VO 21105/ 113719 PCT/ US2005/ 017560 STEAM CRACKI NG OF HYDROCARBON FEEDSTOCKS
CONTAI NI NG NON- VOLATI LE  COVPONENTS ANDY OR COKE PRECURSCRS FI ELD OF THE

| NVENTI ON [ 00011 The present invention relates to the steam cracking of
hydr ocar bo¥$0 2¢0d3d%nt ai n rel atively non-vol atil e conpon@aTAISaHaNsISeEoke
precursors. BACKGROUND OF THE | NVENTI ON 100021 Steam cracking, also
referred to as pyrolysis, has |ong been used to crack various hydrocarbon
feedstocks into olefins, preferably Iight olefins such as ethyl ene,

propyl ene, and butenes. Conventional steamcracking utilizes a pyrolysis
furnace which has two main sections: a convection section and a radi ant
section. The hydrocarbon feedstock typically enters the convection section
of the furnace as a IiquiSTEAM ERACKING Gt HYORGEIARBON wei ght

f eedst ocks which enter REEDSTQOKS CONTAINING NONWOLATILEheat ed and
vaporized by indirect coppasPONENTSAND/ORTORE PRECURSORGHI ant section
and to a |l esser extent by direct contact with steam The vaporized

f eedstock and steam mixture is then introduced into the radiant section
where the cracking takes place. The resulting products, including olefins,
| eave the pyr ofyELD OFTREINVENTIONher downstream processing, including
quenching. [0003T Pyrolysis it nvolves heating the feedstock sufficiently to
cause thernal [8tbnposi iThe presénttitreentian gelatestyl e steam cratieng 9t hydre¢asbgrsocess,
however, produces nol ecul.es which tend to conbin /e to form high nol ecul ar
wei ght  mat er | BRSCot@RRelad vely pon-ralatijecommang s BBHIOF RRKSIIEFHISOR scous,
reactive material that can foul equi pnment under certain conditions. In
general , feedstocks containing higher boiling nmaterials tend to produce
gr eat er quanti BAEKQROBND OFOPHE TNveERTIORt i on of tar after the pyrolysis
ef fl uent | eaves the steam cracking furnace can be nininized by rapidly
reduci ng the t{@p2} at ur e Sefant drackied, falsoarferedito asngyltoﬂlﬁlq))haslopglb@emnsetd tbo a

| evel at which the tar-form ng reactions are WO 2005/113719
PCT/ US2005/ 01 798¢k various hydrocarbon feedstocks into olefins, preferably light olefins such as

ethylene, propylene, and butenes. Conventional steam cracking utilizes a
pyrolysis firnace 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 low molecular weight 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 to a lesser extent by direct contact with
steam. The vaporized feedstock and steam mixture is then introduced into the
radiant section where the cracking takes place. The resulting products, including
olefins, leave the pyrolysis fumace 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

effluent exiting the pyrolysis unit to a level at which the tar-forming reactions are



-7 greatly slowed. This cooling which nmay be achieved in one or nore steps
and using one or nore nethods is referred to as quenchi ng. [0005]

Conventi onal steam cracki ng systens have been effective for cracking

hi gh- qual iW$ 2¥dst8ck which contain a large fracti on of PEHHE200HPHE e

hydr ocar bons, such as gas oil and naphtha. However, steam cracking economn cs
sonetinmes favor cracking | ower cost heavy feedstocks such as, by way of non-
limting exanples, crude oil and atnospheric residue. Crude oil and

at nospheric residue often contain high nol ecular weight, non-volatile
components with boiling points in excessZof about 590C (about 1100F)

ot herwi se known as asphaltenes, bitunen, or resid. The non-volatile
conponent s of giehtg aldvedd sTiois keolihgywidchumaysbe addeeved inheneconment steps sedt i on
of conventional pyrolysis furnaces. Only very |ow levels of non-volatile
conponent s cawsipg ongPiapgreanethads isaefesisdvaas AwnCB®E: i on downst ream of the

poi nt where t { ghter co nents_ have fully vaporjzed 00Qp1..ln st
comer ci al naBﬁphL and &%E‘q‘léﬁ}o“@f atgam Lracky isp{g’te&s b?'lvéa bg%r} I%Eeﬁmf rfg?n t he
cracking furn ‘A d j I ASht ; ST j heat
exchangers, aa%(r?]flhgrﬂ)?é} F gg%%tyofgg%(?é,kegfr}% a@%ﬂ?gf@’%@%ﬁ&g%ﬁ&? og?ﬁ ivr??jdltfrr%ct
condenser. ThRydbeabb@e WS\?\%}Si o1l hhd@nspitha.| Hoeveowt hrBgetrackiag ebéndnsiesl t o
drive Ilarge st eam t ur bi nes i ch power the major conpressors used el sewhere
in the ethyl sneetpnesdfager orackimgtlowe0 005t Thevy detdisosks swihi ary byr vby efmont), S.

Patent 3,617,493, which is incoyporated herein by reference, disc|loses the
use of an ext BRRENE Wﬁ@rl‘?szﬁﬂdﬁrpl{%ﬁ W‘?Q?Pﬁﬁrffereélfiﬂéecé‘il e?‘géﬂdéﬂ’a‘)‘;@' §@¢ oses

the use of a fir flas . e a8, vapo fl.ash to
remove. vapor s ik hEEehY SR CmBRRHEE o BE: “ARE A REE- 2o D BERA, i8R
The vapors argoiGhaoieRsts 1ifl- &:R8sPWF Abyal S96ur @Mtlmmf’@obmfet@ﬁe ahbwinh8s !
separated liquids fromthe two flash tanks are renoved, stripped wth
steam and usagphaleresabitunhd) @8 reditl.S Theatomrtol &l tBMPOSenisvei diese seddstwokpor at ed

herein by reference, discloses a process fo mnimze coke deposjition. It
descri bes preli@aAawiyapeokfetyihe 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 oil crackers, cooling of the
effluent from the cracking furnace is normally achieved using a system of transfer
line heat exchangers, a primary fractionator, and a water quench tower or indirect
condenser. The steam generated in transfer line exchangers can be used to drive
large steam turbines which power the major compressors used elsewhere in the
ethylene production unit.

[0007] To address coking problems, U.S. Patent 3,617,493, which is
incorporated herein by reference, discloses the use of an external vaporization
drum for the crude oil feed and discloses the use of a first flash to remove naphtha
as vapor and a second flash to remove vapors with a boiling point between 450
and 1100°F (230 and 590°C). The vapors are cracked in the pyrolysis furnace into
olefins and the separated liquids from the two flash tanks are removed, stripped
with steam, and used as fuel.

[0008] U.S. Patent 3,718,709, which is incorporated herein by reference,

discloses a process to minimize coke deposition. It describes preheating of heavy



%0 2005/ 113719 PCT/ 0S2005/ 017560 feedstock inside or outside a pyrolysis
furnace to vaporize about 50% of the heavy feedstock with superheated steam
and the renoval of the residual, separated |iquid. The vaporized

hydr ocar boh¥0 260ilé1¢ontai n nostly |ight volatile hydrocRCBAISIH0SATIT60

subj ected to cracking. [0009] U S. Patent 5,190,634, which is incorporated
herein by reference, discloses a process for inhibiting coke formation in a
furnace by preheating the feedstock in the presence of a small, critical
amount of hydrogen in the convection section. The presence of hydrogen in
the convection section inhibits the polynerization reaction of the

hydr ocar bons thereby inhibiting coke formation. 100101 U S. Patent

5,580, 443, whifedistoek iinvide @anaiieda perddysis Rirndceftevepwrize abdisilSo s€thecheptpcess
wherein the feedstock is first preheated and then withdrawn froma
preheater in temslstoskhvethi wpeheated oteant andethgyyemioygl of fthe megdualTreparated

preheated feedgstock i.s then m xe ith a predeterm ned ampunt. of steam (the
dilution st eaﬂr’ﬂ“ d i1t H@?qzﬁ@rgﬂ:{%%b? o% 1c§aggq1tp1&uinaor§gl¥pi\1,g§tt d’rotlfft@e
separate and .r r hJ 0 tjon of the non-volatiles as liquid
fromthe sepa@g?g)%ﬁm é’?és]ée“&é}&gﬁdg% C@%Cg%ll?gof romthe gas-liquid separator is

returned to theoeyrol ysig.s, buieifsqob@n4heaidhng ; saf@kieréin HyOReldrdndd, S.
Pat ent Application Serial No. 10/188, 461, filed July 3, 2002, " which is

i ncor por at ed higychisas hyproabe fening]bities cokd xmatipn or asfertface byrarekdatigg hkavy
hydr ocar bon feedst ock whi ch m xes heavy hydrocarbon feedstock with a fluid,
e.g., hydrocardersistosk imhecreseper it small,amtical ameunt @4 hydipgenin the £onMeRBep t o

forma vapor ase d a_liquidphase, the vapor phase being.subsequently
cracked to prsg‘{}}odle gﬂéef iPRee %é"fa]i%cﬁﬂ%erbfmft!‘ﬁi ‘60%%%%95’ \)?ne‘feiwnt I‘l@"?@segﬁ‘? ock is
varied in ac QIﬂﬁé}%ﬁtiWh}éAcﬁo&@i*tﬁEth?@roQ%B% ih@ﬂsb?eiﬁlﬁﬁﬁﬁl?rcoﬁé fdriatiBh 0cess,
e.g., tenperature of the mxture streambefore the m xture streamis

fl ashed, the po@rgure ofUShPafehass§0,44Bewhichvis riatapabtet tereih Xywegersidegam
and/ or the excess oxygen in the flue gas of the furnace. [0012] In using a

flash to sepadifclosheapyodess whgra ah%&%dsi@% iy Best ipsehsated omd thee Withglraver

fractions whi gh AN D eRle? GESHE%combetfSn RELRI Bk St Wi Sts flmdcd.  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.
[0011] U.S. Patent Application Serial No. 10/188,461, filed July 3, 2002,
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 to form a
vapor phase and a liquid phase, the vapor phase being subsequently cracked to
provide olefins. 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, the pressure of the flash,
the flow rate of the mixture stream, and/or the excess oxygen in the flue gas of the
furnace.
[0012] In using a flash to separate heavy liquid hydrocarbon fractions from

the lighter fractions which can be processed in the pyrolysis furnace, it is
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that nost of the non-volatile conponents remain in the |iquid phase.

O herw se,

the flash vessel.

internal surfaces of the vessel

can increase the percentage of a heavy hydrocarbon feedstock stream

avai | abl e f orrecwame kionghanduedinplesso ridtienase, hbeaviyor endeiforming  cokorotisilnst r eam
of the flash/separation vessel and/or i,ncrenaese furnalg:e c?)gaci ty. SUVMARY OF
THE | NVENTI ONFofapeRentsTiRathp vapermare;cayriss: inght ks

coke br ecur 00N PRecsTER aCEtes EiRiehul Haf BEERiE 1o b BAAE el RRERt 1 o
VLRSI 36 SRORK choher AR RTNARERC TR AR BRgR ook

edi ng

the enhanced lehyidg Akaflidnvdses d Theskerdodiemicoreactidmshisepaliag iviclvastal ; (d)
enhanced hydrocarbon feedstock blend into a non-vol atile

conponent andprouiotes pmdensation af sydidional begyorcophponentsndligquidscpentaicihgdle ri ch

t he heavy
bl end; (b)

separating the

in non-volati]e cqonpopents_ and/ or_ coke precursors; (e) remgving.the

phase from t H&4m swrgaeﬁ%f)ét%ﬂessekégé@%ﬁtﬁew)eqeipaé trfao{fr'ﬁs 9ape#s phase in
a radi ant secﬁfng) Q{a:r@p é/cqlp;oyss{oscoi(gr nace to produce an effluent conprising
ol efins, the pyr ]

coReE dubed

heat'i ng t enhan ydr ocar bon | 'end;

ol'ysis*Turnace conprising a radiant section and a

-4 inportant to effect the separation so

heavy, coke-form ng non-volatile conponents in the vapor are
carried i rwo 206/13oMer tube banks of the convection
coke. Further, it has been noted that the heavier nolecules have a tendency
to undergo endotherm c cracking reactions in the saturated vapor
These endot herm c reactions cause cooling which in turn
pronot es condensation of additional heavy conponents. Liquids contacting the
and downs4 ream equi pnent provi de coatings of
films that are precursors to coke. {0013} It has now surprisingly been found
that the addiinhgyia0f 1@ eSfett el HparadiofNo that hiet beaky nbudiontilé bempbaadst ock

sect porvudBPSBi 45600 as

| eavi ng

apor

convection Sefm)hgp- St eﬁmasWEhrgﬁﬁngﬂt beeRabhivd Bid SRiitiGPHF a Sfrigpigat ed
nma e

process steam an

y optionally super heat ed, may be added at
agent to the heavy hydrocarbon feedstock can increase the percentage of a heavy

hydrocarbon feedstock stream available for cracking and can alse reduce the
formation of coke downstream of the flash/separation vessel and/or increase

furnace capacity.

