APPARATUS AND PROCESS FOR CONTROLLI NG TEMPERATURE OF
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[ 0001] The present invention relates to the cracking
of hydrocarbons that contain relatively non-volatile
hydr ocar bons and ot her contam nants. More
particularly, the present invention relates to
controlling the tenperature of a heated feed directed
to a flash drum whose overhead i s subsequently
cracked, pA&PRARATHSIANDRROGESS FOR €ONTROLIING
BACKGRIEMPERATHRE BIENFATED FEED IHHRECTEDILO AFLASH
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crack various hydrocarbon feedstocks into ol efins,

preferably light ol efins such as ethyl ene, propyl ene,
anfIRLP e THICOINYVENTION| st eam cracking utili zes a
pyraolysis furpace that has two main sectjons:
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vzg wherein it is typically heated and vaporized by
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tion and b egt contact with steam The
va 8???%£% 5%%?%%& %and steam nixture is then
i ntroduced into the radi ant section where the cracking
takes place. The resulting products including ol efins

I eBA@K(ER(HyNDIQEiHIE ANVENTF@N f urt her downstream
ncl udi ng quenchi ng., [0003] Pyroly5|
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pyrolysis pr cess OWEVEr, ce§

t edilylene, Cpropiyleget and ollsmﬂvsgh Cfmiveﬁtllbr&ﬂ seinghdracking utilizes a
material s known as tar. Tar is_ a high-boiling point,
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furnace as a liquid (except for light or low molecular weight feedstocks which

enter as a vapor) wherein it is typically heated and vaporized by indirect contact
with hot flue gas from the radiant section and 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 downstream processing, including quenching.

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

boiling materials tend to produce greater quantities of tar.



boiling materials tend to produce greater quantities

of tar.[0004] The formation of tar after the pyrolysis
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mnimzed by rapidly reducing the tenperature of the

effluent exiting the pyrolysis unit to a |evel at

which the tar-formng reactions are greatly sl owed.

This cooling, achieved in one or nore steps and using

one or nore nethods, is referrded to as quenching.
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oi [06pbr oducbsmost commercial naphtha and gas oil crackers, cooling of the
effluent from the cracking furnace is normally achieved using a system of transfer
line heat exchangers, a primary fractionator, and a water quench tower or indirect
condenser. The steam generated in transfer line exchangers can be used to drive
large steam turbines which power the major compressors used elsewhere in the
ethylene production unit. To obtain high energy-efficiency and power production
in the steam turbines, it is necessary to superheat the steam produced in the
transfer line exchangers.
[0007] Cracking heavier feeds, such as kerosenes and gas oils, produces
large amounts of tar, which lead to moderate coking in the radiant section of the

furnace as well as rapid fouling in the transfer line exchangers preferred in lighter

liquid cracking service.



| arge anounts of tar, which |ead to noderate coking in
the radi ant section of the furnace as well as rapid
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lighter liquid cracking service.[0008] Additionally,
during transport some naphthas and condensates are
contam nated with heavy crude oil containing
non-vol atil e conponents. Conventional pyrolysis
furnaces do not have the flexﬁbility to process
resi dues, crudes, or many residue- or
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temperature is effected with air and steam.
[0011] 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
polymerization reaction of the hydrocarbons thereby inhibiting coke formation.
[0012] U.S. Patent 5,580,443, which is incorporated herein by reference,
discloses a process wherein the feedstock is first preheated and then withdrawn
from a preheater in the convection section of the pyrolysis furnace. This

preheated feedstock is then mixed with a predetermined amount of steam (the

dilution steam) and is then introduced into a gas-liquid separator to separate and



[0012] U.S. Patent 5,580,443, which is incorporated
herein by reference, discloses a process wherein the
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preheater in the convection section of the pyrolysis
furnace. This preheated feedstock is then mxed with a
predet erm ned anobunt of steam (the dilution stean) and
is then introduced into a gas-liquid separator to
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econom cal ly attractive as cracking feeds. Suc
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oq)spufs.that usual |y carry crude. However, crude Lo

oiling point ranges. At times, condensates obtained from gas fields and typically

boiling in the range of from about 38 to about 315°C (100 to 600°F) are
economically attractive as cracking feeds. Such condensates are typically
transported most efficiently on ships that usually carry crude. However, crude
from previous cargos can contaminate the condensate with resid. When processed
in conventional steam cracking equipment, all of the condensate and the non-
volatile fraction of the crude oil contaminant will boil before reaching the flash
drum used to remove the resid. As a result, the non-volatile fraction will lay down

