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HEAVY HYDROCARBON FEEDSTOCKS BACKGROUND OF THE | NVENTION 5 Fi elld

| nvent i onwWihesopreeht i nvention relates to the cracki ng oiCThystooeenizens t hat
contain relatively non-vol atil e hydrocarbons and other contam nants. 10
Description of Background and Rel ated Art Steam cracking has | ong been used
to crack various hydrocarbon feedstock$ into ol efins. Conventional steam
cracking utilizes a pyrolysis furnace which has two main sections: a
convection section and a r?§w5§%ﬂ§?Ef‘m%R‘$&%R@r bon feedstock
typically enters the convection section of the furnace as a 15 liquid
(except for light feedstBEksVVWHEYDROCARBON FREDSTOOK®rein it is typically
heat ed and vaporized by indirect contact with hot flue gas fromthe radi ant
section and by direct contact with steam The vaporized feedstock and steam
m xture is then introduceg i b e Iﬁ%ﬂ"i ere the cracking
takes place. The resulti ngAp()jr]%%cts |g§:'€%¥5ng 0 e'@?)r{qéml eave the pyrolysis
furnace for further 20 downstream processing, such as quenchi ng.

Conventi onal _steam cracki.ng systens have been effective for cracking

hi gh-qual i tyF‘F dPOERMHPEN contain a large fraction of light volatile

hydr ocarbons, such asrgasrebd: A0hRARRANR: 10HAURYRLing bEAHGEABERN fhaPCOnOM CS
25 sonetines favor cracking | ower cost heavy feedstocks Such as, by way of
non- |im ti nepnésianglates]y oonrdelatled hyalnatadons sphetherccongsiigiant€r ude oi |l and
atnospheric resid contain high nol ecul ar weight, non-volatile conponents
wth boiling points in excess of 1100F (590C). The non-volatile, conponents
of thege feedsdPiplion of BYcIIO¥hPHAFQAed Art he convection section of
conventional pyrolysis furnaces. 30 Only very low | evels of non-volatile
conponents can be t ol Beamedadking hes langnbesnt vssd tvewnilovadownbydrecarbod t he

point where the |ighter .c onents..have fully.vaporized. ditionally,
during tr ansitﬁS(fstlocé(g r]rréton%{% r‘.’ﬁa@'&’rea“%‘baxts%"n%?%‘d"g bifizes s PyTolysis furmace

which has two main sections: a cenvection 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 fumace for further

20 downsiream 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 o1l and naphtha. However, steam cracking economics

25 sometimes favor cracking lower cost heavy feedstocks such as, by way of non-
limiting examples, crude o1l and atmospheric resid. Crude o1l 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 contaminated



2 2 DEC 2006 WO 2004/ 005433 PCTI US2003/020378 2 wth heavy crude oil
contai ning non-vol atile conponents. Conventional pyrolysis furha8ks b not

have the fwgxhdidokiz¥ t 0 process resids, crudes, or many rﬁ?frﬂsﬁbmfhﬁ e
contam nated gas oils or naphthas which are contam nated wth 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 renpve naphtha as vapor and a second flash to renove
vapors wi t h avihohdavygrysisionk candainiee monsoiatile emeporenGF (opsentiangl BYolsis The
vapors are cracked in th | ysksq:furnace into, ol efin nd the .separated
liquids from W%C%V\(})O P{ﬂag ‘%%/glgk%&ébrsﬂel{yr@ ved, rﬁlg?,p&:‘gg%és, \?\{%ﬁangtrgglﬁ]mand used
as fuel. U Scnftetcontandnatd®gdddls oMiaphthhSwhitt QFpesmigmhatednaitinyvelafirr ence,
15 di scl oses a process to ninimze coke deposition. It describes preheating
of heavy feéempeesils hydreearbensout si de a pyrolysis furnace to vaporize about
50% of [the heavy feedstock with superheated steamand the renoval of the
residual, separated |liquid. The vaporized hydrocarbons, which contain

mostly light volatile Tayshloeandooskingpeobddhy, dciSe®Patent S(ETIIBYwhidh 1. S.
Pat ent 5,190, 634, which i.s _incaorporated herein by reference, disc]oses a
process for HQRATEERPerar Y BisraRGeo S1scipses ther wescel BY syl atappgzation

feedstock in dhnﬁftﬂ‘rtﬁégﬂﬁ@ o feéd MI%GI%{%'I}H &2lord asfifto Pglb nifa the

convection section. e presence o rogen in the convection section
i nhi bits thea25apol ander ecahd dlash eacdmeve afpotsheithyadb@ling ipons betvaea)s0

inhibiting coke formafjon. U S tent 5,580,443, ich_ is incorporated
herei n'*by re , a irst

oy r ofRY éh@‘i%%‘f’)w L) T SRS A EACKF in e P BiERacednip;
preheated andidfieanihd S AMIed TiRHak Frons BRERILadhahlRe acORMRYEL, Wi tion of

the pyrolysis furnace. This 30 preheated feedstock is then m xed th a
pr edet er m necvitirateam, and us¢deaniuek he

U.S. Patent 3,718,709, which 1s mmcorporated herein by reference,
i5 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
liqud. The vaponized 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 is first preheated and then withdrawn
from a preheater in the convection section of the pyrolysis fumace. This

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

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



dilution steam and is then introduced into a gas-liquid separator t DEC. 2006
separate and renove a required proportion of the non-volatiles as I%'quugd
fromthe YePasM9F332 2 DEC 2006 WD 2004/ 005433 PCT/ US2003V1/0208¥@&0378 The
separated vapor fromthe gas-liquid separator, is returned to the pyrolysis
furnace for heating and cracking. The present inventors have recogni zed t hat
inusing a flash to 5 separate heavy |i3quid hydrocarbon fractions fromthe
lighter fractions which can be processed in the pyrolysis furnace, it is
inmportant to f i Mianki ; n i
component s wiTT EE e R CREST Fan 0o acie MRSl 10 keI, g
non-vol at i | efwwoagedneltasingand beackmgor are carried into the furnace causing
coki ng problens. 10 The present inventors have al so recogni zed that in using
a flash to separate non-volatile conponents fromthe |ighter fractions of
the hydrocarbon feedstiggkpredtiit Giventdts HRVO OGRS thit irh%sﬂgéﬂﬂ’a%hstofur nace
W t hout causing coking problens, it is inportant to carefully control the
rati o éf vapeepatate heayyi iguié dyiregarbn titestibnsaksom e highier Sectiony whishesahi ght er
fractions of _the h dl‘OCﬁébOﬂ fleed tock .could he Iorsé.geig t he Iiﬁui d
hydr ocar bon Bo@fessed /0 {a% Pyrol¥sis BIrpasienity mpariiu A iflect s FFPRRU0n 58y i zed
and carried gfat @wef bedd dontvlitle chmporgRs waALBé ﬂgtheQQﬁidlghﬁeQm)mBﬁwisego The
control of the ratio of vapor to liquid | eaving flash has been found to be
difficult bebeayyecolethipring aphwelatileecompaicpsdn thhevaper pes edrmigddoto he | qui d
is a functio f the.h rban rtial pressure in the flash and also a
function of ﬁ]rga °e°%§%’r’%%‘$§38$° tlpﬁlgést reamentering the flash. The
tenper@ture of the streamentering the flash varies as the furnace | oad
changes. The tenperature 25 is higher when the furnace is at full |oad and
is |ower when the furndbepresentingereisdiave plsgaccoppized thatdp ysmee Bashitpe stream

Fur nacet hat “eare "PhaBpu, LERpRs BoBIrkIl faciifs 3nd SRRLERIAD  Tes
accordi ng t ofdesoek twhiith @in keghbogsddiatthbpgobesufomade without causing coking
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 in 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
liquid is a function of the hydrocarbon partial pressure in the flash and also a
function of the temperature of the stream entering the flash. The temperature of
the stream entering the flash varies as the fumace load changes. The temperature
25 1s higher when the furnace is at full load and 1s lower 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 fumnace that heats the feedstock. The flue-gas
temperature in tum 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 1s lower than when the fumace i1s heavily coked. The flue-gas
temperature is also a function of the combustion control exercised on the bumers

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



the furnace. Wien the furnace is clean or very lightly coked, the flue-gas
30 tenperature is |lower than when the furnace is heavily coked ThEELE 11ik- gas

t enper at ungobdusahsssa function of the conbustion control ﬁé"ﬁfﬁﬁio‘é%zo@%the
burners of the furnace. Wen the furnace is operated wt | evel

excess oxygen in 2 2 DEC Mo WD 2004/ 005433 PCT/ US2003/ 020378 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 w th higher

| evel s of excess oxy en in the flue-gas. Wth all these varlabl es, it is
difficult totheohes gss, ﬂ%s%saﬁmpﬁramr%"bﬁlemﬁdp upgen mﬁﬁa F]Fa‘iﬂnﬁﬁdtoﬁe f1ash.