SUMMARY OF THE INVENTION

{0014] The present invention relates to a process for cracking a heavy

hydrocarbon feedstock containing non-volatile hydrocarbons and/or coke
precursors. The process cpmprises (a) adding a stripping component to the heavy
hydrocarbon feedstock to form an enhanced hydrocarbon feedstock blend; (b)
heating the enhanced hydrocarbon feedstock blend; (¢) feeding the enhanced
hydrocarbon feedstock blend to a flash/separation vessel; (d) separating the
enhanced hydrocarbon feedstock blend into a non-volatile component and coke
precursor depleted vapor phase and a liquid phase rich in non-volatile components
and/or coke precursors; (e) removing the vapor phase from the flash/separation
vessel; and (f) cracking the vapor phase in a radiant section of a pyrolysis furnace
to produce an effluent comprising olefins, the pyrolysis fumace comprising a
radiant section and a convection section. Steam, which may optionally comprise

sour or treated process steam and may optionally be superheated, may be added at

&

ke QOVSEOR acki ng -



WO 2005/ 113719 PCT/ US2005/ 017560 -5 any step or steps in the process prior
to cracking the vapor phase. [0015] The addition of stripping agent enables
cracking a higher fraction of the heavy hydrocarbon feedstock, such as
greater theNQ 2096 for exanple greater than 10% nore; PERUSHOS0EIOMI i Ng i N
and downstream of said flash/separation vessel; and/or increases the
capacity of the pyrolysis furnace, such as by at |east 10% for exanple by
at least 20% all as conpared to using a feedstock conprising only the
heavy hydrocarbon feedstock containing non- volatile conmponents and/ or coke
precursors. Preferably the stripping agenb- reduces the T50 of the enhanced
hydr ocar bon feedstock blend by at |east about 15C (about 25F) fromthe T50
of the heavy hydseparbeps frethdptaeks pricro eraakipkehe poaphhast about 28C
(about 50F). &0016] The stripping agent general |y conprises between about 2
w. % and abol®0$f wt . % Bfe addetiamblbsioppingagenicenables cracking a dighsr dragtion or

exanpl e bet wee 10 wt..% and .about 80 .w . % of the enhanced hydrocarbon
Faadet ock bl ot (s By 4R ek edalont St 6 B Eh S b IE0, 0 SRBPIE he

enhanced hydr egason feefshodk, bl Bl ORREL, Pre! si@bluy e enfaned

hydrocar bon f lend w non-""vol at'l conponents and/ or co
precursors i s fhgtqArdioni vadicl;8mH/of Hr@fbs e hpddity®f t8ASyrbIys@ flifasd, such

convection section tube bank of the pyrolysis furnace, for exanple to about
150 to about 2a4Q(@ ftaleastt 1BGO fdroexabple b§SQHLast b6y all gt donmaii¢d toviuxinggg Wit h
steam The enhanced hydrocarbon_ feedstock blend rmay_ al so be mxed with a

fluid, such adeady@clcombuming oftt dhe heavyadudrocehon ofegdtock sapkIni: 18Ref er r ed

RO L R A R T G
section tube bafiteOthe! 1€ ofPHE Un¥MRd fHdRRGRReledfodiebRad fdyasiRdst about
Preferably, the tenperature of the enhanced hydrocarbon feéedstock blend
bef or e separ atlt®h (abous 281F) (fthm il Ty, @htldbetvy Htibodathoabiead stéd) Gor( adample 600 t o
about 1040F) . et loast abotit 28°C (abmun soFy_ St P
[6016] The stripping agent generally comprises between about 2 wt.% and
about 95 wt.% of the enhanced hydrocarbon feedstock blend, for example between
10 wt.% and about 80 wt.% of the enhanced hydrocarbon feedstock blend, such as
between about 20 wt.% and about 50 wt.% of the enhanced hydrocarbon feedstock
blend.
[0017] Preferably, the enhanced hydrocarbon feedstock blend with non-
volatile componénts and/or coke precursors is heated by indirect contact with flue
gas in a first convection section tube bank of the pyrolysis furnace, for example to
about 150 to about 340°C (about 300 to about 650°F), before optionally mixing
with steam. The ephanced hydrocarbon feedstock blend may also be mixed with a
fluid, such as hydrocarbon or water, in addition to the steam. The preferred fluid
1s water.
[0018} The enhanced hydrocarbon feedstock blend may be further heated
by indirect' contact with flue gas in a second convection section tube bank of the
pyrolysis furnace before being flashed. Preferably, the temperature of the
enhanced hydrocarbon feedstock blend before separation in step (d) is from about

315 to about 560°C (about 600 to about 1040°F). Preferably the separation in step

(d) is at a pressure of from about 275 to about 1380 kPa (about 40 to about 200



(d) is at a pressure of fromabout 275 to about 1380 kPa (about 40 to about
200 WD 2905/ 113719 PCT/ US2005/ 017560 -6 psia). Cenerally, about 50 to about
98 percent of the hydrocarbon feedstock is in the vapor phase after being
flashed. XYPPAAHIPy, steam may be added to the vapor FEILESEOFQIAROt Op
portion of the flash/separation vessel and/or downstream of the

fl ash/ separation vessel before step (f). [00191 If desired, the vapor phase
may be sent through an additional separation step to renove trace anounts
of liquid before step (f). The preferred vapor phase tenperature entering
the radi ant section of the pyrolysis furdace is from about 425 to about
705C (about 800 to about 1300F), which may optionally be attained by

addi tional heata).nGiendrafly cane 60ito abst Ay parcdni o€ theainkdrocapb@f feeddibok ishia bank |
nearest the radi ant section of the furnace., BRI EF DESCRI PTI ON. OF THE DRAW NG
[ 00201 Fi gur ¢hel vaperughasatadisr heinghBashed.c Addtionallygsigamomay ke addedatol ther ocess

and apparatus in accordance with t r.esent invention enployed with a

pyrolysis fUf .aSBE*F&%FE@bPW@éFﬂ?eM&F pﬁﬂﬁ"?l‘@@ﬁ#‘f%‘[ Sireggn ofs s

ot herw se stqﬁeeﬂash?gekmg%ﬁgggs oreR8H &) ratios, etc., are by weight.
ed,

Unl ess ot herwi se sta 4 rererence fo 4 conpound or conponent includes

t he conpound [g¢1930nMPongitdclited,t Gl faporsphasd ImAs bk rheﬁ@ﬂl‘&loﬁgﬁlﬁna&uiiibnalo'f her
conmpounds or conponents, such as m xtures of conpounds. (00221 Further, when
an anount, coeemEatiomstepto ranowt race ambwies of ligpak bafeteestep &) giTherprafermd| i st of
upper preferable values and | ower preferahle val ues this is fo be .

under st ood ad2RYephase dANPSTagre EntsEnE dharpdipniigetion of ﬁlePYfPBfﬁsah’in%i I8 of an

upper preferred val u da.,lg ferre | u ORI LSSHR whet her
ranges are sépi a@é’f@ 4??’;:&(1 3‘5"%]6:\/\%%:3‘2?1’%% gosdelgohgb?oélﬁ n, Hg@:v‘&%{‘iF‘éy o
component s a%gtiBHh‘?lng H@GEhIABI By Adifloh QRAKKOh &t doRAER Nt Secliof Ybd BAnkOOI | T Ng
poi nt above about 590C (about” 1100F) as neasured by ASTM D 6352-98 or
D-2887. Thi s prefrably tha batk kearsse the radiant section of the furnace.

BRIEF DESCRIPTION OF THE DRAWING

[0020] Figure 1 illustrates a schematic flow diagram of the overall process

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

furnace.

DETAILED DESCRIPTION OF THE INVENTION

[0021] 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.

[0022] Further, when an amount, concentration, or other value or
parameter is given as a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair
of an upper preferred value and a lower preferred value, regardless of whether
ranges are separately disclosed.

[0023] As used herein, non-volatile components are the fraction of a
hydrocarbon stream with a nominal boiling point above about 590°C (about

1100°F) as measured by ASTM D-6352-98 or D-2887. This invention works very



WO 2005/ 113719 PCT/ US2005/ 017560 -7 well with non-vol atile conponents

havi ng a nom nal boiling point above about 760C (about 1400F). The boiling
poi nt distribution of the hydrocarbon stream is neasured by Gas

Chr omat ogr 3PR 2885813 7at i on (GCD) according to the net hods PCTAEEMHEETIn ASTM
D 6352-98 or D 2887, extended by extrapolation for materials boiling above
700C (1292F). Non-vol atile conmponents can include coke precursors, which
are noderately heavy and/or reactive nol ecules, such as nulti- ring aronmatic
conpounds, which can condense fromthe vapor phase and then form coke under
the operating conditions encountered in tHe present process of the
invention. T50 as used herein shall mean the tenperature, determ ned

accordi ng to wehlewibi iomupelpiientongionents havingna sesunal hedingbpoist aheverahait 50

wei ght percent _of a _ particuylar sanple has reached its boilin oi nt .

