PROCESS FOR STEAM CRACKI NG HEAVY HYDROCARBON FEEDSTOCKS BACKGROUND OF
THE I NVENTION Fi el d of the Invention The present invention
relates to the cracking of hydrocarbons that contain relatively
non-vol atil e hydrocarbons and ot her contam nants. Description of
Background and Rel ated Art dt eam cracki ng has | ong been
used to crack various hydrocarbon feedstocks into ol efins.
Conventional steam cracki R yEEKSFRORITIVAM FRATKINGace which has
two main sections: a convection section and a radi ant section. The
hydr ocar bon feedst ock tJEEANY HYDROCARBONIHHEBSTIOKSecti on of the
furnace as a 15 liquid (except for |light feedstocks which enter as a
vapor) wherein it is typically heated and vaporized by indirect
contact with hot flue gas dsordRSUNBMDRATHESEEVERM@Rd by direct
contact with steam The vaporized feedstock and steam m xture is then
introduced into the radi ant section where the cracking takes pl ace.
The esul ti.n roducts including olefins | eave the pyrolysis
furnace forli:f%‘??tg’reqﬂgﬂgmstream processi ng, such as quenchi ng.
Conventional steam craekirB@ns yiteatibn heimes hedie efatidagiofehfdescaeone khatg
hi gh-quality feedstock which contain a_large fraction of |ight

vol ati | e hydenearishtiyelysipehvolatilg Aydierarbenoand HYer $aN1apBREY®r | st eam
cracki ng econonics 25 sonetinmes favor cracking | ower cost heavy

f eedst ocks such as, by way of non-limting exanples, crude oil and

at mospher i ¢ Desigtion @B ketdundndd Relsbsipier i ¢ resid contain high

{.ecul ar wei ght, non-vol atile conponents with boilin oints in
excess of 1100F (5908)canTireackuie- hasl lone| Reen dishth o &mE Epricu durocirbon

feedst ocks i ANDIAS 0@1&13 | Ghrk BEGRANYESDI PRIGRCHIIOR: Al FOgueRhana

pyrol ysis furnaces. very s of ron-volatile”
conponent s Gdiiclb@as olbvemasiedcettionshe wonetioni sotigeend erradewh stctieam Bfe

the point where the |jght t f ul.| i zed .
A L1 onal | PSCsPING S aasdy oD EM o fom sy sssBR ATAEE Bimacs a1
heavy,grude 19ilg EeQB%IglifB} RghRBN A tiHieh ERBPANERhSor) GHRYERA i i@ﬁ%ﬁsically

pyrol ysis furnaces not "have the flexibility to process resi )
crudes, or reaypdaedvapaizedbydadice conthdi avitthy dbiedtab ropr thegpdiepipsction

whi ch are contat NaledomhliiiR Yeks! 2hie FapsRIRPREALSNNSH QERRR0R e is

then introduced into the radiant section where the cracking takes place. The

resulting products including olefins leave the pyrolysis furnace for further

20 downstream processing, such as quenching.

&& Conventional steam cracking systems have been effective for
cracking high-quality feedstock which contain a large fraction of light volatile
hydrocarbons, such as gas oil and naphtha. However, steam cracking economics

25 sometimes favor cracking lower cost heavy feedstocks such as, by way of non-
limiting examples, crude oil and atmospheric resid. Crude oil and atmospheric
resid contain high molecular weight, non-volatile components with boiling points
in excess of 1100°F (590°C). The non-volatile, components of these feedstocks
lay down as coke in the convection section of conventional pyrolysis furnaces.

30 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. Additionally, during transport some naphthas are tontaminated



5 To sol ve such coking problens, U S. Patent 3,617,493,
which is incorporated herein by reference, discloses the use of an
external vaporization drumfor the crude oil feed and discl oses the
use of a first flash to renove naphtha as vapor and a second flash to
remove vapors with a boiling point between 450 10 and 1100F (230 and
600C). The vapors are cracked in the pyrolysis furnace into ol efins
and the separated liquids_fromthe two flash tanks a&e rem)qu, .
stripped wi t WiBPERH TafRION SeRfaRing RRgy volgllg copRpRAEs. UerEnBgeal PYFALYS
IS I'ncorpor %E%CQEBS';{& %v% #LNENsAity 10 pllRs ASKR, BruBELCHESBabPresid or
m nim ze coke deposition. It descrlbes Sr eheating of heavy feéedstock
i nsi de or ougraideecrmaminatdysk 9118 ar nadthasovhicpareiceatanboaitd Sddorof-vokatile
heavy feedstock with syperheated steam and the renoval of the

resi dual , sew%&n@amlhiya{ﬂcaxb%e vapori zed hydrocarbons, which contain
mostlyslight volatile hydrocarbons, are subjected to cracking. 20

U S. Patent 5,790,634, which is incorporated herein by reference,
di scl oses a process f oFoisehiebsuch regkingkproblomsall. BnPatentad 6Uf.A%% evlgh is

preheating the feedsiock.in th resence of.a smald, critical amount
of hydrogen i“ﬁortpﬂ?tid[oﬁ?fg& p?ﬁr{e@é‘%ﬁ’o 1.5'&%?@ BF é’g&?{edno?mﬁ?éfga%or?ziaﬁm
the convect i gRinSfg thetudd\bil Fddsnt B8scRRBOE BE bZ 2ikQ Takie 8 tenve @bplithe
hydr ocar bons t hereby i nhibiting coke formation.

_ B u.Ss
Pat ent 5, 580as4vapor whd @tsecend Aedr iporeatoad vapereiwitlhg hoding peipkbetween 450

i'scl gses a pr S ej be. f.eedst ack | | [S: n
b thartun oot o ORrE PRl b "Eh PR S frebtdeh e BT hBREr bitF
furnace. Thi gleBfs B 1Radeparafsdeni@lioc koinstht heo Mask agnksi 4rb removed, stripped
predeterm ned anount of steam (the dilution steam) and is then
i ntroduced i Wwith si¢2gadng Pepdiad fedparat or to separate and renove a
requi red proportion of the non-volatiles as liquid fromthe
separator. 3 The separated vapor fromthe gas-liquid separator, is
returned to the pyrol ybi.& FaiemaGel § 409, lvdath isginamrgotaickemiy. byThederence,

present inventors have recognized that in usin flLash to 5
separ at e heaPycIPiegdi RICH?Y F%%&?‘BB?E ‘F&&é{e%ﬂ%o’?'r gyﬁae?ﬂ'g’eF ipé‘%'ta@?“g ?f heavy
fractions mee%?'?tsé{'inpi@e Bf Qﬁﬁﬁﬁ%%}’ralygig%rﬂh’rf&h%b%ié‘a{?&ﬁ?%%‘Jf lﬂiesheavy

inmportant to effect the separation So that nost of the non-volatile
conponent s Wieelistbek witht beperiiapadd sishmsand Gieheamb e ofhibgviesidual, separated

coke-form ng,.nan-vaolatile co nents.in the.vapor. are cafrried. intq.
E%‘ﬂgi ngi‘}beokvlaﬁanb%&yg%grbfas, Which R3htash Wﬂr‘?{{y 11 %t biftile

t he furnace e ‘presen

i nventors ha}{ﬁjra&a‘}&,ﬂs’e%gﬂbﬁ@@dRdﬂaltacli;iﬂg_usi ng a flash to separate
non-vol atil e conponents fromthe lighter fractions of the hydrocarbon

f eedsbck, which can be processed in the pyrolysis furnace w thout
(causing coking probl ey g1, L 4 {ROEIANNL i RLEHAh HERh B réfbience,
‘ratio of vapor to |iquid’leavind
- 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

25 polymerization reaction of the hydrocarbons thereby inhibiting coke formation.

U.S. Patent 5,580,443, which is incorporated herein by reference,
discloses a process wherein the feedstock is first preheated and then withdrawn
from a preheater in the convection section of the pyrolysis furnace. This

30 preheated feedstock is then mixed with a predetermined amount of sieam (the
dilution steam) and is then introduced 1nto a gas-liguid separator to separate and

remove a required proportion of the non-volatiles as liquid from the separator.



15 the flash- Oherwi se, valuable Iighter fractions of the

hydr ocar bon feedstock could be lost in the liquid hydrocarbon bottons
or heavy, coke-form ng conponents could be vaporized and carried as
overhead into the furnace causing coking problens. 20The control of
the ratio of vapor to liquid leaving flash has been found to be
difficult because rrany vari abl es are i nvolved. The ratio of vapor to
liquid is a n p r sh
and al so a frlﬁjlr%c Pon (9? L?é?pe?ée%ngieg gﬂlgf ?eﬁa Igljlél?dgt ]fgergﬁljlgénoftedr :ﬂjnet Bfrﬁysﬁ
flash. The tfejmeéa;truneem@g‘aﬁdmmd&ﬁgam entering the flash varies as the
furnace | oad changes. The tenperature 25 is higher when the furnace
is at full load and is | ower when the furnace is at partial |oad. The
tenperature of the strﬁaé“r}] iy e r to
the flue gas tenperat ‘ﬁef P %tﬁgc}eyteﬁ%? O@eg‘{asﬁltadhelﬁ?u esgrg'gtg o@%ﬂgt?he
fl ue-gas t enppdarateteavy higtidr ydregartes: feaonslifog the ligleerémmhs efhidodanng

t hat has oc rredlnth furn When t he. furnace i an or very
g’& @Slstfé

lightly coké&¥, ProsRsseq ikl H3ET-at t?r’é”l?oé‘%%?&?%é eaﬁeetmeso
furnace is heavhby &%@qm IBRtifd &n J%En&enﬁ%re%%@hg d3Hace. aotHaRFLsk,oN
of the conbustion control exercised on the burners of thhe furnace.
When t he furheace uo&edpemage@bnmcﬂmlb@mﬂpevmts i thee xayes sarexopgead into the
the flue gaaB the flue %s te llgrature in the md to upper zones of

t he convect i'Bif2&etTYSBlp g B¥Rer than that when the furnace is
operagged with higher |evels of excess oxygen in the flue-gas. Wth
al ] ‘t hese vari abl es, it is difficult to control a constant ratio of
vabor to liquid I eavi nbhe presdmt amventoss have also recognizugethpt wsusing a flash to

i nvention offer a I I, the
cracki ng of &Y Efrgtte ]f‘onaﬁdg‘ﬁ tgc%r @?lngt(s:gfg ailfrPlée gﬁltep ﬁﬁgﬁﬁﬁa%’/f;mr%pﬁﬂ ocar

f eedst ocks gbelistoekl eﬂimeaamé peotRsdd ﬁrhﬂ]qul@mgs ﬁfrﬁ&ﬂe&ﬂiﬂ;ou'fhmsﬁfgeﬁﬁﬁio
invention provides a nethod to naintain a relatively constant, _ratio
of 10 vapor PrePlpmguit ds PERRAHY @ Kerefilystpnsp! %mrﬁvau%vaeoramﬂé%@ il¢ayIng

const ?pt terperptyr eomenkﬁg ShibaAR ht& " :51910}19 f fthﬁsr@'drwb%n feedstock

specifically, the constant tenperature of the flas tream
mai nt ai ned ypublitbenddst cal liye ahhuﬂt]ny@octaﬁmnarbounms obr duehiryi dolst-fozmimg

