1 PROCESS FOR STEAM CRACKI NG HEAVY HYDROCARBON FEEDSTOCKS BACKGROUND OF
THE INVENTION 5 Field of the Invention The present invention relates to the
cracki ng of hydrocarbons that contain relatively non-vol atile hydrocarbons
and ot her contam nants. to Description of Background and Rel ated Art Steam
cracking has | ong been used to crack various hydrocarbon feedstocks into

ol efins. Conventional steam cracking utillizes a pyrolysis furnace which has
two main sections: a convection section and a radi ant section. The

hydr ocar bon feedst ock typi t i section of the furnace
as a 15 liquid (except for i’ﬁ‘%‘?ﬁ?é‘?&i?ﬁ%ﬁmﬁ'ﬁ@r as a vapor) wherein
it is typically heated gEAV¥NYDIROCARBON FEEDSTOTIRSt W th hot flue gas
fromthe radi ant section and by direct contact wth steam The vaporized
feedstock and steam mi xture is then introduced into the radi ant section
where the cracking takes'ﬂﬁ%@kGﬁhﬁﬂﬂﬁ?ﬁ“@@f ﬁ?ﬁﬁ&s i ncl udi ng ol efins

| eave the pyrolysis furnace tor turther ownstream processi ng, such as
guenchisng. Conventional steam cracking systens have been effective for
cracki ng hi gh- qu‘g}rit feedst ock which contain a large fraction of |ight
volatile hyhichtehh %@F“EBEh as gas oil and naphtha. However, steam cracking
econom ¢s 25 sonet | megyd g}’é},émcfn@&hidﬂgr ia?é@?{o ﬁgﬁa%%ﬁfh‘jﬂ%%m%éﬂ% ch as,
by way of non- limting exanples, crude oi o and at pheric resid. ude oil
and at nosphecdrtainnelgiidelg anh-aofatikd igiromrienslaad owket giitamimantsyol ati | e
conponents with boiling points in excess of 1100F (590C). The non-vol atil e,
conponents of these feedstocks |ay down as coke in the convection section
of conyenti o Lol S mﬁﬁs y very low |l evels of non-volatile
co oﬁénts cgﬁgggm?gfg?gﬁg%8§n t éRd%ggggttion section downstream of the
poi'nt where the |ight8tcamoopdiergthas Henge bedrubsed wapack 2adouddigidtocarban| vy,

during transport sone n t has, are .cont am nat ed - )
g Becdsloc s 1nto g]@ﬁns. Eonvemlona steam crag](mg utihizes a pyrolysis fumace

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
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 from the radiant section
and by direct contact with steam. The vaporized feedstock and steam mixture is
then introduced into the radiant section where the cracking takes place. The
resulting products including olefins leave the pyrolysis furnace for further

20 downstream processing, such as quenching.

s

Conventional steam cracking systems have been effective for
cracking high-quality feedstock which contain a large fraction of light volatile
hydrocarbons, such as gas 01l 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-volatle components can be tolerated in the
convection section downstream of the point where the hghter components have

fully vaporized. Additionally, during transport some naphthas are tontaminated



2 wth heavy crude oil containing non-volatile conponents. Conventi onal
pyrolysis furnaces do not have the flexibility to process resids, crudes,

or many resid or crude contam nated gas oils or naphthas which are

contam nated with non-volatile conponents hydrocarbons. 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 discloses the use of a first flash to renove naphtha as vapor
and a second flash to renpve vapors with a boiling point between 450 10 and
1100F (230 arfithemdry cruds@iheopinigng nenvplalicedmnenenls. Spngestiangl pyrplysise into

ol efins and p e I QUI @S o1 t : n ed,
stripped w ?ﬁ%g%gaﬁ ﬂggn@aJSs@g @%‘4‘{} '° %85&%5{%%?&5&6%15? ‘P%? {%ﬁ?g% is

i ncor por at ed cheleeontaminated gasasitserr naphthad $hichagsScantphimargsvitiondi-volaiilee coke
deposition. It describes preheating of heavy feedstock inside or outside a
pyrol ysi s furchmeanenss Rudserarbsapout 50% of the heavy feedstock with

super hgated steam and the renoval of the residual, separated liquid. The
vapori zed hydrocarbons, which contain nostly light volatile hydrocarbons,
are subj ected to crackiTigsol?d) sithScokrag enibléms] 90.S6 P4tent|6d7,498, whixhr sor at ed
herein by reference, , discloses a process fqr inhi itin?eér?agke formation in a

furnace by pl"&‘?&&r?tﬁ@) heprin byg FRfSk disg el rsedicen oF MEPPTIZEIOP | cal
amount  of hydnogest the chude oﬂqgé’c?é}{dhdeig’céos%ﬁ’ e 8 -of IRsPIRRID Fém&Ne xga)Sﬁ{hﬁge” In

t he convection section inhibirts t 5 polynerization reaction
hydr ocar bons a$ wepatandi nédcbnd iflagh e kamdver vapbisomith albdlinPavmntbetyesB 615043,

FogdsiBok i < nd FIB-EiaEarlebatln’ FhEHTRA HartoRed PrORparrar GEAF TR (ho
convecti on Sgein@Rn@fihd bpaPAEP i Hids ot RS0 IdinStartis AGRARNES sgff‘;g%ﬁt ock is

then mxed with a predeterm ned amount of steam (the dilution m and is
t hen i nt r oduved steany and yesl dsifyeli d separator to separate and

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

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

feedstock inside or outside a pyrolysis furnace to vaporize about 50% of the heavy

feedstock with superheated steam and the removal of the residual, separated

liguid. The vaponzed hydrocarbons, which contain mostly light "volatile
hydrocarbons, are subjected to cracking.

20
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

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 1s 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 steam (the
dilution steam) and is then introduced into a gas-liquid separator to separate and

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



remove a required proportion of the non-volatiles as liquid fromthe
separator. 3 The separated vapor fromthe gas-liquid separator, is returned
to the pyrolysis furnace for heating and cracking. The present inventors
have recogni zed that in using a flash to 5 separate heavy liquid

hydr ocarbon fractions fromthe lighter fractions which can be processed in
the pyrolysis furnace, it is inportant tio effect the separation so that
nost of the non-volatile conponents will be in the liquid phase. O herw se,

heavy, coke-torm ng ngon-volatile co nents in the vapor. are carrjed into
the fur nace%&fﬁ%ﬁtego‘ﬁpﬂb%ﬁ’r”bg]i’eeﬁ%n}.?ﬁ‘i‘ﬁgfﬁgarﬁﬁpééﬁﬁ?mﬁ?\?eﬁ’t PYRVYESal so
recogni zed tghadeYobhédiBigantilcA®Rink0 separate non-vol atile conponents from
the lighter fractions of the hydrocarbon feedstock, which can be processed

in the pyrolysis furnace wi thout causing coking problens, it is inportant
to carefully control t ratio,of vapor, to |liquid.leaving 15 t |.ash.

O herwi se, val uable |i é?reﬁnéd?\;eggcps O}favf H& Q%?bﬁpgctﬁglbgh%f’@@dgggaé& ®¥ceoul d be
lost in the hémtshby\g,rn@aﬂb@ﬂrda%bﬁrmcqanmamymeqgh@rfﬂucﬁbﬁwwhﬁgrmﬁnent_s
coul d be vaporized and carried as overhead into the furnace causing coking

probl ens. 20bgmeccessedrip] thePyrolesiy Mrnereoft i dpoerten toi affrict heesaprrafonisash has
been found bk RS Hlbf {HeGH Evo??tﬁg%ﬁipgﬁ%% il bé‘%ﬁ%lﬂuﬁ’d' ﬂXs%' V@ﬁlenﬁgé ratio
a I'on of the roon” pa

of vapor to rqurd i s unc ydroca I'al pressure in the
flash and al &eavg, cbefdriring abnivoRatile opBp@icdlseinothet Vapos afe aifriedtiftol thg t he
flash. The tenperature of ,  the streamentering the flash varies as the
furnace | oadf\WREFaEsINEREPERFRYBYre 25 i s hi gher when the furnace is at
full Igad and is | ower when the furnace is at partial |oad. The tenperature
of the streamentering the flash also varies according to the flue gas
terfperature in the furTaeeréseat inhends Hake afseeesignized tHhan fusing-20fAssh to

tenperature in rumvaries_accordi ng 0 tB]g extené of c%i g tHat has
occurred in SPAEM§ &Pﬂé’@ga.“]‘i/\ﬁ_%rﬂp?'?f'é‘? PHathe hiahten Baghogs e‘B?_hy BisaIbPn coked,
the flue-gas 3GshQTRALET tinfbd FrobQUET intiREPyWIRR fuhfic WithdGcdusinBeBkingY coked.