Normi nal fi nal 768.¢i(ﬁ@%dﬂ%@'f‘JQtheab%JIé%Pf’%dth%@PaPEﬁée Elf‘l‘f S0 e e ght
percent of a particul a J: N i.nt. The
heavy hydroc at’%glr?a?lg%%i)y %@P &%ﬁo&rz\gﬁﬁf} tfilﬁg?l ﬂfﬂé&?%venk ?g%r%gﬁ%rﬂllég%ﬁl%hs
non-vol atile geupRRARM AAMINEITRES oPIRELYTS BktEndelts dr@apdlatiby HraRAERAS
feedstock for use wth the present invention typically conprises one or

mor e of steambeflagkatogadioiC @RS dNmsyolatiladeompdnentt vas phednde qekpestil |

bott onms, vacuum pi pestill streamns including bottons, heavy non-virgin
hydr ocar bon soresamers, vatich arci edsratsly Reavy anliga seastive molesuleas, puclyas mi-

resi due, atnospheric..residue, ,and .hea resid T i deal hea

nydr ocar bon { SRBoTBEEtE SOMHUALE TUHEE SPyoRTER CERgRAe VEROERTE BBl s e
heavy hydrOcag&ggcazém%}th%gk@dﬁag%enmenya{c%hm!e&dhmé)g@gaﬁ ook e
precursors. [00251 The stripping dagent for use in the present i1nvention

typically coiprensios. @peasasedrhereinashatl aseani the tenipeadturegdetetmine @ tacdording teli esel |
ker osene, gasoline, coker naphtha, steam cracked naphtha, catalytically
cracked napht e boitipg eintadigtabetion desaribed eboyafatiwitele SPeweighhpercent of a

e T OP e  C eg JEORS BGE ol e B350k e s

condensat es, REANYihEdemPéranrd APHHIG 9973 ARiRRbELeN d1a GabiGilar sample has
reached its boiling point.
[0024] The heavy hydrocarbon feedstock for use with this invention
comprises non-volatile components and/or coke precursors. The heavy
hydroéarbon feedstock for use with the present invention typically comprises one
or more of steam cracked gas oil and residues, crude oil, atmospheric pipestill
bottoms, vacuum pipestill streams including bottoms, heavy non-virgin
hydrocarbon streams from refineries, vacuum gas oils, low sulfur waxy residue,
atmospheric residue, and heavy residue. The ideal heavy hydrocarbon feedstock is
an economically advantaged, minimally processed heavy hydrocarbon stream
containing non-volatile hydrocarbons and coke precursors.
[0025] The stripping agent for use in the present invention typically
comprises one or more of gas oils, heating oil, jet fuel, diesel, kerosene, gasoline,
coker naphtha, steam cracked naphtha, catalytically cracked naphtha,
hydrocrackate, reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-
Tropsch gases, natural gasoline, distillate, virgin naphtha, wide boiling range
naphtha to gas oil condensates, heavy gas oil, naphtha contaminated with crude,

natural gas liquids, mixed C, components, hydrocarbon gases, butanes, propane,



natural gas liquids, mxed C4 conponents, hydrocarbon gases, butanes,
propane, WD 2005/113719 PCT/ US2005/017560 -8 et hane, and hydrogen. It is
noted that since the stripping agent will be blended wth a heavy

hydr ocar bOXORBEUIB K, qual ity of the stripping agent, asP@EUBHETOLRH6O
boiling point range, is not a concern. Econom cally advantaged streans such
as off-spec and contam nated streans, for exanple crude-contam nated

napht ha or condensate, are ideal for use as stripping agents in this
invention. [0026] The stripping agent will preferably have a | ower nol ecul ar
wei ght and a | ower T50 boiling point tha#h-the heavy hydrocarbon feedstock,
but may have a nomnal final boiling point below equal to, or greater than
the nomi nal féthale, aR@iHydrgenoi Intis abtet tBathgmocythb ystiigsiag hgentfeididisd blekded

Li kewi se the initial boiling point of the stripping agent may be | ower
than, equal twith@rhegvpydrocarban feedstadki guality obdid $tAgPinsiagentohs defanedebiyy

hydr ocar bon f

eedstock. If the heavy hydraocarbon ..feedstock is an atnospheric
bott oms st ream‘ﬂP%@OEFF%’ ﬁ%n%‘g%ﬁgn%'l %ﬁ?%‘}“é‘rcﬁlﬂﬁ' 5‘8" %Eas“%béﬁu%fi%i al )

boi i ng poi nt Pref er , ' 1 oC1H j ght of
the stri ppi n*aanfep oAb bl 51 BRAGRHEAARUERh R Aipnife O

aver age nol eCgdrdensied, b idef fol B Lxemippiny dsfaIRAT iheagishock, such as at

| east about 25% 1| ess, for exanple at |east about 35% 1| ess, and as a further
exanpl e at | e@¥26bout Theosirgypeng hGo2 8Yill Prefembhbhayve a hoverdobledwdar weighhe
stripping agent. wll result in an_ enhanced hydrocarbon feedstock blend with

a T50 boi | i ngasd kovestTsy Reiling apistthandbe heayydiyidrosgphon fsggstogks Ayt maw bawp

boiling point_of th e .hydr oc an. f st.ock, at | east. about

28C (about SRS L AIREPOREREBW, sGRH bol prsslitifad JudhonGREImaRs ",

further exanpbgliff poBRSST ARMHvY HErdaRRu! fed@0dk. | PNRWisARR infifal WRklANOt her

exanpl e at | east about 167C (abouf 300F) |ower. [0029] Vapor-Iliquid

equi | i bri um npael éfithe sBipping ogaat ey tedbiveathan, apahto, as gRRGT HIBHOINE Nbiby]

Sinmul ation Sciences Inc., can be used to determ ne gfpti nal uantities of a
r

gi ven stri ppi Mlla@é’ﬁ’ﬂmf%ﬁ thes Beayiyr Rydrogarben terslstpgkny Hr Beahesyy hidsecsehasck .

feedstock is an atmospheric bottoms stream, the stripping agent will preferably

have a lower initial boiling point.

[0027] Preferably, the weighted average molecular weight of the stripping
agent will be at least about 20% less than the weighted average molecular weight
of the heavy hydrocarbon feedstock, such as at least about 25% less, for example
at least about 35% less, and as a further example at least about 50% less.

{0028} Preferably, the addition of the stripping agent will result in an
enhanced hydrocarbon feedstock blend with a T, boiling point at least about 15°C
(about 25°F) lower than the T, boiling point of the heavy hydrocarbon feedstock,
such as at least about 28°C (about 50°F), for example at least about 56°C (about
100°F) lower, as a further exax_nple at least about 111°C (about 200°F) lower, and
as yet another example at least about 167°C (about 300°F) lower.

[0029] Vapor-liquid equilibrium modeling using computer software, such
as PROvisioN™ by Simulation Sciences Inc., can be used to determine optimal
quantities of a given stripping agent for use with a given heavy hydrocarbon
feedstock.

[0030] The present invention relates to a process for heating and steam

cracking hydrocarbon feedstock containing non-volatile hydrocarbons. The



[ 0030] The present invention relates to a process for heating and steam
cracki ng hydrocarbon feedstock containing non-volatile hydrocarbons. The WD
201) 5/ 113719 PCT/ US2005/ 017560 -9 process conprises m xing a heavy

hydr ocar boRVP&¥FEI3ER with a stripping agent to form an SRFARZEE017560

hydr ocar bon feedstock bl end, heating the enhanced hydrocarbon feedstock

bl end, flashing the enhanced hydrocarbon feedstock blend to forma vapor
phase and a |iquid phase, feeding the vapor phase to the radiant section of
a pyrolysis furnace, and producing an effluent conprising olefins. [0031]
The addition of steam at various points i'd 't he process is known in the art
and will, for sinplicity, not be detailed in every description herein. It is
further noted ProRess SPMPHFeSTRIRG @ ReAVY dydwcampn desdstack vithyy stripping agentde

t d that f. th t , h 3 t b
lper heat od. - TeiberoattAgoeds eBRaled dentis (Lokt dk T BmiFs siitsed ™ "
steam Since @5@%&% feeaﬁééﬁ]@w,%smﬁg [ ettt RYdrd@irbot feeBGbEK El’eﬂa he

description herein use t term anced hydrocarbon feedstock bl end"

to mean the caglforiech vapiopphasetand Ofiquitehase; ifemding thrgepbr phebettbahd emiant
hydrocarbon feedstock together as they travel through the process
regardl ess of sedtinn efimpyrotysissfunface tand predudingtanedilp¢niicamprisiig okgfes. be present

at an iven st in th rocess. .[0032] Wien heavy drocar hon feedstock
cont aiynigng nodg&gﬁati | e %‘gﬂ%gﬂ%‘hf’ggtﬁﬂa/ l”ard%‘ksep‘ﬂi"ééﬁ%"o?@c?ssg ’E?‘S‘&‘k’%d? t he
feed i s prehe i 4t | t4.0 t:l . .S, fyrpace,

opti olnal Fy m )Egéeggl\}\,:#ﬁ \gﬁ]f #ﬁfghglljlcﬁﬁég& H\fcvadt%éaﬁj,%ﬁalhg&te ﬁé%&fc ﬁﬁl e?‘éﬂgﬁléhgé ed in

the convecti ofugR&thabd thieng dffiRe BREMI dddyd @lay Edfiphieasonr by dfearariioess
f eedst ock vaporizes formng a vapor phase substantially depleted of the

non-vol ati | e ctrapoahtiat anylodthectdam pddedurdether sour drotntey ¢ suptrheakeait

vapor-liquid equilibriumat_t operating conditions described herein would
result in smalJUPEREAERE 1Sé’§ef8fal?3r?owﬁ%ﬁ%ﬁﬁeg’é‘ WS he At Sm‘ognﬁ%%%a%ﬁ%ursors

P Eser oo LA s MR poBRE PRSI R 1 11

conponent s angégy "&dkAcddl IBal6GREh eddstkiiderM tbahastiht Rombthedapipopaiase.
of the stripping agent and the heavy hydrocarbon feedstock together as they travel
through the process regardless of what quantities of steam and other fluids may
also be present at any given stage in the process.
[0032] When heavy hydrocarbon feedstock contammning non-volatile
components and/or coke precursors is cracked, the feed is preheated in the upper
convection section of a pyrolysis furmace, optionally mixed with a fluid such as
water, and then further preheated in the convection section, where the majority of
the heavy hydrocarbon feedstock vaporizes forming a vapor phase substantially
depleted of the non-volatile components and/or coke precursors. It is understood
that vapor-liquid equilibrium at the operating conditions described herein would
result in small quantities of non-volatile components and/or coke precursors
present in the vapor phase. Additionally, and varying with the design of the
flash/separation vessel, minute quantities of liquid containing non-volatile
components and/or coke precursors could be entrained in the vapor phase.
[0033] The resulting hydrocarbon/steam vapor phase is at its dew point

and is hot enough for cracking of heavier hydrocarbon components (including, but

not limited to, non-volatile components and coke precursors) to occur. This



[ 0033] The resulting hydrocarbon/steam vapor phase is at its dew point and
is hot enough for cracking of heavier hydrocarbon conponents (including, but

not Iimte%gﬂw%ol atil e conponents and coke precursors) to occur. This
WD 2005/ 11 US2005/ 017560 -10 cracki ng can resul t RGT/4R3805G7F68t i on

of reactive heavy hydrocarbons which may deposit on the surfaces of piping
and equi pnrent downstream of the flash/separation vessel, eventually form ng
coke. 10034] The cracking reaction is endotherm c, reducing the vapor
tenperature, for exanple by about 8C (about 15F) to about 12C (about 22F)

or nore, before the vapor is further préHba‘t ed in the | ower convection
section and then cracked in the radiant section of the furnace.

Si nul t aneous| §rackiogecahgasul msthe foonathn eliraasiivel heryy Hydredasbonsowlish trhay vapor .

These cooling. effects Cﬁm cag%e a .portion rg_l; t he heavic@st hgdr ocarbon to

condense. ThedeRfsHeMedify 8WEHCSF hBh PHAE dRr eFERRER 1 4OWNSHFAIR: Of e ThE |

pol ynucl ear a i . } i.pl and equi pnent i mredi ately

downst r eam of h?%epﬁ%éﬂ]}gg%glt’:g{{élng%@e%grgﬁ{gaﬁg% imts both the tine between

decoking treajgyas} s andThhe crRKINFUTEARIBRAC!St ehdothéintible rediichsd)/ SePaapbi ON

apparatus. The reduction in flash/separation tenperature limts the

hydr ocar bon f eenesttereh raxsmpteniey wlapo r8°Cr @boutohd °F3 to el d@°C Natsnon 226B) ¢

anal ysis of the foulant indicates it is derived fromliquid hydrocarbon.

100351 One soPUIPEH bere Riesvappiois furthersprshenirss wthe Aowes-geanentiey section and
cribes

the ' addi i onti6p CEeHEL bR FARRR R o bk rale Ve aB et AP AT S sl ¢ o
reduce the cENERNSALABngSBEthed cdBlsUhk ARpsAN TARYARLARBOLHYs bf LaRESENt ed
in conjunction w th many enbodi nents of Fhe present invention. 100361

Rat her than cpartikhrgd the heavigsthpdiroaidior teeitasacKlescandenssd lerdooaetiead, it
has been found to be advantageous to blend the feedstock with a stripping
agent conpri sdeitydepgengips éo Howlpnt trHonoknpdssh anmaticp| hak gollectsi W Pipingef f ect s
A e e e N R B O SRy bR the st sl RSP ThE B
both the time between decoking treatments and the maximum temperature in the
flash/separation apparatus. The reduction in flash/separation temperature limits

the hydrocarbon feedrate because the vapor fraction is reduced. Microscopic
analysis of the foulant indicates it is derived from liquid hydrocarbon.