T AC ook oA oy Seied SEPELREK LT Shr ol s shhes o
provi des a nBihed bR Nntain a relatively constant hydrocarbon

partial pressuré€ of the flash stream The constant hydrocarbon
partial pressure i s naintai ned by controlling the flash pressure and

the ratio of fluid an tea carbnfedtock SUMVARY
G T | T N T ESRaph e e SRR 1o Bahg e na BEACS
Aor heating Beayvic by difasat B@cfhufs@ﬁﬂﬁ QaKabik & i6RITPEd. SEEe RERS bM@par to

“‘heﬁ;/y hydr ocar bon, m xing the 25 hea hydrocarbon with fluid to form

xture, fliguithing funetion of theehydsoqashan pariiahprespriaide thhdash padjglsa a
phase, and VA, ré’tiorﬁgoft tg% 191{1‘8&3{1159 B{ ]{eugt 8?1%91 61@ ff gﬁ %@‘f%mﬂca"amre of

hydr ocar bon i'n~accordance™w one s ecte operati
par anet er ofthé bgednt efessg andflishediiegad e Amaoe lqabalenges. Theuemnpaetre

The f l’?y 'd CE}Q Iulzo':?'uar{Jl wlhlartl:] {Jhledﬁlrhn%gé ?sca?rfubl?lrg)agramm ]oxrver when the furmace is at partial
load. The temperature of the stream entering the flash also varies according to the
flue gas temperature in the furnace that heats the feedstock. The flue-gas
temperature in tumn varies according to the extent of coking that has occurred in
the furnace. When the furnace is clean or very lightly coked, the flue-gas

10 temperature is lower than when the fumace is heavily coked. The flue-gas

temperature is also a function of the combustion control exercised on the burners

of the furnace. When the furnace is operated with low levels of excess oxygen in



30 5 least one operating paraneter nay al so be at | east one of the
flash pressure, tenperature of the flash stream flow rate of the
flash stream and excess oxygen in the flue gas. 5In a preferred
enbodi ment, the heavy hydrocarbon is mxed with a primary dilution
steam stream before the flash. Furthermpre, a secondary dilution
steam can be superheated in the furnace and then m xed with the heavy
hydr ocarbon. JoThe present invention also provides a progess for ,
cracking a Mteaflye gyl tlocHrbess ttepersfte kb thg raidfio MRBEZONET eﬁﬁ?esmn"ec“on

conprised of radiant, sectian [.n [ Vj LRRE

hot flue gasCdiRd "é’\ﬁfc%en &:efﬁbaﬁqﬁaetc‘ﬁ%n»%ggn%??gsgéi pg&{?ua‘???%? %&ggégﬁ%%
heat exchan%césgfa&? &PRPhE FlobGas.( FYidr el erse ngidbis, hesdifibyldtocentindr
feedstock to form %a reheat ed heavy hydrocarbon feedst ock;

. (b) mi xi ng tCh@SIWTéhféfanﬁiaﬂﬁ‘éH\/lyq%QM%r‘%%ﬂasﬁ"eedstock with water to
form 3 wat er heavy hydrocarbon m xture; (c)injecting primary dilution
steam”into the water heavy hydrocarbon m xture to forma m xture

stream 20(d)heating thig presenuinveatiowaffeisrenaadvamkgafustyecntredeh arngess
tubes by indirect heat transfer with th ot flue zas .to,f.orm a,hot
mi xture st rdanppiaize oHer 61°KAG 9%\'03%%3}}'@{%@035 ‘EWZa’H%q i iﬁeu pgavy
hydrocarbon feedstocks and to reduce and avoid the coking problems. The
presenl invention provides a method to maintain a relatively constant ratio of
gﬁ ;10 vapor to liquid leaving the flash by maintaining a relatively constant temperature
L of the stream entering the flash. More specifically, the constant temperature of the
flash stream is maintained by automatically adjusting the amount of a fluid stream
mixed with the heavy hydrocarbon feedstock prior to the flash. The fluid
optionally is water.
15
The present invention also provides a method to mamtain a
relatively constant hydrocarbon partial pressure of the flash stream. The constant
hydrocarbon partial pressure is maintained by controlling the flash pressure and
the ratio of fluid and steam to the hydrocarbon feedstock.
20
Co SUMMARY OF THE INVENTION

The present invention provides a process for heating heavy
hydrocarbon feedstock which comprises heating a heavy hydrocarbon, mixing the
25 heavy hydrocarbon with fluid to form a mixture, flashing the mixture to form a
vapor phase and a liquid phase, and varying the amount of fluid mixed with the
heavy hydrocarbon in accordance with at least one selected operating parameter of
the process and feeding the vapor phase to a fumace. The fluid can be a liquid
hydrocarbon or water.
30
According to one embodiment, at least one operating parameter

may be the temperature of the heated heavy hydrocarbon before it is flashed. At



stream and controlling the ratio of steamto hydrocarbon by 25varying
the flowrate of the water and the flow rate of the primary dilution
st eam flashing the hot m xture streamin a flash drum
to forma vapor phase and |iquid phase and separating the vapor phase
fromthe |iquid phase; 30(g)feeding the’vapor phase into the
convection section of the furnace to be further heated by the hot

vapor phase: b d e e mA s, RERH R P P8 P RORAS S8 PR el Pl

secti on tubagmetratiie of WifAes stheemeowtiae e dash hensm, landteheesyaﬁswgen
phase thermally crack to form products due to the radi ant heat.

5BRI EF DESCRPP"}{/E! 006 &85 THE FI GURE Figure 1 illustrates a
schematic fl ow diagram of a process in accordance with the present

i nvention enployed with a steam cracking furnace, specifically the
convecsion section. 10InDEpAldrfe0 dﬁ&ﬁ@ﬁhﬁi[,l 1mlhéﬁymjardad‘ﬁfﬁi‘d'rls@ﬁxbﬂlk\e&$13&
ot herw se st at ed, Hlgllu\t,wpercent age arts at i o etc., are

wei ght . Unl g8¥n&y | SleamaiEam b F]Eer%ge Fug %l"‘?%ﬁrﬁﬂ’ﬁﬁ"@f’lfy dilution
conponent  15§nel L{QﬁSg% hgg] CARRRUNG % FNRNGAE M¥n | hdedaw withS 1V 'Hea

I n conbination wt corrpounds or conponents, such as m xture
of conpoundshydrocarbon.

¢ 10 The present invention also provides a process for cracking a heavy
i“ hydrocarbon feedstock in a furnace which is comprised of radiant section burners
which provide radiant heat and hot flue gas and a convection section comprised of
multiple banks of heat exchange tubes comprising:
(a) preheating the heavy hydrocarbon feedstock to form
15 a preheated heavy hydrocarbon feedstock;
{b) mixing the preheated heavy hydrocarbon feedstock
with water to form a water heavy hydrocarbon mixture;
{c) injecting primary dilution steam into the water
heavy hydrocarbon mixture to form a mixture stream;
20 (d)  heating the mixture streamn in a bank of heat
£ exchange tubes by indirect heat transfer with the hot flue gas to
‘M form a hot mixture stream;
(e) controlling the temperature of the hot mixture
stream and controlling the ratio of steam to hydrocarbon by
25 varying the flow rate of the water and the flow rate of the primary
dilution steam;
(H flashing the hot mixture stream in a flash drum to
form a vapor phase and liguid phase and separating the vapor
phase from the Iiquid phase;
30 (g) feeding the vapor phase into the convection section
of the furmace to be further heated by the hot flue gas from the

radiant section of the furnace to form a heated vapor phase; and



Further, when an anount, concentration, or other value or paraneter
is given as a |list of upper preferable values and | ower preferable
values, 20 this is to be understood as specifically disclosing al
ranges formed fromany pair of an upper preferred value and a | ower
preferred val ue, regardl ess whet her ranges are separately discl osed.
Al so as used herein: Non-volatile conmponents can be neasured as 25
foll ows: The boiling point distribution of the hydrocarbon feed is

measured by Gas Chr omdbbgr digeding 8q hepled vaporrbess 1ag)e Re1ant f2%1982- 98 or
anot her suitable meth h il ] [ raction
of the hydrocar bdh ?V%i(?ﬂhg-ﬁﬁ%ran&(r)\g@g%ﬁ:e#gdg%?ﬁ%%g%&e@?%%gﬁ%%goq as
measur ed by ASTMikerfdBz-c94dtk tdforsn prodects dontonhe kadiyehgatnel | with
non-vol atil es having a nom nal boiling point 30above |400F (760C). 7
hydr ocar bon, m xing the heavy hydrocarbon with a fluid to forma

m xture, flashing the m xgREr (?(m feURAd a liquid
phase,seand varyi ng the arr%unt g&# ul d mN%Tvﬁﬁ t he heavy
hydrocarbon in accordance with at | east one sel ected operating )
parameter of the procdsgure5] illustrates a schemetipofiew, diagramf eEds PERss 1n
conprises a |large portjo about. 5 to 50%. of. heavy_non-v i
conponent s. 28E¥H2F e‘HEde]g‘?(P{FBE‘Ple‘nESWPiC ,10}.')‘:91 Wz]a@ %f’te%n&ncf%kﬁglt #ug%ace,
exanpl es, ongeQfcAR @ bnwilcBdAs&didaked gas oil and residues, gas
oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker
napht e, steam cracked 10 naphtha, catalytically cracked napht ha,
hygrocrackate, refor gy SAEHIRALERISBNBEHERGRMBROPSCN

| i qui ds, Fi scher-Trops gases, natural "gasoli'ne, distillate, virgin
napht ha, crude oil, atnospheric pipestill bottons, vacuum pipestil
streans includi ng bot tUnkss vikdewiseistaladg all gregeentegehit featst mtigasetoi bre by
condensat es, heavy nqn-virgin, hydrogar bO{] streans from rgfi neries ¢
vacuum gas 18188 | IInipssa@ipegnuise Gittedna JRERECE ot AnFFREI it ROTRPLHFR!
at ”DSIQPGV Ic igaﬁhé’g (HRE@WYpduRdi & wﬂlpo%xsﬁirﬁ%m,ug eI Xt ®mbadion with
napht ha resi due adm xt ure. he heavy hydrocarbon

f eedst ock hasthe coomonads encripwinentsgsugb phmixhrestof cempewBBOF (315C) .
The preferred feedstocks are | ow sul fur waxy resids, 20 atnospheric
resi ds, and naphthas contam nated with crude. The nost preferred is
resid conprising 60-80fh OWRdH Sanhawiongt, bebhdengrathei, nbs dkérowallit0QF
(5900C), for exanple, |low sulfur waxy resids. The heavy hydrocarban
feedst ock i sparameter isrevrpasclistof uRBETRspiETablsy alueh e P rr etarabis, vajues,
The heating of the,h r KenR :
known? y tho 1 1§40 BFS'?ﬁérsgo\égf?%?gﬁﬁgﬁ]ﬁgﬁ%%ﬁﬁ%ﬁeﬁhg 9 It ?}sﬁ({)n?ﬁp?léd
that the heagfimoippenprefaas vaneh seld lovenpadtrraf vilhe régedisssovkether rotges
(upper convection sectigon 3 of the furnace 1 with hot flue gases from
‘the radi ant Fesenaselyrdisgeseiur nace. This can be acconplished, by way
of mon-limting exanple, by passing 30 the feedstock through a bank
of heat exchange tubes 2 |ocated within the convection section 3 of
the furnace |. The prehdat atuskdddstinmcNohawlaile emppertnts @niigtmessured GO

and 52? F 151%11%&%: 2'161960%61'];1)& epfmerrta 1Lt¥iblt1tri1oen ;[) {ﬂ%eﬁf?atrgéa?bé’;f feteg s measured by
Gas Chromatograph Distillation (GCD) by ASTM D-6352-98 or another suitable
method. The Non-volatile components are the fraction of the hydrocarbon with a
nominal boiling point above 1100°F (590°C) as measured by ASTM D-6352-98.
This invention works very well with non-volatiles having a nominal boiling point