The fl ue-gas
problems, 1t 1s important to carefully control the ratio of vapor 1o liquid leaving

15 the flash. Otherwise, valuable lighter fractions of the hydrocarbon feedstock
could be lost mn the liquid hydrocarbon bottoms or heavy, coke-forming
components could be vaporized and carried as overhead into the furnace causing

coking problems.

20 The control of the ratio of vapor to liquid leaving flash has been
found to be difficult because many vanables are involved. The ratio of vapor to

K liquid is a function of the hydrocarbon partial pressure in the flash and also a
function of the temperature of the stream entening the flash. The temperature of

the streamn entering the flash varies as the fumace load changes. The temperature

25 is higher when the furmace is at full load and is lower when the furnace 1s at partial
load. The temperature of the stream entering the flash also varies according to the

flue gas temperature in the furmnace that heats the feedstock. The flue-gas
temperature in turn varies according to the extent of coking that has occurred in

the furnace. When the fumace is clean or very lightly coked, the flue-gas

30 temperature is lower than when the fumace i1s heavily coked. The flue-gas
temperature is also a function of the combustion control exercised on the burners

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



tenperature is also a function of the conmbustion control exercised on the
burners of the furnace. Wien the furnace is operated with |low | evel s of
excess oxygen in 4 the flue gas, the flue gas tenperature in the md to
upper zones of the convection section will be |lower than that when the
furnace is operated with higher levels of excess oxygen in the flue-gas.
Wth all these variables, it is difficulst to control a constant ratio of
vapor to liquid |eaving the flash. 5 The present invention offers an
advant ageously control |l ed process to optimnm ze the cracking of volatile
hydr ocar bons thediteagasethe flue gre tmwymrmyuh@@ad b@nppféé@gﬁfb@kg‘lemdwcéioﬂeduce

i ncain a e van PR BRer Bhe yaligRfe fBhere N BRR B HERIRRRANE | 2

by mai nt ai ni Bgreds bLY@hiiMehy 16O PSS, athta'a‘mh%ea\TZdﬂaBlesOﬁ i$ bEfiallt RA¢on@rdt &r i ng the
flash. More specificall t he constant te rature of the flash streamis

mai Nt ai ned b§OTEANG RO Q{aHapyr tadiaud leAyng te unt of a fluid stream nixed
W th tgle heavy hydrocarbon feedstock prior to the flash. The fluid
optionally is water. 15 The present invention also provides a nethod to

nmaintain a relatively Thepsésamt inhystfoncafdro an pavintadeopst g xentrellelf probessf | ash
stream The constant hydrocarbon partjal pressure is maintai ned by
control | i ng thephimzh the egacking é?{dVOILaHB hygrogarbeny |cani@ingdd i 1 the heayyt he

hydr ocar bon §,6adsh a6k 1R SHMBRY Tk E LAVENT) O 106 81556 115G o1

provi des a pr cess atin eav roca ch ‘conpri ses
heating a hepmyemy:dvmmnbmmdm % ngthtobleto Rainked@ \ay reffatiebe asistamt watié dfl ui d to
forn1a m xture, flashing the m xture to forma v phase and a liquid

3‘ sel0and vHERPF i ligRid laﬁ‘aa&f eoﬂasﬂla»ieram%z@amrskﬂww CoRglant APSTIEr bon i n
ordance betlﬂe§Pre:!rﬁ@§ltenﬂgﬁ1esﬁzlsﬁ0tl\?&eQi?«?crlf?‘ﬁ']IQQhE?gﬁﬂEEtQEmB&anﬁgﬁf%Eocess

and f eedi ng the vapor phasé to a furnace can be a |1 qui
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 1s water.

15

The present invention also provides a method to maintain 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

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 flmid mixed with the
heavy hydrocarbon in accordance with at least one selected operating parameter of
the process and feeding the vapor phase to a furnace. 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



hydr ocarbon or water. 30 According to one enbodi nent, at |east one operating
paraneter may be the tenperature of the heated heavy hydrocarbon before it

is flashed; At 5 |east one operating paraneter may 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. 5 In a preferred enbodi nent, the
heavy hydrocarbon is mxed with a primagry dilution steamstream before the

flash. Furthernore, a secondary dilution steam can be superheated in the

furnace and then m xed with the heavy hygr ocarbon. 10 The_present invention
al so provi delasl PIOOBESURYPARAMER; MEY 211030y IFAFHIBE HbR Hebduesirein a

furnace whi Ct’éﬂp%ré%ﬁ‘fépéfi HEHaSH strSfth afthw FRELT AR MIhNGESm é)ﬁﬁéfﬂe%ruﬁygggﬁer adi ant

heat and hot ue gas and a convection section conprise banks
of heat exchamnje flualgas conprising: (a) preheating the heavy hydrocarbon
feedstock to form 15 a preheated heavy hydrocarbon feedstock; (b) m xing

t he preheated heavy hydrocarbon feedstock wth water to forma water heavy

hydrocgrbon m xture; () aippéfegtd BEbRIHIERL YheldaV hOBroe hi®amid MuRdiwin Yat er
heavy hydrocarbon m xture to forma mxture stream 20 (d) heating the
m xture strepmmiary &hiimksiean segam baarehthe fesht ubethebpoiendise@otiatyatitutipnansf er

ith the hot fl t f .h 1 Xt t . trol]i th
¥Menper at(:aurg SFm%’Jﬁ‘é h %Wﬁ'{aggdaé’i ﬁg%rr%")é?‘i’gg g"Bﬁt :"gq?ﬁn}nﬁéa h‘g“na'ﬁgo ‘IE?P’ st egm to

hydrocarbon Rydrodibdl yi ng the flow rate of the water and the flow rate of
the primary ™dilution steam (1) flashing the hot m xture streamin a flash
drumto

.10 The present invention also provides a process for cracking a heavy
(" hydrocarbon feedstock in a furnace which is compnsed 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 pnimary dilution steam into the water
heavy hydrocarbon mixture to form a mixture stream;
20 (d}  heating the mixture stream in a bank of heat
] exchange tubes by indirect heat transfer with the hot flue gas to
{ - form a hot mixture stream;
(e) controlling the temperature of the hot mixture
stream and controlling the ratio of steam 1o hydrocarbon by
25 varying the flow rate of the water and the flow rate of the primary
dilution steam;
§)] flashing the hot mixture stream in a flash drum to
form a vapor phase and liquid phase and separating the vapor
phase from the liquid phase;
30 (2) feeding the vapor phase into the convection section
of the furnace to be further heated by the hot flue gas from the

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



form a vapor phase and |iquid phase and separating the vapor phase fromthe
i quid phase; 30 (g) feeding the vapor phase into the convection section of
the furnace to be further healed by the hot flue gas fromthe radi ant
section of the furnace to forma heal ed vapor phase; and 6 (h) feeding the
heat ed vapor phase to the radi ant section tubes of the furnace wherein the
hydr ocarbons in the vapor phase thermalgly crack to form products due to the
radi ant heat. 5 BRI EF DESCRIPTION OF THE FIGURE Figure 1 illustrates a
schematic flow di agram of a process in _accordance with the present

i nvention enpl oyed wit fa stfessinecthadratedyvaner phess to theyadiant segliony t he

convecti on secti onjglef}gf@gTél Pv%§gﬁltl%m§5yg%8gﬂﬁnlth'é/%'z}golrrep agJQI ess

ot herwi se stated, percentages, parts, S,  etc., Yy~ wei ght.

Unl ess ot herw se #efhsilly crack &f REgtedice dieao tixotatinokeatonponent 15 incl udes
t he conpound or conponent by itself, as well as in conbination with other
conpounds or conponents, such as m xtures of conpounds. Further, when an

anount . concentration, or Dﬁgtﬂﬁ:'ﬂb%?gr@g?ﬁé S given as a |ist of

upper preferable values an ower prefera ues, Othisis to be

understood as specifically disclosing all ranges formed fromany pair of an

upper preferred val ue Brghra 1l dlvstraps of echepthicallow, diaggat difes prodess lier r anges

are separat el dd'?scl os%d Al so as used herein; n-vol ati | ele_co onents can
or cgp

be measur ed BCG 3ihote -Preseat BuienyomyeTpBloNEd ot 2 iStsam gAckipe dypace,

hydr ocar bon éﬁ@ﬁ;cgﬁym%ggiomgect%}ﬁ Chromat ograph Distillation (GCD) by
ASTM D- 6352-98 or another suitable nethod. The Non-volatile conponents are

the fraction of the hydrocarbon with a nom nal boiling point above 1100F
(52/00) as neasured by - i S, i s very well with
non-vol atil es havi ng aﬁimlﬁgﬁsﬁéﬁﬁﬁ%T%W%E%%ﬁ

Unless otherwise stated, all percentages, parts, ratios, etc., are by
weight.  Unless otherwise stated, a reference 10 a compound or component
15 includes the compound or component by itself, as well as in combination with

other compounds or components, such as mixtures of compounds.