. in upper convection tubes of a furnace as coke. Inasmuch as conventional

steam/air decoking procedures are typically too cool to burn this coke present in

the upper convection tubes, mechanical cleaning of the tubes is necessary at great



from previous cargos can contam nate the condensate

with resid. When processed in conventional steam
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vol atile fraction of the crude oil contam nant wl|
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down in upper convection tubes of a furnace as coke.
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m xture streamfromthe first tube bank and
steam, a section for reheating the high pressure steam, and an outlet for

withdrawing superheated high pressure steam; and (c) further comprising (i) a
bypass line for receiving the heated mixture stream from the first tube bank and
(i1) a fourth tube bank positioned beneath the second tube bank and the third tube
bank which comprises an inlet connected to the bypass line and an outlet for
directing effluent to a vapor/liquid separator; and (d) a fifth tube bank positioned
beneath the fourth tube bank with an inlet for receiving overhead from the
vapor/liquid separator and an outlet; and II) a radiant zone beneath the convection
zone which includes a plurality of burners producing flue gas passing upwards

through the radiant zone and convection tube banks, which radiant zone receives



(ii) a fourth tube bank positioned beneath the second
tube bank and the third tube bank which conprises an
WO piostiiennect ed to the bypass |ine and an out PEL/USTHN5/017482

directing effluent to a vapor/liquid separator; and

(d) a fifth tube bank positioned beneath the fourth

tube bank with an inlet for receiving overhead from

the vapor/Iliquid separator ang an outlet; and Il1) a

radi ant zone beneath the convecti on zone which
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[0016] I n another aspect, the present invention
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the high pressure steam, reheating the high pressure steam, and withdrawing

superheated high pressure steam from the third tube bank through an outlet; (d)
directing the heated mixture stream by a bypass line substantially external to the
convection zone for receiving the heated mixture stream from the first tube bank
to a fourth tube bank positioned beneath the second tube bank and the third tube
bank, which fourth tube bank comprises an inlet connected to the bypass line and
an outlet for directing a pdrtially liquid effluent to a vapor/liquid separator; ()
flashing the effluent from the fourth tube bank effluent in the vapor/liquid
separator external to the convection zone to provide a liquid bottoms phase and an

overhead vapor phase; (f) directing the overhead vapor phase to a fifth tube bank



super heated high pressure steamfromthe third tube

bank through an outlet; (d) directing the heated
WwWOorRRosatE1st ream by a bypass |ine substantial | yPERUS2005017482

to the convection zone for receiving the heated

m xture streamfromthe first tube bank to a fourth

t ube bank positioned beneath the second tube bank and

the third tube bank, which fourth tube bank conprises

an inlet connected to the bypdss line and an outl et

for directing a partially liquid effluent to a
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weight. Odinarily, a reference to a conpound or
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[0019] Unless otherwise stated, all percentages, parts, ratios, etc., are by

weight.  Ordinarily, a reference to a compound or component includes the
compound or component by itself, as well as in combination with other
compounds or components, such as mixtures of compounds.

[0020] Further, when an amount, concentration, or other value or
parameter is given as a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair
of an upper preferred value and a lower preferred value, regardless of whether |
ranges are separately disclosed.

[0021] As used herein, resids are non-volatile components, e.g., the

fraction of the hydrocarbon feed with a nominal boiling point above 590°C



conmpound or conponent by itself, as well as in

conbi nation wth other conpounds or conponents, such
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amount, concentration, or other value or paraneter is

given as a |ist of upper preferable values and | ower

preferable values, this is to be understood as

specifically disclosing all ranges forned from any

pair of an upper preferred vaBue and a | ower preferred

val ue, regardl ess of whether ranges are separately
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y\n% TRAIRS GipEn I}?ﬁlgﬁh@c r%assica e’he%\@/agil,s pisnanhtha fzontaminated

g%&ggﬁyggﬁ a%ilé!sﬁlh‘ré‘éés ?ﬁgigﬁg,g‘ el fiegi’dm!,d "RAEafER Y residue
admixtures, hydrogen/residue admixtures, C,'s/residue admixtures,
naphtha/residue admixtures, gas oil/residue admixtures, and crude oil; especially
crudes, atmospheric resids, contaminated condensates, and contaminated
naphthas.
[0023] The present invention relates to an apparatus or process for
cracking hydrocarbonaceous feed, wherein the temperature of heated effluent
directed to a vapor/liquid separator, such as a flash drum, whose overhead is
subsequently cracked, can be controlled within a range sufficient so the heated
effluent is partially liquid, say, from about 260 to about 540°C (500 to 1000°F).
This permits processing of a variety of feeds with differing volatility, such as

atmospheric resid (at higher temperature) and dirty condensates, such as crude- or

fuel oil-contaminated condensates (at lower temperature). For example, a very



napht ha/ r esi due adm xtures, gas oil/residue
adm xtures, and crude oil; especially crudes,

w@eowapdTes i ¢ resi ds, contam nated condensat es, PERTS2005/017482
cont am nat ed napht has. [0023] The present invention
relates to an apparatus or process for cracking
hydr ocar bonaceous feed, wherein the tenperature of
heated effluent directed to a vapor/liquid separator,
such as a flash drum whose oVerhead i s subsequently
cracked, can be controlled within a range sufficient
soligltecrideaduet] aeflfapisdras aimsodquaate iaaloluyt of @siiddlyetsaight hidedrto enter
abqut 260 to about 540C (500 to 1000F). This permts
pr Besenyssgonsectionf thetlgwer infes becauss. ke gondansatag it contains a lot

vol atij | i h t p i esi d {at hj.gher . .
t elr)r%eﬁr)égt hrydg)m%%% dwgilsgrh?1 yﬁ%z ngﬁggcgatre%n’s. su IPFSSsh@,{}E deembjpe with
f ugtbarivap&ipietiaafRatie dv4RALS NHIALES tKhohQWBfile heavies at a low
tenperature). For exanple, a verylight crude such as
Tafsmpetadwrea Arldag as somemanivolstile rsidds pyesentyilgéh tenyeeature does
to_enter the convection section at the | ower inlet