30 above 1400°F (760°C).

The present invention relates to a process for heating and steam

cracking heavy hydrocarbon feedstock. The process comprises heating a heavy



8 heated feed is about 325 to 450F (160 to 230C) and nore preferably
bet ween 340 and 425F (170 and 220C). The preheated heavy hydrocarbon
feedstock is mxed with a fluid. 5 The fluid can be a liquid

hydr ocarbon, water, steam or mxture thereof. The preferred fluid is
wat er. The tenperature of the fluid can’be bel ow, equal to or above
the tenperature of the preheated feedstock. The m xing of the

preheated h C 20 f hud.d, C

i nside or oﬁ@sll %geyl?%rg %;’?ggﬁéﬁ?gjg?&? ﬁg%rgél%bélﬂﬁf}%pra ebbellrc1 abﬂ 36]]“? %o%:}'ixl}lrlrse’
out si de the flashirgcthe mhhaum i fogn cavepbe phaseanydl 4 Sheid pisise)Candnyar in ithe)
device known wthin the art. However it is preferred to use a first
sparger 4 of 2TBOWB@h I &pwresey htedisayXhsiroroana asrordarse Wikl aklpgst pne
sparger 4 pr i sl perforated conduit 31
surrounded b%fl%ﬁéﬁgéﬁéﬁgﬁ%ﬁﬁﬁfﬁ?}gyéfggg% to forman 15 annul ar fl ow
space 33 between the inside and outside conduit. Preferably, the

preheat ed heavy hydrocarbon feedstock flows in the annul ar fl ow
,space and the fluid f?\é\/vé’t‘?dhﬁ‘cﬁ%ﬁ‘%f%g COMPIIERs T GRePITIRboYt glll(f e8%ed

nto the T eegiShacy Adi-aigie! deRRes Ndhch Tedddfock NP EAPY lby way of

preferably small Circular holes. The first sparger 4 is providedto

avoi d or to rediméingmeranplag, oncaurseorebyl Wertol eracRed @po oilzawdi wridods, tghe

fluid, upon i.ntroducti.on o e fluid into the preheat heav

hydr ocar bon $Be bt g Jetfuel, eseh Kertrea®) Basblife. RROGHP Rl Hewt corcheth
streans i N VgHphas &_ﬁélﬁﬁcﬂfy t BECHRE OGS ha, TROAREIORAY, tefdnaR®D RGN
%-t:{,,e,am 17 is mxed wth the preheated heavy 25- hydrocarbon feeds'gock
as “det ai | ed is&irmate, | Risaherr Boesche diduidso diisehen Tropsele cgssetar naterial Lgasdine,
st eam st ream. i reat i th onyectjon ti.on i.xed with
the heavy nyirQEEnSHER el GG S SRrERC B S bBET oPbie
flash. The sspesitlasyresths Uhéladingt Bawors whicopbilingatdnge Sidphthal 1d Gzad oil
bypass steam 21 and a flash steam 19. 30 primary dilution steam 17
is al so m xePEFIsAtashBeRvySY YERD hyReocpbpRafyass figm siinsrien Mageyre 245

can be.preferab W]’ d,.J 8. hSapreter
Chat the. priiar yeanl BEF b oAl EomBnRnRo DR SRtec amhbsph B FRLE MRy
hydr ocar bon residiuh,iT4¢/tesedubationxauteh end wephthairngded admixcmext ure enters
t he convection section at Il for 5 additional heating by radi ant

section flue gas. Even nore preferably, the primary dilution steamis

injected directly intoThfge ]ﬂﬁﬂo@aﬂ%n%éds&o&%és@ﬁqrﬁﬂﬁi Bid BBlg point
di luti on steam passes through the sparger and is injected througﬁ

smal | ci r cul &fratfleasiv6@0Ft (3 ISGED.oT hh prferr@it feedstockshare Hyersutfar bany resids,

Fecdstook 11y gt e, LTS REATB Yardhhith O Sh8E™ R P Rrdhea i

{ . resid compnsing 60-80% components having boiling points below 1100°F

N (590°C), for example, low sulfur waxy resids.

The heavy hydrocarbon feedstock is first preheated in the upper

25 convection section 3. The heating of the heavy hydrocarbon feedstock 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 feedstock in the upper convection

section 3 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

30 the feedstock through a bank of heat exchange tubes 2 localed within the
convection section 3 of the furnace 1. The preheated feedstock has a 1empera;ure

between 300 and 500°F (150 and 260°C). Preferably the temperature of the



or about the sanme as heavy hydrocarbon feedstock fluid m xture but
preferably &eater than that of the m xture and serves to partially
vapori ze the feedstock/fluid m xture. Preferably, the primry
dilution steamis superheated before being injected into the second
sparger 8. 15 The m xture of the fluid, the preheated
heavy hydrocarbon feedstock, and the primary dilution steam stream

| eaving the secon parger 8._is agaln.n the rolysis furnace
s bef or'e. t na FIAEted hEsHEABFD 4o DB RSy SHbd b yrelig By betvedh
non-1im ting;gx Brr PyroRasionecy he feedstock mixture 20 through a
bank of heat exchange tubes 6 |ocated within the convection section
of the furnace and thus heated by the hot flue gas fromthe radi ant
section of the furnace., The, thus- heat.ed m xtur aves t.he,convegti.on
section as a mxture JP%EWPE?B‘?BC%@ ]?ygif(fq"i@onngésg”%’fﬁméﬁd Sldtgaﬁfiwgal
st eam st r eamp2 JERE LANBE! Vgl enyRRGArsR! Watkr] bk of hERfrs thiesn 18he
can be further split into a flash steam stream 19 which is mxed with
t he heavy hyphefrmdtfinid s xatere Tie tomperature 196 the Auld endbeabdgpasenalfeam
stream 21 whi,ch asses the.flash of .the, heavy hydrocarbon m xture
and, insteadaﬁoye%‘s‘a’}’&{a{‘ﬁePﬁ@%’éﬁ%ﬁ%@r@%“ép rﬁ‘omthe flash before the
vapor phase is cracked in the radiant section of the furnace. 30 The

present invention can operate with all secondary dilution steam 18
used as flash steam 19T tHxing Afyhmpeheated heavy hydrecarhont feedstek angdhe

B ractbd to ByeRR SPufisBl A Rt pyrarastecl, by phleRb AT bl
preferred enbasiderid fiirhackc COhal aticiag wiah et fveoppised tusimpvant indnng dheice

ratio of the flash_ steam stream 19 to byfpas st ean}_st ream Z#ﬂéhaullﬁg
be pref er abl krowmyithimige art. dewaiss it 1§ P&t E%%W}Sf:az 1§ SPATRET 4rfiea fPUNG
steam 19 is gxed a‘é‘ée%bl%@ﬁfo??ﬁé’%ﬁmﬁgf OfR! KAD sPrgd En§§r%§@r@o%?prfs@s an

forma flash’stTeam efore the“flash in flash drum5:
Preferably, inkilepedforatkat gondiit 3t isorrosndedrhystr ewtsrde somlypteiZnsseasetd fomn an

super heater section 16 in furnace.convection. before. splitti nd -
i i a5 ¢ SRR SR b RPBUATR o Ve 10 GO PG Cof TEIRE Y B
st eam st r_eanft;r_%ﬁezh&i hERNBRYYC AV REABANNBW it it Blrfuda Mok spatelrSthe

t he vaporization of nearly all volatile conponents of the mxture

bef ore t he f{flaidnilawsthresgh e inside cendiiearnd issinjegredimn®, the feedstock through

The m xture of fluid, .feedstock and .prij ] utd e tr

(the flash s&‘Fe%R?PH@)g lfls&?HEﬁ%Fn or gu u‘c%rg?elrrn ]g ng %}1 gl{s;lﬂﬁ%r ﬁ%e% f'glferrhm
separation i glaPedrWo iphRseiled aovapdd @haseedirephimmegngr edeed gntiudden
vol atil e hydrocarbons and a 15 Iiquid_phase conprising predom nantly
non-vaPat i | evappaicaiien obis. uideunpapsrodeaion qfdhe durdmig e prehgrikdbeayym
the flash dr d vapor stream 13. The vapor phase,

q[arg erably, b@rse%%aﬁe\ég{tgﬁﬁhe | ower convection section 23 of the
furrace for optional heating and through crossover pipes to the

radi ant section of theﬁyrol ysis furnace for cracking. The Iig‘gi df ,
phase of the separati of 'F PTEERDVYENYYT FEfH TFAEN SITEERS & ATIQUSRalLs of the

bottoms Stream ek The primar; diIquIJ bieh eSha7 8 thiked Wahh@piheated heavy
pr edet er m ne constantp ratio of vapor to liquid in the flash drum 5!
But sugeh rat hedrbsarborf faedstbtk tsodevabsiredovanth g priferndd emfisodament, a secondary
alternative, tenperature of the m xture stream.12 before .the fl aiﬂ&m

drum 5 is 259D Y& $UEHR; I8 TR Hdbe FORYECHRn SERTED a0 PP W
mai ntain t heh@%ﬁsﬁ)@%ca‘(@cﬂphufdopﬁﬁgw githiddd QehB hbSuwk!RSteAhsiMash. The

| deal | 'y, when e mxture streamténperature is higher, nore volatile
hydr ocar bonssasohtlar éilvtpo siezmad! Sascpiovairespdit anloabbpasaisicam 24 pod a flash
phase, for cracking. However, when the m xture streamtenperature is
too high, mori&Rd vy hydrocarbons will be present in the vapor phase
and cgbried over