5 The present.dayephy e o%.fefrﬁ{ i \ﬁﬂ%nat'% ‘?‘&%Qéksisyoggﬁ%d Qhth gl'ﬂt?lgé;/%gss of 1O

optim ze the cracking vol a rocarbons c al ne

hydr ocar bon feﬁ@dsbmyg@] mnﬁe me-rgesiu&‘et}aﬂuﬂmwvmabﬂm ﬁOkldl’fdjcﬁ)h obtenml aThe
present invention provides a nethod to nai nt ain a relatively constant ratio
of 10 vapor €ePStaaRle PlavAPPRtp Hqved feaxiag ey f13shi nt ai ning a rei atively constant
tenpergture of the streamentering the flash. More specifically, the
constant tenperature of the flash streamis maintained by automatically

adj usting the anmbunt ofThe frtsehdinventeanofiers madadmiamhgetohdymwllbw;jmmear bon

feedstock prior to the flash. The. fl t|o 1y is 15, The present
i nvention al & tipYrgcbe Crﬁ‘gi‘ﬂ%dc’ft d’oﬁﬁf%théfﬁ??cér OP%I%H“W%‘TB‘{/ lP,opi’§t heavy
hydrocarbon Rafibt@boR' Red4s&ks Ondt 1 réddu@s ndt 4RAM thd %kmgnﬁlt@wms hygjjeocar bon

partial pressure is maintained by controlling the flash pressure and the
rati o of fl upttsemdingemtaon pwvidee mmluxdawbDleﬂaed@tdetkvelQ@omo@f THE

O ICARENR ST I T AT T
tgef OrZ% geavxmﬂé%@%r&%n\gﬂ:ﬁ@ﬂﬁdhu'Moﬁc%pé&ﬁ@alﬁy MedonEdnt tfehfﬁmlﬁg offie M xture
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 te the hydrocarbon feedstock.

20
Y 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 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



vapor phase and a liquid phase, and varying the amount of fluid ju g, it h
the heavy hydrocarbon in accordance with at | east one sel ected &ﬁﬁ tlm:\

par armet er b 24tshvess0ocess and feeding the vapor phase to rCH/UsPeDE037Bhe
fluid can be a liquid hydrocarbon or water. 30 According to one enbodi nent,
at | east one operating paraneter nmay be the tenperature of the heated heavy
hydrocarbon before it is flashed. At 2 2 DEC 2006 WD 2004/ 005433

PCT/ US2003/ 020378 5 | east one operating paraneter may al so be at |east one

O e r 1AM dLe R oBerauh€ TRELALH! a0l aildBe [ Af: SpECATI hA pralgyel he

fl ash strean1 ess nthe tlue g

enbodi nent , tqu)dmmeyomydrme}asﬂa@m i fowrraedf Vbletfﬂlash strpﬂmnmd/exhehubxyg@nst eam
stream before the flash. Furthernore, a secondary dilution steam can be
super heat ed imthefeg@inace and then mixed with the heavy hydrocarbon. 10
The present invention also provides a process for cracking a heavy

hydr ocarbon feedstock in a furnace which is conprised of radiant section
burners which provi dehnadairei’aﬂedwabocﬁmtnhdie lidaug hydocanbdn as oixedewith an

section conpri.sed Ie b hange t ubes .co sing: (a)
preheati ng tH@"?E%é@P F% ééﬁ@%ﬁ@ﬁgloﬁ’ﬁ?ﬂmgﬁ%aé“ﬁW@W@gPLW°Heavy

hydr ocar bon Leadstas lbe Ghperatdcnay e eREaLRN (A Y W 6 HBOReakgodist ok
with water to forma water heavy hydrocarbon m xture; (c) injecting primry

di l uti on stebydrogarbon.he water heavy hydrocarbon nmixture to forma mxture
stream 20 (d) heating the m xture streamin a bank of heat exchange tubes
by indirect heat transfer with the hot flue gas to forma hot m xture

streanjp (e) control i nghkhgeseRMReERIoH Bsoqfroviaes APkodetsdor lecPacking a heavy
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 (@) 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;
(f) flashing the hot mixture stream n a flash drum to
form a vapor phase and liquid phase and separating the vapor
phase from the liquid phase;
30 (e) 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 fumace to form a heated vapor phase; and



stream and controlling the ratio of steamto hydrocarbon by 25 var_ﬁ/i‘ ng the
flowrate of the water and the flowrate of the primary dilutl6h(dilbam (f)

fl ashi ng W@z&lﬁ&mﬂs’a‘ture streamin a flash drumto form]acfé,ﬁ%ﬁ,gggwﬁ and

| i qui d phase and separating the vapor phase fromthe |iqui (9)
feedi ng the vapor phase into the convection section of the furnace to be
further heated by the hot flue gas fromghe radiant section of the furnace
to forma heated vapor phase; and '12 D E C 2006 WD 2004/ 005433

PCT/ US2003/ 020378 6 (h) feeding the heated vapor phase to the radi ant
section tubes of the flr nadecdmgtheihrated Eany phossalioibnrdiant sgeonapor phase

thermally crack to.for roducts due t he radiant heat. 5 BRIEF

DESCRI PTI ON OF THEEF &rJnr-‘e% E‘i”d%"reewﬁerf‘lnl‘ﬁ%%‘?‘grt"&%f 803 UhBR?PR PFS% di agram of a
process in accor damgell etk td forY R6aItts divienhd fdieRBtayed with a steam
cracking furnace, specifically the convection section. 10 DETAI LED

DESCRI PTI ON OF THE | NVENTI ON Unl ess ot herw se stated, all percentages, pans,

ratios, etc., are by wei %ﬁﬂ@b@%ﬂﬁ\ﬁ\@ﬁfgﬁtﬁ%a reference to a
incrudes e

conpound or conponent 15 conpound or conponent by itself, as
wel |l as in conbination with other conpounds or conponents, such as m xtures
of conpounds. Further, Fagnea hnllastmatsst a sclevsaindt datw dingran «ft Aeprovesk uia or

paraneter is given as .a list of upper preferahle values and | ower preferable
Val ues, 20 fdtpEange peithythe prasn pisal e@ﬁ@%’ i Wi PySICHTS ETAGKINR JUEAFE:r anges

formed from iRahl uf c @R el echibef erred value and a lower preferred
val ue, regardl ess ether ranges are separately disclosed. Al so as used

her ei N0 Non-vol atil e conponents can be neasured as
DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise stated, all percentages, parts, ratios, etc., are by
weight. Unless otherwise staled, a reference to 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

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 hvdrocarbon feedstock. The process comprises heating a heavy