beb &Bneg W@ﬁc‘@ﬁlﬂ Ertafeyeniigtion, n{rB‘F REVBFTRGES e pelpwered as
no [ : 3]0 [ .
ConpaHL Ty, I Do Y FAETLPRNInL, HIRRSCh TR infe o o

t heonvectionosertibh,e(il) érareBingathe arali® Wi tvengdtaibl hfxtuASadd@ddo the
as. some non-volatile resid is gr esent, this : .
t elyrpearbenaceys feetb(iip painger higepressuts hodlst feed water economizer

conc than. Jdhe_t erature can be | owered as

ne{ez)d 2%5@\?; ?1%& r;lrvgv?u | {r?g%a%% lflégeh Or 8 &d ﬁﬁe?rfloﬁ)alremo‘.'? heat, (v)
dovfisksiaan iaranbdibet fortidn df CR¥EHlCAM $8&onOMsed é.?), preheat
increasing the ratio of water/steam m xture added T0

t heovisy df detwr bankac esdssdribed, aboive, pndier ig) aetiagiy excess oxygen
pressure boiler feed ter econom zer to renove heat,

(i St o iR e 55 g B aion: ks b ri<ifrvanR dpéath the
(VdorR¥BRHSIRHoR hilites B RAAG! il i

conovecti on se?:ti g?ldﬁgggd, e&f?&%?% gg% %%Soé)\%glgg l%pl%ﬂéd through
bathk spbabamas cTyfiedlyalaopleraligndf durney )s vsed uchioly i€ ¥effsRnt to
oxygen content of the flue gas_ providi ng convection
heBiPY1dg unifarm dlue An deydrleatenintthe radin gens. ore-s By t20p ar even 50

in rner producing flue gas passing upward
th@gﬁgﬁ%Pﬁgggube banks. Typically, a plurality of

buppogds i s uBednWahBdimsns 6f fthei gBient GnPérdnd8hd Hhdightzone

flue gas heat release in the radi ant zone, e.g., 10,

20inckydepame®y for adjusting excess oxygen content of the flue gas, which
provides temperature control for the convection section. A sample of flue gas
exiting the radiant section of the furnace is cooled and analyzed for oxygen. The
flue gas oxygen can be controlled as a function of analyzed oxygen content by
adjusting dampers at the burner's air ducts, adjusting the dampers/louvers located
either below or above the stack induced draft fan, and by adjusting the induced
draft fan speed. Since flue gas analysis takes a relatively long time, the furnace
draft, i.e., the difference in pressﬁre between the top of the radiant section and the

outside air, a rapidly responding parameter, is advantageously used to control the

damper, louver and fan speed adjustments.



or nore burners. [0024] In an enbodi nent of the
present invention, the radiant zone includes a neans

w0 o00sadi7ust i ng excess oxygen content of the flREr/gsmps/017482
whi ch provi des tenperature control for the convection
section. A sanple of flue gas exiting the radi ant
section of the furnace is cooled and anal yzed for
oxygen. The flue gas oxygen can be controlled as a
function of analyzed oxygen cbhtent by adjusting
danpers at the burner's air ducts, adjusting the
dal¥925ls/ | ouvens embodinecht @if tthe presaitdwvantioabowerisbea line which

stack induced draft f p. can by adj usting the induced

dr Bmesses At %%éd’.oné?%‘?}g ¢ Mét%g‘age bank apdivehase ket is directed to
rq%?g&&ghxwhp alidfe, the furnace draft, i.e., the

di '

erence 1 n pressure between the top of the radi ant

sefo02@n and Ahentbeld&hél ofithe pRséRhdtnYioh %H@ﬁgfg‘g first transfer
paraneter, is advantageously used to control the

dalifseexchangey dor raeeivingncrephedcefBu¢ni Stare rihe rdd62 ShnEne transfer
odi nent of. the pr esepetél tiﬁnvent ion conprises a |line

e f

i ey aed olidte RacSeL 158, EmoHng (eREhD aRMuFIE ubR. second
bafdssfrdineh ! il i
vapor/ 1 i qui %&?S‘S%e? b ngﬁgde]d%%ﬁg??%‘g S8 the firt jransfer line
prexshangei hv prutviidenadiditipual sfuent Guerschirel anSfe@bvdry Min is placed
exchanger fqr recejving cracked effluent fromthe .
ré&“ﬁﬁ&e%ﬁg?hett?’?@sfef lingpxghangeie exchanger having an

Oubbeh O | BB Ao AHERED TRk SIL bR 1RSI0 Braduring water

transfer |ine exchanger can

t hedfstoast areraspsdifed Withea SERRATELMILiA PROWLAE the steam, and the
addi tional effluent quenching. A recovery trainis

plfaedstpciownst r eam of the transfer |ine exchanger.