Further, when an amount, concentration, or other value or

parameter is given as a list of upper preferable values and lower preferable values,

20 this 1s to be understood as specifically disclosing all ranges formed from any pair
of an upper preferred value and a lower preferred value, regardless whether ranges

4 ‘ are separately disclosed.

Also as used herein: Non-volatile components can be measured as

25 follows: The boiling point distribution of the hydrocarbon feed is 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 compnses heating a heavy



30 above 1400F (760C). The present invention relates to a process for
heating and steam cracking heavy hydrocarbon feedstock. The process
conprises heating a heavy 7 hydrocarbon, m xing the heavy hydrocarbon wth
a fluid to forma mxture, flashing the mxture to forma vapor phase and a
i quid phase, and varying the anmount of fluid m xed with the heavy

hydr ocarbon in accordance wth at | east 7one selected operating paraneter of
the process. 5 As noted, the feedstock corrpri ses a |large portion, about 5 to

50% of hea Done vo at i onpone S eds ck cqul d conpri se,

way of non- W PR exa’H‘Bgeg q(%ﬁ‘éy gﬁrﬁﬁ HS ?% r SR fa "ygmfe and
resi dues, gafashid the MOatieN@ i, a y&or i u@de, anral @s'nqln 151@; eSS varggaht ne,
coker napht ha, steam cracked 10 napht ha catal yti cal cracked napht ha,

hydr ocr ackat amowniiod fhwd mixedawfth thetheavy bl‘(b?%l?@ lnFﬂcﬁ‘éﬂﬁ‘éﬁcﬂ‘W@bgbhaﬂt ogei ds,
Fi scher-Tr opgeq&t&iaop%ram a#alg%ﬁ%?]ggﬁgeerr},e distillate, virgin naphtha, crude

oi I, atmpspherTc prpes R pi pestill streans including
bottons, w de boiling range naphtha to gas oil condensates, heavy
non-virgin hydrocarbon streans fromrefinerjes, vacuumgas 15 oils, heavy

gas oi |, naphtha cont afisHiek U iepdSackFemMPRSeRO3 58S PEroBsIhout fdad)%,
di 4 h
hyar ocar bon PeabES (P Aae diifoneRe] GRETERRARUAMP BAPHE Hhoway OE 102"

(315C). The pemefimitiggctarplsd, aniesoranerel @rvmewiu fodackedogys logiSardSresidiés, agtam)spheri c

resids, and n pht has cgntam nated with crude, The nost preferred is_ resid
conpri sing 6@‘ BHSBE Y AENLEL, iR eI KErBERTE Sﬁjobb‘? fekeneaphiba) steere cradkedo), for

examplig, | Ovhalilal cHENHCHIRS! dickel BafiRRYY nOMRIACREBON IR Oftfghdte |1 1 St

prgheated in e upper convecti o e heating’o e heavy
hydrocar bon fefedsteycKischer-Traksch diqyidsofieckeroVuopboh tdusee ndturat dgasaling, skill in

the art. ve preferred eating c ri ses indirect
cont act of }tl\ﬁé“'ﬁ"é"edé’frs& ”iaﬁ;"gﬁ’e Uﬁ%ePhté‘FW Foh P’gﬁﬁﬁ%“gn’éf YEHE™ ur nace |
with hot flug,ea3esutsiRi ihB8dm3dbétims €§ideOBofng! Riige naphtha to gas oil
condensates, heavy non-virgin hydrocarbon streams from refinenes, vacuum gas
15 oils, heavy gas oil, naphtha contaminated with crude, atmospheric resid, heavy

residium, C4's/residue admixture, and naphtha residue admixture.

The heavy hydrocarbon feedstock has a nominal end boiling point
of at least 600°F (315°C). The preferred feedstocks are low sulfur waxy resids,
20 atmospheric resids, and naphthas contaminated with crude. The most preferred is

resid comprising 60-80% components having boiling points below 1100°F

/"‘ ~

- (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, 1t 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 located within the
convection section 3 of the furmnace 1. The preheated feedstock has a tempera}ure

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



furnace. This can be acconplished, by way of non-limting exanple, by

passi ng 30 the feedstock through a bank of heat exchange tubes 2 | ocated
within the convection section 3 of the furnace 1. The preheated feedstock
has a tenperature between 300 and 500F (150 and 260C). Preferably the
tenperature of the 8 heated feed is about 325 to 450F (160 to 230C) and
nore preferably between 340 and 425F (10 and 220C). The preheated heavy
hydrocarbon feedstock is mxed with a fluid. 5 The fluid can be a liquid
hydrocarbon, water, steam or mxture thereof The preferred fluid is water.

The tenper at &F@eéffe%e ot 42T i HEFHEEBL 2éfial art%ﬂﬂere prsffsolelythegween
t enperat ure 3\%4 i@hﬁ%?ﬂd Ef@gﬁt ock The m Xi ng of_ t he preheajt ed heavy
eedst ock and e

hydr ocar bon fluid can occur inside or outside the
pyrolysis furnace 1, but preferably it occurs outside the furnace. The

m xi ng can be accorrpl i shed usi e% m xi ng device known within the art.
However it is preferredr hegprehgat hanKI}W@Tﬁﬁ?TQ@F fQFdé‘PC]é’%@u’EﬂdeW“%ﬁaﬂ%

assenbly 9. 1 Qthe! Aifa Tak(110s TG bSkarBBATOREr ABRE! & ARl COBRE S O

i nsi de perforat ed con uit sur oun by an outside conduit so as to
forman 15 ampmfeaed flumvisspaee TBBe knemmnretdsfetherfhndiearabd beluvws i egealcondtui t .
Preferably, tge reheat ed he hf}: 0 }a ﬁon feedstock flows in the annul ar
f1 ow space adBOYHEe 'GNRATHULY \/UéeP'f‘F ﬁ‘ﬁ eA¥%$Krsi de conduit and is injected
into the feedstock through the openings in the inside conduit, preferably
small circular holes. The first sparger 4 is provided to avoid or to reduce
hamrer i ng, caused by sUddsenixiy melﬂ)arpirefmbicdmcaﬁy hidro¢drbend feedgtock amd theduct i on

of the fI ui d o the preheat ed h ]g,roc rbon.f edst The resent
mention. us ST Patafhesf HEHRecT MO i RITHF ORIt heborBEGly 1Tty | mar y
di I'ution st e%msﬁiertﬁ@%%lﬁcé STme &%S!:ﬁg & lSé“@ccBhﬁ:l'i‘l‘é‘ﬁédeﬁislﬁgﬂﬂy m&ﬁlghd/éir'i&car bon

feedstock as detailed below. In a preferred enbodi nent,; a secondary dilution
st eam st r eamkn@wn svithire gheeatt. | Howleergorveeferned te ase i finstsparget 4ed awoublet he

heavy VS ocgoan LR L ok P PR bl b
flash inside perforated conduit 31 surrounded by an outside conduit 32 so as to form an
15 annular flow space 33 between the inside and outside conduit. Preferably, the
preheated heavy hydrocarbon feedstock flows in the annular flow space and the
fluid flows through the inside conduit and 1s injected nto the feedstock through
the openings in the inside conduit, preferably small circular holes. The first
sparger 4 is provided to avoid or to reduce hammenng, caused by sudden
20 vaporization of the fluid, upon introduction of the fluid into the preheated heavy

hydrocarbon feedstock.