25 follows: The boiling point distribution of the hydrocarbon feed is
measured by Gas Chromatograph Distillation (GCD) by ASTM D- 63529808r

anot her sovoabisnosssat hod. The Non-vol atil e conponents ar erdhesfonreiosmn of

t he hydrocarbon with a nom nal boiling point above 1100F (590C) as neasured
by ASTM D-6352-98. This invention works very well with non-vol atiles having
a nom nal boiling point 30 above 1400F 7(760C). The present invention
relates to a process for heating and steam cracki ng heavy hydrocar bon

f eedst ock. The 8560 s _he heay, 006 WO 2004/ 005433
PCT/ US2003/ 035 455a5H H"’élngci‘uf’e’ber‘i“’ya}“tydu"%a'%tc’ i eavy ‘PS RUPLAAEYH a 1 ui d
to forma mffablig thd hisht e fdie Mvigidihataida Wﬁﬁﬁe ph@senandie |iquid
phase, and varying the anount of fluid mxed w't e heavy hydrocarbon in

accor dance watfwua'toﬂf@aétmlé%‘”"@éh@bﬁtﬂéﬁhM‘ﬂi@F%{bPﬁ@ rEPEtaBt e Ibfat legel gpeocess. 5
As not ed, th?el‘é&@@'ﬁé&?ﬁng '?e?ﬁfﬁ)eg?icg?s portion, about 5 to 50% of heavy
S.ZSuc

non-vol ati | e conpon eedst could conprise, by way of
non-lirmting exanples, one or nore of steam cracked gas oil and residues,
gas oils, heating 0|I jet fuel, diesel, kerosene, gasoline, coker naphtha
steam cracked 10 napht K nated.dhs feedsipgk compnseea 18786 mORIEN. RYRH dcteaditat e,

ref ormte, %thggkg} ﬁon L6TA1 dgl”g(% Ii)?xg k’%’c N&ch 110836 aé}hb%lﬁa“c%% S5t S&rWagTJfOpSCh

gases, natura I ne, virgin n t nospheric
pi pestil | bonbmiimitingewsmplep) pmsbi ores bf staam arm:idedogasgalbam oeseduewyi ghe boi | i ng
range naphtha._t as oj| 0 tes, heavy non- hydr ocar bon streans
fromrefiner P@%Ci‘eg‘é’é%ﬂ% J@’agl ?J Fé‘ercﬁ‘é‘%‘?\’/ﬁa BeFK! or gﬂ%ﬁ‘ﬂ%é‘*‘éﬁh‘?&‘iﬁeﬁat ed

wi th cfoude, RENRELaficaRY eralE haphiia) dyare Shal T BT, AGHRRLY €, and
napht ha resi dulgm dmi xtaﬁ}'?eC #’ & eavya ydriocar bocﬁ fgedsto l%ﬁas a notm nal end
boi I i ng poi nrefoofiateat Fl:saslt-Tﬁma(Sﬁ] (IB&E) . Fisdher-jraedseh r gases.cvalstackmoting | ow

sul fur waxy re 20 at her | si ds nd. na ontam nated with
crude. The r’rﬂ?ﬂ]ﬁlteefvé?gt"écf‘a\ngﬁﬁesﬂgcé’ rqt@f’ﬂg‘ 66- §8"9§®g§ffg‘r‘?§?ﬁ sY# P ng
boi I'i ng poi nppebdl ¢edh@0mcluding botloms, wide boiling range naphtha to gas oil
condensates, heavy non-virgin hydrocarbon streams from refineries, 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 fumace 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 fumace 1. The preheated feedstock has a 1empera}ure

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



(5900), -for exanmple, |ow sulfur waxy resids. The heavy hydrocal{ligg f Edstock
is first preheated in the upper 25 convection section 3. The @%@ of the

heavy hydrwoanbomsinedst ock can take any form known by thogesmisotdinary
skill in the art. However, it is preferred that the heating conprises

i ndirect contact of the feedstock in the upper convection section 3 of the
furnace I with hot flue gases fromthe radi ant section of the furnace. This
can be acconplished, by way of non-limting exanple, by passing 30 the

f eedst ock throu ank of _heat e tuhes 2 |ocated wifhin the
convecti on sé“t?ﬂ%grfg%db&f aﬁm@?ﬁﬁ%é?@"ﬁ@%ﬁ@ Be‘ii)aﬁ’f‘{aa’of%gbfsf?r %E’ hefween
tenperature ﬁ@ta%QQSQQV\%7@qu§QQﬁ:(15O and 260C). Preferably the tenperature
of the 2 2 D E C 2006 2004/ 0054)33 PCT/ US2003/ 020378 8 heated feed is

about 325 to 450F (160 to 230C) and nore preferably between 340 and 425F
(170 and 220C). The prepeat ed heavy hydrocarbon. feedst.ock is mxed with a
fluid. 5 The fluid can eprﬁg?ﬁ‘%ﬂib%‘vﬁ PW&QTPBBHF“&E’PEP,S mgx Wﬂ%c?rﬁ xture
thereofs The Tier ghi@r éRdbd bUidghid hydksibon, TWateh eBah b hx@fe iefedr] UTKE can be
bel ow, equal to or above the tefiperature of the preheated feedstock. The

m xi ng of therpfeahédiuatisheaey Ahdrtovperbore eetdysiiwdicanig hehew, aqual taudd can

occur inside or outside the olysis furnace 1, but preferably it occurs
out si de the fa?}%%{ce‘gienf’%eeraﬂﬁ(?%@e@g e?)tgdg%eg%ﬁf) i shed using any m xi ng device
known within the art. However it is preferred to use a first sparger 4 of a

doubl e sparger assenbg 9 for the mxing. The first sparger 4 preferably
conprises an inside pelfeopitiegiotthsducheadd hegvy bydwearvpy feadstogk gpddhecondui t

32 so to fr n kNS out si de
conduit. Pr etﬁe?Jr] aﬁﬁg?éﬁ%ﬁgﬂﬁﬁé gﬂ%‘&%fe&glﬁ%g@?l)ﬁ%ﬁg@g@gbRh{]greegés} o! Et ?&g\g\ﬁs in the
annul ar fl owcapadethaiinidoe Theunikidgd cawBbt beaugplishbe usingiAHle mimtudéviand i s
injected intgo the feedstock throu .the openings in the inside conduit,

preferably shEPWIYIHEDthE a‘]‘roﬁé’é‘{e"%ﬂ% ig pretarreddg g afirat spargsy ol @edrubls avoi d
o Sabcsoe PPTELPAEALSE IR iy SR k) il o
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 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 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 in 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 cnibodiment, a secondary
dilution steam stream 18 is 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



hydr ocar bon feedstock. The present invention uses steam st r?akgﬂst \i@ vari ous
parts of .the process. The primary dilution steam stream 17°¢i rh ¥d with

t he preheX@#0H#dM3 25 hydrocarbon feedstock as detai | edTaIS30M3/020878
preferred enbodi nent, a secondary dilution steamstream 18 is treated in the
convection section and m xed with the heavy hydrocarbon fluid primary
dilution steam nmixture before the flash?® The secondary dilution steam 18 is
optionally split into a bypass steam 21 and a flash steam19. 30 in a

preferred e r [ ddition
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steam str eamlﬁmferw&%eﬂe tRbRnE RE DR Y 0 %@%vwwrﬂsecnwaunefopef ore
the resulti ng stream m xture enters the convection section at 5

addi ti énal heddilipmpl byatnmcbyamﬁlasemqtlon flue gas.gBEgen E»wempm&reblprélﬁeam’uﬂry, t he
primary dilytion steamis inj ed dir ctI to the sec nd sparger 8 so
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feedstock fluid m xture. 10 The primary dilution steam can have a

t enper at ur e fewabignbutiandies B inibhbgthydivearbamdeedstopke Byid hixdureécar bon f eedst ock
fluid mxture but preferably greater than that of the m xture and serves to
partially vaporize the feedstock/fluid mxture. Preferably, the primry

di lutijgn steamis superhephefrpailonsn bl%ﬁlﬂ@anih@i@ﬁttéidﬂér@h@etgF@te‘ierWéﬁl spar ger
8. 15 The m xture of the fluid, the preheated heavy hydrocarbon_ feedstock,

and the pri nfF ookt the pasme 85 baanshydrararPeniaedgoeh duibabryre put geferdly s
heated agai ngidfhel fgn MR ArNS Sidille B8 S e ePff Rifaly Capohizs he D& IGAMiF9 can be

mixture. Preferably, the primary 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 primary dilution steam stream leaving the second sparger 8 is
heated again in the pyrolysis furnace 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 furnace 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 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 1s 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 2]. Alternatively, the present invention can