[ In one enbodi nent he one. or nore_inlets for

i ﬁ@ ﬁzodduci ng %Fmgﬂﬁenéef%ath? é(‘lpBera@ieéc‘F atseds o5 iroducing feeds
sparsel fiom Mhi hgondRtigg - [ QAM a1Al i
feec?st ock. [0028 Ffr?l an er%b%d?itrrgﬁ%cg S) é al}%ggﬁzﬁeitpﬁl é?SIC}SS and
usedddnsates whichdwoiaimgatflesstsbae D epirelsy feight [ppen(9HPieids.

c |Sting qf crude oil, atnospheric resids, and
c 3%@3 sates (iWﬂnE eRkoKiBeH: e fPedsdte thngnperanjsp aepselected from

WehdBoup BRI Wk JreRld%il and atmospheric resids.

[0030] In one embodiment, the lower inlet is used for introducing feeds
that contain at least about 2 ppm(w) resids. Typically, such feeds are condensates
that contain at least about 350 ppm(w) resids. Where such feeds are employed,
their temperature prior to introduction to the vapor/liquid separator can be
provided at a lower temperature as needed by adjusting excess oxygen content of
the flue gas. The excess oxygen content can be adjusted to at least about 4%,
particularly for the less volatile heavy feeds. For more volatile lighter feeds,
excess oxygen content is preferably adjusted to no greater than about 3%, say, to
no greater than about 1.5%.

[0031] - In an embodiment, the process of the invention further comprises
bypassing at least a portion of the fourth tube bank and directing effluent taken

from an intermediate portion of the fourth tube bank to the vapor/liquid separator.



[0029] In one enbodinment, the feeds to the upper inlet

are selected fromthe group consisting of crude oil
wa@easatitnspheric resids. [0030] In one enbodi nRC/PS1008017482

| ower inlet is used for introducing feeds that contain

at | east about 2 ppm(w) resids. Typically, such feeds

are condensates that contain at |east about 350 ppmlw)

resids. Where such feeds are enpl oyed, their

tenperature prior to introduction to the vapor/liquid

sagarator can be provided at a | ower tenperature as

ndd884 by adipuan erBodineat wheseya eerond ritaaster dine teehdnerefurther

d to at

- adj
P epdl o SRR ¥ ARRe BRI 6P S5 i e rfanger, e
hesivfins #66Sthe Ffﬁfthé’@(]@en\éﬁ’é@hiakgeéij !algftﬂl{é:lgtr ?Ifeer%gévergcf(fn:?srecovery

oxygen content is preferably 0 NnO grea

t Heemn.about 3% say, to no greater than about 1.5%

[ In an enbodi ment, the process of the invention
f&B&#@r conpfi s PpdEsh Q1 dhe |psessss, ahp drydrenarbwnateoes feed
f Qidhiabhi . ' i ng, ef.fl uent taken froman. .
i nt erar%lé‘gg%t%lecplggglte ?tgg f‘oH ﬁgllét 0 r?lLal}‘ﬁ%oé’dB ¢qgtgrpgated with

vapsidd lih qhé @fdeparfesortht 0032h hbe daneHRGAER mh Fhforfiquid
second transfer |ine exchanger further quenches th
qUePREReH Isonaiptednt dett fi¢nyeanatufeas dess dhdni ateuit 3 150GS(600°H)i Mpically,

e er,. the ol.efins.fromthe fyrther quenched

cﬁggsg P tf"feﬁe?l"?ﬂgr ot Srléadl?‘i plediSy kY thamjahout 290°C
[ @88®F).| n one enbodi nent of the process, the

hydr ocar bonaceous feed containing resid is selected

f 18934]li ght dnude eiibodimertondersAat srocast A @A eGvMitidd, the

r?&i ds in the effluent fromthe fourth tube bank
iy drorahonasepeiegd saptaiming fegidsis seleeted froms theagmoup icomsisting of

t 315C. (6 F) . .
T TP RS TRLAE Sl Sk 2B e Bt n Op sl cfftuen
efffdnuthetfoartie tube Sank hedirabaub RO ot/ AT0E) sephiBR34H mhihtied at
enbodi nent of the process of the'invention, the

hyRIFRFERHISS P4 @k drast 2wt 40976 BISNPRy saysit dedss alseit d60AT (860°F),
A SEOHRURUBCH Ry L FEUT Bl o ospher
eflé03sgnt In one embodiment of the process, the feed is introduced to the first
tube bank through the upper hydrocarbon feed inlet.
[0036] In an embodiment, the feed is introduced to the first tube bank
through the lower hydrocarbon feed inlet. Typically, the feed contains at least
about 2 ppm(w) resid.
[0037] In another embodiment of the process, the feed is introduced to the
first tube bank through both (i) an upper hydrocarbon feed inlet and (ii) a lower
hydrocarbon feed inlet. The feed can be selected from the group consisting of
crude oil and atmospheric resid.
[0038] In an embodiment of the process, a feed that contains less than
about 50 wt.% resid is introduced to the first tube bank through the upper
hydrocarbon feed inlet. The feed can be selected from the group consisting of

crude oil, atmospheric resid, and heavy or contaminated condensate.



fromthe fourth tube bank is directed to the

vapor/liquid separator is maintained at tenperatures
wo@Rooati1d7zenst about 400C (750F), say, at |east BODUS2005/017482

460C (8600F), e.g., ranging from about 400 to about

5400C (750 to 10000F). [0035] In one enbodi nent of the

process, the feed is introduced to the first tube bank

t hrough t he upper hydrocarbon feed inlet. [0036] In an

enbodi nent, the feed is introbliced to the first tube

bank through t he | ower hydrocarbon feed inlet.