In a preferred embodiment in accordance with the present

invention, in addition to the fluid mixed with the preheated heavy feedstock, the



30to the convection furnace tubes, eventually coking the tubes. If
the m xture stream 12 tenperature is too |low, hence a lowratio of
vapor to liquid in the flash 11 drum5, nore volatile hydrocarbons
will remain in liquid phase and thus will not be avail able for
cracking. The mixture streamtenperatur® is linited by highest 5
recovery/vaporization of volatiles in the feedstock while avoi ding

coking in the. . i IR Rl % S I.Ng
The mixture Tioay REGoh SBER 1 1o SR8 Pikcl Bl L Rk GB0 SR8 Bitnal B LT
across the pitgnngtreamd ceeds erfebdiy aytangl inhea gecondrspateer Bhelt lippriferred
convection s&cltst'bon 13, g,?d_the crossover. pi pi g_g 24, and_t he )

t enper at ur e WSS REFGESIHHIOD SHRABH SEGHVEAUPGR B thedipayy hydipeybon flgid
moni tor ed ¢ oy elie Hrdil 5488 Ol LA IR AR EHR cobUeibSEARG G 1146
the crossover pressure and process I nlet pressure to the |ower
convecsti on saiitional Ritipg hiynadiant sentore ise gasapidinymogereferabdyk ithgprimey
t enperature ‘%ﬁ‘ﬂl he fl ash. drﬁar&]t‘ﬁ_ an]d the. m xture stregm 12 shoul d be
reduced. |f ORAGIGEL i W HEeGUYBle 5 RTerid; SIRTREE & $Q HIal thfprimary
tenper at ur e @fufol @1dahliBadas Hrudhhe eheAd & inf@uddHESRIE i
15requiring nore desupgr heat er é}v\gt erss%gg n}& The S%Faelz:flir%ur%arof

t he m xt ure Bow duintigiondoisePdtintoght bBydibswbatefeedstoakelthid ynix tuge.
conposition of the feedstock materials. Wen the feedstock contains
hi gher amounts of |ighter, hydrocarbons, the tenperature of the

g;ﬁ"x‘"_t ui@ 20 stream 12 tph@asSedihliiedicanf\SarhiRSM tdmperil@reapmestet, 18%er
1 #u-d used in the first spat-ger 4 is increased and/or the anmount of
pr

mary di | QT Beuk theaspmesesdbeayyt siraagimdiesdrsodkefluig mixrasdyus psefgrably

since these ' Ly, t foth i .
Stream 12, VRTRA kD FeL§E ey iBEEh Lt ERRRIE Wefordte SR T ARERY
hydr ocar bonsmixtite. t Brafeabityuniee @hinidie diluibiiressi e anpdBes bd Wetbrd eheffpt
25 higher. As. a result, the anount of fluid used in the first sparger
4 is decreadBifctiflimta thesecaphihresS primary dilution steam used in the
secongls sparger 8 is increased. By carefully selecting a mxture
streamtenperature, the present invention can find applications in a
wi de variety of feedstBuk mmtweei af sthe 30didpitbal prehedidie Heanmpehwirocashonf

the mxture stream 12, i.s set and controlled at, between 600, and 950F
(535 et 52 0BSISRIEL 11 g 5 S O s i feaBbem 108 Ghexserond GBS Ab

preferably behwaepa#rth adpReffid AQHa@NY befoe the flash. The heating can be

accomplished, by way of non-limiting example, by passing the feedstock mixture
20 through a bank of heat exchange tubes 6 located within the convection section of

the fumace and thus heated by the hot flue gas from the radiant section of the

%
Oy

p—. furmmace. The thus-heated mixture leaves the convection section as a mixture

stream 12 to be further mixed with an additional steam stream.

25 Optionally, the secondary dilution steam stream 18 can be further
split into a flash steam stream 19 which is mixed with the heavy hydrocarbon
mixture 12 before the flash and a bypass steam stream 21 which bypasses the flash
of the heavy hydrocarbon mixture and, instead is mixed with the vapor phase from
the flash before the vapor phase is cracked in the radiant section of the furnace.

30 The present invention can operate with all secondary dilution steam 18 used as
flash steam 19 with no bypass steam 21. Aliernatively, the present invention can

be operated with secondary dilution steam 18 directed to bypass steam 21 with no



480C), and nost preferably between 810 and 890F (430 and 475C). These
values wll change with the concentrating volatiles in the feedstock
as di scussed above. 5The tenperature of m xture stream 12 is
controlled by a control system 7 which conprises at |east a
tenperature sensor and any known controjo device, such as a conputer
application. Preferably, the tenperature sensors are thernocouples.

The control system 7 conmunicates with the fluid valve 14 and the
primary dil idsbrsteaealfl- vdnve prgfesed temhodiment aip aFroTdNCE FEtY (b Breshef
the 10primar.y_dil utjaon_st i he t i r d.
In order to ]ﬁﬁ?nﬁltogi {r}lj%a{aliooﬁs 5?# gkfget%r%grsgte ﬁjr] éwgi’%g%{%ﬁ?t%regﬂglr%g{rhﬁlz
m xi ng wi t h gd pefersiieamols 2and sedteost pgférbigdyfil:ash2.dr UFhet ashcldaey &9 &
constant ratio of vapor to liquid in the flash drumb5, an 0 avoi

subst'ant i al maweerish thecherry hydracabar miyBie sirean |12 4o farm gflash stream 2
vari atj ons, n i 88 SHQIAINBE Richm st
terrpergat ure l?elci)‘(?ret %ﬁ%%%nuﬂ%ﬁgmgmoﬁ?ﬁ%%@g’re tshe nfI sﬁudrum 5 iss csm(?t,
t he control isysiemedicdunomaupahtdtyr cenionol & it hibef fumatde vainvectibs hefdre
primary dilution steamvalve 15 on the two a%a:ﬁ%ers. V&Elﬁen e coin r ol
system 7 dets@:@f‘?gaa‘?jjr Bl 188 ‘Y*th?r]éetaﬁ'y ygfocf‘_ " ﬁtﬁlﬁee T BN 1 W9 |
cause the flgif yalyguddn o thRe HEEWAC BydrBCarb & B6kiupd s@art N2 dnbitiedl the
into the first sparger 4. If the teriperature of the mxture stream
starts to riwporithen blincaripabll evolitilé compopeme @f whel exixtuge bafore sve flasie
fnj-ection of the fluid int e first sparger 4. In the preferred
‘en{xjdi'(}rent , Wé“‘f%%‘?rﬁerﬁgieef%’tshﬁé‘ﬁl’ of vaporization controls mxture
stteamtenperature. 25Wien the prinmary dilution steamstream 17 is
injected to the second sparger 8, the tenperature control system?7
can al so be used to cofbg slixtuteeofpfliifmfepdaptktndoprisatHUN Sseas stregm
adj ust the upt . of priJmar byt a i R -10: t L
second spar 3@?"' @?Shﬁlﬁegmfzgﬁf %‘g rgn anr lﬁl gg%dsipﬁoe@%%}{ %%5? asr ?éart?s i%{))%g%#nomw&o

t enper at ur e Ghaages vhport fieusé |BGHrvingVredohhendgnidalle dydtearbons anhect s

a drop 30 of tenperature of the mxture stream 12, it wll hnstruct
the piimary ldavidihese sewansiparyedommngyly nep-etlle R¥droRsTaeRS od D vaPRE

primary A | Yile0;s ARl [l Hdn ENSRH0R RRAERMeAY tiiddkan s, 1

d
4 is closed nore. enperature starts to rise, 13 the prinary
dil ution st eFie valoy @hudel prefurtlippisifediback toltbs wmrcentestiondestiont23eof the

primary dilution steamstreaminjected into the second s er

Bhi le. val ve fmacs Topaniape hetone wbf dnaugh Bier et PEIFs QU AR e piection of
accordance w 16 PREISA fol BMSIIbOMhelIl}if SIMsE O Uiy sehaitidn GaemidRed
used to con\t,\ﬂr}%lrbyto?ﬂ t he arrt())unt of gt he f{aﬁi dﬁggr?d t he s<§1€§Jrr[)unt of the
pri maey di | ufrbmnhs flesindrety easm bottdyes $trgascd’ed i nto both spargers. 10In
the preferred case where the fluid is water, the controller varies
(tw_h-gtarmunt of water and primary dilution steamto maintain a constant
m

ure streamtenper agyg %réfé’mred/\/fﬂ hRim@Ehnt ﬁbﬂét@ﬁniﬁe@e&ﬁ@mtratfoabf Gapot
water-to-feedstock in the m xture 11. To further avoid shar

K urthe p
variation oftotligid mshe fleshpdoat fir Butisheh pitioserifionlidptmessug|apg control.
preferably uhls |a1|1 %ﬁgmaagvé, Qérglger}?tgllrea(gfe thg%%yc&% Qﬁ&%? h2 %éfolrgtl'lter}fash drum 5 is

25 used as an indirect parameter to measure, control, and maintain the constant vapor
to liguid ratio in the flash drum 5. ldeally, when the mixture stream temperature
is higher, more volatile hydrocarbons will be vaporized and become available, as a
vapor phase, for cracking. However, when the mixture stream temperature is too
high, more heavy hydrocarbons will be present in the vapor phase and carried over
30 to the convection fumace tubes, eventually coking the tubes. If the mixture

stream 12 temperature is 1oo low, hence a low ratio of vapor to liquid in the flash



15 superheati
furnace. This
control |l ed at
coki ng extent
desuper heat er

ng section of the secondary dilution steamin the
al l ows the superheater 16 outlet tenperature to be

a constant val ue, independent of furnace | oad changes,
changes, excess oxygen | evel changes. Normally, this
25 ensures that the tenperature of the secondary

dilution steamis between 800 and 1100F (430 and 590), preferably 20

bet ween 850 gnd I.000F (450. and 54Q0 re preferab bet n 850 and
OS0F (450 andEn Scimors, Yelanisabdpstanies sD ~Sufindn FB kRt sdB Sibs o
and 500C). Thet8RUREfoReALRgPreferably is a control valve and water

atom zer nozzl
steamexits th

e. After partial preheating, the secondary dilution
e convection section and a fine mst of water 26 is

added which rapidly vaﬁgrizes and reduce% the .25 te era?ure. Th
it m gﬁe%
e f

steamis then

further HESt Nt R E8hy RIS e c i off e o

wat er added t&ot&9/aypeidtivat @ valaned Bl thetBalstRRPERIM NAdBE dotthpSinede
which is mxed with m xture stream 12. Although it is preferred to

adj ust the aftOfestubes Oheokingilg rip@etand woselp cpmynadtheumniddnresfremnthe

streans injeﬁ
spargers 4 an

chB 0o DR S05ALEER 5FLEAEH B

m xture streacavkingefter sitthe fd grhicWerimobyediiba satien a0Ntahdlthe crossover

mechani sns caj

| ocati ons. FBIPIR§L FREdhe
{he- flgw rat %oﬂftf)feﬁeic; lieRh %%e?%m&%fg?%kgﬁge pﬁ@%‘%@.d FOr GhdGeE th%ﬁa'{ﬂ%g