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



acconpl i shed, by way of non-limting exanple, by passing the feedstock

m xture 20 through a bank of heat exchange tubes 6 | ocatgd DECtIRION t he
convect i oweeddsioom3sf the furnace and thus heated by thepdwtsiobsrezogms from
the radi ant section of the furnace. The thus-heated m xture | eaves the
convection section as a mxture stream 12 to be further mxed with an
additional steam stream 25 Optionally, ®mhe secondary dilution steam stream
18 can be further split into a flash steamstream 19 which is mxed with

the h h b 1 xt 2 bef the flash and a b t t
21wt oh by pAEShe oRb 1 adh & GO KROYHTar Boa B RUAT BRSNSt cad

is mxed Wt BnddpBoy,aBOFatRFSBe NEdBtedn Srédnf 3D 108{UsE sich sHaRAn1Mk3sR | S
cracked in the radi ant section of the furnace. 30 The present invention can

oper at e wi t h balprefsrabbntdp yo @Piluandomost praferaldy dsktd %d. Thealash steaanl 4B with no
bypass steam 21. . A.ternative th resent .invention can b erated with
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enbodi ment in accordance with the present invention, the ratio of the flash
st eam st r eamisl Supasheajghdn & sepprheataresaehion Khaoulthe fumape eoayesbop befow t o
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superheated in a_superheater section 16 in the furnace convection before
splitting andapargergn il tieatilalhselgylengampngpisonl Hexmpytare hefarcadigi fashn of t he

flash gteam §ﬁ§§§%%ﬁte}soﬂ3 @]\?}%}{1@% s hydrocarbon m xture stream 12 ensures the

vaporization of nearly a e conponents of the mixture before the
flash 10 stream 20 enters the flash drum5. The m xture of fluid, feedstock
and primary dilution steam stream_ (t r}e fl aﬁ%at ream 2Q) .is then introduced

into a flash drum5 forl PSEPAPAE 06N ierdsias Fgeary J1lyUep, slepn bgam
conmpri st ng pg&@%%rﬂﬁ?@aﬁry 209% %&'iﬁr@?ﬁ%ﬁ%&gmg%% f%?s%}ia%'i'oﬂ iRBARE
conprising predomnantly non-volatile hydrocarbons. The vapor phase is
preferably rehmesdafvapm phesef t@sprigngipratomanaole vblealt pgrocarbenseamd 53.
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
furmace for optional heating and through crossover pipes to the radiant section of

the pyrolysis furnace for cracking. The liquid phase of the separation i1s 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 1s difficult to measure and control.

As an alternative, 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 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 1o the convection furnace tubes, eventually coking the tubes. If the mixture

stream 12 temperature 1Is too low, hence a low ratio of vapor 1o hiquid in the flash



The vapor phase, preferably, is fed back to the | ower convection section 23
of the furnace for optional heating and through crossoverl lﬂ)ﬁfp@@ﬁto t he

radi ant s&¥©i2003/085433t he pyrol ysis furnace for cracking. TREr/Ub1p0s/0kopttase 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 drum5. But such rati'lo is difficult to measure and
control. As an alternative, tenperature of the m xture stream 12 before the
flash drum 5 4 5 i ndi - ter. Pﬁﬁé : , and
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when t he m xbeareakibiefonctaekingrature is higher, nore vol atile hydrocarbons
wi |l be vaporized and becone avail able, as a vapor phase, for cracking.
However, when the m xture streamtenperature is too high, nore heavy
hydrocarbons will be prggent,iiilrel N&re4aPOke gmangS CHfLile8d @veﬁ.ﬁ Qut 0 the
convection furnace tubes, eventually coking the tubes. If the mXture
streamsl2 t emperertyivaporisationoofl wilatilbe nc theafebdstoakawhide @foidaygocoking I dei d i n
the flash 2 DEC 2006 WD 2004/ 005433 PCT/ U32003/ 020378 11 drum §, nore
vol atile hydfYBasHBIRES W 1R8N PPN #14YisaelpIFRB Y YA en X THq FoRbte pe
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5 recovery/vapori zation of volatiles in the feedstock i'l e avoi di ng coking
in the furnseeveyuigethecomixtole hy thienlqy i sogvestdnyesteh sl 3¢ and ethe rgossheerni xt ur e
fromthe flash dégﬁ]to t he furnace 13. The &%essure drqp acrgfs t he pi ping
and vessel s PESRETiARY hhIETMREIATTE D15 §C105% TEJRRFT OB TEIan SSRUQLET PBY OF3, and

the cr@ssovemonfbRidNth iccBiisk Rt &MPBEKiAE YirbblenSe Fof Qistandee wifethe
convection section 23 may be 10 nonitored to detect the onset of coking

probl ens. Foerdssiyen pressueisad pregess grespressare tor disdower epnyephiere ssstion @Bet

pressure to the | ower_ convect.i on_secti.on eqgj.ns tao.Lncrease rapi,dy due
Do ooki ng, _t REipe RpEFsaer i B R FOLRE 5% israSaiilRe bilpe MREHRE st 12

shoul d be redwcatxturé sE@kinNY2 Ohoulds bk Nredb&dl OVEr cokirpn\vedirs Oin §RCldwadt, t he
tenperature of the flue gas to the superheater 16 increases, 15 requiring
nor e desuper ReMeEHomERcEpn,ABe temperature of the flue gas to the superheater 16 increases,

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 in the first
sparger 4 is increased and/or the amount of primary 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 primary dilution steam used in the second sparger § is
increased. By carefully selecting a mixture stream temperature, the present

mmvention can find applications in a wide vaniety 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



The selection of the m xture stream 12 tenperature is alﬁz gﬁb%rnined by
the conposition of the feedstock materials. Wen the fee pé U contai ns
hi gher amayotey@fostizght er, hydrocarbons, the tenperature pfrighobhxistg e 20
stream 12 can be set lower. As a result, the anount of fluid used in the
first sparger 4 is increased and/or the anmount of primary dilution steam
used in the second sparger 8 is decreased since these anmounts directly
i npact the tenperature of the m xture stream 12. Wen the feedstock
contains a hggggé ampunt of non- volatile hydrocarbons, the tenperature of
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selecting a mbataire streamtenperature, the present invention can find
applications in a wide variety of feedstock materials. 30 Typically, the
tenperature of the mxture stream 12 is set and controlled at between 600
and 950F (315 and 5100)Thd{emf ;ﬁaleyofb.%tﬂe.%nstge% 19@9‘3%]36\3;\780“%97’@90@’
nore preferably between 750 and 900F (400 and 2 2 DEC 2006 2004/ 005433
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430 and 475QC).. Thes values will change _with fhe concentrating volatiles
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i s control | eghdihoBoflBd." The cMiFd QM témM koAnfiuRibalesSEith Ble iiaSand 1eaRer ature
sensor and any known control device, such as a conputer application.
Preferably, the prigiperdiutios steans orbeal® sotther Hscamphsof theeflgidhandithesyst em 7

com’run{cates Wit h id va rimary ,dilution steam val ve

t.he .fl ve 14 and the .
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entering the two spargers is controlled. In order to maintain a constant
tenperature for the mxture stream 12 mxing with flash steam 19 and
entering the flash drurntasdeichireaatag & eprstamtemperaiue & hapextuteostieagui d i n
the flash drym g, thon%%ﬁ%\e‘%msk@%g@%kﬁh E}?JfHEJhaé:H@etola'%h?ng al dodRinyapor to
liquid ratio variations, e present Invention operates as

ratio of vapor to liquid in the flash drum 5, and to avoid substantial temperature