t Riguree d d deraefs adth gpparatus afor abdang shydpovarbonaceous

| th nbodi t of .th
[ﬁ%g%e ‘%CCQ%‘* Fiabt SR PR ERaTFAge Tates. BuRRoPhRRGRgids. and
boddndéhsatedN wHRREH MY fleqs %@nth}fﬁg‘ﬂf il ?Jm@nlgle{' ' he -~ fpppratus

| ower hydrocarbon feed inl et eed can be se
f reomprises gfiongcecd sostprisimgaf radiantection 184ghdd H@ﬁ)l@btﬁrﬂ gection

rﬁﬁkg !0038 I n an_enbodi ment of the process, a feed
TISTHS2 PRIVECHMEPDSISON LS Wﬁr%tﬂbﬂs benl 108 ComPHSlng an

f t bank th h t he
LA Bob el 1 AR QU BE 18 S o
t hﬁtrgdiﬁthh}ig el 94l Bg.,Ofia @lrd—iﬁﬁ d}@&h‘ er, ﬁ{eni%§ Bk %ﬁo%ﬁisdof water
and heavy or cont am nat ed condensat e. 9] Figure 1

depidc steara rcaapplingt ismpematurer mcmeng)m;mux;ctar dodnmmb estent. By

d f di | udi
e Pk iAo T TP IR Ca S P Bha oo rpeing the
al tembetite $0H8EH aﬁ&pm be heoses% td Mb&ik 1 éﬁk@ (PP 200%%). An

conpri ses a furnace COfT'prl sl ng a radlant section
1 Gohitlghtil 6eis poomiéat fooa hezﬁed mituiQfreamnfpdh $hefirsttube bank 108 and

convection zone containing a first tube bank 108

ﬁiﬂiu 15fhg P&?G&Spwé}pori%?ro%a?%hm d&8 whickebynasees 4 sicend tube
f ' t o f iyt
kTSR ) g A (R RS i

ansecortdsaraf thit @be dacksstheaphCRnithalibd Bk SlIBEI RS M E tHeMheated
the apparatus, to a limted extent. By swapping water

f Sreapamases ﬁlnpaglaﬁwﬂl tgbevinudf ottentl2Bs Anbbemrdsedecond tube bank
[ 58 08 LR ASREARL U S ] 2SR J DT ST RN BP0 e 152 for
?Bgtémgg;ﬁlkgfl%h pgeﬁgﬁé BélldF fadd WS hdRAT &t & hGrd éf sbbut 110°C
(230°F), further heated within the furnace 102 to a temperature of up to about
310°C (590°F) and removed as boiler feed water of greater heat content via
economizer outlet 134 and directed to a steam drum/boiler. When crudes and
atmospheric resid feeds (with relatively low volatility) are cracked, less or no high
pressure boiler feed water flows through the economizer. This maximizes flue gas
temperature above the economizer. When high Volafility feeds are cracked, e.g.,
dirty condensates and dirty naphthas, more high pressure boiler feed water flows
through the economizer, producing cooler flue gas and relatively cool condensate
above the economizer. The economizer can absorb roughly an additional 9 MW.
The economizer allows energy efficient furnace operation no matter which feed is

cracked. For example, because some liquid must be present in the mixture

entering the separator drum, its temperature is lower for dirty condensates than for



feeds into a process junpover or bypass |line 118 which

bypasses a second tube bank 120 and a third tube bank
wazestes7as fourth tube bank 124 positioned bel oRCT/H82005/017482

second and third tube banks through fourth tube bank

inlet 126 and the heated stream passes through fourth

t ube bank outlet 128. A separate second tube bank 120

is an econoni zer whose econom zer inlet 130 is

controll ed by valve 132 for ihiroducing high pressure

boiler feed water added at a tenperature of about

1190¢s(@30063phefiortdidy. Theatoydrwembemturd erdvides ackewtd 2rossover

to a ter{gerature of up,.to about 310C (590F) and. )
r FBPEFIUE 3pdiq Sieatep Eylighichert BRAUgFPRSRepr Rispacecliing. Rer unit of

Vi anjzer ) irected to a steam .. .
i SRPERARETAR Y b b Bn xR A b Bp bl frine. he
( viohtensateafobd ety td GWradihtzohé isyaboat €0 & M0 IBKShEX for the
no hi gh pressure boiler feed water flows through the

ecwavier feqds, Tesubingaiti ercess hedtuantering thenpevattiome zarzov But the
the ecopnom zer. Wien high volatility feeds are

cr%{sﬁgqﬂm@ .OéﬁzghoﬁfFWe_ elrEd PVRteT iR dha s PRgmEzsE Rt the extra
Neat Rh@Rnprigs eheedih | RELdE e\gﬁli\éﬁtig lin f YRk dRH 9D dddGional
econom zer, producing cooler flue gas and relatively

c oclluabtn degls gtressatro \seeatnh én ethenswhme drunthe HaeN@dinpared to a

can absorb roughly an additional 9 MAN. The econom zer
al fogvEtionat fynases duingrondensaig opermpiennless deads seacked, but more