1, the vapor to
fl &e gas cancmbssoeberaswoening grooess inddl| pressatebiei the dowbrosonyeaiorbsection 23

-

In addition %}o
stream 12 en

i. be 14 ap@Iied to other paranmeters at other
AW Eratus fisp REFOsUINE Iaer aomueqtionsestian s oman de
Iquid ratio 1n the excess oxygen i n

.maj nt ai nin nst ant, .t enperature of. the mxture

EThIP PRI Heru o FRkipg BF LOPRFSEPTesBItBe AEsharm dida

constant hydgQcaiPRre Rekhhal2 NhesRUbE Rfuddde fikashist beaR 38 (R Rwigr

to maintain a

constant ratio' of vapor to liquid inthe flash. By way

of exanpl es, cetheciiensactinn, thy ttnessatrsref pbe fliakasip ke superhisater B6 increases,

mai nt ai_.ned b
use o?lscontrg‘?
controlling th
Typically, the
the present in

mai_nt ai ni constant flash drum pressure through the
quwg\fggr%%g%e?ﬁ% er\}*é%%' phase line 13, and by

e ratio of steamto hydrocarbon feedstock in stream 20.
hydr ocarbon partial pressure of the flash streamin 15
vention ildeserlection ebribe omixdureasremn whi fempgrguresispglsa

(25 and 175 . . ia- (35

oot “pref er abreabd 4G ekBGURSR e 23tud Bdals™vARS BTttt
conduct ed i ncaitaihe hiztheo amotihia o lightem meksmrbonRDithPremperatury of tHeembitagh
is a one-stage process with or without reflux. The flﬁs,h drum5_ is

nor mal?ly ope

t5geay 1 atcanche 1300 hs 8 3 2951t e Ao pY)

YA alet 1B the dirst

Ats tenperat ybeodi Sy USHAdNMed /SRR ShosHt! ' Prn! Qﬂ(}ﬁlﬂ '&%n? i
i‘tt«--errper ature gé %éﬁe ask s?ream 20 b%?%re en%ﬂerai"rkg t I(e)ﬁflas li}gi"';rdulrlrll gje
Typical | y, tbeopd epsgerct sfdectvasdd saysde tHeagrammmtsadirdcHly alopardt tHOtehpeRObre

psia (275 to
(310 to 5100)’?L

00 kP d t i,s_abaut 25 600 to 950F
e shigom: 0 WFERGNE BEATor et A TiptimApstats Fep-

about 85 to iégtiﬁsﬁﬁirg@‘g)goﬁso tﬂé%&?ﬁhre@ﬂtﬁe%iﬁt@ﬁpﬁfﬁﬁﬁ@ sheuaPQULe

700 to 920F (3

70 to 490C). More preferably, the pressure of the fiash

drum wéssel highabods al@suit,othe 4510p81 af {WG0uted 11 0B fikPparged 4t inaecreased
t enperature IP"?? abput 750 t(} 900F (égo.to 4800%5. Mos pref]giabl ,
d g

pressure of

he
P APYRG RVREITBEY PRI oS PR3 15O iSBITET08 Fo

760 kPa) andifchQséEMOBY alaifBlly SeRbOME Bifixiufe 8304m keMdPrahfe 28RChresent

Dependi ng on t

he tenperature of the Tlash stream usually 50 to 95%

of the m xt uhwentinresaniignd applithtaanls inlp widsvarety abteeiisteck metetipks. upper

portion of the

30

flash

Typically, the temperature of the mixture stream 12 js set and

controlled at between 600 and 950°F (315 and 510°C), preferably between 700
and 920°F (370 and 450°C), more preferably between 730 and 900°F (400 and



15 drum preferably 60 to 90% nore preferably 65 to 85% and nost
preferably 70 to 85% The flash drum5 is operated, in one aspect, to
mnimze the 5 tenperature of the liquid phase at the bottom of the
vessel because too nuch heat may cause coking of the non-volatiles in
the |iquid phase. Use of the secondary dplution steam stream 18 in
the flash streamentering the flash drumlowers the vapor| zation
tenperature because it reduces the partial pressure of

th
hydr ocar bons489°Q, and é??‘@é@rfrfﬁ‘lab]}’fbeéb’ﬁfbﬁ]%fﬂ“@ FEOVR 610 P%d §?53z§‘}) Tlrse
t hus | owers r. (
be hel pf ul t%ﬁ%sc{” ) Bt Wl UlenPlis: e"?aﬁg?ﬁe{” bl ifedstobt TR G
bottons | i quakbwa0 back to the flash drum vessel to help cool the
new y separated |iquid phase at the bottomof the flash drum 5.
Stream 27 is conveyed fromthe bottomof the flash drum5 to the
cool er 428 via punp 37 bSn S it e a1 1
stream 30 and export s{lﬂ;ﬁgg%ﬁgggﬁ‘gfi%?‘fﬁgmt%%geratures ofn%ﬁe cycf’l‘tgj
streamis i degldry H0Richocdmififse 26Tkastoa EMfEeratugr mﬁnemlahidymﬁ{)&ctvm baifol

(263 to 302C), .nore prefer abI 515 to 5625 %"61?84 296C), and nost
preferably 5%‘% SEE 25 (42‘:7)6"1{ erAppbFatiop, cP1eierabyy. te ‘P@e%r‘éruéa SESPELFFE
shoul d be ab ﬁnépod}ep@ 5%&Hnnbh@ys@éﬂawn&on%uﬁl%eaemhymé@ﬂ?d 4196 14 and

bottomllqw I nsi he flash drum preferably 90 to % nore

preferably 9tet pnm@m(d%mandtaamsvalpceﬁesmbh@t thecnmmmzoﬂ%e fluid and the

T»Fhe fl ash drumis erat ed anot her aspec m nimze the
Rrgemnetang fs TP bR edR anomslkR ably ¢ he

i gm d°r et enPPBRH ]Ihb‘f

I| uid phase is discharged fromthe vessel through a snall diameter
"boot" or cylinder 35 on the 25 bottomof the flash drum Typically,
the liquid phase retenthorderitermaimaintecenstan i@m%@gretﬂ@aﬁleﬁsmé@r@cma@n

preferably |
seconds, and??ms%m ﬁgrﬂ;aglﬁg{ég%‘ssd?%aeeﬁgﬁé%e@%% h Eﬁ@?ﬁ‘g? cPﬁStam
liquid phaserame;t ma;ﬁn/tmhdidng thé¢ Mash Brunh 6, ﬁrhcﬁﬁihﬂﬁdl@ﬁlbdlzhﬂal eRfperature

coking occurs in the bottom.of the flash drum 30 16 and. nost
pref edabl y | a&d fashnvaper genliqwd orahapranatighasbie; Bregai yinventipn; pperates as

volatile hydfcggogfsb%eﬁ 59%%§nt§[ﬂpéf&1§émmﬁe s?r@gmsltfl%%r(tftﬁé?%’ﬁ % is

30-45% . The Ing en t he vapor phase 1s norna
1400F (7600C) setptief esml syhetoWaitbatcd b0 0a)trolshe ﬂpr@ﬁﬁvabnyandqhmmmy

1050F (5700Q),..and 5 nost preferably bel ow 5400). The or
phase is conf]iIWﬂl‘B'{J%lFVnrvéhWéoo“f 6P fBAEF s kj}gg?‘hm §°Pﬁ%]oi¥§ﬁ‘?"h%%gte°ts a
over head pi pg; Vaghbp berPRiriARAb] YheC MBS st}és@n ViRl éa@s@ tl?eeﬂhfd wgalm to
separator 38 renoves trace anounts of entrained |iquid. The

vapor 20hen f reswse it mjestinnueif il Guidhato e Sostispenges 4t Héﬁfel 1m@ﬂlfhef the
sconvection section of the

stgean 13 coMtHILEE SErb UL RS e PBicvaye el e et wHBF & aRRBSE e

rheated {fiediftd HVhel ¥l SnbUnPans: 4 wmowq&tp@mr&ammlﬂ&m thed
terrperature 0 for example, about 800 to 1200F (430 to 650C) by the

flue gas frofutdiatansbieaief vepasizaen Wnﬁﬂ%mwwféamﬁﬁﬁpvaw is then
i ntroduced to 15the radi ant section of the pyrolysis furnace to be
cracked.

25 When the primary dilution steam stream 17 is injected to the

second sparger 8, the temperature control system 7 can also be used to control the
primary dilution steam valve 15 to adjust the amount of primary dilution steam
stream injected to the second sparger 8. This further reduces the sharp vanation
of temperature changes in the flash 5. When the control system 7 detects a drop
30 of temperature of the mixture stream 12, it will instruct the primary dilution steam
valve 15 to increase the injection of the primary dilution steam stream into the

second sparger 8 while valve 14 is closed more. If the temperature starts to nise,



