottom of

coni cal baffle whose apex points up. 4. The process of

cl ai m Zaiskvesselvandrseidrvapar phasafi§ femaved ghrpegtf air averblead outlet of
. substantially conical baffle. 5. The process of claim

2, 3, oPideSherein said baffle conprises perforations

substituting for at |east about 1% of its total

sgrfac r . =an [ cl aj .

whor of 1 el Ao e paearr s, AN R SR ST kL o i

cyl i ndinteaduced tangbietigplyoweths flakh/agpargtioacesich ghroligh Bt least one

wherein said mxture streamis introduced tangentially

t hr ougHidgiinietlpsated Hutheisifle qfigpidivesssbat ed in the side of

said vessel, radially through at |east one side inlet

| gcat ed~.Ln S| fsal g;: el gh.:the top of .
s3rd vabEcpbie el e ARLAEINH WBHIR kBl flam is
and saiisirodapat thehabet lest @E@dinidlr ough an over head
outlet of said vessel. 8 The process of any preceding
claim wherein said mxture streamis introduced.
t AhgentliPaPracessooftany Precedmesdaian atictsin said gis(steahr mirghreztream
| east one, sj inl et located in the side of said
vessel?lg?a@%%dgy 8§%€ﬂ8?58H9$>?8gSaing claim wherein
said purging steamis

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 steam (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 claim 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 major portion of said
air/steam mixture is removed from said flash/separation vessel as an
overhead stream and a minor portion of said air/steam mixture is removed

from said flash/separation vessel as a bottoms slipstream.



i ntroduced through at | east one side inlet. 10. The

process of any preceding claim wherein said air/steam
worRoosatE2stream i s i ntroduced through at | eastPONESHONE17695

inlet. 11. The process of any preceding claim wherein

said purging steamis introduced to said t

flash/ separati on vessel at a tenperature ranging from

about 400 to about 550C steam (750 to 1025F), a total

pressure ranging from about Ojfo about 830 kPag (O to

120 psig), and a total flow of steamequal 5 to 250

Lhges i \feéeggrsf Qhirt 1%, WARSH/sRBRARBE Q8rti¥E F58R least bout 2% of

The process of claim 11, wherein said purging steamis

i nt r odwketbtdl airdadath fliasie. separati on vessel at a

tenperature rangi ng from about 450 to about 5100C (840

to 9507El), a total pressure ranging fromabout 350 to

abdut AH6 Preusss o ¢laim hbothergp sgid mipeuportion r4nges fromagheut 5%

atotal f s : . 200 tines the

vol urrelt%?ﬂ)(ﬁwlyele((iéa@ﬁ?@é%ga?@%t%a}’g&é%@re'. 13. The process

of any preceding claim wherein a nmajor portion of

S@6.d aMhkgreds 6f ¥latih €3] $4) &N, ehekdif A @hbunt of said air/steam

fl ash/ separati on vessel as an overhead stream and a

m nor PUKIr®ferpdvesaisda dioftoss edipstindarm iy eontwoliedrigy edlow valve

fromsaid f h/.s ration vessel as a bottons
sl i pst F%Sgﬂahe?swﬁggg%‘)g%%@ﬂg' claim 13, wherein said
m nor portion is at |east about 2% of the total

ai 7./ st eam prbXdsy ot cldim 1B0E4pr18ce3S1Of whdrinMht4amount of said
wherein said mnor portion ranges from about 5%to
about ad0%ean mirduteotmioved a9 3 bettomssligistrean i 6ontiidiled by one or

process of claim 13, 14, or 15, whereipn the anmount of
sai d alMOrSteSUIRiap effices Hné%lal@bpga%ss%l%ﬁ{] YtEhsbotium putieh
is controlled by a flow val ve associated with the

bpg t ompQuitdiless Iof- ankh®f R{;lélﬁf%_s 33 QBI‘O? 8117 L3herdih s@: aiffbteam

16, wherein the anount of said alr/Steam m xture
r enovenhiasrea i dttaivsed Ito pwid dnh/sepacoionr odsseldutider octdrditions

or nore restriction orifices in _the g_i gi ng_associ at ed
with tfElgisat Bnseukyskcoke while limiting adiabatic flame temperatures to

no greater than 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 air/steam mixture is maintained at no greater than about 0.5 after coke

in the flash/separator is removed.