[0035] One solution to this problem is proposed in co-pending
apphicationU.S. Serial No. 10/851,878, filed May 21, 2004, which describes the
addition of a heated vaporous diluent to the flash/separation vessel to reduce the
condensation. Such a solution can advantageously be implemented in conjunction

with many embodiments of the present invention. _

[0036] Rather than cracking a heavy hydrocarbon feedstock as it is
delivered, it has been found to be advantageous to blend the feedstock with a
stripping agent comprising a lighter hydrocarbon stream. Multiple synergistic

effects can be realized with such a procedure.

[0037] _ It will be recognized that economic considerations would generally

favor maximizing the fraction of the feedstock which is in the vapor phase and
subsequently cracked. One of the benefits which can be realized by the addition

of a stripping agent to the heavy hydrocarbon feedstock 1s an increase in the

percentage of the heavier hydrocarbon feedstock vaporized at a given flash



favor maxi m zing the fraction of the feedstock which is in the vapor phase
and subsequently cracked. One of the benefits which can be realized by the

addi tion ﬁJ % s}ri p}gi ng agent to the heavy hydrocarbon feedstock is an
increase i ¥ ARYISE tent age of the heavier hydrocarbon feBEEUSBWSPLISON | zed
at a given flash WO 2605/ 113719 PCT/ US2005/ 017560 -11 tenperature with
negligible quantities of the stripping agent retained in the liquid phase.
For exanple, a m xture of 35% heavy atnospheric gas oil (stripping agent)
with 65% I ow sul fur waxy residue (an atnospheric bottons fraction) could
result in an increase from73%to 78% ofllt-he | ow sul fur waxy residue
vapori zed in the flash/separation vessel with negligible quantities of the
heavy at nospheamipergtas with neglegibierjuagtities dfitbe siripping ageasetaired/in thedigasgke i n
vapori zation of the heavy £ hydrocarhbgn feedstock at .a given separation

t enper at ur e wBbAsE- JORE¥AIRRLY, 4 MPFEFeOT Sgrheayy mesfric 825 %\gﬁﬂtﬁlk‘iﬁ{‘g BIETOF t he

i nventive progcess crih her.ein. d.. be expect esul 1 i
increase in tﬁvé&lpGeslrd/g _i%‘fﬁa@gfo\*"aﬁe%@“ﬁ%‘? 8t5%0_r58§?1rpc ﬁ%tgogrés{ %%élo\%zﬁé?lfiggsgﬁtat
gl ven separat ﬂ-{)aﬁﬂﬂﬁédsé% 739 10€2$80BY ehelA v MM%g'ﬁsiHﬂ@vaﬂﬁfz%@%ﬁgﬁ of
heavy hydrocarbon teedstock vaporized of at |east about 1% for another

exanpl e at | efiash/sdpatstiohYessabwithfngplifible quaatifieeofihe heawt ataivapheritQ9%4s cdind as
yet anot her example at | east about 20% or even at |east about 30% [0038]

| n anot her entasefiniagt in ithe Aarid phasenaydmi 2nHgEEhE yepuEttigyeofothe bp@yheavy
hydr ocar bon feedstock i.n .the vapar phase,.the separatiop, vessel .could be
operated to a&a.n?rg%r%gn Sqe\qétﬂaflgtpaggl}v F‘?&'fﬂa&dt’é)ﬁ'lr}?@pﬁfg? © MOt BLEHbe BPTE
thereby redugijidsd &enbRi&’. HpftRANES meqncérﬁ%;g?&ers@agch@e& hetdH &Bufan turn
reduces the apor phase tenpprature drop and the resultant condensation of

| i quid coke p¢egpecad 3o réhdt Tienpeihaicdse in st peicentagté of lgdave rhydagrarbdni qui d
split could be about 8C (about 15F). The dilution effect of the |ighter
hydr ocar bon nisedgiatleyappsiaed at given sepasetor perdidonsg &f xXpmpihan inerpse ésthene rate

or eat ot han BSfBtHtakcot et Pah R B8EE DRI A et GO enttLe o).
for exanpl e 9iRAL& exhiPl ADOME atRfat s%t,)gylafurgge} exAthpRY HAstabobH HBh] fHa 4sn

tenperature drop i n the vapor phase woul d
yet another example at least about 20%, or even at least about 30%.

{0038} In another embodiment, rather than maximizing the percentage of
the heavy hydrocarbon feedstock in the vapor phase, the separation vessel could
be operated to achieve a given vapor/liquid split at a lower temperature thereby
reducing the rate of endothermic cracking reactions, which in turn reduces the
vapor phase temperature drop and the resultant condensation of liquid coke
precursors. The temperature reduction at a given vapor/iiquid split could be about
8°C (about 15°F). The dilution effect of the lighter hydrocarbon molecules added
by the stripping agent further reduces the rate of cracking. Further, the reduction
in overhead temperature drop could be greater than about 1°C (about 2°F), such as
greater than about 3°C (about 5°F), for example greater than about 5°C (about
9°F). Although a reduction in temperature drop in the vapor phase would be
expected whether the separation temperature or the vapor fractioﬁ was held
constant, it would be more pronounced if the vapor fraction were held constant.

[0039] The stripping agent added to the heavy hydrocarbon feedstock may
be from about 2 to about 95 percent of the resultant hydrocarbon feedstock stream,

such as from about 5% to about 90%, for example from about 10% to about 80%,



expected whet her the separation tenperature or the vapor fraction was held
constant, it would be nore pronounced if the vapor fraction were held

const ant. ﬁ&gp%%}é The stripping agent added to the heavy hydrocarbon

f eedst ock WYY m about 2 to about 95 percent of t he PC&Fas00Em1 7560

hydr ocar bon feedstock stream such as from about 5% to about 90% for
exanpl e from about 10%to about 80% WD 2005/113719 PCT/US2005/1117560 -12
as a further exanple from about 20%to about 70% The percentage of the
stripping agent added to the heavy hydrocarbon feedstock would preferably be
optim zed according to econom cs and avalfability of given hydrocarbon
streans at any particular tine. In general, the |ighter the stripping agent
is relative tas 4 Herthdremaynphy drome aabboin 20%ets abak WEingThe getrcentage | @S the
stripping agent will be required for optimal benefit. [0040] Depending on
tankage avai ISHEIRNE gaentsadded 4o the hgent hydrpcaeon derdstock ovenld prefevaply be

hyd bon feedstock in.the feedst.ock stor ..t ank t int '

o i nt roduct SBHTRFS FSORUSE P FEAPRUSY tisheYalllTiey £k e nBrebsct g Ssect i on -
o intre e PYREHSEL K SPETNE B i
of i ng. o BPLPEEyeL Bl eraEplal Y IRRE N fHbRnelantn RN 14 18P0 ge

tanks. An adhiy Bydtbcdrboe fdetisiotk deiabnged th¢ ldsp pirip@irpgarnt asil 68$&‘c¥diﬁed
herein can be a reduction in viscosity of the heavy hydrocarbon teedstock,

t her eby r eduddmeptirha benefitper at ure required to allow the feedstock to flow
fromthe tan toth yr.ol ysi s proces rea. |If the heav dr pcar bon

f eedst ock i sﬁ‘g@s}ed t hﬁ%?fgﬁd’é'g %@&Eﬁ@r%"aaaﬂﬁnﬁetswpyﬁ e H{f‘y%e?ﬁ%e pstream
of the desal r [ i . i i qmlgv' er

ef ficiency a&fgE}llenlgérlggglslﬁ%&greb\égl%f%e)%&%éplggﬁ ;é.%ﬂftéggﬁt?mﬁ?e re J(Zhggﬂ gi%?%hosi ty Jof

t he enhanced paygtPmaoleRtidnaddné aeky Bidesdrbodcledtask 0aRE coivoEsesectiod
thermal efficCiency in the convection section of the furnace. A further

benefit is redlthefunace. r Ebeistippsngagant eopyi berelinsd ot Ezhporiaﬁdh@;!s'ms afet

eedstock (e ouanout ol 1L s broducl o [9042) Mier blending phe heavy

hydrocarbon f.8&HShACK. ek a(Fl(ﬂSg hae%{riﬂ}ygngo fag&p[eas described herein can be a
reduction in viscosity of the heavy hydrocarbon feedstock, thereby reducing the
temperature required to allow the feedstock to flow from the tankage to the
pyrolysis process afea. If the heavy hydrocarbon feedstock is passed through a
desalter, adding the stripping agent upstream of the desalter reduces the viscosity
of the fluid, improving desalter efficiency and increasing desalter capacity.
[0041] The reduced viscosity of the enhanced hydrocarbon feedstock
blend increases heat transfer and thermal efficiency in the convection section of
the furnace. A further benefit is realized in reduced steam requirements, which
increases net feedstock throughput and olefins production.
[0042) After blending the heavy hydrocarbon feedstock with a stripping
agent to produce an enhanced hydrocarbon feedstock blend, the heating of the
enhanced hydrocarbon feedstock blend can take any form known by those of
ordinary skill in the art. However, it is preferred that the heating comprises
indirect contact of the enhanced hydrocarbon feedstock blend in the upper
(farthest from the radiant section) convection section tube bank 2 of the furnace 1
with hot flue gases from the radiant section of the furnace. This can be

accomplished, by way of non-limiting example, by passing the enhanced



enhanced hydrocarbon feedstock bl end can take any form known by those of
ordinary skill in the art. However, it is preferred that the heating

conpri ses u?g&nﬁcé Sontact of the enhanced hydrocarbon feedstock blend in
the upper WY aMPHEE from the radiant section) convecti onPSEHISRMNFOITR6E bank
2 of the furnace | wth hot flue gases fromthe radi ant section of the
furnace. This can be acconplished, by way of non-limting exanple, by
passi ng the enhanced WD 2005/ 113719 PCT/ US2005/ 017560 13 hydrocarbon
feedst ock bl end through a bank of heat exchange tubes 2 located wthin the
convection section 3 of the furnace 1. THeé heated hydr ocarbon feedstock
typically has a tenperature between about 150 and about 340C (about 300 and
about 650F), bpdiecarbontfeedstacbOblend #ivough 230@k(afbbent e3ghlange tabesu? loasat), for

R A R I R
P V. 2 el WS CRR PnBel L IERIRA 0PI & SLEBO BAGHE il

optional ly vapor, _ m xXture thereo _ pre

is water. A sgppGadofbohhg564Ryi shchady Mout QW0 RbesHUE 230 [fouf 89 toVioltf - The
tenperature of the fluid can be bel ow, equal to, or above the tenperature
of the heat ed4bedgsfonekample aboet [YOdeiabde 22080 dilmmn 840 tohabofit 425FF).at ent  heat
of vaporization can be used to control the m xture stream_tenperature.

100441 The mi ¥M3lof t helhisedeaad nhyeirecasbyb feedsiork: de koretsrabbar yuxgd wyithon
steam and the .optiopal. fluid can ocecur i nside. or tside th rohysis
furnace 1. banapreptin e S8R, PEOUTIY B AR Wi, Sl Bt B RGRRR o e
acconpl i shed LUsEREVARYLITTH6: RHSENIyCRPOPOWReW dibtind 4§ ndikture BRYedTXaTR €, it
is possible tg use a irst sparger 4 of a double sparger assenbly 9 for the
m xi ng. The f ipreférrabéingleis watecam amatel obrthe Bdidc earhbeniew i prepsureabtsited fead sudden
vapori zation of the fluid, upon introduction of the flujd into the heated

hydr ocar bon f &@it odike Eowesfur e theellyrd serdin helgvorcauplityy alggbere dhe he
enhanced hydrocarbon feedstqck.bl.end is option fo Lah vol at.iliit
Foodor ocke” iRl oEREREAES arusBlc, By AR AT Rl b badlih, B fhidumtit
used in the pLEARFTYafiriatlbs cAlNEMNUS cohttolitRe mixture stream temperature.