The vapor phase stream 13 renoved fromthe flash drum can optionally
be m xed with a bypass steam stream 21 before being introduced into
the furnace | ower convection section 23. 20 The bypass
steam stream 21 is a split steam stream fromthe secondary dilution
steam 18. Preferably, the secondary diliaion steamis first heated in
the pyrolysis furnace 3 before splitting and m xing with the vapor

phase streamrempved fromthe flash 5..1n so plicatians, it

be possi bl eq}’ﬁ Pr%afglf{jéﬂll Baﬁqeatn?'lev aRypRYl ag{o&q%glggic PoafPEr Ttohree(mcem?ﬁ/e
splitting fromideinaeedanysudhhUhjcord sheam ebndsi0se ehiilagalvé 1 is

t he vapor phase. The superheating after the m xing of the bypass
steam 21 wi tdpepeewidgpor phase stream 13 ensures that all but the
heavi est conponents of the mxture in this section of the furnace are
vapori zed before entering the radiant section. Raising the

tenperg@ture of vapor phase grefeMedl 3&hbodirRAF 164 3€corden6b0Ejthi thd esent
| ower convection section 23 al so_hel ps the operation_in the radiant
section si ncaverdignathe conbel syster 7 ¢ repdup eoptz] beth the amosgteldfie fipM s

results in laen Sthgoﬁ%poqttﬁgyﬁaébmim%nrsﬁ%gl?rg{reﬁﬁqgi%ninjtﬁaﬁ Hléo both

super heat ed vapor T1s en Cr in the ant section-o

pyrolysis fupagee. Fromthe foregoing description, one skilled in the
art can easily 5 ascertain the essential characteristics of this

i nvention, and without departing fromthe spirit and scope thereof,

can mgge various Changﬁth@gﬂ%ﬁ?g& EAeabh QP $hPfuiliNe walbs SRk IcBArb Rer AARBE

t-.t o various usages and c Ions. For instance, al_’though the
pr éferred enthedimemt of atates dndrprithgyusbitioh siganeto aintiix avcaristanhenxture

preheated feedstock in a sparger, other fluids such as naphtha capn.
al so' be usedTi® 1emper_atum§ ’Wﬁﬁ‘h’é’_ai“r‘l?}ﬁﬂigi BFPTEEn ’iaflﬂg P”&Eeé'g"ﬁ?ﬁ%ﬁ‘r?&?m
fol | ow ng EXgerh&surdhiiChTar BrREOWHE Ehb®r varliBoR WIRASE 9128k temperature, the
representation and are not to be construed as limting the scope of
t he i nventi opresephiesstion atsedrofetabhiiiskzes an| injsanedinte dlgseperipater 25 1vtthe

are by weight. 15 Exanpl.e 1 - Engi I | afqi-
i chd] ol BT SRHG" B s ismendapy gty ERP AR Tl FEh ko cftig Bfows
crude oil bykhipeititirnt i@RullaY eenfiaenueonsUsd ecatrdiled at hachistint abhe:, 1

summari zes the sinmulation results for cracking Tapis APS 20 bottams
and Tapi s criuderesientiof farmasedred chapassi sRKIRg PHERCHANESH, 8X PRSP dae!

The very i gé}}angé’sgf ?}%raﬂ%;% & é%’sﬂx%@rh%ﬁtter bl téusﬁ?eg Aifat AU gra}’lﬁ'g é) Fthe

partial pressur onents. nce, at a nom na

(510C) cut p@icthdary ddufibmsteatiris eteaencdEr atde] NUOF (4BDG)d 520y preferably

t errperzgt ure ée%geg gSrO E%Edrrloos Oqlgr(jISCO gn%sgﬁ%%), more preferably between 850 and 950°F
(450 and 510°C), and most preferably between 875 and 925°F (470 and 500°C).
The desuperheater preferably is a control valve and water atomizer nozzle. After
partial preheating, the secondary dilution steam exits the convection section and a
fine mist of water 26 is added which rapidly vaponzes and reduces the

25 temperature. The steam is then further heated in the convection section. The
amount of water added to the superheater controls the temperature of the steam

which is mixed with mixture stream 12.

Although it is preferred to adjust the amounts of the fluid and the
30 primary dilution steam streams injected into the heavy hydrocarbon feedstock in
the two spargers 4 and 8, according to the predetermined temperature of the

mixture stream 12 before the flash drum 5, the same control mechanisms can be



TABLE 1 Summary of Atnospheric Pipestill (APS) Bottons And Crude O |

Fl ash Drum Si nul ati ons
klb/hr (t/h) 126 (57) 100 (45) n/a 950F m nus (510C), wt% 70 93

rate,

APS Bottonms Crude Fig 1 Ref # Convection feed

n/a Tenperature before sparger, F (C) 400 (205)
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applied 1o other parameters at other locations. For instance, the flash pressure and
the temperature and the flow rate of the flash steam 19 can be changed to effect a
change n the vapor to liquid ratio in the flash. Also, excess oxygen in the flue gas

can also be a control vaniable, albeit a slow one.

In addition to maintaining a constant temperature of the mixture
stream 12 entering the flash drum, it is also desirable to maintain a constant
hydrocarbon partial pressure of the flash stream 20 in order to maintain a constant
ratio* of vapor to hquid in the flash. By way of examples, the constant
hydrocarbon partial pressure can be maintained by maintaining constant flash
drum 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.

Typically, the hydrocarbon partial pressure of the flash stream in
the present invention is set and controlled at between 4 and 25 psia (25 and 175
kPa), preferably between 5 and 15 psia (35 and 100 kPa), most preferably between
6 and 11 psia (40 and 75 kPa).

The flash is conducted in at least one flash drum vessel.
Preferably, the flash is a one-stage process with or without reflux. The flash drum
5 is nommally operated at 40 to 200 psia (275 to 1400 kPa) pressure and its
temperature 1s usually the same or slightly lower than the temperature of the flash
stream 20 before entering the flash drum 5. Typically, the pressure of the flash
drum vessel 1s about 40 to 200 psia (275 to 1400 kPa) and the temperature is about
600 to 950°F (310 to 510°C). Preferably, the pressure of the flash drum vessel is
about 85 to 155 psia (600 to 1100 kPa) and the temperature is about 700 to 920°F
(370 10 490°C). More preferably, the pressure of the flash drum vessel i1s about
105 to 145 psia (700 to 1000 kPa) and the temperature is about 750 to 900°F (400
1o 480°C). Most preferably, the pressure of the flash drum vessel is about 105 to
125 psia {700 to 760 kPa) and the temperature is about 810 to 890°F {430 to
480°C). Depending on the temperature of the flash stream, usually 50 to 95% of

the mixture entering the flash drum 5 is vaporized to the npper portion of the flash



352 (178) 4 Sparger water rate, klb/h (t/h) 12 (5) 43 (20) 14 18
Primary dilution steamrate, klb/h (t/h) 18 (8) 8 (4) 17 Secondary
dilution steamrate, klb/h (t/h) 17 (8) 19 (9) 18 Desuperheater water
kl b/ h (t/h)
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drum, preferably 60 to 90%, more preferably 65 to 85%, and most preferably 70
1o 85%.

The flash drum 5 is operated, in one aspect, to minimize the
temperature of the liquid phase at the bottom of the vesse] because too much heat
may cause coking of the non-volatiles in the liquid phase. Use of the secondary
dilution steam stream 18 in the flash streamn entering the flash drum lowers the
vaporization temperature because it reduces the partial pressure of the
hydrocarbons (i.e., larger mole fraction of the vapor is steam) and thus lowers the
required liguid phase temperature. It may also be helpful to recycle a portion of
the externally cooled flash drum bottoms liquid 30 back to the flash drum vessel
to help cool the newly separated liquid phase at the bottom of the flash drum 5.
Stream 27 is conveyed from the bottom of the flash drum 5 to the cooler 28 via
pump 37. The cooled stream 29 is split into a recycle stream 30 and export stream
22. The temperature of the recycled stream is ideally 500 to 600°F (260 to
320°C), preferably 505 to 575°F (263 1o 302°C), more preferably 515 to 565°F
(268 to 296°C), and most preferably 520 to 550°F (270 to 288°C). The amount of
recycled stream should be about 80 to 250% of the amount of the newly separated
bottom liquid inside the flash drum, preferably 90 to 225%, more preferably 95 to
210%, and most preferably 100 to 200%.

The {lash drum is also operated, in another aspect, to minimize the
liquid retention/holding time in the flash drum. Preferably, the liquid phase is
discharged from the vessel through a small diameter “boot” or cylinder 35 on the
bottom of the flash drum. Typically, the liquid phase retention time in the drum is
less than 75 seconds, preferably less than 60 seconds, more preferably less than 30
seconds, and most preferably less than 15 seconds. The shorter the liquid phase
retention/holding time in the flash drum, the less coking occurs in the bottom of

the flash drum.

In the flash, the vapor phase 13 usually contains less than 400 ppm

of non-volatiles, preferably less than 100 ppm, more preferably less than 80 ppm,



6 (3) 6 (3) 26 Flash Drum Tenperature, F (C) 847 (453) 750 (400) 5
Fl ash Drum Pressure, psig (kPag) 107 (740) 101 (694) 5 Feed vapori zed
in flash drum w% 74 93 5 Resi due exported, klb/h (t/h) 33 0 5)
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and most preferably less than 50 ppm. The vapor phase is very rich in volatile
hydrocarbons (for example, 55-70%) and steam (for example, 30-45%). The
boiling end point of the vapor phase is normally below 1400°F (760°C),
preferably below 1100°F (600°C), more preferably below 1050°F (570°C), and
most preferably below 1000°F (540°C). The vapor phase is continuously
removed from the flash drum 5 through an overhead pipe which optionally
conveys the vapor to a centrifugal separator 38 which removes trace amounts of
entrained liquid. The vapor then flows into a manifold that distributes the flow to

the convection section of the furnace.

The vapor phase stream 13 continuously removed from the flash
drum is preferably superheated in the pyrolysis furnace Jower convection section
23 to a temperature of, for example, about 800 to 1200°F (430 to 650°C) by the
flue gas from the radiant section of the furnace. The vapor is then introduced to

the radiant section of the pyrolysis furnace to be cracked.

The vapor phase stream 13 removed from the flash drum can
optionally be mixed with a bypass steam stream 21 before being introduced into

the furnace lower convection section 23.

The bypass steam stream 21 1s a split steam stream from the
secondary dilution steam 18. Preferably, the secondary dilution steam is first
heated in the pyrolysis furnace 3 before splitting and mixing with the vapor phase
stream removed from the flash 5. In some applications, it may be possible to
superheat the bypass steam again after the splitting from the secondary dilution
steamn but before mixing with the vapor phase. The superheating after the mixing
of the bypass steam 21 with the vapor phase stream 13 ensures that all but the
heaviest components of the mixture n this section of the furnace are vaporized
before entering the radiant section. Raising the temperature of vapor phase to 800
to 1200°F (430 to 650°C) in the lower convection section 23 also helps the

operation in the radiant section since radiant tube metal temperature can be



7 (3) 22 Exanple 2 Table 2 summarizes, the sinulated
performance of the flash for residue adm xed with two concentrations
of C4's. At a given flash tenperature, 5 pressure and steamrate,
each percent of C4's adm xed with the residue increases the residue
vaporized in the flash by about 1/4% Tierefore, the addition of C4's
to feed will result in nore hydrocarbon fromthe residue being
vaporized. TABLE 2 0C4' s/ Resi due Aﬁlm Xt yre. EI .as Perfoll' nmanece
PureM x 1: RESYGHeRdiTaesHEn 18 KFS cOXinRRQIgRfal 3 e Tadiant section.

superheated vapor is then cracked in the radiant section of the pyrolysis furnace.

The

From the foregoing description, one skilled in the arl can easily

5 ascertain the essential characteristics of this invention, and without departing from
the spirit and scope thereof, can make various changes and modifications of the
invention to adapt it to various usages and conditions. For instance, although the
preferred embodiment calls for the use of water to mix with the preheated

feedstock in a sparger, other fluids such as naphtha can also be used.

The invention is iflustrated by the following Examples which are
provided for the purpose of representation and are not to be construed as limiting
the scope of the invention. Unless stated otherwise, all percentages, parts, etc. are
by weight.