~

The present invention uses steam streams n various parts of the
process. The primary dilution steam stream 17 is mixed with the preheated heavy
25 hydrocarbon feedstock as detailed below. In a preferred embodiment, a secondary
dilution steam stream 18 1s treated in the convection section and mixed with the
heavy hydrocarbon fluid primary dilution steam mixture before the flash. The
secondary dilution steam 18 is optionally split into a bypass steam 21 and a flash
steam 19,
30
In a preferred embodiment in accordance with the present

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



steam 19. 30 In a preferred enbodi nent in accordance with the present

I nvention, in addition to the fluid m xed with the preheated heavy
feedstock, the 9 primary dilution steam 17 is also mxed with the
feedstock. The primary dilution steam stream can be preferably injected
Into a second sparger 8. It is preferred that the primary dilution steam
streamis injected into the heavy hydroearbon fluid m xture before the
resulting stream m xture enters the convection section at | | for 5

addi ti onal heating,by. radi ant_section fl u as ve re preferahly, the
i mary i | BRTGR biah S b BDE TRt (e et DT e 8 oo
that the pribREY stydhhUah e PeRAMBIPISeasd 6 %U&Boﬁd@pﬁ?égrﬁe'h ﬁ%efeﬁe& nj ect ed

through small circular flow distribution holes 347into the rocarbon
f eedst ock f | thatitheiprumarg dilpgonT$team siraam ys jcctediinte the beanydudrérathondluid

t t eater.. | t th h . hyd f eedst ock
o mxt ar Bt Dsvorr dbersey g SRSt mif s e e oT ROl SEE UV RSl oG or ves ¢ 0
partiakly vapafiiigfl hbfidsanosiReKiddigh fue FaXt BU&h mBF@;B&E@E’:L]EYy#hE einfi{ mary

dilution steamis superheated before being i ndqut ed into e second sparger
8. 15 The ni fduiroa si¢amp Ne impaied diredily pie Heatesand spargerh¥ ¢e dbatrtbe prinfaspdst ock,

and the pringry.dilution steam stream | eavi the second sparger 8 is
heat ed agai rqglil'#qnhse(eaﬂ@r%ﬁ%i _OP_%I? Héec%"aég%é"f‘@a% l?Jﬁ(éte‘flﬁ_érgH.gh fWéﬁﬁérzEHaﬁg can be
acconpl i shedfiol\istabuifdh K34 iMtd the hyeeairBbe fecBitoBladidndixnkre, f eedst ock
m xture 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 from

the radi ant secti on of . r > The t hus- t L xture | eayves the
co egtg i on section as ghai%QP{Ja?}égﬁgﬁ?ne%ren fa?gjageggft%g? 3er§”ér;ig>r<eea£fr’v\}°tw KT an

addi tional séeatvustilieadme 2b heply budbtarbord NedaedoNdal yidkutdibutoprefedrgédymn st r eam
18 can be further split into a flash steamstream 19 which is mxed with

t he heavy hy&ealehihgs that of thepixtyrs apdpeves toparualhcyaparae theggpistoskdiuddm st r eam
21 which bypﬁm. t I@?ef@a@ﬂb the pnmary dilution steam is superheated before being

injected into the second sparger 8.
15
The mixture of the fluid, the preheated heavy hydrocarbon
feedstock, and the pnmary dilution steam stream leaving the second sparger 8 is
heated again in the pyrolysis fumnace 3 before 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 furmace and thus heated by the hot flue gas from the radiant section of the

-

furnace. 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 1s 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. Altematively, the present invention can

be operated with secondary dilution stearn 18 directed 1o bypass steam 21 with no



of the heavy hydrocarbon m xture and, instead is mxed 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.
Alternatively, the present invention can be operated with secondary
dilution steam 18 directed to bypass stggm 21 with no 10 flash steam 19. In
a preferred enbodi ment in accordance with the present invention, the ratio
of the flash steam stream 19 to bypass steam stream 21 should be preferably
1: 20 to 20: 1flaghdgteassd 9pr &f ar pisifgrred: pmbediment iTHascendarte stdbathelprasent ni xed

ith the h h ' f flash
bet ore the PRt 01 £k cartr ¢33l SR {1 e kB PSRl aBBTR < carm

stream is superdieabBdl: 20 i2GUpaid@BsigTekaMly 012 1HB:1 N ThBdaEhERAREI oCigNVeECt i on
before splitt.i ndg and m xing wth the heavy hydrocarbon m xture. The

addi ti on of pHEed Mithdhe deaanhsirecaghnnimixtare fiwamebd/ io oy o dashstmeam 20ur e

stream,12 en ' j N | I.J: s of the
i xtur ber opdeniefesn PARH! R 5 PBeRER, e febodify Bl HOIRRAR. D )

of fluid, fe@dsipeheatdddipiai Sipeyhedier Wetish Jibeamilsd feabte Cbiectibmefeer eam 20)
is then introduced into a flash drum5 for separation into two phases: a

vapor phase &RJifipg #nddnismequith bt beavy Bydipsarbompryear doafddiwnofithe| i qui d
phase conpri i 1 na = V.ohati 0, phase
is preferabl ;ﬁhgg?rlg%@ %mf% {%@ﬂ%gﬁﬁﬁ#ﬁcggb@é%ﬁ@%ﬁ%% v]-a%g?s\ﬁg%régm 13.
The vapor phasgnzpned ef akhny aillsvdlatlebmadpdnentshe thewaixtarerhedorei the skt i on 23
of the furnace for optional heating and through crossover pipes to the

ragi adf sect F‘E‘i’?“bgo e’i"ﬁ@‘ﬂ?ﬁéﬁW@ Furnace for cracking. The liquid phase of
the separation is renoved 20 fromthe flash drum5 as a bottons stream 27.
It is preferred to maintain a predeterm ned constant ratio of vapor to
liquid in the flash drTie mix®ut offloid, fesdsiock andlipfimacy Bilution steas streamnd

control. As, an_alternatjVve, .tenperature of e mxtyre stream 12 before the
Frash dr um S(PE N33t Sicai 30 Seher Miroiced 3 b Al S o hhBBOR I 8P  *anc
mai ntain the ﬁ&@étﬁ%palap%e doPprisitll Prda8hiiRantly {a1giilk! BihoddibbRsSand deal 1y,
when the m x{)ur e stream tenperature
15 liquid phase comprising predominantly non-volatile hydrocarbons. The vapor
phase is preferably removed from the flash drum as an overhead vapor stream 13.
The vapor phase, preferably, is fed back to the lower convection section 23 of the
furnace for optional heating and through crossover pipes to the radiant section of
the pyrolysis furnace for cracking. The liquid phase of the separation is removed

20 from the flash drum 5 as a bottoms stream 27.

1t is preferred to maintain a predetermined constant ratio of vapor

to liquid in the flash drum 5. But such ratio is difficult to measure and control.

As an altemative, temperature of the mixture stream 12 before the flash drum 5 is

25 used as an indirect parameter to measure, control, and maintain the constant vapor
to liquid ratio in the flash drum 5. ldeally, when the mixture stream temperature

is higher, more volatile hydrocarbons wil} be vaponzed 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 camed over

30 1o the convection furnace tubes, eventually coking the tubes. If the mixture

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



is higher, nore volatile hydrocarbons will be vaporized and becone

avai l able, as a vapor phase, for cracking. However, when the m xture stream
tenperature is too high, nore heavy hydrocarbons will be present in the
vapor phase and carried over 30 to the convection furnace tubes, eventually
coking the tubes. If the m xture stream 12 tenperature is too |ow, hence a
|l ow ratio of vapor to liquid in the flash 11 drumb5, nore volatile
hydrocarbons will remain in liquid phase and thus will not be available for

Ki . Th ] xt t t ture is |limted hi t
Fecover yi vapGrr & Pe SPGB BETH WA T EedE 0eE BT eI dr il Yok ng i n
the fur nacebgub‘ﬁﬁbgfoggﬁic]aﬁfg_i n pi pi ng and vessel s conveying the m xture

fromthe flash drumto the Turnace 13. The pressure drop across the piping
and vessels conveying the m xture to the | ower convection section 13, and

t he crossover i pin . and the t erature rise.across,the | r
convection sect Polr[]) 2% b'@lxibrennﬁll%tgg]r egerqur%}gﬁeecfs t l@“S%se y o&%ﬁéi ng
probl ens. FokecoertyAap6rizato@oftigatiled S 8@ REdsRIcRSWhIlE a?318inp! WkeESinl theet
pressure to the |ower convection section 23 begins to increase rapidly due
to coking, tHREmiEnpbesonceking InHEPMEAN Wissels Sonyrying the mixturer Bomyt theam 12
should be re e f i CLUr S+l e | r vection section, the

t enperature g’?‘&l ﬁte‘m# It%g}g%gjs}g?cg ﬁ':e%gh é%sglérgtcglr[’ffém%%@}ee%ﬁen ) andigcﬁsglgui ring
mor e desuper belegngWiieemixdtre b eheSRIwes tdoBedliont dtCtidh XBUkAd ShE RAdEsdver
tenperature is also determ ned by the conposition of the feedstock
materials. WiPING ¥ apd dogs tepiperangs e pFroshihg ey eraop pttiondectiqydt may be

hydr ocar bons e i r tr ifark@n s | ower .
As (a r@sult,nFﬁgggﬁnﬁﬁ?E%%P?ﬁh?hﬁiggag%%ﬁ¥ ZO@??ET %gggrger@ﬂuﬁgniﬁ%reased
and/ or the apmussdvenpressuraany pibdesd indel [ptware wsthd lowert tomveaaaoseduspasger 8 i s

decreased sipce these anounts directly irrgact t he te,rrpgrgture of the
m xture strelf§MD0 MRE3SE REd L AHe 1 eIRR fha smpesatiicRdbe HashArumyp andn-

vol atil e hyd{,ﬁcg{impé,st,g@? | 2TgRELAL HE Ere e%:l.he lg"eskwg%éwrﬁ%mﬂa% fivyyl d be

set 25 higher. As a resu t he anmount ofc luid used in the first sparger 4
i s decr easedcomectien sdreommbe rempetatprei afabe/flge gasttoahe sipecheaies éd inanedshe second
sparger. 8 is ..