[0044] The mixing of the heated hydrocarbon feedstock, primary dilution

steam, and the optional 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 possibie to use a
first sparger 4 of a double sparger assembly 9 for the mixing. The first sparger 4
can avoid or reduce hammering, caused by sudden vaporization of the fluid, upon
introduction of the fluid into the heated hydrocarbon feedstock.

[0045] The use of steam and or fluid added to the enhanced hydrocarbon
feedstock blend is optional for high volatility feedstocks, possibly including the
enhanced hydrocarbon feedstock blend used in the process of this invention. It is
possible that such feedstocks can be heated in any manner known in the industry,
for example in heat exchange tubes 2 located within the convection section 3 of
the furnace 1. The enhanced hydrocarbon feedstock blend couid be conveyed to
the flash/separation vessel with little or no added steam or fluid.

[0046] In applying this invention, the resulting mixture strearn can be
heated by indirect contact with flue gas in another portion of the first convection

section tube bank of the pyrolysis furnace before being flashed.



possi bl e that such feedstocks can be heated in any manner known in the
i ndustry, for exanple in heat exchange tubes 2 |l ocated within the

convecti o i of the furnace 1. The enhanced hydrocarbon feedstock
bl end couﬁga§@6%g§@§§ed to the flash/separation vessel WENUSTHOSNOETSR no
added steamor fluid. [0046] In applying this invention, the resulting

m xture stream can be heated by indirect contact wwth flue gas in another
portion of the first convection section tube bank of the pyrolysis furnace
before being flashed. WO 2005, 1113719 PCT/ US2005/017560 - 14 100471 A
second optional fluid can be added to the m xture stream before flashing

the m xture stream the second fluid heing a drocarbon vapor. [00Q48] In
one enbodi melfl04d1 t he p‘}é%‘"é’ﬁa opHOBa WA cap r‘?eégé?‘{ F—b%etrﬁlxﬁlﬁé SFFQW&’e?Q’f'erd

wi th the heajed.fegdst ock rl il utd : 2.1 I ixed with the

f eedst ock. Tﬁ@’g’ﬁ?g ﬁ%?r“y“xg‘.’ff:& TF%mg’até%’(géaicr%ngtquga;%gl%g%%roﬁ%@r‘%%?? injected into
a second Spﬂ!’(ﬂﬁ!} 8. | fpiofie BMBb&IERE of Rl prbdtat RiveBé, ifl hiditibR o leGRITH ST r €am
is injected "Into the hydrocarbon fluid m xture before the resulting stream
m Xt ure opti miedd withahé Beated feedstecky eeiapy ddetidn stoaratl 71id afsormixedimtithathal
heating by flue gas, generally wthin the sane tube bank as woul d have been
used for thefaedstorlal Theaprimaryodilutios steawnstreen dpdheopgivablyfiaisgsdonie Bl end.

10049] The pri di | ugi t .a tep t ter,. | ,
about .t o saTAEORS SpHEehbfids BiSFed auBeateony GBCHY A OBt BUEr ol y

Lhe TP 34kt hd ByBBithod ARG ANE AR ol L frxeEieodhichiy

dilution steam nma super heat ore being Injected into the second

sparger S. 16&ef] thh@niketionreetidd eall donpdditibng Hatnf Gat et pysdzeaanion
feedstock, the fluid, and the optional primary dilution steam stream
| eavi ng t he withonthe swwrigbe bank as vprldhaie Yeenawed dorf the tiniginl beatingeofdbevect i ‘on

section of LA YRS IUnace pelore the flash, The hoating can be
vouah = el et ShARRE o BE St CHPRA ASIRBARSEIBIRIET
of the furnageaid thdssmé eaitrchydyodafieorhfeditbele flgRSmixture, but preferably the

temperature is about the same as that of the mixture. The primary dilution steam

may be superheated 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 further 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 a lower 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 thus-heated mixture stream leaves the

convection section as a mixture stream 12 to optionally be further mixed with an

additional steam stream.

[0051] Optionally, the secondary dilution steam stream 18 can be further

split into a flash steam streamn 19 which is mixed with the hydrocarbon mixture 12

before the flash and a bypass steam stream 21 which bypasses the flash of the

hydrocarbon mixture and, is instead, mixed with the vapor phase from the flash

before the vapor phase is further heated in the lower convection section and



fromthe radi ant section of the furnace. The thus-heated mi xture stream
| eaves the convection section as a mxture stream 12 to optionally be
further m ﬂpkhpﬂqn addi ti onal steam stream 100511 Optionally, the
secondary Ol 0t o St eam stream 18 can be further split PRIASHPPOESH st eam
stream 19 which is m xed with the hydrocarbon m xture 12 before the flash
and a bypass steam stream 21 which bypasses the flash of the hydrocarbon
m xture and, is instead, mxed with the vapor phase fromthe flash before
t he vapor phase is further heated in the;Lower convection section and WO
2005/ 113719 PCT/ US2105/ 017560 15 cracked™in the radi ant section of the

i nvention can secondary dil ution

furnace. The present erate w.th all
Steam 18 used FASKH) IaHC SEah PG ohiAE JUBSEsd NS FLenieh BhaRTHEl y,  he
Do bypass st o Borrs BFfEhifealt 185 ATHANcn ¥ W nCbRAGE dfl! [ Pt o€

accordance W1 Wiemiiesk)thd prégnt irdRntibh eard BéioPeﬁfedt\hﬁh séanfarst BRMonSt r €am
19 to bypass steam stream 21 should be preferably 1:20 to 20:1, and nopst
preferably 1:9edmn I8 diredted thibgpassistdim@htvyith me flashsstean d®m 19 ai wreferredd wit h
the hydrocarbon m xture stream 12 to forma flash stream 20 hefore the
flash in fl oapbedimgpbiy sgosdanceayits therpraseat pieption.Hhe gliokidhe Hagh steamon
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aids the vap zation of less volatile conponents of the mxture before the
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equilibrium 19 to the hydrocarbon mixture stream 12 aids the vaporization of less volatile
components of the mixture before the flash stream 20 enters the flash/separation
vessel 5.
[0052] The mixture stream 12 or the flash stream 20 is then flashed, for
example in a flash/separation vessel 5, for separation into two phases: a vapor
phase comprising predominantly stripping agent, volatile hydrocarbons from the
heavy hydrocarbon feedstock, and steam and a liquid phase comprising less-
volatile hydrocarbons along with a significant fraction of the non-volatile
components and/or coke precursors. It is understood that vapor-liquid equilibrium
at the operating conditions described herein would result in small quantities of
non-volatile components and/or coke precursors present in the vapor phase.
Additionally, and varying with the design of the flash/separation vessel, minute
quantities of liquid containing non-volatile components and/or coke precursors
could be entrained in the vapor phase.
[0053] For ease of description herein, the term flash/separation vessel will

be used to mean any vessel or vessels used to separate the enhanced hydrocarbon

feedstock blend into a vapor phase and at least one Iiquid phase. It is intended to



at the operating conditions described herein would result in small
quantities of non-volatile conponents and/or coke precursors present in the
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non-vol atil e conponents and/ or coke precursors could be entrained in the
vapor phase. [0053] For ease of description herein, the term
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fl ash/ separation vesSsel 5 through at l'east one side inlet located in the
side of said [0¢®Hsel, aTke tMetuwageranp b2 se picterpblefiatradiced rtengenially tothet he
flash/ separation vessel as an overhead vapor stream 13. The vapor phase,
preferably, iflashisepasaiion vessel 5 thopnacati loast oae siderinletiinsatsdnn thasige of said
furnace, preferably the bank, | ocated. nearest e radiant  section of the
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preferably asgoaviiioh@ssiont tubabamk/23 008 Thmbde, prefablyahé behk RcaBH REaest a
predeterm ned constant ratio of vapor to liquid in the flash/separation

vessel 5, butthes adiant aedtioniof thé firnaqel, fort aption tingaud themnthraigh cessaver

alternative, tenperature of the mxture stream 12 before the ..
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is higher, réeravB) &td batdhydstraal Ppns will be vaporized and becone
avai l abl e, as part 'of the vapor phase, for cracking. However, when the
m xture stredf93gnper atltiiepietertaoto haigkain apreddtgavpechyehistaow rigomef vaposl udi ng
coke precur S% ?1qulvc\{I ilnlthg %aﬁ{/sei‘s%grnattioinqregsg 5, but such ratio is difficult to measure and
control. As an altemative, temperature of the mixture stream 12 before the
flash/separation vessel 5 can be used as an indirect parameter to measure, control,
and maintain an approximately constant vapor-to-liquid ratio in the
flash/separation vessel 5. Ideally, when the mixture stream temperature is higher,
more volatile hydrocarbons will be vaporized and become available, as part of the
vapor phase, for cracking. However, when the mixture stream temperature is too
high, more heavy hydrocarbons, including coke precursors, 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/separation vessel 5, more volatile hydrocarbons will
remain in liquid phase and thus will not be available for cracking.
[0056) The mixture stream temperature is controlled to maximize recovery
or 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/separation 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,



vapor phase and carried over to the convection furnace tubes, eventually
coking the tubes. If the m xture stream 12 tenperature is too | ow,
resulting in a lowratio of vapor to liquid in the flash/separation vessel
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be avail able for cracking. [0056] The m xture streamtenperature is
controlled to nmaxim ze recovery or vaporization of volatiles in the
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900F), and  contains higher amounts of lighter hydrocarbons, the temperature of the mixture

stream 12 can be set lower. When the feedstock contains a higher amount of less-
or non-volatile hydrocarbons, the temperature of the mixture stream 12 should be
set higher. ,

[0058] Typically, the temperature of the mixture stream 12 can be set and
controlled at between about 315 and about 540°C (about 600 and about 1000°F),
such as between about 370 and about 510°C (about 700 and about 950°F), for
example between about 400 and about 480°C (about 750 and about 900°F), and
often between about 430 and about 475°C (about 810 and about 890°F). These
values will change with the volatility of the feedstock as discussed above.

[0059] 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/separation vessel and associated piping. Typically, at
least about 2 percent of the mixture stream is in the liquid phase after being
flashed.

[0060] It is desirable to maintain a constant temperature for the mixture
stream 12 mixing with flash steam 19 and entering the flash/separation vessel to

achieve a constant ratio of vapor to liquid in the flash/separation vessel 5, and to



of ten between about 430 and about 475C (about 810 and about 890F). These
values wll change with the volatility of the feedstock as di scussed above.
[ 0059] CoRgsj LORS in determning the tenperature include the desire to
mai ntai n gﬁ??g(trji?ﬂ%ﬁase to reduce the |ikelihood of coke FolFHatigh7seP
exchanger tube walls and in the flash/separation vessel and associ at ed

pi ping. Typically, at |east about 2 percent of the mxture streamis in the
| i quid phase after being flashed. [0060] It is desirable to naintain a
constant tenperature for the mxture stygam 12 mxing with flash steam 19
and entering the flash/separation vessel to achieve a constant ratio of
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system 7 detects a drop of tenperature of the mixture stream it wll cause
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is injected secon parger enperature cont’rol "system 7 can

al so be usedyli beQpkhcd widefto MEIARY e jbtionQT thé HaIN e We fik& spargadpust the
anmopunt of primary dilution steam streaminjected to the second sparger 8.