18. The process of any of clains 13 through 17,
wherein said air/steamm xture is introduced to said
w0 b@shixepar ati on vessel under conditions suffPCT/E8100%/617695
conmbust coke while limting adiabatic flane
tenperatures to no greater than the design tenperature
of the piping for said bottons slipstream pi pi ng of
the flash/ separation vessel. 19. The process of claim
18, wherein said design tenpedhture ranges from about
570 to about 615C (1060 to 1140F) 20. The process of
arpp. pr €Eledipngpesd af mmy wieslgihs B8 thiongls t2HaWMER Glither adontrises
of the air/steamm xture is maintai ned at no greater
t han abBORIQINE dutermey tramskatwg. of the Tirshisepseatinn ofessel and

any precedi cl al,m. erejn. said.air/steam weight. .
ratio o%ongrﬁie]glgi Fa)lg?aég#g?ﬁlx‘fvﬁ]lgg "2 ng a/ﬁ%ﬂ‘[e{l&’naf)?ﬁald internal
gr eat erefnpafangbout 0.5 after coke in the

flash/ separator is renoved.22. The process of any of
clainms 18 through 21, which further conprises

m2Ai t oritregprioness rafainy tpeeqedingt daien, ofhitihdurther comprises monitoring

flash/ s rati on vessel and controlling said air/steam
we gt HETIGoHS SRTRER: GPGrOs: of i deNgipariion veseel and
t enper abueHing3said i r £Gag L ;

whi ch fur trh elrn %c%arlrp :h?réégésa%noeﬁ?lgg{ ir%gwtaﬁez?gg?%t%& i internal
sl i pst teapetenper at ure of the fl ash/ separation vessel

and controlling said air/steamweight ratio as a

function of said_ internal tepperature. 24. The process
of4cl ailhePzocssnaf glemn dai wheasHi taid mpgutpgn&awar@@:d euitbyompeans

nmeans a C t ,ac o.t.he

out o1 g ¢f A ARERI ST RHRNR B HACOTRGE Re RS botigm of me
or t he flaklpsd@rdtivheddsadleby teOWisihg daimdiatslgl downstream of said
flash/ separation vessel. 25. The process of claim 24,

wher ei hlask{pepamdientvessehg i s carried out by anal yzi ng
the flue gas produced during air/steam decoking for

C%.CO’ 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 heating zone for heating said hydrocarbon feedstock to provide
heated hydrocarbon feedstock;
(b)  amixing zone for mixing a primary dilution steam stream with said
heated hydrocarbon feedstock to provide a mixture stream

containing coke precursors;



26. The process of any preceding claim wherein the
purge and or decoke stream conpri ses sour or process

W@ L®am372i7. An apparatus for cracking a hydr oce€bus2005/017695
f eedst ock containing resid and coke precursors,
conprising: (a) a heating zone for heating said
hydr ocarbon feedstock to provi de heated hydrocarbon
feedstock; (b) a mixing zone for mxing a prinmary
dilution steam stream wi th sa2d heated hydrocarbon
feedstock to provide a m xture stream contai ni ng coke

precur §ey s; (£llad/dep@atibss eaaeRfor AasHAS S8 nliQfurd bASIH RBform a
said m xture streamto forma coke precursor depleted

vapor phase clid mreouke ¢apdaed yopor phdse | dndua ccopbgsesursor rich

sai d vessel conprising;, (i) a bottomoutlet in the
f| ash/ separ at94 plq,aég,ssg}d éﬂ%g%ﬁo@@ﬁﬁpgées i nt er nal

surfaces and;assagiafee o t: pipi ' .Surf S o tn:
and pi pi ng gi}ri ngacoperg%iégﬁfe elcl:lor%gé (T%?Pé%bérwgttlﬁys‘ée?%& which
liquid phase and dohgiriged tiiermal shffaseh 4ndr bdsatibded CRKRE piping,
(i1) an overhead outlet for renovi ng t he vapor phase