15 and flash vapor to iliquid ratio vanations, the present invention operates as
follows: When a temperature for the mixture stream 12 before the flash drum § is
set, the control system 7 automatically controls the fluid valve 14 and primary
dijution 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 10 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 pnmary 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
streamn injected 1o 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 pnmary 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 nse,
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5is. set, the control system 7 automatically controls t he ¥ P 0 alve 14
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the fluid valve 14 to 20 reduce the injection of the fluid into the first
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tenperature control, system 7 can also be used to control the prinmary

di lution st eQRAFREAIWHEEL5 t o adjust the amount of primary dilution steam
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 tdmper piefireedofentbodimentt iir eacsddenda Math i theWptdsentnst r uct
the primary dilution steam valve 15 to increase the jinjection of the
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aut omat i cal | yparggse nore to reduce the primary dilution steam stream
injected into the second sparger 8 while valve 14 is opened wder. 51n a
preferred enbodi nent in accordance with the present invention, the control
systeny/ can be used t @, gRikERIrcBREE WRereaNPURd RiwiiBe 1d tirfrolandadidie anount
of the primary dilution steamstreamto be injected into both spargers. 10
In the pref etheetinews efwiaereandpnimpni dilitgonisiean, to trh@n@ont cohtent mavtives  t he
anount of water and primary dilution steamto i Nt ai constant .m xture
St ream { empeP Sl ETEETa G 12 MIF MR APIE & contd st o iy Breedilock'in

wat er - t o- f eegfet @gkutent 1.t MR Airkkt 6oid IshahP vhridtionest MeoNahSipbraviae] fei on of
the flash tenperature, the present invention also preferably utilizes an

i nt er nedi at epeEUpBYIREIgT @fsoaBeferbl yiatilizes an intermediate desuperheater 25 in the

15 superheating section of the secondary dilution steam in the furnace. This allows
the superheater 16 outlet temperature to be controlled al a constant value,
independent of furnace load changes, coking extent changes, excess oxygen level
changes. Normally, this desuperheater 25 ensures that the temperature of the
secondary dilution steam 1s 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. Afier
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 1t 1s 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



15 superheating section of the secondary dilution steaminsthe(f@gpnace. This
allows the superheater 16 outlet tenperature to be controlled at a constant
val ue, i Nd@pexdems33of furnace | oad changes, coking ext entCHHSNGHB03WXCeSS
oxygen |l evel changes. Nornally, this desuperheater 25 ensures that the
tenperature of the secondary dilution steamis between 800 and 1100F (430
and 590), preferably 20 between 850 and 12000F (450 and 540), nore preferably
bet ween 850 and 950F (450 and 510C), and nost preferably between 875 and

925F (470 and_ 50 .1 The desuperheater preferably is ontrol val ve and
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super heat er t t f, the steam which is mxed with
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m xture stream I's preferred to adjust the anounts of the
fluid and the 30 primary dilution steamstreans injected into the heavy
hydr ocarbon feedstock in the two spargers 4 and 8, according to the
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i nstance, t hRydrbegbomppasialipessaneof thbdlatiespanal(ne ofdatlid Maintdiow coadtantof t he
flash steam 19 can be changed to effect a _change in the vapor to liquid
ratio in the™ioash vaEpEdo Bupdsiy gheydeshi nByhwap| gk Fawplesathe copstst a
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t enperature e mxture  stream 12 entering t as rum 1t 1s also
desirabl e t odnmi pteasune throwogisthamse ofgaitrot aalber3 pan thealappr pimseltine 03, ande f 1 ash

stream 20 in _order to intaip a constant ratiqQ of vapor tqQ liquid in the
flash. By wa}y 6?"‘@1@‘?1%{%§?"? Hgs‘ﬁ%ﬂé‘% TO%bmtﬁeaﬁa%’&rF"ﬁamt%%m pressure can
be mai ntai ned by maintaining constant flash drum pressure through the use

of control valves 36 on the vapor phase line 13, and
Typically, the hydrocarbon partial pressure of the flash stream in

15 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.

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 Jower 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 to 490°C). More preferably, the pressure of the flash drum vessel 1s about

105 to 145 psia (700 to 1000 kPa) and the temperature 1s about 750 to 900°F (400

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

30 125 psia (700 to 760 kPa) and the temperature 1s 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 upper portion of the flash



by controlling the ratio of steamto hydrocarbon feedstock in a“eam 20.
Typically, the hydrocarbon partial pressure of the flash k1@ n 15 the
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T 30 %yhy  h  AE phBR 15 g 6 1 1
pump 37. The cooled stream 29 1s split into a recycle stream 30 and export stream
15 22. The temperature of the recycled stream is ideally 500 to 600°F (260 1o
320°C), preferably 505 to 575°F (263 to 302°C), more preferably 515 to 565°F
(268 1o 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 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

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,



the externally cooled flash drumbottons |iquid 30 back to @EE ‘Mash drum
vessel to help cool the newy separated liquid phase at th (4 om of the

flash drunwd.200sab05e8m 27 is conveyed fromthe bottom of tb@ﬁ.jsgﬁ,bmg{f_;ugn 5to
the cooler 28 via punp 37. The cooled stream?29 is split into a recycle

stream 30 and export stream 15 22. The tenperature of the recycled streamis
ideally 500 to 600F (260 to 320C), prefgrably 505 to 575F (263 to 3020,
nore preferably 515 to 565F (268 to 296C), and nost preferably 520 to 550F
(270 to 288C). The ampbunt of recycled stream should be about 80 to 250% of
t he anount ofanﬂﬁéossmﬁﬁrab@p&rsaﬂ@a S%H@morﬁhq Yfpod Phassi §eernEch inyrlagiam

pref or ably 9. 2% B BALALELA Sial Geud 11 SpBNSRES, PR €7 abl ¥

100 to 200% uml dl SO op I'n an aspect to mnimze
the liquid rwilanpt |eﬁﬂ/b@hd|dfgt}iel mdrnphdse i‘sl ae:hnadrwrbblolar eIf490‘aEbI(y60°t0),e l'i quid
phase is di scha ed fromthe vessel throu anet er Eﬁot toor
cyl i nder 35 el 32931881“399 51 (6P6&)s mess, mearﬁblrrWPWalQ%O Ft(ﬁ@ q#d phase

retention ti §t v% o fy than 60
seconds, nor reH?cf)r er a%lﬁg e]gs t] &ﬁﬁBgﬁ@seconZg‘g%ﬁ r@é@é o J[})‘ﬁﬁ | ess
than 15 seconemovethdromhaht etash héruini Guihdoyghase oveﬁteedtplpﬂ/\#mbldmpgoha]rye in the
flash drum the Iesi coki n occur. |n t he bottom@gfgemt he flash drum _30 In

the flash, t/f&PVRAFdRe HH%&’e‘ 1%° &Ei’ lysepratoR; HsW RYFS URAS PRAHNIPL

non-vol atil e I I; f n 80
ppm 2 2 DEC%%%%:@(@/\%&%@OEHOO %%2131%33/ %lgg]?{(%%ﬁiéﬁ gtgn ?r{[l)]gffﬁ) ;ﬁgﬁer ably

| ess t han 50 thpmnvétiecon/spdon pﬁﬁilsélnmacwery rich in volatile hydrocarbons
(for exanple, 55-70% and steam (for exanple, 30-45% . The boiling end
point Y the vapor phase is normally bel ow 1400F (760C), preferabiy bel ow

1100F (600C), nore prefeabinsr ehvsHddrP I (CahBidousANEnvER FronP ied ARaP! Y

bel ow 1000F (540C). The vapor phase is continuously renoved fromthe flash
drum5 thr ougihwans pﬂcmbhfcbtpﬁmammrm theopnro il fugnace deweryconyvértionagctfont 0 a

10 m era ure O or examp , abou (4] to c
centrifugal separalor 38 WHCh, " SIBYRS 648 ¥0038948b5F 30 10 650°C) by th