I i 0 , use . .
1 g0t B e B R SR T s psiconed
- sepacah e Afstfbeitagk beAPEhBises Qniiflet PICFort@sh Sleldu¥e steam, an
condensates than forcrades or atnospheric resids. The

| dkst 138nfver mixing dspupgrhtatsr avatemevithc said sliglerpressure steam and
temper.ature .and a greater radi ant reqyirenent or

¢ PR B s et Ehaen B s thtiae spperheated
atHips PRAGIE i@, dSatiatddORSIAN pIERNY U 5b6 PG anli e 3°C (1500
condensate feed rate to the radi ant zone 1s about 10

t psehand 600V [sefed fromathefstaant tmmnh etathe eop dLedSurnace to a bank of
resulting in exgess. heat entering the convection zone. .
BOTYSRL0gy BRES IR o Bt U 5P riBSd9Ne 4901 do0Baa Then, just

. d r .

LR T WNERRIRA, ot B USSR e et o e

C drigte ptesslirt ateagdibirouphad cotabidedcentbdl Gl A6/idee aSdeBDN called
in the steamdrum Thus, conpared to a conventiona

f thelesupcghgaiaig dbaddersmtis diseehadi habonteds594A00°F) and is
CrRBKGHentB belBled to about 510°C (950°F). This 510°C (950°F) outlet

temperature is controlled by the quantity of the high pressure water added through
the desuperheater. The intermediate steam quenching by the desuperheater allows
the use of less expensive convection tube alloys and produces more high pressure
steam than other ways of controlling the outlet temperature.

[0040] Inasmuch as it is important that the feed to the liquid/vapor
separation apparatus or flash drum 142 be at least partially liquid, the temperature
of the heated mixture stream exiting from fourth tube bank outlet 128 is
advantageously maintained at a temperature to effect this, say, less than about

290°C (550°F) for condensates. At 290°C the resid, a fraction of the remaining



hi gh pressure steamis produced. The separate third

tube bank 122 is positioned beneath the first tube
whaook/1831B conpri ses an inlet 136 for high presBCr/Es2005/017482

steam an inlet 138 for m xi ng desuper heater water

with said high pressure steam and reheating said high

pressure steam and an outlet 140 for w thdraw ng

super heated high pressure steam Saturated steam

typically at 10,500 kPa and 3#5C (1500 psig and 600F)

is fed fromthe steamdrumat the top of the furnace

t sTedenihrowamiyAy aad iacmallufyegtiontifhe hemadensdte cemersa the liquid

about 2 00F). The [Ust exterior to the )
e Frfebeoriohins Shdsh obif Bladibheiic fesids” nbeie pasearng heat i
a 0 1.N

caaROV{) 1 ROBMBLESSHY Sopth TR OeE (ORRIRRRure of the
ddeehenthiing dre. flathedratreenm bs at)l@ncitRt uooabm0°3)’lg§%eferably at

(gOOOF and i s subsequent|ly reheated to about 5
( 9%FHRYout 1igp <C S5YUEF} 9B Hhis dernpeature mpest Autinet dlkof the crude or

. ity of the high t
oA e A E RNt or hei ntermodiate
st{eedm]quenc THRghdyed BExHRS $REHN TRIL foikh QB b ggﬁetofzs is

| ess expensive convection tube alloys and produc
nstizgctsil i flpshedryr (er kneckout dram) ddR ¢hirougly Saf drum inlet 144 which

controlling the outlet tenperature. [0040] I|nasnuch as
i ©2R G i %??@ﬁﬁyttﬁ%&e“f‘ﬁlet‘? é]é%l%%mt Wé{ll tog E}fﬁﬁtv%&ﬁng- Liquid
S @arRhiben Fb@ﬂ?g@tr&ﬁo&rd ft}ln%ﬁgl% %o%‘lt%ﬁ&& he ! £3SY vaporous

paftially liquid, the tenperature € heate

mioxtuhead, st.g.canlenn $tearyhldooarbon rabord, Ubeeavdd iblgdt overhead
128 i s, advant ageously naintained at a tenperature to
ePHE 1480 ﬂ}e wpgrous oyerheachthen pasres 1 Gt tyiB5@DE)10opositioned
cQRAens . [esi fraction of the .
r ggml ni ﬁ%??ﬂla@%ﬂéﬁo%h‘bg?ﬁalﬁgﬁéﬁf%%ﬁrﬂ&ergﬁﬁﬁlﬁlg ppdisipgRved via

ofoutlbet SdaherRph diRsBRARA¢ $56 APmbhi@did SBRES&tadt2bnd fRAShich
such as crudes and atnospheric resids, where | ess or

néndhedes bumere i rradusing flee gasopresing epwerdshilyrovglp drei radidnt zone