15
Example |

Engineering calculations which simulate processing atmospheric
pipestill bottoms (APS) and crude oil by this invention have been conducted. The
attached Table 1 summarizes the simulation results for cracking Tapis APS

20 bottoms and Tapis crude oil in a commercial size furnace with a flash drum. The
very light components in crudes act like steam reducing the partial pressure of the
heavy components. Hence, at a nominal 950°F (510°C) cut point, the flash drum

can operate 100°F (50°C) lower temperature than for atmospheric resids.

TABLE 1

Summary of Atmospheric Pipestill {APS) Bottoms
And Crude Oil Flash Drum Simulations

APS Tig1

Bottoms Crude Ref #
Convection feed rate, klb/hr (t/h) 126 (57) 100 (43) n/a
950°F minus (510°C), wt% 70 93 n/a
Temperature before sparger, °F (°C) 400 (205)  352(178) 4

Sparger water rate, klb/h (t/h} 12(5) 43 (20) 14



W % residue in convection feed 100 94 89 W% C4's in convection feed
O 6 11 Bubble point, F 991 327 244 @12 psig W % of residue
vapori zed in flash
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Primary dilution steam rate, klb/h (t/h) 18 (8) 8 (4) 17
Secondary dilution steam rate, klb/h (tvh) 17 (8) 19 (9) 18
Desuperheater water rate, kib/h (Vh) 6 (3) 6 (3) 26
Flash Drum Temperature, °F (°C) 847 (453) 750 (400) 5
Flash Drum Pressure, psig (kPag) 107 (740) 101 (694) 5
Feed vaporized in flash drum, wt% 74 93 5
Residue exported, klb/h {t/h) 33(15) 7(3) 22

Example 2

Table 2 summarizes the simulated performance of the flash for
residue admixed with two concentrations of C4's. At a given flash temperature,
pressure and steam rate, each percent of C4's admixed with the residue increases
the residue vaporized in the flash by about 1/4%. Therefore, the addition of C4's

to feed will result in more hydrocarbon from the residue being vaporized.

TABLE 2

C4's/Residue Admixture Flash Performance

Pure Mix 1: Mix 2:
Residue  Residue+C4's  Residuet+(C4's

‘W1% residue in convection feed 100 94 89
Wt% C4's in convection feed 0 6 11
Bubble point, °F 991 327 244
@112 psig
W1% of residue vaporized in flash 65.0% 68.2% 70.8%
Overall wt% vaporized in flash 65.0% 69.9% 74.0%
Temperature, °F 819 819 819
W1% of residue vaporized in flash 70.0% 72.8% 75.1%
Overall wt% vaporized in flash 70.0% 74.3% 77.8%
Temperature, °F 835 835 835
W1% of residue vaporized in flash 75.0% 77.4% 79.4%
Overall wi% vaporized in flash 75.0% 78.6% 81.7%

Temperature, °F 855 855 855
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65. 0% 68. 2% 70. 8% Overal |l w % vaporized in flash 65.0% 69. 9% 74. 0%
Tenperature, F 819 819 819 W % of residue vaporized in flash 70.0%
72.8% 75. 1% Overall wt % vaporized in flash 70. 0%

Claims
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1. A process for cracking a heavy hydrocarbon feedstock using a furnace having at least

a convection section and a radiant section, said process comprising:

(@ prior to feeding said heavy hydrocarbon feedstock to said radiant section,
heating said heavy hydrocarbon feedstock to form a heated feedstock;

(b)  introducing steam to said heated feedstock;

(c) before or after step (b), introducing at least one of liquid hydrocarbon and
water to said heated feedstock, wherein said steam and at least one of said
water and said liquid hydrocarbon are introduced to said heated heavy
hydrocarbon feedstock using a double sparger assembly;

(d) at least partially flashing the heated feedstock from step (¢) to form a vapor
phase and a liquid phase;

(&)  feeding at least a portion of said vapor phase to said radiant section; and

§3) varying the rate of introduction of said steam and the rate of introduction of at
least one of said liquid hydrocarbon and said water to control the ratio of said
vapor phase to said liquid phase.

2. A process for cracking a heavy hydrocarbon feedstock using a furnace having at least

a convection section and a radiant section, said process comprising:

@

(b)
©

(d)

(e)
(0

prior to feeding said heavy hydrocarbon feedstock to said radiant section,
heating said heavy hydrocarbon feedstock to form a heated feedstock;
introducing steam to said heated feedstock;

before or after step (b), introducing at least one of liquid hydrocarbon and
water to said heated feedstock;

at least partially flashing the heated feedstock from step (c) to form a vapor
phase and a liquid phase;

feeding at least a portion of said vapor phase to said radiant section; and
varying the rate of introduction of said steam and the rate of introduction of at

least one of said liquid hydrocarbon and said water to control the ratio of said



" 74.3% 77.8% Tenperature, F 835 835 835 W % of residue vaporized in
flash 75.0% 77. 4% 79. 4% Overal | wt % vaporized in flash 75.0% 78. 6%

£ 81l. 7% Tenperat ure,

F 855 855
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vapor phase to said liquid phase, wherein the amount of said steam and the
amount of at least one of said liquid hydrocarbon and said water are varied in

response to changes in at least one operating parameter of said process.

3. A process for cracking a heavy hydrocarbon feedstock using a furnace having at least

a convection section and a radiant section, said process comprising:

@

(b)
©

(d)

()

03]

(&

(b)

prior to feeding said heavy hydrocarbon feedstock to said radiant section,
heating said heavy hydrocarbon feedstock to form a heated feedstock;
introducing steam to said heated feedstock;

before or after step (b), introducing at least one of liquid hydrocarbon and
water to said heated feedstock;

at least partially flashing the heated feedstock from steps (b) and (c) to form a
vapor phase and a liquid phase;

feeding at least a portion of said vapor phase to said radiant section to crack at
least a portion of hydrocarbons in said vapor phase;

varying the amount of said steam and the amount of said at least one of liquid
hydrocarbon and water with a control responsive to at least one operating
parameter of said process;

holding substantially constant the sum of the rate of introduction of steam and
the rate of introduction at least one of said liquid hydrocarbon and water to
maintain the ratio of said separated vapor phase to said separated liquid phase
substantially constant; and

providing secondary dilution steam to a superheater section in said convection
section and introducing said secondary dilution steam into said heated
feedstock after step (c), and controlling the temperature of said secondary
dilution steam by controlling the flow rate of water from a desuperheater into

said secondary dilution steam.



855 19 Cains 1.A process for cracking a heavy hydrocarbon feedstock
using a furnace having at | east a convection section and a radi ant
section, said process conprising: (a) prior to feeding said heavy
hydr ocarbon feedstock to said radiant section, heating said heavy
hydr ocarbon feedstock to forma heated feedstock; (b) introducing
steamto said heated feedstock; (c) beégre or after step (b),

i ntroducing at | east one of |iquid hydrocarbon and water to said

heat ed feedstock, wherein said steam and at | east one of said water
and said 4 iquigge ?Y&E%C&frcﬁaﬁl B Pherdth HROMGRE: bOsafPitehn 831 B ARRANYOS at least
hydr ocar bon feedstock using a double sparger assenbly; (d) at |east
partial ly fl ashenfsaihbiquidayducirbendandwid Watonarstvaped i) respongeotornhanges prot
phase and a Ii%ug' d phan' %eé feredtisgﬂi at eIsseast a portion of said
vapor phase tcke SLOT§ OPE AT RRPET 1"e’%ttel%n; ang varying the rate of
introduction of said steamand the rate of introduction of at |east
one of said liquid hydrocarbon and, sajd water. tq control the ratio.of
sai d vapor phd®e HreFesapigany; ‘?ﬂ?iQf@H‘&sei%zorA}"p‘?’lEfé“é‘és‘;a’Hd?Pe@P%IPPW@"GEW 15 at
heavy hydr ocanbenofesidsho fdfngdpdnitd of sdill hBRAGE fdaaybdkdwRdn H1R88; tRe pressure of
convection section and a radiant section, said process conprisin

(a) prior to fseiddieatpdsfgedstaskawherhflephed;ath dlew eatel of saik lmatedafeadsﬁc&gi: wilpRn
tion, heati ' .
Fedstock. ( by ohsdr i AR Pl 60100 SLEBEPLERK hindel M Rofiihisithn of

or after step vohyilesimsaidhenvy hgdatarbenfetdstonk; afd the funade byadr ocar bon and

water to said heated feedstock; (d) at least partially flashing the
heat ed feedstock fromstep (c) to forma vapor phase and a liquid

phase; ¢, The process of any one of Claims 2 or 4, further comprising monitoring said at least

one operating parameter.

7. The process of any one of Claims 1 or 2, further comprising monitoring said ratio of
said vapor phase to said liquid phase by monitoring the temperature of said heated

feedstock prior to said flash.

8. The process of any one of Claims 1 or 2, wherein step (a) occurs in said convection
section.
9. The process of any one of Claims 1 or 2, wherein step (c) comprises introducing

water o said heated feedstock.

10.  The process of Claim 9, further comprising holding the hydrocarbon partial pressure

of said heated feedstock substantially constant.

11.  The process of Claim 10, further comprising using the heat of vaporization of water

to control the temperature of said heated feedstock after step (c) but prior to step (d).



" (e) feeding at least a portion of said vapor phase to said radiant
section; and (f) varying the rate of introduction of said steam and
the rate of introduction of at |east one of said |iquid hydrocarbon
and said water to control the ratio of said 20 vapor phase to said

| i quid phase, wherein the anount of said steam and the anmount of at

| east one of said |liquid hydrocarbon and said water are varied in
response to changes in at | east one operating paraneter of said
process. 1A HRGHSR { OF CBIAGK MG RERYY ¢ .ﬁﬁé&%%&ﬂciﬁ%%%@&gai@ﬂﬁb&&l
a furnace having "at Feast a cbnvection section and a radiant section,
sai d process desstocki ng: (a) prior to feeding said heavy hydrocarbon
feedstock to said radiant section, heating said heavy hydrocarbon
feedstock to forma heated feedstock; (b) introducing steamto said
heat ed fegdst ogle;prédels Hecane 10r fughéreonptisipg hodingd the sadwe kgl rdteasiaid
one of liquid hydrocarbon and water to said heated feedstock; (d) at

| east parti al |fam apdiiheBov Fte pespidyaleeeBsiealyicPBidt eps (b) and (c)
to forma vapor phase and a |iquid phase; (e) feeding at |east a
portion of said vapor phase to said radiant section to crack at | east
a portiontdof Hildmoasdbailainnl kdithey apopriphalbadding Gutstaptially ¢dnetanttbe sum of

M N

operating par ayRfRarbeh abdivchiddrt®eessdl thdjenipetatliraof Siehisardtiealstoyk from step
constant the sumof the rate of introduction of steamand the rate of
i ntroduction d€)l east one of said | i qui d hydrocarbon and water to
maintain the ratio of said separated vapor phase to said separated

| i qui d phase substantially constant; and (h) providing secondary

di | uti on Bt earfheprecesupicClhimad evhesen siepfr)ioscwaimsagbrmneedtion sedient i on

and introducing said secondary dilution steaminto said heated
feedstock after step (c), and controlling the tenperature of said
secondar y14dli | urtieqito&keanTlayn CHitutiedr lcbmgrisihesdpethaatiat secaidamadikriof s@aman
desuper heat er sla?<it (%n?fgélti%n Ssgc(%i%g ?116115 ﬁqeg Irrlablcjitn:g ?tnwi?ﬁ t%g[ﬁ]eated feedstock from steps (b)

and (c).