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 18. Preferably, the secondary dilution steam is first
heated in the pyrolysis furnace 3 before splitting and mixing with the vapor phase
strcam removed from the flash 5. In some applications, it may be possible 1o
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 in this section of the furnace are vaporized
before entering the radiant section. Raising the temperature of vapor phase to 800
30 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



entrained liquid. The vapor then flows into a manifold that djstributes the
flowto the convection section of the furnace. 10 The vap&r D&Ea@ stream 13
cont i nuousw@ 2008mesl fromthe flash drumis preferably supevtmet@dsisn the
pyrol ysis furnace | ower convection section 23 to a tenperature of, for
exanpl e, about 800 to 1200F (430 to 650C) by the flue gas fromthe radiant
section of the furnace. The vapor is thdid introduced to 15 the radi ant
section of the pyrolysis furnace to be cracked. The vapor phase stream 13

removed fromthe fl drum can,_ opti.onal_l e m xed wi.t ypass., st eam
stream 21 befGM&® eﬁﬁsiWP‘F?BSdeé °] e tpls?_ge”%ﬁlr Hé)é e|f8%$‘ g%cg?é ctil6h section
23. 20 The bygRn§Eca&ld®ARLFIsBAIrackelSn theSRbiaht RESATDSHE BB fsiPiride ,
secondary dilution steam 18. Preferably, the secondary dilution steamis

first heated in the pyrolysis furnace 3 before splitting and m xing with

t he vapor phase streamr ved fromthe.flash 5.,1n.s0 plications, it
may be possible to 25 ?ﬂ%@ﬁﬁ%g?retgﬁlggb@eﬁ%w& gg?nsglélgf}rfngﬁ?gr% %Weeasswi tting
fromthe seceadani tHe bisbhiid) chab@aiyior Bdf afventid ian@ wiilbht ddpartihafsm phase.
The superheating after the mxing of the bypass steam 21 with the vapor

phase st r eanfhE3SniRis Ydeicopp decregf) Caymake yanpesachasges auhpoAdicetonsiofithe ni xt ure

in this secti . of. . o] i di ant
sect i on. - ra L epTnl PRl 8E i lsC Ao ERaisfy Oy BRGBEs BMAIEHEL50 1 o
650C) in theplefovesd embuditidnortaledbi ahe 28e adfSwafee! tpsmixhevittopley géhemed n t he
radi ant section since radiant tube netal tenperature can he 22DEC20Ub wO
2004/ 005433 RefFedo osynapgrsaher finids ggh @gaarhtha canadsqbeusedn | ess coking
potentj,al in the radiant section. The superheated vapor is then cracked in
t he ragi ant section of the pyrolysis furnace. Fromthe foregoing
description, one skill @ieiinvdnhen as ilhcantedadni the foBownpeEtanplet hbicksaent i al
characteristics.of this invention, and wt h8ut departi ng Hfﬁm the spirit
CRITHSASd

2nd scope ¢ hBRHRY TERihe RIREOY & POTES CURD A0 BHRPHAIE Foiing
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 o1l by this invention have been conducted. The
attached Table 1 summarizes the simulation results for cracking Tapis APS

20 bottoms and Tapis crude o1l in a commercial size furmace 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 Atmosphenc Pipestill {APS) Bottoms
And Crude Oii Flash Drum Simulations

APS Fig 1

Bottoms Crude Ref. #
Convection feed rate, klb/hr (t/h) 126 (57} 100 (45) n/a
950°F minus (510°C), w1% 70 93 /a
Temperature before sparger, °F (°C) 400 (205)  352(178) 4

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



inventi-on to adapt it to various usages and conditions. For instance,

al t hough the preferred enbodinent calls for the use of water ta hlkl Wlth

t he prehea@dooifredst ock in a sparger, other fluids such BaI/ospbidra3Ban al so
be used. 10 The invention is illustrated by the foll ow ng Exanples which are
provi ded for the purpose of representation and are not to be construed as
limting the scope of the invention. UiBess stated otherw se, all

per cent ages, parts, etc are by wei ght. 15 Exanple | Engineering

cal cul ati ons whi ch ? atm)l I‘IC estill ttonms (APS)
and crude 0|P 'f\’l %%L?? ct ed. {E) attagged Tabl e |
sunmari zes t RES p?ﬁ)’l H“(S’H sf,e@g’ma{e U?‘S Tapi s’ 20 botfons and
Tapi s crude Besuperheates syateirateaklbdi (Vo) furnac,fb( ith a PAsh drumf®The very

| i ght components in crudes act |ike steamreducing the partial pressure of
the heavy cbhpoPewnslenramaere, 2k (*€)nom nal 8IZARF53)H10T)0 &40) poi At, the fl ash
drum can opElash PrifiHre{soB:Chsik @hiag) t enper atld7g74tan 10Y (@dyospberi c resids.
TABLE | SunmBees waipodbeDiapfiahidentiwestil | (ARS) Bottops And Crgde G| Flash
Drum Sinulations APS Fig | Bottons Crude Ref. # Convection feed rate,

b e (/1) gl26, g)@)ﬂ;go}(,gﬁ”? a 950F m g ¢5100) 5 (4§ % 70 9351/ a
ore

Tenper at ure par ger 400 (205) (178) Sparger water rate,
klb/h (t/h) 12(5) 43 (20) 14 Z 2 DEC 2006 V\D 2004/ 005433 PCT/ U82003/ 020378
18 Primary dilution steamrate, klb/h (t/h) 18 (8) 8 (4) 17 Secondary
dilution stegmmgle® klb/h (t/h) 17(8) 19(9) 18

Table 2 summarizes the simulated performance of the flash for

residue admixed with two concentrations of C4's. At a given flash temperature,

5 pressure and steam rate, each percent of C4's admixed with the residue increases
the residue vaponzed 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
10 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
Wit% C4's in convection feed 0 6 1]
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 815 819 g19
W1% of residue vaporized in flash 70.0% 72.8% 75.1%
Overall wi% vaporized in flash 70.0% 74.3% 77.8%
Temperature, °F 835 835 835
W1% of residue vaporized in flash 750% 77.4% 79.4%
Overall wi1% vaporized in flash 75.0% 78.6% 81.7%

Temperature, °F 855 855 855



Desuper heater water rate, klb/h (t/h) 6 (3) 6 (3) 26 Flash DrﬂinBTta Erature,
F (C 847 (453) 750 (400) 5 Flash Drum Pressure, psig (kPag) 5 ?@ 0) 101
(694) 5 Feed vaporized in flash drum w% 74 93 5 Residue exported, klb/h
(t/h) 33 (15) 7(3) 22 Exanple 2 Table 2 summari zes the siml ated
performance of the flash for residue adm xed with two concentrati ons 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% Therefore, the addition of C4's to feed will result in
nmore hydrocarbon fromthe residue b&AMSpori zed. TABLE 2 10 C4's/ Residue
Adm xture Flash Performance Pure Mx 1: Mx 2: Residue Residue+C4's

Resi due+C4's W % residue in convection feed 100 94 89 W% C4's in

convectjon feged Q 6.11 ubbl oint, F.991. 327 244 12 psig W% o

resi duef'vapo iPIRSGSS FOT £ H’gG%%&YGEYdf%a%Pé%d%&%rlﬁl21 %%esléﬂa%ﬁgi aée%aSF A flash
65. 0% 69. 9%cédvedfion stetigreihad auttidiant kecldid) sBid Pro3dd coMpieigd: resi due vapori zed in
flash 70.0% 72. 8% 75. 1%, Overal | W{)% va(gori(zedgf'r n flash 7Q.0% 74.3% 77. 8%
Tenper at ur e,JF g3satmgsaig dgavy\ydrogsroprples a3t qopugtiph sechigrs i fomn pbgated. 404
79.4% Overal |l wydavagori zed in flash 75.0% 78. 6% 81. 7% Tenperature, F 855
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(b) introducing a fluid and steam to said heated feedstock to form a mixture;

() heating said mixture in said convection section to form a heated mixture; said heated
mixture having a vapor phase and a liquid phase;

(d) substantially separating said vapor phase and said liquid phase;

(e) feeding the separated vapor phase to said radiant section to crack at least a portion of
hydrocarbons in said separated vapor phase;

) varying the rate of introduction of said fluid and the rate of introduction of said steam
in response to changes in at least one operating parameter of said process to maintain
the ratio of said separated vapor phase to the separated liquid phase substantially

constant.

2. The process of Claim 1, wherein said at least one operating parameter of said process is at
least one of: the temperature of said heated mixture; the pressure of said heated mixture; the
flow rate of said heated mixture, the quantity of oxygen in the flue gas of said furnace; the
concentration of volatiles in said heavy hydrocarbon feedstock; and the furnace load.

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

4. The process of Claim 1, further comprising monitoring said ratio of said separated vapor

phase to the separated liquid phase by monitoring the temperature of said heated mixture.

5. The process of Claim 1, wherein said fluid comprises at least one of liquid hydrocarbon and

water.