S r te he tenperature of the feed entering
t%@égﬁg§%@%}ﬁW$§%ﬁmbe at | east about 400C (750F),

pief42] ably athel Sasiint %@Qﬂ&es&%&?gé@gﬁ%e) ﬂuéo‘gag LS be controlled,
[T of t or

tenperature, nost but not a e crud

arnpidihgrvet an edditonal meant he bvagaen thd aseperdt0R4bhedliged in the

heated nmixture streamfrom. fourth tube bank outlet 128

i process. en cracking low volatility feeds, the furnace can be operated with
relatively high excess oxygen in the flue gas, say, from about 4 to about 6%. But
when cracking high volatility feeds, the excess oxygen can be reduced below
about 4%, such as 2% or even lower. This reduces heat to the convection section
by about 3 MW to about 9 MW.
[0043] The effluent from the fifth tube bank outlet is cracked in the radiant
zone and cracked effluent is removed through outlet 162. The cracked effluent
can pass from outlet 162 to one or more transfer line exchangers 164 and thence to
a recovery train via line 166. The cracking of certain feeds such as condensates

can result in low flash drum and crossover temperatures which tend to require

addition of more heat by the radiant zone where cracking occurs, e. g., condensate



directed to flash drum (or knockout drum) 142 through
flash druminlet 144 which can be substantially

wo angem7iil to the drumwall to effect sw rli nRCT/UBZPOF/ai7482
hydrocarbon resid is renoved through bottons outl et
146 and a vaporous overhead, e.g., a clean
st eant hydr ocar bon vapor, is renoved through overhead
outl et 148. The vaporous overhead then passes to fifth
tube bank 150, positioned benkath the fourth tube
bank, via inlet 152 for further heating and is renoved
vi HPEaHY equirss abpit gl APBYDmdditidnahbeathg muddhmmafféas digher
1 o radiant zone 104 which incl.udes hurners 160 .
p?tg%cnll%ta ft?rﬁ%er%%%espggcﬁi%ﬁesﬁﬁ’ﬁaF ng Hpoﬁ@hr%d%ltr%f@ieantThese
Z oidARds AR VIR hifeRotauee b?e‘iﬁ&%asi{lé)%@]lengﬂ? T "oillor tube)
excess oxygen in the flue gas can be co r ol e ,
presupldyedginythe ratiardudne,i myafronednst Lo hbeadmnydt B, about 10%,
te erat%re range usgg in the process. \Wen cracking

GHRIFA §xignding g dadippfecail frameaboshA2 ve to pbeuit Bdm40hto 44

r [ ' - ©X C.0 in..the flue.gas, sa ) .
{ Bl MK S fid i OERRIOTNIET A son RS 37 R Wpheric resia
vadradkig, byt ibagdsunidpiexepsls feyygen can be reduced

bel ow about 4% such as 2% or even lower. This reduces

hdf044lo t he Kisvige?dt dapicts et pppardys dbo erackingdAhy droafrdohaceous
9 043] . The.effluent fromthe fifth tube bank

o1 P e S st 0 ot abmerpRede resids and
efdoh#@Rbted. SFERIRUE ad a{leé‘sgelhdodﬁ%xé%hteg)iggesicigwgq&ﬁ%é KeSe heating

ef fluent can pass from outl et one or 'nor

t reates flaough me vpperhaley evhsle Feellsanch b @i econdersate8 CRMPAINAS, and
train via line 166. The cracking of certain feeds such
akCESHRfSeatinge syt hesting erq addedviommatpararinm kemer inlet and are

glfreg gs:ggqﬁleegtg%;e%‘%ﬁes&tﬂ@ﬁs?a A&hd to require addition

e radiant zoné where cracking

0q0s, e. g.Thecapsenadt @intRiseald Yumaui02ScaRind5C radiant
(1500F)_ additional heating and thus effects hi gﬁ%gs racdian
t Feeianet04|and appByestion sectipn 06 xompsising acokiention mobdeontaining

S RO S RO B B ol o b, o
e a9 AR PSRN Rt e
f delat 2ofor intpodwucing fabdsuguch 3s ;dir(}ﬂfﬂ)ﬁdens@ﬂes, an inlet for introducing .
dilution water 212, and an inlet for introducing dilution steam 214, the respective
amounts of dilution water and steam controlling temperature to an exteﬁt in the
apparatus. An outlet 216 is provided for a heated mixture stream from the first
tube bank 208 and feeds into a process jumpover or bypass line 218 which
bypasses a second tube bank 220 and a third tube bank 222 to a fourth tube bank
224 positioned below the second and third tube banks through fourth tube bank
inlet 226 and the heated stream passes via fourth tube bank outlet 228.
[0046] A separate second tube bank 220 is an economizer whose
economizer inlet 230 is controlled by valve 232 for introducing high pressure

boiler feed water added at a temperature of about 110°C (230°F), heated within
the second tube bank 220 to a temperature of up to about 310°C (590°F) and is



feet), which results in a slightly lower selectivity
for crude or atnospheric resid cracking, but |onger

wo ewshedtgg hs for all feeds. [0044] Figure 2 deptTUS20851017482
apparatus for cracking hydrocarbonaceous feeds
sel ected from di sparate sources, including crudes,
at nospheric resids and condensates. Feeds such as
crudes and atnospheric resids requiring nore heating
enter through an upper inlet-While feeds such as dirty
condensat es, naphthas, and kerosenes requiring | ess
hergtriovgd as bighgdessuctdwiist foed waiter of grenterhebind@iter@ Rth @bRomizer

| ti heat t f . [0045
THOEE 03 o s A 2011 e 0BRGN | 2 ng

r a@dpamt sectd hon sectiqn 20
co b?ﬂsi ng aTFg%%eégréh%e?@%d?%%g&\ég%?g?W Rope ibleg‘fa%i‘ thirst tube
bk 208 conppisésihlaR36EBERghYHERGR! R, T8GH et BBE For mixing
210, for introducing feeds such as crudes and

at ¢asupakeates waser wish said Ihighepressyictr Sieam roheatiag df isakidiiglPpressure

for intrqduci s such as dirty condensates, an

| s o e AABTRE R e Sinetibeet biaross ssem.