15 requiring more desuperheater water 26.

The selection of the mixture stream 12 temperature is also
determined by the composition of the feedstock materials. When the feedstock
contains higher amounts of lighter, hydrocarbons, the temperature of the mixture

20 stream 12 can be set lower. As a result, the amount of fluid used n the first

sparger 4 is increased and/or the amount of pnmary dilution steam used in the

second sparger 8 is decreased since these amounts directly impact the temperature
of the mixture stream 12. When the feedstock contains a higher amount of non-
volatile hydrocarbons, the temperature of the mixture stream 12 should be set
25 higher. As a result, the amount of fluid used in the first sparger 4 is decreased
while the amount of pnmary dilution steam used in the second sparger 8 is
increased. By carefully selecting a mixture stream temperature, the present

invention can find applications in a wide variety of feedstock materials.

30 Typically, the temperature of the mixture stream 12 is set and
controlled at between 600 and 950°F (315 and 510°C), preferably between 700
and 920°F (370 and 490°C), more preferably between 750 and 900°F (400 and



increased. By carefully selecting a m xture streamtenperature, the present
invention can find applications in a wide variety of feedstock materials. 30
Typically, the tenperature of the m xture stream 12 is set and controlled
at between 600 and 950F (315 and 510C), preferably between 700 and 920F
(370 and 490C), nore preferably between 750 and 900F (400 and 12 480C), and
nost preferably between 810 and 890F (43Q and 475C). These values will
change with the concentrating volatiles in the feedstock as di scussed

above. 5 The tenperature of mxture stream 12 is controlled by a control
system 7 whi @BOﬂbmami:lsaestaireﬂemgt betwieem$é D angdr R0SE {400 aadndi?éf’@) kThese contr ol
devi ce, such a _rlrel}f?uter B {7| cation. . Preferabl Sthe te ture sensors
are thermocdd §§” BngoRTth dhe SoneeRtiating Yolatlss Bhihsoteister ‘h°'e 19Us5ed val ve
14 and the pphy@ry dilution steamvalve 15 so that the anmount of the fluid
and the 10 primary dilution steamentering the two spargers is controlled.
In order to maintain a constant tenperature for the m xture stream 12

mxing with flash steam,19 and enter the flas drumt eve const ant
Tt 1 0081 vapor £0 11 gt Hhe T PRERAF APt S et $oCats o8 dube CaRgea

tenperature 1paand Ulﬁ'c?hcd&ﬁﬂ@sfes taf 1dasOd 1 p&htufe y@fsbﬁhﬁ&&%y khé\n %ﬁ‘ﬁ@lm
i nvention oper ates as When a terrper ature for the m xture stream 12

before the fdawhke, cﬁmhaﬁ a SOTHBIGGF annheamt Pudfergblyt tha Empgtaturatsensors grecont r ol s

the fluid valyve 14 a p. ut| n _steam val v pargers
Wen t he. confioTeey Bl ThBintie Svaiehi ipaiaitparith e SRy Vefis

stream it wjd Pﬁﬁﬁﬂi dilafiof | stath \éﬁllv‘éelﬂéo tiBat2(he! £HGGR dihBel ﬂhlﬁCiﬂdOEheOf the
fluid into the first sparger 4. If the tenperature of the mxture stream

start si0t o ri pEmMarndilption deayaeniering the the sppeasds apierledo i ncrease the
infection of the fluid into the first sparger 4. In the preferred
enbodi nent, the fluid |latent heat of vaporization controls m xture stream

tenmperature. 25 \Wen the opddrm@maittainid teHdtaht epaitaafor e mdxt #ehmd to the
second sparger 8, the tenperature control system 7 can also be used to

control the ]E)M"Pffﬁ?%lwdhlﬂi’ﬁh Sisat Ehand, enterang et Qash frwa toraghieyend fonstant pri nary
dilution steam, of vapor 1o liquid in the flash drum 5, and to avoid substantial temperature

15 and flash vapor to liquid ratio vanations, the present invention operates as
follows: When a temperature for the mixture stream 12 before the flash drum 5 is
set, the control system 7 automatically controls the fluid valve 14 and primary
dilution steam valve 15 on the two spargers. When the control system 7 detects a
drop of temperature of the mixture stream, it will cause the fluid valve 14 to

20 reduce the injection of the fluid into the first sparger 4. If the temperature of the

( _ mixture stream starts to rise, the fluid valve will be opened wider to increase the
injection of the fluid into the first sparger 4. In the preferred embodiment, the

fluid latent heat of vaporization controls mixture stream temperature.

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 njected 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. 1f the temperature starts to rise,



streaminjected to the second sparger 8. This further reduces the sharp
variation of tenperature changes in the flash 5. Wen the control system?7
detects a drop 30 of tenperature of the m xture stream 12, it will instruct
the primary dilution steam valve 15 to increase the injection of the
primary dilution steamstreaminto the second sparger 8 while valve 14 is
closed nore. If the tenperature starts ti@ rise, 13 the primary dilution
steam valve will automatically close nore to reduce the primary dilution

steam stream_ i njected into the second i parger 8 while valve 14 is _opened
wider. 5 I'n XPBERERY dHulomStAmettivE 1) CegPmaricalVFIoRe Fae ﬁ?é§@|‘ﬁe the

Invention, t Eﬁnﬁﬁ?&ﬂﬁ#mﬁé@aﬁf@rﬁg‘?ﬁﬁe&@d }111&?9‘16 s@ccﬁﬂr%ﬁlgcr RQiHel A ﬂﬁx‘ém of

the fluid anount plnaryd utron mstreamto

i nj ected int opowdlwidepargers. /- 10 In the preferred case where the fluid is
water, the controller varies 1 the ampunt of water and primary dilution
steamto nmaintain a constant m xture streamtenperature 12, while

mei ntaisni ng a constant jpaji Bre@écrréﬁateﬁ{boﬁﬁnérﬁeﬁ?té&gfd'aﬁbe t»ﬁ?ﬂ M ¢ gfe@eﬁltl- To
further avoid sharp variation of the flash tenperature, sent

i nventi on al soeptierd,dhatdnrolisystérz §sanbeiused tonemiitrat hotﬂelwmmltmaif ¢he di n t he
15 superheati section of the.secondary dilution steam.in the fu Thi s
allows the é’[‘fgél?%é’&f’!é?‘ s thEUPTBE N aﬁﬂé‘%’aﬂ??@ itf?a’b”etocgﬁt]?ﬁ?‘fegdmﬁt Jl;‘?Jf’lconst ant

val ue, indepgenpggat of furnace |oad changes, coking extent changes, excess

oxygen | evel " changes. Normally, this desuperheater 25 ensures that the
tenperature of the secondary dilution steamis between 800 and 1100F (430

and 59 ), preferably 2 et ween 850 an OF 450 nd 540 ef erably
bet 850 and 950F ?‘lgﬁ’ %‘ng(?&ﬁe Wgﬁ Brf)gl" dp?se‘?’ T H1S© \ﬁgr ‘%‘75 and

(470 antheS4R&dnt of Mield aslpembsatditidy Qtahad aihfirna ondthfl mMadree and
vvat er atoni zer nozzle. After partl al preheating, the secondary dilution

steam exits SFRATCISMPASEANGH 25 vdip sreinlagung a coniantraiio offwalererfeedstock indded
e B e R P 0 AESES g SRICIE: P BB ARG {0
super heat er greént Gheentiog alsdfefetdbly Qiibiest ddeintdrMmetiate desuperheater 25 in the
15 superheating section of the secondary dilution steam in the funace. This allows
the superheater 16 outlet temperature to be controlled at a constant value,
independent of fumace load changes, coking extent changes, excess oxygen level
changes. Nommally, this desuperheater 25 ensures that the temperature of the
secondary dilution steam is between 800 and 1100°F (430 and 590°), preferably
20 between 850 and 1000°F (450 and 540°), 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 vaporizes 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 1s mixed with mixture stream 12.