This further [006dlices tWhahahe pviardratdibiiocof stedamanyieraat Ui7eisc rpeges to rthe he
flash separation vessel 5. Wen the control system7 detects a droi?l of
tenper at ure 89cOPASPAREEE $rthe tarpregshmexconirol Gystem {7 fan also be wied e icaR 9l theli | ut i'on
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automatically closé nore to reduce the primary dilution steam stream
i nj ected i nt enpeeatsecdadgesypnrtheiflagh sdpakaionvadssed S14Whendpe netroli sgtstem 7
detects a drop of temperature of the mixture stream 12, it will instruct the primary
dilution Stearn 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 primary dilutton steam stream injected into the second sparger 8 while
valve 14 is opened wider.
[0062] In an example embodiment where the fluid is water, the controller
varies the amount of water and primary dilution steam to maintain a constant
mixture stream temperature 12, while maintaining a constant ratio of H,O to
feedstock in the mixture 11. To further avoid sharp variation of the flash
temperature, the present invention also preferably utilizes an intermediate
desuperheater 25 in the superheating section of the secondary dilution steam in the
furnace. This allows the superheater 16 outlet temperature to be controlled at a
constant value, independent of furnace 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 (about 800 and about 1100°F), for example between about 455 and



[0062] 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
m xture str(§n1te erature 12, while maintaining a constant ratio of H Oto
f eedst ock 1| ?%@”gya?ure 11. To further avoid sharp vari aPCEVSISORE6H | ash
tenperature, the present invention also preferably utilizes an internediate
desuperheater 25 in the superheating section of the secondary dilution steam
in the furnace. This allows the superheater 16 outlet tenperature to be
controlled at a constant val ue, indepenﬂ nt of furnace | oad changes, coking
extent changes, excess oxygen |evel cha gés, and ot her variables. Normally,
this desuperheater_ 25 nmaintains the tenperature of the Eeco daryﬁ$ilution
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constant tenperature of the mxture stream 12 entering the flaSh/separation
vessel , it |scgeasandlthe @hperates of telstatrowhizhiiningdtdl witle aiistufdtreamadi2ocar bon
partial pressure of the flash stream 20 in order to maintain a constant
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hydr ocar bon pafatitgih a¢oestul fatiofoltvagorftb digpidsinrthafasiseparation vessel. By way
of examples, the constant hydrocarbon partial pressure can be maintained by
maintaining constant flash/separation vessel pressure through the use of control
valves 36 on the vapor phase line 13, and by controlling the ratio of steam to
hydrocarbon feedstock in stream 20.
[0064] Typically, the hydrocarbon partial pressure of the flash stream in
the present invention is set and controlled at between 25 and 175 kPa (about 4 and
about 25 psia), such as between 35 and 100 kPa (about 5 and about 15 psia), for
example between 40 and 75 kPa (about 6 and about 11 psia).
[0065] In one embodiment, the flash is conducted in at least one
flash/separation vessel. Typically the flash is a one-stage process with or without
reflux. The flash/separation vessel 5 is normally operated at about 275 to about
1400 kPa (about 40 to about 200 psia) pressure and its temperature is usually the
same or slightly lower than the temperature of the flash stream 20 before entering
the flash/separation vessel 5, typically about 315 to about 560°C (about 600 to
about 1040°F). For example, the pressure of the flash can be about 600 to about
1100 kPa (about 85 to about 155 psia) and the temperature can be about 370 to
about 490°C (about 700 to about 920°F). As a further example, the pressure of the



the present invention is set and controlled at between 25 and 175 kPa (about
4 and about 25 psia), such as between 35 and 100 kPa (about 5 and about 15
psia), foRyp8y hgwbetmeen 40 and 75 kPa (about 6 and about | | Bsia}.
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fl ash/ separation vessel. Typically the flash is a one-stage process with or
w thout reflux. The flash/separation vessel 5 is normally operated at about
275 to about 1400 kPa (about 40 to about 200 psia) pressure and its
tenperature is usually the same or slighily lower than the tenperature of
the flash stream 20 before. entering the flash/separation vessel 5,

typically abqut, 315.t0,ab 6 t,. 00 u - ..exanmpl e,
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700 to about 928F). As a further exanple, the pressure of the 2005/ 113719
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about 90% [0066] The fl ash/separation vessel 5 is generally operated, in
one aspect, t®about¥0%.ze the tenperature of the |iquid phase at the bottom

f th | h heat [ f . th -vol atil es,
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required liquid phase tenPerature. It may al so be helpful to recycle a

portion of tHe ereadant |dilution| stdarh| sis¢ans eBfariat iths Nasbsetream entering the

flash/separation vessel lowers the vaporization temperature because it reduces the
partial pressure of the hydrocarbons (i.e., a larger mole fraction of the vapor is
steam) and thus lowers the required liquid phase temperature. It may also be
helpful to recycle a portion of the externally cooled flash/separation vessel
bottoms liquid 30 back to the flash/separation vessel to help cool the newly
separated liquid phase at the bottom of the flash/separation vessel 5. Stream 27
can be conveyed from the bottom of the flash/separation 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 260 to about 315°C (about 500 to about 600°F), for example about 270 to
about 290°C (about 520 to about 550°F). The amount of recycled stream can be
about 80 to about 250% of the amount of the newly separated bottom liquid inside
the flash/separation vessel, such as 90 to 225%, for example 100 to 200%.

[0067] The flash is generally also operated, in another aspect, to minimize
the liquid retention/holding time in the flash/separation 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/separation vessel.



bottonms liquid 30 back to the flash/separation vessel to help cool the newy
separated |iquid phase at the bottomof the flash/separation vessel 5.
Stream 27 $n be conveyed fromthe bottom of the flash/separation vessel 5
to the cool®? W8N punp 37. The cool ed stream 29 can t REF/USBUSMTI0 | nto a
recycle stream 30 and export stream 22. The tenperature of the recycled
streamwould typically be about 260 to about 315C (about 500 to about

600F), for exanple about 270 to about 290C (about 520 to about 550F). The
anount of recycled streamcan be about %? to about 250% of the anount of
the newy separated bottomliquid insidé<‘the flash/separation vessel, such
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the furnace. through an overhead pipe, which optionally conveys the vapor to a centrifugal
separator 38 to remove trace amounts of entrained and/or condensed liquid. The
vapor then typically flows into a manifold that distributes the flow to the
convection or radiant section of the furnace.
[0069] The vapor phase stream 13 continuously removed from the
flash/separation vessel is preferably superheated in the pyrolysis furnace lower
convection section 23 to-a temperature of, for example, about 425 to about 705°C
(about 800 to about 1300°F) by the flue gas from the radiant section of the
furnace. The vapor phase is then introduced to the radiant section of the pyrolysis
furnace to be cracked to produce an effluent comprising olefins, including
ethylene and other desired light olefins, and byproducts.
[0070] The vapor phase stream 13 removed from the flash/separation
vessel can optionally be mixed with a bypass steam stream 21 before being
introduced into the furnace lower convection section 23.
[0071] Because the process of this invention results in significant removal
of the coke- and tar-producing heavier hydrocarbon species (in the liquid phase 27

leaving the flash/separation vessel §), it may be possible to utilize a transfer line

exchanger for quenching the effluent from the radiant section of the pyrolysis



[ 0069] The vapor phase stream 13 continuously renoved fromthe
fl ash/ separation vessel is preferably superheated in the pyrol ysi s furnace
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section of the furnace. The vapor phase is then introduced to the radi ant
section of the pyrolysis furnace to be cracked to produce an effl uent
conprising olefins, including ethylene and other desired |ight ol efins, and
byproducts. [0070] The vapor phase stre%g|13 removed fromthe

fl ash/ separation vessel can optionally e mxed with a bypass steam stream
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No., filed Fﬁbe&ﬂﬁyct%ﬁ wifiOp prc;ée&safdrsc@cmﬁ%myapoéa%onnﬁéuﬁbaenemﬁﬁ% nefits
associated wth use of a transfer |ine exchanger 1n conjunction wth a
process for néme&latily dopgponessbon feedst ocks conprising non-volatile
conponents. {00721 The | ocation and operating tenperature of the

f 1 ash/ separ al003A] vesséﬂheu bcetmne@tledone@atmeomrm@r@tn@ @ﬁxﬂﬂﬁuﬂ@%ﬁﬁt@m@ vapor

feed which can ed wi. t excessive foul ing/ once
the rati o of VRS UEE PRI U PTATaTY SOl 1P e olst e e
ol =? el gl graad Bsigr oot o o
pi pi ng beco@gh;’ivﬁh@blleefaed will be lost and the economics of the operation will be
detrimentally affected. If the ratio of liquid i1s too low, coking in the
flash/separation vessel and the associated piping becomes a problem.
Additionally, operation at too low a liquid ratio could allow coke precursors from
the heavy ends of the hydrocarbon feed stream to enter the high temperature
sections of the furnace and cause accelerated coking.
[0073] - The percentage of given hydrocarbon feed discharged from the
flash/separation vessel as a vapor is a function of the hydrocarbon partial pressure
in the vessel and of the temperature entering the vessel. The temperature of the
enhanced hydrocarbon feedstock blend entering the flash/separation vessel is
highly dependent on the flue-gas temperature at that point in the convection
section. This temperature will vary as the furnace load is changed, being higher
when the furnace is at full load, and lower when the furnace is at partial load. The
flue-gas temperature in the first convection section tube bank is also a function of
the extent of coking that has occurred in the furnace. When the furnace is clean or
lightly coked, heat transfer is improved and the flue-gas temperature at that point

is correspondingly cooler than when the furnace is heavily coked. The flue-gas

temperature at any point is also a function of the combustion control exercised on



Additionally, operation at too low a liquid ratio could allow coke
precursors from the heavy ends of the hydrocarbon feed streamto enter the
hi gh tenperature sections of the furnace and cause accel erated coking.
100731 TheMIS¥htEEE of gi ven hydrocarbon feed di schar geBCTHUSAHUERES60

fl ash/ separation vessel as a vapor is a function of the hydrocarbon parti al
pressure in the vessel and of the tenperature entering the vessel. The
tenperature of the enhanced hydrocarbon feedstock blend entering the

fl ash/ separation vessel is highly dependent on the flue-gas tenperature at
that point in the convection section. THT'S tenperature will vary as the
furnace | oad i s changed, being hjigher when the furnace is at futl | oad, and
l,ower when t Hée byrre ef the Tymape r When thedimace peoperated WiRdOWISYRIS at e#cess n t he
first convection sectign tube bhank is also . a function of  the extent, of
coki ng t hat h‘ﬁ@'%@cd?r@ﬁ i T e 1?131 n@%eé.gas\/\htgwp?‘i?é}r ufhatd i Oy AN g
ightly COkeF’corE@?&n&iﬁ%ﬁsﬁﬁfe ifSan| WREPWRfiRRstet Reorlet 46t 9ath hWRIREIALI & at
that point s cofresp dlngfy cool er than when the furnace 1s heavily

coked. The flaeegosxyseripthedlusrgsat any point is also a function of the
conbustion control exercised on WD 2005/113719 PCT/ US2005/ 017560 -23 the
burners of tH@074k nace. Tovpérfumaee floach at detesmingsdr by dhe ieah Teawiramsnts forof

S A ey e e e T
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by the heat requirenents for pyrofysis in the radiant section o

furnace as weddradfir h6laines itz RERALS theratlbmt s@vion f tthofurfset fogrovithk €SS
oxygen above about 2% is in essence a reflection of extra air volunes being
heat ed in t hethe hdatareedgbintthe porpkctidresectiomablprolysignape¢itieisipnited bethadgat needed

i th ti ti.an. i i.t is.]im.t t he heat t t
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al | ows gr eat ghini@aNAE itlie/ efd@ks bedlen iy fhei ABompaBDiNY Gétrdpa) allo@p$h&iteri N bot h

t he radi ant and

capacity for heat generation. Improved heat transfer in both the radiant and
convection sections and reduced heating requirements associated with the use of a
stripping agent will allow total pyrolysis throughput to be increased.