6. The process of Claim 1, wherein said fluid comprises water.



1. A process for cracking a heavy hydrocarbon feedstock in a g%ﬁﬂ?ﬁﬁjhaVing
at least a convection section and a radiant section; said pﬂ ess
conprising: (a) heating said heavy hydrocarbon feedstock in said convection
section to forma heated feedstock; (b) introducing a fluid and steamto
said heated feedstock to forma m xture; (c) heating said mxture in said
convection section to forma heated ni%%ure; said heated nixture havi ng a
vapor phase and a liquid phase; (d) substantially separating said vapor
phase and said |iquid phase; (e) feeding the separated vapor phase to said

r adi ant’-sectlih§ rPrQCSSSc%féﬁkma@ fprahes compiiging majAtaBing thy dy deea bsrperyah pessuse of
separ at ed Vap@AmiRRASEbsthdthily 8nlap@ the rate of introduction of said fluid
and the rate of introduction of said steam in response to changes in at

| east one operating paraneter of said process to maintain the ratio of said
separatgd v r S . t he arated. Liquid phase bstanti.ally .constant.
P The Br ocd® pfRaed: GiRip ToREREN ATk bk 87 T o dRS AT Bedteudiler "o
sai d processwita aad thelrasf inGbductbn sihveameiheindibily @nethntsai d heated m xture; the
pressure of said heated m xture; the flowrate of said heated m xture, the
gquantity of oxygen in the flue gas of said furnace; the concentration of

vol ati l®s i MxegkdteROT NNV HRERF &MDrisPE AShO He heE viRdRiitlh R GBtet RAGNLE. The
process of Claim2, further conprising nonitoring said at |east one

oper ati ng padhaismperature of saitfheated widars aligr sep & braprior i siereld)-conpr i si ng
nonitoring said ratio of said separated vapor phase to the separated liquid
phase by nonitoring the tenperature of said heated m xture. 5. The process
of Clailt 1, Theerees ofdilamf 1, whdregoseperidspsdilation gesi iscmperbdatddi iguaid chipdet@mpar bon

and water. 6..The process of C.aiml er el aid fluid conprises water. 2
2 DEC 2006 S%m?.andl'ﬁl "g?’ﬁ%é‘é‘& Bt 'ﬁq@fénﬁ’eg}efﬂﬁh ﬁﬁ%r conpri si ng mai ntaining the
hydr ocarbon partial pressure of said mxture substantially constant. 8. The

process of Claim?7, further conprising holding the sumof the rate of
i nt r oduldt i onhsProcggs & iClaiy 1 G nehereit 2 perfion At saifitrerndany iutien slgam dumaed itithal | v

constant. 9.,iNRaRI RS &fforgs@}) 7)8md faH5th&rESor ST sh 2 &Sy ML st hiRats Of
vapori zat1 on of water to contro
mixed with said separated vapor phase.

12. 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 separated vapor

phase.

13. The process of Claim 1, wherein at least a portion of said separated vapor phase is heated in
said convection section to form a heated vapor phase and said heated vapor phase is fed to

said radiant section in step (e).

14. The process of Claim 13, wherein the temperature of said heated vapor phase is from about

800°F (430°C) to about 1200°F (650°C).

15. The process of Claim 1, wherein said heavy hydrocarbon feedstock comprises at least one of
steam cracked gas oil and residues, gas oils, heating oil, jet fuel, diesel, kerosene, gasoline,
coker naphtha, steam cracked naphtha, catalytically cracked naphtha, hydrocrackate,

reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases, natural



the tenperature of said heated m xture after step (c) but prio&ztﬂgc%[ﬁp (d).
10. The process of CQaim1l, wherein secondary dilution steam i3 superheated
in said convection section and then m xed with said m xture before said
flash. 11. The process of Caim 10, wherein a portion of said secondary
dilution steamis mxed with said heated m xture before step (c) and

anot her portion of said secondary dil utlion steamis mixed with said
separated vapor phase. 12. The process of Claim1, wherein about fifty
percent (50% to about ninety-five percent (95%  of hydrocarbons in said
heavy hydr od@ithee digidlais: yegin Bardithancrady il eepspherie pingst bbottoprsaeuum gipestiffe
process of i el td : ti i e _ phase
is heated i %@i@% %‘c%lgﬁ eb?{t ?r(l)l% \glgg'?) ?gqugtro or{r‘le ﬁé}gé)&eg%e : €%%S%hgesa\e@§% sai d
heat ed vaporvigghadpdrogrtfond stteamsstaprd refivkrant vagani gas oils, dteayy ge) oilldaphiihae

process of Caim 13, erei.n the tenperature of .sai d heated vapor phase is
Prom anout  BOBRTPIRYGEH pES AerSH0RS B By Fes & (S Sl oBRGnrBy B0, 1
wher ei n sai chapighyiesidydidadriuleon f eedst ock conprises at | east one of steam
cracked gas oil and residues, gas oils, heating oil, jet fuel, diesel,

ker osene, gasoline, coker naphtha, steam cracked naphtha, catalytically
cr acked; g aphiRayroddy b OClafh Katdereid &fid hERY Gy dloBdrbdNREGIIRI SMPRLE low sulfur

Fi scher-Tropsch |iquids, Fischer-Tropsch” gases, natural 2 2 DEC 2006 21
gasol i ne, dive¥irdsgke, virgin naphtha, crude oil, atnospheric pipestill
bottons, vacuum pipestill streans including bottons, w de boiling range
naphtha to gas oil condensate, heavy non- virgin hydrocarbon streans from
refinerizes, Taguaenssgd<laml k5 whaeavabogesixtp péreenn &934)a abao nightyipaated8iic) of

apht ha 1 oo BOBeRg I ERtTRon Saimork Boys ttepony b Sanpd 1 ARECIICE L B heavy

hydr ocar bon feedstock conprises |ow sulfur waxy resid. 17. The process of

Claim 1, wherein about si_xtg percent (60% to about_ eij ght%apercent %go% of
sai d helvy nyarRsessshh Clasadk thereimaaid hepwi ydresaghon eedsiorl e p sgmingd Gox

(590C). 18. bEhﬁg%é{ﬁ?@ﬁa? le?&Eta%lﬁitsﬁb‘“ﬁG @§_ei n said heavy hydrocarbon feedstock

has a nom nal fi boi 't ng point of at |east about 600F (320C).
19. The process of Claim 1, wherein said vapor phase has a nominal end boiling point below
about 1400°F (760°C).
20. The process of Claim 1, wherein the temperature of said heated mixture is from about 600°F

(320°C) to about 950°F (510°C).

21. The process of Claim 1, wherein step (d) occurs in at least one flash drum.

22 The process of Claim 21, wherein the pressure of said at least one flash drum is operated

between about (280 kPaa) and about 200 psia (1380 kPaa).

23. The process of Claim 1, wherein said fluid and said steam are introduced to said heated

heavy hydrocarbon feedstock using a double sparger assembly.

24, The process of Claim 23 wherein said double sparger assembly minimizes hammer of said