Although it 1s preferred to adjust the amounts of the fluid and the
30 primary dilution steam streams mnjected into the heavy hydrocarbon feedstock in
the two spargers 4 and 8, according to the predetermined temperature of the

mixture stream 2 before the flash drum 5, the same control mechanisms can be



which is mxed with mxture stream 12. Although it is preferred to adjust
the anobunts of the fluid and the 30 primary dilution steam streans injected
into the heavy hydrocarbon feedstock in the two spargers 4 and 8, according
to the predeterm ned tenperature of the mxture stream 12 before the flash
drum 5, the sane control nechanisns can be 14 applied to other paraneters
at other locations. For instance, the fhash pressure and the tenperature
and the flow1rate of the flash steam 19 can be changed to effect a change

in the vapor tg quid ratio in the flash. Alsq, excess oxygen in the flue
gas can al S¥P edgi%laﬁ*t%fimetaﬁaam@r logahiens: Eprdnugicsnbe flgsh pregtr endn to

Al Nt ai 0t N9 e SR ATEe HEMBETRLLER. Of wk DRTLELHT® Bl BURE 20 the

flash drum it S|raleto mal ntai n a const ant ocarbon parti al
pressure of dhapgd 1Inahhvspcrreahqmﬁ rativ oritleflasio Ablondxakess exygemt thatfluegas i o of

vapor to liquid in the fI of exanples, the constant 10
hydr ocar bonq:ﬁara{ﬁo ap‘?oégé’ 3&’?‘% wa}{r?a‘i“?ﬁﬁpﬁed by mai nt ai ni ng constant fl ash

drum pyessure through the use of control valves 36 on the vapor phase |line
13, and by controlling the ratio of steamto hydrocarbon feedstock in
stream 20. Typical ly, Inhaddityelr oceaaimanpgy 4 cahsiprassperatuoé of ithe hiiatie st r eam

in 15 the presen |nvent| t and.co tr at between 4 and 25 psia
(55 and 175 SRR 12 S BEABF 3k 1%, o 1Ersieile To SBSAMR ForPrRE) st

preferably hRigyRambonG s p#es@:uﬂé%'f e ﬂ&hasﬂ@ar%@%'g@rdeﬂ_@?nd(nlltﬁﬁlkh tshsagpduct ed
in at | east one flash drum vessel 20 Preferably, the flash is a one-stage

process Wit rage ofi vapart ta diguid .in The fasash B.iyumiy Eﬁ)ﬂ examplesal thy omstaat ed at 40
to 20 pmagﬁ}%{ atbo 14ar?lkp§"e)§ res re_an n%ratureléﬁ] |1y the

re rosli Q25 ReP AR & g1 @“ dope vy bef or e
entering th‘i‘irﬁrh%ﬁ@ssdfeumﬁ hTms@a»lfwmr&ih@mg%wlﬁe QdporpRadel ideh 3, dhid/m vessel
I's about 40 to sia ( 75 to 1400 kPa) and the tenperature is about 25

600 to 950F MtfﬂﬂlnﬁlwatIOMébeIhydrqchéoprfegbmcbH@)Stmaﬁe%I ash drum vessel
is about 85 to 155 psia (600 to 1100 kPa) and the tenperature is about 700
to 920F

Typically, the hydrocarbon partial pressure of the flash stream in
15 the present mvention 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 1s conducted in at least one flash drum vessel.

20 Preferably, the flash is a one-stage process with or without reflux. The flash drum

: 5 is normally operated at 40 to 200 psia (275 to 1400 kPa) pressure and its
( temperature is 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

25 600 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 1s about

105 to 145 psia (700 to 1000 kPa) and the temperature is about 750 to 900°F (400

to 480°C). Most preferably, the pressure of the flash drum vessel 1s about 105 to

30 125 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 entening the flash drum 5 is vaponzed to the upper portion of the flash



(370 to 490C). More preferably, the pressure of the flash drumvessel is
about 105 to 145 psia (700 to 1000 kPa) and the tenperature is about 750 to
900F (400 to 480C). Most preferably, the pressure of the flash drum vessel
is about 105 to 30 125 psia (700 to 760 kPa) and the tenperature is about
810 to 890F. (430 to 480C). Depending on the tenperature of the flash
stream wusually 50 to 95% of the m xtune entering the flash drum5 is
vapori zed to the upper portion of the flash 15 drum preferably 60 to 90%
nore preferably 65 to 85% and nost preferably 70 to 85% The flash drum5
i s operat ed, 4, @fe%é%’ to PV erPEdere by 6%‘% Eivpocing med RIelerabdy VP qui d
phase at the ?’St“oom of the vessel because too nuch heat nmay cause coking of
t he non-vol a{l es in the liquid phase. Use of the secondary dilution steam
stream 18 in the flash streamentering the flash drum|owers the

vapori zation tenperature because it reduces the partial pressure of the
hydr ocar bons (i.e., |af§erflash &um Actsi epEreieds He Ope RSPEGls 1o fRIHPIZE het hus

| owers.the 1 j sITE S @g@rﬁ[ . ful to
recycl g a po&ﬁp%ﬁé‘%%%tthéeﬂgé(l? &ﬂ H%I aﬁ)}ﬁcoo 335? thsvﬁkgcfrl t@%%t‘)lg% ?’%ﬁ@gﬁqgﬁ?d 30
back to the Mmagshugtr codingesSthle nohovohaeiles wmabé highe plast.y Usepditiad etohdagyi d phase

at the bottom,of the flash drum5. Stream 27 is conveyed fromthe bottom of
the flash dr tiuen §e3m steyy) 1§ inpthe flash sgeam egtenng e dlsh 5&1@#‘@5@1‘99 i s

split into a e S pRr 15, 2: ragure of
the recycl edvir??%gtlrln&} stteih%gg]}uﬁg gg%utgec() i20%@!:({% g%gﬁ%oia%%bgﬁ%ﬁlﬁgpgfalg%y 505 to

575F (263 t ohpda@rbonso.e., paredranalblfyactdn of he56per i1s(skéidh)tand AETpwessnttie nost
preferably 520 to, 550F (270 to 288C).. The anmouni .0 recyc] ed stream shoul d
be (abdit B0 (IShOFBN RS HOSHIIS) 1t MBS0 b BERGH 40 evclsch POPR ui o

i nside the fhRshidhim cRN&S ﬁmbdmm%do%@ﬁqﬁ% 30026k RS alecfiall gruRaeds@r 20
210% and nost preferably 100 to 200% The flash drumis also operated, in
anot her aspetst help gooli the merdy séparatéd §jguid pheseatt therhotiohdoihthetfiask drumtshe 1 ash

drumy e 8k 250 WD TR AP ERSAAS b B SR ) o @
Typical Iy, tB@mpBAUTHe RPASE str&in® DO §OPit I airétyk RE1IRRMMO dnd export stream
15 22. The temperature of the recycled stream 1s ideally 500 to 600°F (260 to
320°C), preferably 505 to 575°F (263 to 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
20 210%, and most preferably 100 to 200%.

The flash drum is also operated, in another aspect, to mmimize 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

25 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.

30

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,



| ess than 75 seconds, preferably |ess than 60 seconds, nore preferably |ess
than 30 seconds, and nost preferably | ess than 15 seconds. The shorter the
i quid phase retention/holding time in the flash drum the |ess coking
occurs in the bottomof the flash drum 30 In the flash, the vapor phase 13
usual ly contains |less than 400 ppm of non-volatiles, preferably |less than
100 ppm nore preferably less than 80 pppy 16 and nost preferably |ess than
50 ppm The vapor phase is very rich in volatile hydrocarbons (for exanple,
55-70% and steam (for exanple, 30-45% . The boiling end point of the vapor
phase is norandh;osbpfafwaﬂtl@o}@{s (hZ63C)ppm.p Tht erzab yhd:seli@wm@lﬁﬂﬁr(ﬁﬁl@ﬂ)a nor e

preferably b SO0F (570C), ~and > nost preferably belo OF 540C). The
vapor phase F‘%g%‘?‘f PRUS Ivamﬂ’éﬁ'fr&?e‘go@réﬂqtsﬁé"f Kfa foa’i“Blﬁg ﬁ'hﬁ
overhead pi psomﬂgc&@gwlﬂnak e & £BY Pifasd ﬁg dﬁq?ﬂﬂh?;t 9elaw6@m66°'pf k@‘oenfepar at or

38 which renoves~trace anmounts of The vapor Tl ows
i nto a mani f ptederablyt bedowt Y1i06tH ¢600°G® mbrmplteﬁeralﬂyebedmmuéw‘ﬂb(ﬁm%),land of the

rum 1 S pr of BRbIREEUHEY HEec R Ha4fol y Lt vebom ZBed SuePrEBIvey: i on
section 23 {GnhdeieiBRf Ml iBsiPlarurh08 (RABR! £ o8LRUG %g%f wa#gﬂhﬁjo to

650C) by the flue gas fromthe radi ant sectlon of t ur nace vapor is
t hen i nt r oduceneys thel Bapondo padntmfiegad eeparainr 38 whieh pgmmle;yase famonaeft 0 be

opt 1 onai |y bENHRELG A T Ngpardaen ISR IRY AHAREIS Rt BREUBFHEE PATBuced
into the fUfRAGRVERINB se&UNEGhE Rifna@ct i on 23. 20 The bypass steam stream 21
is a split steamstreamfromthe secondary dilution steam 18. Preferably,

thg' sd@ondary dilution steamis fi rst heal ed in the pyrolysis furnace 3
before splitting and mﬁ]l n\%por phase el C(annuously removed from the flash

drum is preferably superheated in the pyrolysis furnace lower convection section
23 10 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

15 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.