(0075} The total energy requirement in the convection section is the sum
of the energy required to vaporize the hydrocarbon stream to a desired cutpoint,
vaporize and superheat any water used for flash temperature control, superheat the
hydrocarbon vapor, and superheat the dilution steam. This total energy
requirement exceeds that energy available when running typical combustion air
rates. To increase the heat input without raising the heat mput to the radiant
section, the combustion air raie must be raised to a level that is beyond the
combustion requirements. When heairy hydrocarbon feedstock is used alone,
additional air (above the combustion requirements) is mixed with the fuel and
combusted to provide the necessary heat input to vaporize the heavy hydrocarbon
feedstock and optional water. This additional combustion air requires additional
fuel to maintain the desired radiant section temperature and therefore results in

reduced furnace thermal efficiency. The heated excess air provides additional heat

to the convection section, but in doing so it requires that a portion of the flue gas



convection sections and reduced heating requirenents associated with the use
of a stripping agent will allow total pyrolysis throughput to be increased.
[ 0075] Th fL)ota_ energy requirenent in the convection section is the sum of
t he energy ezﬂlr/}léa”to vapori ze the hydrocarbon stream t oPEQT/HEHOFBETS60

cut point, vaporize and superheat any water used for flash tenperature
control, superheat the hydrocarbon vapor, and superheat the dilution steam
This total energy requirenent exceeds that energy avail abl e when running
typical conbustion air rates. To increase the heat input wthout raising
the heat input to the radiant section, -£fle combustion air rate nust be
raised to a |l evel that is beyond the conbustl on requirenents. \Wen heavy
hydr ocar bon fepdgtobkused fosedesd anetherabia tadeamdkection healieg; ¢harthy lomitingsti on |
requirenents) is pmixed with the fuel and conbusted to provide the necessary
heat i nput tﬁ@&%@ﬁtzsﬁcq%‘e“ﬁ“é‘é%cwaﬁ%car bon feedstock and optional water.

dosi v od rad aO0TECOL! on CORRbPerRPItAR. FRS. SRl Bo, 10431 57, fRU MR 2y "
furnace ther %04eaé§cﬁb@§5xovemsn Zsé/‘é‘&'nﬁmﬁﬁﬁs%s%é dRGAN TR furastdith icBR@b) heat

to the convection section, In ng so it requires that a portion of the

flue gas WO Ztﬁeltélrﬁﬁarﬁﬁ;ré?ﬁir tHd&&BéhSé Gfréafinteridd tha fhch/tspabationsedsd orLigkcess
air rather than radiant section heating, thereby limting the radiant
section crackimy walgaisiused i b TEW @ntisd seliems. dhpramaingihe wate, the@nergy No.

10/ 851, 495, fil 04, d bes | t | t t hat
et o remrad Y e Sopyse 38%?9}?0%0{81{83%%83 el B bt G o
entering the {46ShLRERAI 10BNERSH: sethld 1R cbRBoNaREIovES LaRHIpkikel i S

new contr ol y renmoving the water, the energy require

convecti on seagfnd@nthe Suélefdg ednﬁ@@oﬁﬂﬂrrﬁyc}raﬁﬁm mag Heousédaf lcodfanttivh widt er ) |
and thus it is possible to reduce the conbustion air |levels - and hence

reduce the f ub¢ pfasemdoveniios. cont rol mechani sm may be used in conjunction
SRNLCNRT M Al o Y G S AR N A
a stripping %ﬁgﬁzétf)attQ%n’%ﬁqgﬁ‘lperature, the addition of a stripping agent to the heavy
hydrocarbon feedstock reduces the energy consumption per ton of hydrocarbon
feed and increases the hydrocarbon processing capacity of the furnace.
[0078) Furnace operations between decokes can cause fluctuations in the
flash/separation vessel temperature resulting in ﬂuctuafions in both the fraction of
hydrocarbon that is a vapor in the flash/separation vessel and radiant hydrocarbon
feed rate causing unstable furnaces operations. Sometimes this instability can be
counter-intuitive. With the addition of a stripping agent allowing a higher vapor
cut with less heat input, increasing the convection section throughput with less
control instability is possible. Without a stripping agent, increased input of heavy
hydrocarbon feedstock can reduce the radiant section throughput because the
higher flow rate of heavy hydrocarbon feedstock and steam does not heat up as
much. The temperature drop resulting from the increased heavy hydrocarbon
throughput not only reduces the fraction of hydrocarbon that vaporizes but can
also reduce the total flow rate of hydrocarbon vapor. Higher vapor cut effected by
the stripping agent mitigates this counter-intuitive convection/radiant feedrate

effect.



hydr ocar bon feedstock reduces the energy consunption per ton of hydrocarbon
feed and increases the hydrocarbon processing capacity of the furnace.

[ 0078] FURQ gﬁ ﬂper ti ons between decokes can cause fluctuations in the

f 1 ash/ separat W sl tenperature resulting in fluctuatRGHUESIMAHEIN t he
fraction of hydrocarbon that is a vapor in the flash/separation vessel and
radi ant hydrocarbon feed rate causing unstable furnaces operations.
Sonetimes this instability can be counter-intuitive. Wth the addition of a
stripping agent allow ng a higher vapor ,_cut with | ess heat input,

i ncreasing the convection section throughput with less control instability
is possible. Wthout a stripping agent, increased input of heavy

hydrocar bon 1¥&d§dt ock cHif afﬁgw@wf BeStRBRIPRRECeea BiluEh thrugegsuforpediguise t he

hi gher flow rate of heawvy hydrocarbon feedstock d _steam does not .heat up
2 "mich. _ThaNd R SEPRAILEC Al SE IS PUIT HyoF RSHe P TREY SLUELHorbg dyotion

Rydr ocar bon F Rch t hat
vapori zes but0 ?%eﬁi&%ﬁg%na?ggaéﬁgity%lﬁ%%% e? ng/vgélgl?g Vgéielﬁélnair? %ﬂ%@%@lﬁ%or.

H gher vapor setin. efRekiced fhigh/sépagatinr v@eein enjgeaturaTréquieireatst Bils allow

counter-intuitive convection/radiant feedrate effect. WO 2005/113719
PCT/ US2005/ 0effBéant heping [i00he [comtestiandeetiamntoobe datancep beter wifbrthe dwat r educe

h d f d/ dded i i h ,
{hor bby 1 cdUBFEHS P oSN SROLOSH THREDY Y e, RePdcHp NEEPYE JRFBh A used
for boiling Xgetngfall?nﬁ{)ﬁftor%ﬂ%ﬁ?g@%ﬁﬂﬁwgﬂ %E%Q'Hf %%«géécﬁgrgfﬁlé)gts %ﬁ%ﬂﬁ@hgp“

vessel t emperature-requirenen ow eéfficie Ing 1n

convecti on segldcRP ch bbaisbbtRfaddmodes feed. Welficilif @xb@sbxyaeslso Rhprbhe radi ant
segtion, thereby reducing the need for heating excess air (generally

moni t or ed anfurnageorffieidnenwhishran bfad éx e esbicosy gegreentifuse gakdinistio. © capacity
can be used to crack nor eed. Reduci ng excess oxygen. al so i nproves
furnace effi &Qﬁe‘iﬁ&y whi ‘c%%%wqug%@ %%e’%e?%a%ﬁﬂeﬂd%?“i%s‘& BN Se {udl%

em ssi ons. . % e ' [ I [ ut a 5
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i nduct ed dratipabap SadPehtiMcres¥dCid AlindceCRAAS AlloWsf MERaGg fthé inBimhhows
i ncreasing the maxi num

feedrate by about 5 to 10%. In one test, a reduction of excess oxygen from 6% to

3% made possible by mixing heavy atmospheric gas oil with atmospheric bottoms
fraction (35/65 ratio) increased the maximum furnace feedrate by 20%.

[0081] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



feedrate by about 5 to 10% In one test, a reduction of excess oxygen from
6% to 3% nade possible by m xi ng heavy atnospheric gas oil w th atnospheric
bottons fraction (35/65 ratio) increased the nmaxi mum furnace feedrate by
20% [0081] Wiile the present invention has been described and illustrated
by reference to particular enbodi mentsygt.hose of ordinary skill in the art
wll appreciate that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then, reference should be
made solely to the appended clains for purposes of determ ning the true
scope of the @Frd¥ent invention. -26- CLAIMS What |Is Clained I's: 1. A process
for cracking yayhaavyiRyasocarbon feedstock in a radiant section of a
pyrolysis furnace further conprising a convection section, said heavy

hydr ocar bon fleedstéoptocess fprdranking anlwavy htdsucatben desdgorkeintasradiant/sertion ok @
precursors, and s3] o] C ising.. (a) adding.a | Lghter hydrocarbon
stripping agent t 3’{'!)fl?glsh(e‘ﬁgl\%ljg/mhy r&r:a‘rxbng)ﬁm&%egdg?%vc@;%og‘t S%&B%’i nsfugp(rﬂleao to said
convecti on sect i omytocdrborm fasisenbh aceedisinpy doreedatio ncingedatto cdadhk eadket 0 t he
extent sufficient to reduagﬁs% e T50 of . the enhanced hydrocarbon feedstock

bl end by at | east PEBBGS1HESFABEEES ‘98BI 4% om t he T50 of the heavy
hydrocarbon feedstgck; adBihg Raghied ty&atatboaniapaftagbitds ABARON hfdedsoack bl end

in said convection section; (c) feeding the enhanced hydrocarbaon feedstock
bl end to a fl ash/ separ de598fack Fagoat priprdy syid pervastiongedtion tefora Ae ethepsedr ocar bon

feedstock blend into ayaRelbeRSRiocRBRndtd helbkithiREER R Sabdhcd ig4i berphase
being rich in non-volatile conponents and/or coke precursors and said vapor

phase being subst anti ahd snhaeqsfl dydrdcagionrfendsioen blend by at deaploabenit1S°Galidwr coke
precursors; (e) renovi %“ﬁ)%m"tﬁé’?sro oP&%ﬁga\&%?&})éa%nffLe%a}aéﬁepar ation vessel;

(b) heating said enhanced hydrocarbon feedstock blend in said convection
section,

(c) feeding the enhanced hydrocarbon feedstock blend to a flash/separation
vessel;

(d) separating the enhanced hydrocarbon feedstock blend into a vapor phase
and a liguid phase, said liquid phase being rich in non-volatile
components and/or coke precursors and said vapor phase being
substantially depleted of non-volatile components and/or coke
precursors;

(e) removing the vapor phase from the flash/separation vessel;

® cracking the vapor phase in the radiant section of the pyrolysis furnace to

produce an effluent comprising olefins.

2. The process of claim 1 wherein steam is added at any step or steps prior to step
(.

3. The process of claim 2, wherein the steam comprises sour or treated process
steam.

4, The process of claim 2 or 3, wherein the steam is superheated in the convection

section of the pyrolysis furnace.

5. The process of claim 2, wherein steam is added between steps (b) and (c).



(f) cracking the vapor phase in the radiant section of the pyrolysis furnace
to produce an effluent conprising olefins. 2. The process of claim]l

wherei n st LS ed at any step or steps prior to step (f). 3. The
process of%@b’rﬁé?ﬂ)\/\her ein the steam conprises sour or tREHUSWOPIIGE@sS

steam 4. The process of claim2 or 3, wherein the steamis superheated in
the convection section of the pyrolysis furnace. 5. The process of claim 2,
wherein steamis added between steps (b) and (c). WO 2005/113719

PCT/ US2005/ 017560 -27 6. The process of claim5, wherein the tenperature of
t he enhanced hydrocarbon feedstock blenmgy.is at a first tenperature from
about 150 to about 340C (about 300 to about 650F) before mxing with the

st eam and t%e enhﬂ{%c frjoec@%sdro‘?caﬁ n5,f ?ﬁ%?%iﬁch}eb{tegﬁlger;hﬁ{et Q@ng]feug E?‘}Peat ed

to a second tenperat I gher an Irs erature before step(c).