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



19. The process of Caim1l, wherein said vapor phase has a nom nal end
boi li ng point bel ow about 1400F (760C). 20. The process of C gi fr, 20pher ein
the tenperature of said heated m xture is fromabout 600F (320C) to about
950F (510C). 21. The process of Claiml, wherein step (d) occurs in at |east
one flash drum 22. The process of Caim21l, wherein the pressure of said at
| east one flash drumis operated betwsen about (280 kPaa) and about 200
psia (1380 kPaa). 23. The process of Claim1, wherein said fluid and said
steam are introduced to said heated heavy hydrocarbon feedstock using a
doubl e 3bar glrsteamsuraking procgss THiRg pfssass andp (@l drne aidtematerhayinigdt drostid e
sparger asselfjl.i8h UBhE S5d REHEL - i i { LNt heat
exchange tubes of sgt%cgbconvectl onS%fggt'?’?%ﬁ?’mg&§ﬂ%g@%g&%@'Ogai%%gds gtggim
cracki ng prowesss usipnging: f urnace and a flash drum said furnace having at
| east a conyection.sectiqn and a radi ant sectian, far praqocessing heav
hydr ocar bon q\égedsl}egtérlé Saé%&%fdﬂﬁab(‘f’eéaé SOMEFIYY FRgtion 43 ?‘I’fﬂgf‘ﬁﬁ teé av g“’?%@‘ﬂgt ock
in said convecti ofregction to forma heated hydrocarbon stream (b)
i ntroduci ng water, and steamto said heated hgdr ocarbon streamto forma
mxture str®m iPEURBEYARY abdisteam Risaideheatefl dydforabarpstiramoiaviaen paRiXWECt | on
to forma heated j.xhure stream having a vapor phase and a liquid phase;
(d) substantially separating said vapor phase and said |liquid phase in said
flash drum (k) Heatinengpid aiidusesigamt is daidagroregphmsection tgdpun edrwaied tipmre
section to form Y r h (f) feeding said heated vapor phase
to said radi ant gsé%ﬁg%q?%gg@%&ﬁgfgq%gésUPdaPhgsgr‘ti on of hydrocarbons in said
heat ed vapor(dphasebstdriallysepyratigy daldevabbrpvadeaned sad ligwd ghasaiesaidieh dag st eam
in response to changes in at |least one operatin aranmeter of said process;
and (h) hol dhg Dﬁ@t%ﬁfmdo*ﬁpaggrefﬁvwaf BHASF Inotpid P SRy P B APV 2P2K
substantially cogant to maintain the ratio of said separated vapor phase
to said separated liquid
(f) feeding said heated vapor phase to said radiant section to crack at least a portion of
hydrocarbons in said heated vapor phase;
(g) varying the flow rate of said water and said steam in response to changes in at least
one operating parameter of said process; and
(h) holding the sum of said water flow rate and said steam flow rate substantially
constant to maintain the ratio of said separated vapor phase to said separated liquid

phase substantially constant.

26.  The process of Claim 25, wherein said at least one operating parameter of said process is at
least one of: the temperature of said heated mixture stream; the pressure of said heated
mixture stream; the flow rate of said heated mixture stream, the quantity of oxygen in the
flue gas of said furnace; the concentration of volatiles in said heavy hydrocarbon feedstock;

and the furnace load.

27. The process of Claim 26, further comprising monitoring said at least one operating

parameter.



phase substantially constant. 26. The process of Caim 25, wherein sajd at
| east one operating parameter of said process is at |east onée bPEL QWE
tenperature of said heated m xture stream the pressure of said heated

m xture stream the flowrate of said heated m xture stream the quantity of
oxygen in the flue gas of said furnace; the concentration of volatiles in
sai d heavy hydrocarbon feedst ock; and} he furnace | oad. 27. The process of
Claim 26, further conprising nonitoring said at |east one operating
parameter. 2 2 DEC 200E 23 28. The process of Caim 26, further conprising
noni t oridhg sEIEPPSsEs of Gping 3-dfugbes foapEng mwsitoringaideratie of saidl separsiad taper

i qui d phas i1t Q| : Lo I e j . eam
20" The' pr odues Sy gL G pRR Y ahlBRL R A p et oo iRt o
partial prestem of said heated m xture stream substantially constant. 30.
The process of aim?29, further conprising utilizing the heat of

vapori zation of water to control the tenperature of said heated m xture
stream291. THe@rqesag<daiof 2 uethen Bmprivibe maintirdng the dpdiacarbahi paiial pressikesm
streamis sug@r hea%ed in said convgcti on section and then m xed wth said
heat ed i xt Pl hERtPEmyKturg streappubsangially consiantcy aj m 31, wherein a portion of
said secondary dilution steamis mxed with said heated m xture stream and
anot her_portion of said secondary dilution steamis mxed wth said

separ at¥d vaderpressessel Clamn 29harthergowsising utilizngrihe fieatpiomporivatignoof watpr toy
percent (509 i i 959 of hydrocarbons in said
heavy hydr0(%?%@ﬁ@g%{hg%%ﬁ}%%léh?ﬁe@gl{xgﬁgégg&at ed vapor phase. 34. The
process of Claim 25, wherein the tenperature of said heated vapor phase is
f rom abput 00F (43 to,abqut .1200F (650C). 35. The pr.oces f C aim 25,
wher e, r1sai d KA TIBERF DOl A TS oD SR e pB IS PR LT Blanm
cracked gas cehiechdiset@si fhd @ifen ngidsd With Sid @t inigukistrearhet fuel , di esel,

ker osene, gasoline, coker naphtha, steam cracked naphtha, catalytically
cracked napht ha, hydrocrackate, reformate, raffinate reformte,

Fi scherz;Tr opsfehhrdde U fdSaind™ 8 GHRFein & BRSIGR 0D RSE SocoftBbMdifltion steam is mixed with

said heated mixture stream and another portion of said secondary dilution steam is mixed

with said separated vapor phase.

33. The process of Claim 25, wherein about fifty percent (50%) to about ninety-five percent
(95%) of hydrocarbons in said heavy hydrocarbon feedstock are in said separated vapor

phase.

34, The process of Claim 25, wherein the temperature of said heated vapor phase is from about

800°F (430°C) to about 1200°F (650°C).

35. The process of Claim 25, wherein said heavy hydrocarbon feedstock comprises at least one
of steam cracked gas oil and residues, gas oils, heating oil, jet fuel, diesel, kerosene, gasoline,
coker naphtha, steam cracked naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases, natural
gasoline, distillate, virgin naphtha, crude oil, atmospheric pipestill bottoms, vacuum pipestill
streams including bottoms, wide boiling range naphtha to gas oil condensate, heavy non-

virgin hydrocarbon streams from refineries, vacuum gas oils, heavy gas oil, naphtha



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

bot t oms, vacuum pipestill streams including bottons, w de boil Pidgbalile
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contam nated wth crude, atnospheric resid, heavy residium C4's/residue
adm xture, and naphtha residue adm xtdfre. 36. The process of C aim 25,
wherei n sai d heavy hydrocarbon feedstock conprises |ow sul fur waxy resid.
37. The process of Claim 25, wherein about sixty percent (60% to about

ei ghty per cefbtapgagl with caide.datmesphgrin (agido beav oesidiBad St s Idvg dminyr| ndg

poi nt bel ow ghaid rLi00GGRIRC) . 38. The process of Caim 25, wherein said
heavy hydrocarbon feedstock has a nomnal final boiling point of at |east
about 600F (320C). 39. The process of C aim 25, wherein said separated vapor

phase a m_nal boi,Li n oi nt, . _bhel.ow about .1400F (760C). 40.,.The
pr ocesrs]?b‘(s')f C]lr!1 gipﬁ’? % gfrv}hdlgp%lb% ‘f’%égf' 5%@?’3 %‘iyuhrygmcg?rgg%fe&é%%c&t°(e°81pﬁ1is tlﬂ\yéu@frr eam
is from abauxye&@f (320C) to about 950F (510C). 41. The process of Caim

25, wherein the pressure of said at |east one flash drumis operated
bet ween about 40 and 200 psia (280 kPaa) and about 200 psia (1380 kPaa). 42.

The progess B ptdcadsBr €aimWBEH fdrfin B4 siB RFce 808 PloAbsi RfityHeRechilBhRFtced to
said heated heavy hydr ocar bon feedst ock using a doubl e sparger assenbly.
43. The proceddcofy helrgcarbapfeedgnsk disn bpaling it bélewapeutd PO HEEWABL y i ni m zes
hanmer of said steamand said water in the heat exchange tubes of said
convection section.

38. The process of Claim 25, wherein said heavy hydrocarbon feedstock has a nominal final

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

39.  The process of Claim 25, wherein said separated vapor phase has a nominal end boiling point

below about 1400°F (760°C).

40.  The process of Claim 25, wherein the temperature of said heated mixture stream is from

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

41. The process of Claim 25, wherein the pressure of said at least one flash drum is operated

between about 40 and 200 psia (280 kPaa) and about 200 psia (1380 kPaa).

42. The process of Claim 25, wherein said water and said steam are introduced to said heated

heavy hydrocarbon feedstock using a double sparger assembly.

43.  The process of Claim 42, wherein said double sparger assembly minimizes hammer of said

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