20

( | The bypass steam stream 21 is a sphit steam stream from the
secondary dilution steam ]8. Preferably, the secondary dilution steam is first
heated in the pyrolysis fumace 3 before splitting and mixing with the vapor phase
stream removed from the flash 5. In some applications, it may be possible to
25 superheat the bypass steam again after the splitting from the secondary dilution
steam 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
10 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



streamrenoved fromthe flash 5. In sonme applications, it nmay be possible to
25 superheat the bypass steamagain after the splitting fromthe secondary
dilution steambut before mxing with the vapor phase. The superheating
after the mxing of the bypass steam 21 with the vapor phase stream 13
ensures that all but the heaviest conponents of the mxture in this section
of the furnace are vaporized before entiering the radi ant section. Raising
the tenperature of vapor phase to 800 30 to 1200F (430 to 650C) in the | ower
convection section 23 also helps the operation_ in the radiant section since
radi ant tubersdbeed- t Eripeteanliy & deps gkingy poteagialc 8y therpdiante 86AU08. | dhfess

coki ng potenti b at 1 2 an._. 3 i.s then
cracked in t%‘g%&%égfkgn{%sgfegs b%&%ﬁq&g h’ém%yrra o@@sﬁ%%‘?ﬂggé%&%ﬁﬂ aé:éf or egoi ng
description, one skilled in the art can easily 5 ascertain the essential
characteristics of this invention, and without departing from the _spirit
and scope thereof, canFrRdbg dpregeiae deasTydiona fpe 'ﬂi’Eg{‘?éﬁsc@fG"csﬂé

i nvention to ' ri qre T ' :

a1t hougn ¢ he tsran thé elsEntchBAcHARISE 0AP e bh Vol iep IR

t he preheat ethe fpartdatdostiope thaecdpasrgerake ohliens fHanpelsarslimbddranapshdfthe can al so

be used. 10 The inventjon.is illustrated by the fokl oW Ng Ex?gpl es_which are
provi ded for MYABUYL Bt 1to vamousdisagesiandfonfigions o FapinsaBch by theed as

limting thg &R eRboditent MUBNHP e ok &¥SwateR S ImBl REIMVIRE I'préhlcﬁted
percent ages, parts, etc. are by weight. 15 Exanple | Engi neering

cal cul at i onsfestlstotk i axspasges, ghodbsds ngh as mapiphecancalsqpbgxessdi | | bot t ons ( APS)
and crude oil by this invention have been conducted. The attached Table 1
su r%2es the sinulation results for cracki ng Tapis APS 20 bottons and

Tapis crude oil in a cCqQREBAGINAbn $¢ PRustrefedARLHY hiloRirel BednlEd Whichhge very
| i ght conponents in crudes act |ike steamreducing the partial pressure of

the heavy cpropuiedfosthepampaese odrepaesentatinnland 3G¢t30 G€)construedaisimitinge f 1 ash

drum the scope of the invention. Unless stated otherwise, all percentages, parts, etc. are

by weight.
15
Example ]

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

20 bottoms and Tapis crude o1l in a commercial size furnace with a flash drum. The
( very light components in crudes act like steam reducing the paruial 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 Fig1

Botloms Crude Ref #
Convection feed rate, klb/hr (t/h) 126 (57) 100 (45) n/a
950°F minus (510°C), wi% 70 93 n/a
Temperature before sparger, °F (°C) 400(205)  352(178) |

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



can operate

100F (50C) |ower tenperature than for atnospheric resids.

TABLE

| Summary of Atnospheric Pipestill (APS) Bottonms And Crude G| Flash Drum
APS Fig | Bottonms Crude Ref # Convection feed rate, klb/hr

Si mul ati ons

(t/h) 126 (57) 100 (45) n/a 950F ninus (5100),

wt% 70 93 n/a Tenperature

before sparger, F (C) 400 (205) 352 (178) 4 Sparger water rate, klb/h (t/h)

12(5) 43 (20) 14 18 Primary dilution sggamrate,

17 Secondary dilution steamrate, klb/h (t/h) 17 (8) 19 (9) 18
Desuper heater water_rate, klb/h éﬁ%héﬂs (3) 6(3; 26 Fl ash Drum Tenper at ur e,

F (O 847 (4Bumansdilytipnosyeam ragg, ¥

m Pr d848

(694) 5 Fee8eopaganyidibtion stepinasts, kibdihivt %174893 5 FKe&)due expdrt ed,
(t/h) 33 (15Pesipdjheder waxanmpkklBhTebhl e 2 sén@hri zes 6(® si nul ai@d
of the flash for residue adm xed with two concentrati ons of

per formance

CA's. At a gFMENDRhRSTentRIGISEALUTE)

of C4's adm

flash by abolohliddhzddy "R LR

nore hydrocar

Adm xture Fl

kib/h (t/h) 18 (8) 8 (4)

e, psPéf)kPag) 107 (740) 101

kI b/ h

S presaugspnd ssEa@oy ates each percent

Efath Prid ]ir&%ufeeﬁéigk!@t?ﬁ?cr eases 1b'7374(g2i dyg (@RPr i zed in the

e additi f
PORm the Tesi due l#’ei ng vaggri zed.

sh, Perfor Pure Mx 1. M .. Resi Resi dug+C4' s
Resi due+C4' sﬂeW‘é/%‘?"é’é’flgE’gﬁgﬁ (t}f})nvec;(i on fe éﬁl@o 94I ggﬁ WO/cIJ CZ in

convection feed 0 6 11

10

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

Wt% residue in convection feed | 100 94 89
Wit% C4's in convection feed 0 6 11
Bubble point, °F 99] 327 244
@112 psig
Wit% 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
Wi1% of residue vaporized in flash 75.0% 77.4% 79.4%
Overall wt% vaporized in flash 75.0% 78.6% 81.7%

Temperature, °F &35 855 855

Sgr t 0 feed gvill result in
T9ALE2 10 C4' s/ Resi due



( Bubble point, F 991 327 244 @12 psig W% of residue vaporized in flash
65. 0% 68. 2% 70. 8% Overall 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 w % vaporized in flash 70.0% 74.3% 77.8% Tenperature, F 835
835 835 W % of residue vaporized in flash 75.0% 77.4% 79. 4% Overall w %
vapori zed in flash 75.0% 78. 6% 81. 7% *Igerrperature F 855 855 855 19 dains
1. A process for cracking a heavy hydrocarbon feedstock using a furnace
having at digast a convection section and a radiant section, said process
conpri si ng: ) prior to feeding said heavy hydrocarbon feedstock to said
radi ant section, heating said heavy hydrocar bon feedstock to forma heated

feedstocky (D) J phe.odurtn L ERI RyaBlaibol SRl GRS BBk (R fRke O

after step (b) roducin one o HOCET water to
sai d heat ed feedsivedaion sedl)onandhmﬂmhtqaarcm; aidprocfdsaejmmgmghe heat ed feedstock

| cast a bor {1 olfof BArdoVaRTe ke w doearuorL bR oo Rl SR 2

| east a portion of hytih@sad haRghydiociebol facdnodk tplicmes heard fdelistodkar yi ng the
anount of said %t eam and t he anount of ﬁt Iealfs_t one of said liquid
hydr ocar bon anfsai Hiadicine fgmdgatid Beatadesdseeio of sai d vapor phase to said

l'iquid phase. %) TheefpfeQza$er Qbp @)alnﬁbaucmg*m@snoﬁéﬁe‘ RJIR Ry dr&darbodi £ld St eam
and the amount of at |east  one said liquid hydrocarbon and said water

are varied in respola&r ftoéa'éﬂléﬁ‘f@fe@e‘?sféf’cét | east one operating paraneter of
said process. (dy at least partially flashing the heated feedstock from step (c) to form a vapor

phase and a liquid phase;

(e) 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

® varying the amount of said steam and the amount of at least one of said liquid
hydrocarbon and said water to control the ratio of said vapor phase to said

liquid phase.

2. The process of Claim 1, 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. The process of Claim 2, wherein said operating parameter is at least one of: the
temperature of said heated feedstock when flashed; the pressure of said heated
feedstock when flashed; the flow rate of said heated feedstock when flashed; the
excess oxygen in the flue gas of said furnace; the concentration of volatiles in said

heavy hydrocarbon feedstock; and the furnace load.