7. The process of hgayocarRackidiodk! Hend iVBERHirdt hfRMbnire s atholio 1 $K€o vapor
phase in the top portion of the flash/separation vessel. 8. The process of

any precedi ng cl aiabputiddf€i(absitt d&bntd sbad @tk )defdre miajpgr with Hesteaoandt r eam
of the flash/separation vessel. 9. The proce

. f di | ai
wherei n the enhandbd eabancee dpdmeartogeteetgerk Eﬁ@%diﬁagl%hpﬁ’g‘g‘gﬁhgﬁei tg: ‘g: din
ddi ti t t i t . 1Q. h |ai 9, wh i
s 1o 10 steam g g sl ondfhe EAPGTRAERIR ERAF AU 2 20 o

of claim 10, wherein the fluid is water. 12. The process of any preceding

claim whereizn additfeipitesf of 4§ pitdcddRRY A8im, 38R 8RaM IS 8ddddas thd eapdr hi gher

fraction of the heavy hydrocarbon feedstock. 13. The process of claim12,
wher ei n addi ti on ghatehe thsd toipperthg efgbe flagvsdpaesionoeseki ng at | east about a
1% hi gher fraction of the heavy hydrocarbon

8. The process of any preceding claim, wherein steam is added to the vapor

phase downstream of the flash/separation vessel.

9. The process of any preceding claim, wherein the enhanced hydrocarbon

feedstock blend is mixed with a fluid in addition to steam prior to step (d).

10.  The process of claim 9, wherein the fluid comprises at least one of

hydrocarbon and water.
11.  The process of claim 10, wherein the fluid is water.

12.  The process of any preceding claim, wherein addition of the stripping
agent enables cracking a higher fraction of the heavy hydrocarbon

feedstock.

13. The proceéss of claim 12, wherein addition of the stripping agent enables
cracking at least about a 1% higher fraction of the heavy hydrocarbon
feedstock as compared to the fraction of the heavy hydrocarbon feedstock

cracked without adding the stripping agent.

14,  The process of claim 13, wherein addition of the stripping agent enables
cracking at least about a 10% higher fraction of the heavy hydrocarbon
feedstock as compared to the fraction of the heavy hydrocarbon feedstock

cracked without adding the stripping agent.



feedstock as conpared to the fraction of the heavy hydrocarbon feedstock

. cracked without adding the stripping agent. 14. The process of claim 13,
wherein addition of the stripping agent enables cracking at |east about a
10% hi gher fraction of the heavy hydrocarbon feedstock as conpared to the
“fraction of the heavy hydrocarbon feedstock cracked w thout adding the
stripping agent. -28 15. The process of claim 14, wherein addition of the
stripping agent enabl es cracking at |east about a 30% hi gher fraction.of

t he heavy hydrocarbon feedstock as conp&®ed to the fraction of the heavy
hydrocar bon ' feedstock cracked without adding the stripping agent. 16. The
process of anis.pr eThepmgess loéelaimHe mbeminaddiibn ofithefstrippmgsgerit pribley cegking

reduces the coking rate i.n an 0 tream of .said flash{separati vessel as
conpared to the cofl %@’sr%ﬁ)gt 9\%8%’ @@B’i‘kﬁ%‘o? i tﬁ%i\?i‘/vyh@’(f{"%c@%%g‘lﬁecg@@}&?ﬁ ock

wi t hout addi ng t hecghpar@iPtothe FR€Hdn oflthe hES PydcaSHNOkedk RERERIOWRIBoIE! ai m
wherein said stripping agent reduces the T50 of the enhanced hydrocarbon
feedst ock bl end byadging 'ég?f*l’a*ﬁbﬁﬁf’“‘zsc (about 50F) fromthe Tso of the heavy
hydr ocar bon feedstock. 18. The process of claim 17 wherein said stripping
agent reduces the Tso of the enhanced hydrocarbon feedstock bl end by at

| east about 58C (aBbuiprereBryf anyoprecading qigion shercine additon, of, it BtiBRinD agent

feedstock. 19. The . | E Do S Qi BLiHARLNG:

conprises from aboﬁet%‘%gqaf.C%]?%%?u%n%W§(%“3f the gn gsggée?%mﬁ%@%%aa? bon

f eedst ock bl end. 2ehmpee tor the eoking frate | vetiem ct&kinghide dieavys hydtomtbon fpddstpelgent

conprises from about, 1 % t0o about 80 wt , % of the enhanced hydrocarbon
f eedst ock bl end. ZTthnﬁggd%\'}rj%lééétg’Pﬁin(‘? eél]?‘m 20, wherein said stripping agent

conprises fromabout 20 wt.%to about 50 wt.% of the enhanced hydrocarbon

f eedst ock bl end. . The prpcess of. any.precedi ng, cl.ai.m wherein sai
process resuﬁtgs in rf’?ﬁ??gg%'@’ pr?cﬁd'gﬁﬁég{‘) Xhersin S EPPS f}%ﬁ"g“ﬁﬂ?eﬁi?eﬂ&s
conpared to using dffiike drdhansedhydioogiifaedstccie ®tbat by lat 1ohdt bt 23000t S0FF)

stripping agent. from the Ty of the heavy hydrocarbon feedstock.

18. The process of ¢laim 17 wherein said stripping agent reduces the Ty of the
enhanced hydrocarbon feedstock blend by at least about 56°C (about 100°F) from
the Tsp of the heavy hydrocarbon feedstock.

19. The process of claim 1, wherein said stripping agent comprises from about 2

wi.% to about 95 wi.% of the enhanced hydrocarbon feedstock blead,

20. The process of claim 19, wherein said siripping agent comprises from about 10

wt. % 10 about 80 wt.% of the enhanced hydrocarbon feedstock blend,

21, The process of claim 20, wherein said stripping agent comprises from about 20

wt.%% to about 50 wt,% of the enhanced hydrocarbon feedstock blend.

22, The process of any preceding claim, wherein said process results in an increase
in capacity of the pyrolysis furnace as compared to using the heavy hydrocarbon

feedstock without adding the stripping agent.



996 2(1(15/113719 PCT/ US2005/ 017560 -29 23. The process of claim 22,
wherein said process results in at | east about a 1% increase in capacity of
the pyrolysis furnace as conpared to using a feedstock conprising only the
heavy hydro@A"BYN ¥ Eedst ock containing non-vol atile conpWARHSMOHIIFSr ~coke
precursors. 24. The process of claim 23, wherein said process results in at
| east about a 10% increase in the capacity of the pyrolysis furnace as
conpared to using a feedstock conprising only the heavy hydrocarbon

feedst ock containing non-volatile conponents and/ or coke precursors. 25.
The process of claim24, wherein said prpgess results in at |east about a
20% i ncrease in the capacity of the pyrolysis furnace as conpared to using

a feedstock cppri $hifioBlskorlcRifnBANRRYFLAS BoRRY (LRAATH BPkaGABbA 1IN

non-vol ati |l e €onponents and/ or coke precurso e process of any
precedi ng clai m whefeaid it hapisgvyf v poaaydiofumbee dst askpared ho n@gingval atil e
conponent s and/or coke precursors conprises one or nore of residues, crude
oi |, atnospheric pfepdstodk comptisiogmnly dhabravyphpdrecarbpn Seedstork ¢ontdiniigng
bott ons, heavy non-virgin hydrocarbon streans fromrefineries, vacuum gas
oil's, atnospheric ?‘E‘!‘;Y‘gﬁ © qogipoueNts and/Qksake N, and heavy residue. 27.
The process of any preceding claim wherein the stripping agent conprises

one or more 4. 935 1R biechedt Ly 98wkl i broddlenBls hELPRAYRAIRGO! [ ne,

coker napht ha; "st eam €racke , ca rcalTy cracke

hydrocrackate, ref ppag@easedh tlien@paeifyedOheByIysH fehee aflcorparedltb Winds,

Fi scher-Tropsch gases, natural gasoline, distillate, virgin naphtha, w de
boi | i ng range naphs fidstockyaempribing amdie teaicasy hydeegrtgasteeddtocknenpitaihing
contam nated with crude, natural gas |iquids, mxed C conponents, butanes,
propane, ethane, aW‘WE?JSCPQF@BHﬂg%@@QT SRISCPRSBISPIB719 PCT/ US2005/ 017560 30

25.  The process of claim 24, wherein said process results in at least about a
20% increase in the capacity of the pyrolysis furnace as compared to using
a feedstock comprising only the heavy hydrocarbon feedstock containing

non-volatile components and/or coke precursors.

26.  The process of any preceding claim, wherein the heavy hydrocarbon
feedstock with non-volatile components and/or coke precursors comprises
one or more of residues, crude oil, atmospheric pipestill bottoms, vacuum
pipestill streams including bottoms, heavy non-virgin hydrocarbon streams
from refineries, vacuum gas oils, atmospheric residue, low sulfur waxy

residue, and heavy residue.

27.  The process of any preceding claim, wherein the stripping agent comprises
one or more of gas oils, heating oil, jet fuel, diesel, kerosene, gasoline,
coker naphtha, steam cracked naphtha, catalytically cracked haphtha,
hydrocrackate, reformate, raffinate reformate, Fischer-Tropsch liquids,
Fischer-Tropsch gases, natural gasoline, distillate, virgin naphtha, wide
boiling range naphtha to gas oil condensates, heavy gas oil, naphtha
contaminated with crude, natural gas liquids, mixed C, components,

butanes, propane, ethane, and hydrocarbon gases.



28. The process of any preceding claim wherein the stripping agent is

contam nated with non-vol atil e conponents and/or coke precursors. 29. The
process of any of clains | through 28, wherein the stripping agent
conprises“ﬁ%&%ﬁ@éﬁ”930. The process of any precedi ng cl ai B§T/USRIPENISE ep ()
conprises introducing the enhanced hydrocarbon feedstock blend tangentially
to the flash/separation vessel through at | east one side inlet located in
the side of said vessel. 31. The process of any preceding claim wherein

t he enhanced hydrocarbon feedstock blend is heated by indirect contact with
flue gas in a first convection section_qgbe bank of the pyrolysis furnace
before mxing with steam 32. The process of any preceding claim wherein
the tenperatuyre o&hthe enhapced gﬁdr car?on feﬁgStOCE bkend in step (c) is |
from about 315 t o PEHFIECEEBI ELBEECEBD ¢ hbSUECIDA0%) SRS 3RS cess of
any precedi ng cl aj 3 i B : 1 ool 275 to about
1380 kPa (about 488$b a dﬁ%ag%gsggﬁgiﬁy%ﬁ?bQWﬁﬁiﬁﬁgggégkgPK§§§H%ieceding .
claim wherein about 50 to about 98 percent of the enhanced hydrocarbon

feedst ock bl 2nd i Sheprédess vaRay offtddmsi N tigbegh 28ewherein the stripping agent

comprises hydrogen.

30. The process of any preceding claim, wherein step (c) comprises
introducing the enhanced hydrocarbon feedstock blend tangentially to the
flash/separation vessel through at least one side inlet located in the side of

said vessel.

31. . The process of any preceding claim, wherein the- enhanced hydrocarbon
feedstock blend is heated by indirect contact with flue gas in a first
convection section tube bank of the pyrolysis furnace before mixing with

steami.

32. The process of any preceding claim, wherein the temperature of the
enhanced hydrocarbon feedstock blend in step (c) is from about 315 to
about 560°C (about 600 to about 1040°F).

33.  The process of any preceding claim, wherein the pressure in step (d) is

about 275 to about 1380 kPa (about 40 to about 200 psia).

34.  The process of any preceding claim, wherein about 50 to about 98 percent

of the enhanced hydrocarbon feedstock blend is in the vapor phase in step

().