17.  The process of Claim 8, wherein secondary dilution steam is superheated in said

convection section and then mixed with the heated feedstock from step (c).

18.  The process of Claims 16 and 17, wherein a portion of said secondary dilution steam
is mixed with said heated feedstock and another portion of said secondary dilution

steam is mixed with said vapor phase.

19.  The process of any one of Claims 1, 2 or 3, wherein fifty percent (50%) to ninety-
five percent (95%) of hydrocarbons in said heavy hydrocarbon feedstock are in said

vapor phase.

20. The process of any one of Claims 1, 2 or 3, wherein prior to step (e) at least a portion

of said vapor phase is heated in said convection section to form a heated vapor phase.
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" 21 4. The process of Claim1, wherein the anount of said steam and
the anmount of at |east one of said |liquid hydrocarbon and said water
are varied in response to changes in at | east one operating paraneter
of said process. 5. The process of any one of Clainms 2, 3 or 4,
wherein said operating paraneter is at2Peast one of: the tenperature
of said heated feedstock when flashed; the pressure of said heated
feedst ock when flashed; the flow rate of said heated feedstock when
flashed; jjhe ayantideys &f CIQMQ@QNH%&%tfe&E&'aﬁ?@oﬁaiﬁ%aédfdd{:&%ﬁée i 7m
concentration of “volatiles 1 n sald heavy hydrocarbon feedstock; and
the furnace | &8°F @30 hego phl208Fs©508TC)any one of Clains 2 or 4, further
conprising nonitoring said at | east one operating paraneter. 7. The
process of any one of Clains 1 or 2, further conprising nonitoring
sai d ratiz. of HRigovapalf fahase bo C&dind 1, i Mok &, phiasen by lemniat gortig of hiee
tenperature of sald_heated feedstock prior to said flash. 8. The
process of anyErsalpPIONSAgYapordhase argHacksdin stid pdian) sesleRr s i n sai d
convection section. 9. The process of any one of Clains 1 or 2,
wherein step (c) conprises introducing water to said heated
f eedst ock23. 10.ThEhpropese cds@yobnaClodi Glritns f.u2tdred, wbepmi siiddichor diydrgearhen
hydr ocarbon partjal. pressure .of said heated feedstock,substantially.
constant - 11" sk BoEBEHG a ot Ad Pt TR paf RS L IS ol Tt
heat of vapor ikzatingsil, gft Aiélf diesel, kegBeiel gdsolile colerpepiakd)seadfecr&iedinaphtha,
heat ed feedstock after step (c)_ but prior to step (d) 22 12. The
process of O #ithdicalhneipgied r@?étbaﬂaodrqs' P oTTEr iRt ELtsas‘l'ler-
sai d heated f eﬁ‘gﬁécﬁmﬁuidjs;g Fisdhe-TRERER 385 nfeh@l Bhsbline,f MEtHDRY virgin naphtha,
conprising holdinhg the sumof the flow rate of "said steam and the
flow rate of swidt wiktbnosphdystmipestillibojiomanoeemm pipestill strpemp insdusing lyfttoms,
Caim11, further .conprisi di S j.all o
of ‘the Tate of "R BIRCETEn ar e s S I ARk R KRR A fpon
| east one of sa@kesint g Efibyribspeaubmngaandswadaey ghooit,arphibh cofteminated with
tenperature of the heated . feedstock fromste .. 15. , The procgess 0
d aim 3, wher € estaélﬁoipzlf“%cféﬂ ’s?lf’arsz%ﬁS 1%n§é1ég%sbq¥es@%ﬁx8ﬁ.’ 1. n?’#&{la
process of O akbimddadnfiliizbdrer conpri sing superheating secondary
dilution steamin said convection section and then mxing it wth the
heat ed feedstock fromsteps (b) and (c). 17. The process of O aim 8,
wher ei n sggcon iyt i i S.super he d.} L J
Secti on on thaw e o B PRE Y P FLaE: ScicPren ey dRRYE b Rarbon
feedstock comprises low sulfur waxy resid.

25.  The process of any one of Claims 1, 2 or 3, wherein sixty percent (60%) to eighty
percent (80%) of said heavy hydrocarbon feedstock has a boiling point below 1100°F
(590°C).

26. The process of any one of Claims 1, 2 or 3, wherein said heavy hydrocarbon

feedstock has a nominal final boiling point of at least 600°F (320°C).

27.  The process of any one of Clamms [, 2 or 3, wherein said vapor phase has a nominal

end boiling point below 1400°F (760°C).
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18. The process of Clains 16 and 17, wherein a portion of said
secondary dilution steamis mxed with said heated féedstock and
anot her portion of said secondary dilution steamis mxed with said
vapor phase. 19. The process of any one of Clainms 1, 2 or 3, wherein
fifty percent (50% to ninety-five peré&nt (95% of hydrocarbons in
sai d heavy hydrocarbon feedstock are in said vapor phase. 20. The
process of any one of Clains 1, 2 or 3, wherein prior to step (e) at

least a pgrti oheQfoRad 6F ¥ANRHe @8 B 2GS, Qfhekdin SiR) @mBAAMRE b Yid heated
section to forma heated vapor phase. 23 21. The process of O aim
c

20, wherein t Heedsenp&onx bis fom GOREABA Q) ap P50P@se° (s from 80OF
(430C) to 1200F (650C). 22. The process of any one of Clains 1, 2 or
3, wherein at |east a portion of the hydrocarbons in said vapor phase
are cracked i megirckcsael mptons o€ Claims 123 2, Whaciprsopgdyoafirsainyt ag ook flash
Claims 1, 2 or 3, wherein said heavy hydrocarbon feedstock conprises
at | east one d¢¥W8team cracked gas oil and residues, gas oils, heating
oil, jet fuel, diesel, kerosene, gasoline, coker naphtha, steam
cracked naphtha, catalytically cracked naphtha, hydrocrackate, _
r ef or mat 630. r afftiergpesss of ¢Haimn 89, whaseinehdpepsuh ofisgidi aisleast one flash drum is
Fi scher - Tropsch s,.. nat L I hat LI ey gi N napht ha,
crude oil, at n%g%ﬁezlﬁegweﬁpp@sqasﬂ @%@gﬁa@%&c’l %\'(/Jg%ﬁl%r(rﬁ)glﬁé(gé%)l |1 streans

i ncl udi ng bottonms, w de boiling range naphtha to gas oil condensate,

heavy non-virgin hydrocarbon streans fromrefineries, vacuum gas X
0 1s hoatly GalR s aBRRA % SHEG Hit S oot AR end seid

resid, heavy nesidhyidca@bnSié Blodikedas Rhiythidhted hadid Hgﬂﬂﬂﬁﬂl}an r@abeseusing
adm xture. 24. The process of any one of Clains 1, or 3, wherein

sai d heavy hydr&ehlesprreteasessntdek conprises | ow sul fur waxy resid. 25.
The process of any one of Clains 1, 2 or 3, wherein sixty percent
(60% to eighty percent (80% of said heavy hydrocarbon feedstock has
a boil i ng3Poi rithehebams bfl dFofeSHUTpims2R.3 dindl, pwheods said foahly spanger gssembly

d ai 1, 2 3, wher ei 1d. hydr. b dst ock h .
o nal i nal "BBITPAGPRBPR o GHOTS 45 “HOORL 3B oS PTTRE PR abed

of any one of Ghdddibn dectidnOr 3, wherein said vapor phase has a
nom nal end boiling point below 1400F (760C). 24 28. The process of
any one of Clains 1, 2 or 3, wherein the tenperature of said heated

f eedst oc k% 3ac ro rﬂ‘k?ehﬁ@c e%&%ﬁ ('Jlﬁmg 8 %e@gg Kaift %&Qs@nt Eé?np%?a%?m (sé&@l@ater %I%aml:g&?ge is
process of any one o alnms 1 or 2, wherein step (d) occurs In at

| east one fl asi¥5do GPa°F3870 PH@OPCocess of C ai m 29, wherein the
pressure of said at |east one flash drumis operated between 40 psia
(280 kPaa) and 200 psia (1380 kPaa).

34. A process for cracking a heavy hydrocarbon feedstock using a furnace having at least

a radiant section, said process comprising:

(a) prior to feeding said heavy hydrocarbon feedstock to said radiant section,
heating said heavy hydrocarbon feedstock to form a heated feedstock;

(b) introducing at least one of liquid hydrocarbon and water to said heated
feedstock;

(c) at least partially flashing the heated feedstock from step (b) to form a vapor
phase and a liquid phase;

(d) feeding at least a portion of said vapor phase to said radiant section to crack at

least a portion of hydrocarbons in said vapor phase; and



31. The process of Claim2, wherein said steam and at |east one of
said water and said |iquid hydrocarbon are introduced to said heated
heavy hydrocarbon feedstock using a doubl e sparger assenbly. 32. The
process of any one of Clainms 1, 3 or 31, wherein said double sparger
assenbly mnimzes hamrer of said steamand said water in the heat
exchange tubes of said convection sectheon. 33. The process of Caim
3, wherein said constant tenperature superheater steamrange is 875
to 925F (470 to 500C). 34. A process for cracking a heavy hydrocarbon
feedstock using a ¥ e Rgoungsaid of elsist ané af isald tliqaiChydastartofiaid said
process conprising: (a), prior to feeding said heavy hydrocarbon )
f eedst ock to said P‘:géﬁtre%@ﬁq b Changss iih gt deast OB QBSFPRE PHERPISE Pf said
feedstock to form { aREN : i Bfid SAYSH RAp& pHaS@ed sANSiqakd
liquid hydrocar Do Pr3Es! @ ko BRERLRL ggg?[hgdra%‘léegdstock? (&) at | east
partially flashi ngph#se. heat ed feedstock fromstep (b) to forma vapor
phase and a |liquid phase; (d) feeding at |least a portion of said
vapor phase to said radiant section to crack at |east a portion of
hydr ocarbons in said vapor phase; and 25 (e)varying the anmount said
of at |least one of said liquid hydrocarbon and said water in response
to changes in at | east one operating paraneter of said process to
continuously control the ratio of said vapor phase to said liquid
phase.