4, The process of Claim 2, further comprising monitoring said at least one operating
parameter.
5. The process of Claim 1, 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.



3. The process of Claim2, wherein said operating paraneter is at |east one
of. the tenperature of said heated feedstock when flashed; the pressure of
sai d heated feedstock when flashed; the flow rate of said heated feedstock
when flashed; the excess oxygen in the flue gas of said furnace; the
concentration of volatiles in said heavy hydrocarbon feedstock; and the
furnace | oad. 4. The process of d ai mZ2 " furt her conprising nonitoring said
at | east one operating paraneter. 5. The process of Caim1l, further
conpri si ng nonik or i g rati,o of id v [ se .to said |iquid phase
by noni torgi ng Ll“ heelgljtoggrr%gf(g 'ég%}?ereé%?t%aﬂﬁg%t@g?? Se"lg(pstn o¢ Horb?ficdcrm‘t o said flash.
20 6. The process of Claim1l, wherein step (a) occurs in said convection

21O By T RAEhEESS B ol e S Be Bl ol b o 255 e "9

conpri si ng hol éethgockhe hydrocarbon partial pressure of said heated
feedstock substantially constant. 9. The process of Caim@8, further
conprising using the heat of vaporization of water to control the

t enper at uge of Teapdcdieat ERith geasthacompfiting halliap tl(qu/dhjéhrbﬂﬁ pattialtRessirep (d) .
10. The process.of Caim9, further conprising holding the sumof the flow
rate of said twkheaisd faehgodk substantiplly Wnstali d wat er substantially constant.
It. The process of Claim9, further conprising holding substantially
constant the sumof the rate of introduction of steamand the rate of

i ntroduct Pon afhg ergesss effelain 8<further cpyrisdng ysingrteckaabefvagerization e wates teont r ol

Lhe T emmer at ur gl hERlieAA0, SRISLEE ke ARTLRLAR (Ml yidio By oCoSS of

Claim6, wherein s ution steami1s superheated In sa convection
section and then mxed with the heated feedstock fromstep (c). 13. The

process of,,C ai L g I . i I i eamis
m xed w t1 ] sa:Tgé éé%%sgg??ggﬂgt gugﬁgl;dﬁg&gﬁg ﬁglP gééﬁ%gﬁc glgl ggeggggﬁ%ary
di | uti on st eanstesn and the lowirath oSmiddvaterpabstaphalyecongidnt. The process of Caim 1,
wherein about fifty percent (50% to about ninety-five

11, The process of Claim 9, further comprising 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 control the temperature of the heated feedstock from step

{c).

12. The process of Claim 6, wherein secondary dilution steam is superheated in said

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

13. The process of Claim 12, 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.

14. The process of Claim 1, wherein about fifty percent (50%) to about ninety-five
percent (95%) of hydrocarbons in said heavy hydrocarbon feedstock are in said vapor

phase.

15. The process of Claim 1, 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.



percent (95% of hydrocarbons in said heavy hydrocarbon feedstock are in

sai d vapor phase. 15. The process of Claiml, wherein prior to step (e) at

| east a portion of said vapor phase is heated in said convection section to
forma heated vapor phase. 21 16, The process of Caim 15, wherein the
tenperature of said heated vapor phase is fromabout 800F (430C) to about
1200F (650C). 17, The process of C ai M1, wherein at least a portion of the
hydr ocar bons in sai d vapor phase are cracked in said radiant section. 18.
The pr 0Ce38. of TE é}ocr:gs;‘ of (\’fﬂ ?5 th%?élmdthh?e%wr%raﬁxg %ﬁlrheg{éd vgeoclj% z?s(e:lfs orrprl SES
at least "one o téeam cra F I's hea |ng oil,
jet fuel, di esdiomSOOéF(;@é?{é)togmﬂmﬁ)éE(&SO‘r@r napht ha steam cracked napht ha
catalytically cracked naphtha, hydrocrackate, reformate, raffinate
reformate, Fischer-Tropsch |iquids, Fischer-Tropsch gases, natural

gasol i ne, 19 st Thd proesss vi Cinm 1napdrtihat least d@ertion lof thediydmsgbersiit sy paski | |
bot t ons, vacuum pi Eestlllé strgaqgs i ncl udi ng bottoms, wide boiling range
napht ha to gasP TE SrakeIdn T TRt SrSM8n- vir gi n hydrocarbon streans from
refineries, vacuumgas oils, heavy gas oi |, naphtha contam nated wi th crude,
at rmspherl re hea resi di um, s/re5| due adm xture, and napht ha

resi due m x?tﬁ@owf@o Glaign br"ﬂl?é"é%sa&ﬁ heayyhydrocarbigp deedstockcomppripfs a4 lgast

hydr ocar bon f eggks bo6ikark QPRKES 855 biPWhd Fadduby, g\aaws riRatith ozoﬁt fike desecess of
Claim 1, wherein about sixty percent (60% to about eig &t percent (80% of

sai d heavy hydkesesnsogrselaed $okse knaphihe. asteet |craﬁlgedpambthabéﬁfé igghlyuerackedoF
(590C). 21. Thﬁapﬂfhgc g&mafac@ealmo;lmatwharfﬁﬁa& $abﬁn4?team¥ch@wfoga@.r hangd eedst ock

has a noni nal i nal l'ing point of |'east about 600F 22. The
process of C alemr-Tme%|gnse§,aunaturﬂépzﬂsolp1¢as<bstﬁla@ aflmmnaahlth%nem%lmi ng poi nt

emper atur e of "aerfHonsg T ol CRORF REHICVR: reIE Rollphivids o

tenperature of sai step Pout
(320C) to abouboibEDfangsagBiha to gas oil condensate, heavy non-virgin hydrocarbon streams

from refineries, vacuum gas oils, heavy gas oil, naphtha contaminated with crude,
atmospheric resid, heavy residium, C4's/residue admixture, and naphtha residue

admixture.

19. The process of Claim 1, wherein said heavy hydrocarbon feedstock comprises low

sulfur waxy resid.

20. The process of Claim 1, wherein about sixty percent (60%) to about eighty percent
(80%) of said heavy hydrocarbon feedstock has a boiling point below about 1100°F
(590°C).

21. The process of Claim 1, wherein said heavy hydrocarbon feedstock has a nominal

final boiling point of at least about 600°F (320°C).

22, The process of Claim 1, wherein said vapor phase has a nominal end boiling point

below about 1400°F (760°C).

23. The process of Claim 1, wherein the temperature of said heated feedstock from step

() is from about 600°F (320°C) to about 950°F (510°C).



22 24. The process of Claim1, wherein step (d) occurs in at |east one flash
drum 25. The process of Claim24, wherein the pressure of said at | east one
flash drumis operated between about 40 psia (280 kPaa) and about 200 psia
(1380 kPaa). 26. The process of Claim1l, wherein said steam and at | east one
of said water and said liquid hydrocgrbon are introduced to said heated
heavy hydrocarbon feedstock using a ubl e sparger assenbly. 27. The
process of Claim 26, wherein said doubl e sparger assenbly m nim zes hamer

of said stgam f [ : [ e : t 0 aid convection
section. %ﬁ A p?pég%gsgoﬁélg@f gg’ﬁ%enmgﬂ%e{ﬁ)te%cg&y% ﬂ%?%(s:taor% g%hf(félé stock using a
furnace having at |least a radiant section, said process conprising: (a)

prior to edi said h racarbon feedstaqck. .to.sajd radiant section,
heati ng sara. hitk BRrurD emont rOERly SR e FEIR of ' f L s B AP by
i ntroduci ng at opeexsit beoven about 0| psid(A89 HPag andoaboueddd peia i ¥80kPa:ai d heat ed
feedstock; (c) at least partially flashing the heated feedstock from step
(b) to forma vapor phase and a liquid phase; (d) feeding at |east a

portion ofé.sai The/mpess phakén 1pwherkswl shiddteaamt and &€ ldastionk Of didGdatedtand kLSt A
portion of hydrocarbons in sajid yappr phase; and (e) vayyi t he gnount said
of at |east on(éq"b‘fﬁ%dé‘i’ct‘]rqof‘&[ﬁ 'Gtrﬂ%?‘g@asﬂgjﬁa ﬁge%ﬁ%gro E%‘r g?‘ﬁt%%é‘ﬂ%se to
changes in at j}@asle spi@ereR®mdly. Ng paranmeter of said process to continuously
control the ratio of said vapor phase to said liquid phase.

27. The process of Claim 26, wherein said double sparger assembly minimizes hammer

of said steam and said water in the heat exchange tubes of said convection section.

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

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 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;

)] 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

(e) varying the amount said of at least one of said liquid hydrocarbon and said
water in response to changes in at least one operating parameter of said
process to continuously control the ratio of said vapor phase to said liquid

phase.