and a trace of coWeehsedacespod pihag during pp¢radere bérsatt coated

outl et conprises internal surface nd associ at ed. )
outl et pi ping, \/\h‘?’@hsaégﬁﬂl_é@é’ a%\en%l%ﬁﬁ Fﬁ@er 9fqa§gnart1ally coked;
operation bggpne £HQREkRRaMohiletFONR haReporMaSEaRiNPrace
thereafter at” |l east partially coked; (1i1) an’inlet

for introduci ng sifcbndsdnsert vapor ghasg, whehmvehesdbatlet comprises

fl ash/ separati on .vességl t? renmove sai d vapor. phase .
from sai d vessel BfHaafilacey A SHIRSEFG oPHtish pping, which

internal surfaces,andl Od'ndg;?iﬂ/ng: d&ir%ngﬁéra%d P#O\Qé ﬁcpated with

inlet for introducing an eam ture roug
said condensed vapor phase and thereafter at least partially

coked;

(iii)  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;

(¢)  ameans for quenching the effluent;

€3) a recovery train for recovering cracked product from the quenched

effluent;



fl ash/ separati on vessel under conditions sufficient to

at least partially conbust coke on said interna
waesacEsl and/ or outl et piping; (d) a pyrol ysi BCT/USWaD&7695

conprising a convection section, and a radiant section

for cracking the vapor phase to produce an effl uent

conprising olefins; (e) a neans for quenching the

effluent; (f) a recovery train for recovering cracked

product fromthe quenched eff33uent;(g) a neans for

determ ning the | evel of coking in said

f1 ash/ ggpar at memsvos detbrniinttothe loveball cbkagsSiAth At ﬁéjsh/separatlon
outlet piping; and (h) a control valve for controlling
the flow of \@a$eéan<§/@rmrdo@ﬁocﬂ@e@gu@w1mng randesi d and

Kk t i d £l ash/ I
The. apal at de OPHEh JAHF 27" OGO glow of Said fydrocarbon
f | ashisepar gk ORI reskP BRI LORSpRMA! B ARE! AdsRBMration

above the liquid outlet to prevent entrainnment
heavy |i qui deksst.t ons i n said vapor phase. 29. The
apparatus of claim 28, wherein said baffle is a

gsta i all conlc I. baffl e whose apex points upward.
3 SBRFAtS Of GfaiRy & M}?@I%Faléélasb@@?a@twns‘éﬁsw comprises

31, Tnd i BERLAEE Eitpc MO btcoto SR ap Bt of e

baf f | ehesnpliquiébotpans by sald wipsr pRiseng up at | east about
1% of its total surface area. 32. The apparatus of any

of claims 27 through 31, wherein said flash/separation
végsel Therppaatus cﬂf%tlf}lg’eg&a‘t\’hﬂfré@s&ald) hefflsi ige sylistantigldy conical

t angen I G m xture stream 33. The
apparat’éﬁf <k95£8€&nb@ t hrough 32, wherein said

purgi ng steam
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 introducing said mixture stream.

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

is 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.



is introduced through said at |east one side inlet.

34. The apparatus of any of clains 27 through 33,
wob@seiinzsai d air/ steam m xture streami s i nt rediosmos/017695

through said at | east one side inlet.35. The apparatus

of any of clainms 27 through 34, wherein said

flash/ separati on vessel contains a neans to nonitor

its internal tenperature. 36. The apparatus of any of

clains 27 through 35, which fyyther conprises a nmeans

to nmonitor the bottomoutlet tenperature. 37. The

appar at 0 [ [ : .

c%?rpri stize a p&% %ﬁgg}e&?h%l rn?{:fﬁup @Qa??ggﬁllegg%o%g'hg%&%m said

out si deflgh/stpeatiat t vaxsell coheirsl ashheepartat inshivees sl internal

or said outlet piping i mediately downstream of said

f | ash/ sepacmturen vessel. 38. The apparatus of claim 36

or 37, which further corrpri ses a neans to control

air/ st mvven sai r/ t

stPeam %ﬁ%st?o?{’yo? dalln%? %nﬁ’é? r?il e‘mﬂ‘é}? gT“J}eé cgpgrises a

sai d b%&eﬁ‘ﬂ‘t@ Hidnfbr e HBRbALJHIBt 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.