| njogasyf or i NkEQAMGI BY ik U 4 iqui

rellspec]tive anount s o? ldilkuﬁﬁgﬁaﬁm{a?grp %%dfeg{lgtgmthe liquid/vapor

Cc oseparatibn agparaaper fashrdrum@4arbeex @it partiallhBq@aPHe déHBerature
et 216 is provided for a heated m xture stream

An out s
f refrine heated paytuge gireammutinmonfauh dibs hank outlep228cisdypically

g ) [ he whi .ch asses a seco

| SRR RS Pl Bl RUBEBSRT.E S5 Im rous
t ubbe badlk odRA 208sik tdirebred 9GlaNdriie (B£%ASKkoaNdrdnY 34D through
tube banks through fourth tube bank inlet 226 and the

hefash drem idlgi?4sa sQes way #f fresducinly the benprezatirecoftthe he@@Bmixture

[0046] A separate,second.tube bank 220 is a ‘ .
oo Bieb R e BB Ao o er e st EoBi pgbnaa porton
byofvad ftRrR3ih lontiEPea | |

vvaot er adged aeI&gktogﬂ'%er a? B;ﬂ% ﬂg%‘sggg%tq EIEIP%C%JS%&%G]% 243
heatedtrallechiby vilee dSomut tisitespdadaily 2dAGdt forafeeds such as dirty
tenﬁgrature of up t o about 3100C (5900F) and i srenoved
aLORIGIAGT dUEQMECh T Qvert ieaperphirey. dtydpeaben ropids removed

c ' j e | f r
A0 R SRR Ul SR SPUED S o 245
s éfirraiperoub ovethtadbbeh padse@ @2fiftls tpeHahk 288 pdranRRl behddeh the

first tube
fourth tube bank, via inlet 252 for further heating and is removed via outlet 254

through crossover line 256 and manifold 258 to radiant zone 204, which includes
burners 260 producing flue gas passing upwards through the radiant zone and
convection tube banks. The amount of excess oxygen in the flue gas can be
controlled. The effluent from the fifth tube bank outlet is cracked in the radiant
zone and cracked effluent is removed through outlet 262. The cracked effluent
can pass from outlet 262 to one or more transfer line exchangers 264 and thence to

arecovery train via line 266.



bank and conprises an inlet 236 for high pressure

steam an inlet 238 for m xi ng desuper heater water
wowral/1sHid hi gh pressure steam reheating of seeTURI0gH017482

pressure steam and an outlet 240 for w thdraw ng

super heated high pressure steam [0048] I|nasnuch as it

is inportant that the feed to the |iquid/vapor

separation apparatus or flash drum 242 be at | east

partially liquid, the tenperatllre of the heated

m xture streamexiting fromfourth tube bank outl et

228049 t ypi cWHily theiprdsemtniedersiionshds depe rdasatibed taad éflfist@ited by

this. The heated m xture streamfrom fourth tube bank

oUEIEENco 28 Partighlag canakpdiments.o d1pselr Afnpidorark ndkdlk oot the art will

dr r oy len| 244 e way of .
o T T o T T
diHegeih e Fdr Ghish@adona send bdfRehde SHOURT BY indlRleBoRIPAS Shed hfffended
243 around a portion of the fourth tube bank outl et

2 2daims forpurppses lof detarminiigehe Bad scophef tygassnt inventa3
is controlled by valve 245 and is especially suited
for feeds such as dirty condensates introduced at

| ower tenperatures. Hydrocarbon resid is renoved

t hrough bottons outl et 246 and vaporous overhead

t hrough overhead outl et 248. The vaporous over head
then passes to fifth tube bank 250, positioned beneath.
the fourth tube bank, via inlet 252 for further
heating and is renmoved via outlet 254 through
crossover line 256 and mani fold 258 to radi ant zone
- 204, which includes burners 260 producing flue gas
passi ng upwards through the radi ant zone and
convection tube banks. The anmpbunt of excess oxygen in
the flue gas can be controlled. The effluent fromthe
fifth tube bank outlet is cracked in the radi ant zone
and cracked effluent is renoved through outlet 262.
The cracked effluent can pass fromoutlet 262 to one
or nore transfer |line exchangers 264 and thence to a
recovery train via line 266.[0049] Wile the present

i nvention has been described and illustrated by
reference to particul ar enbodi nents, those of ordinary
skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be
made solely to the appended



clainms for purposes of determ ning the true scope of
the present invention. CLAIMS What |Is Clained Is: 1. An
wappans7us f or cracki ng hydrocarbonaceous feedPCTHIE2005/017482

conprises: (lI) a convection zone containing: (a) a

first tube bank conprising: (i) an upper hydrocarbon

feed inlet, (ii) an optional |ower hydrocarbon feed
inlet, (iii) one or nore inl e{s for introducing water

and steam and (iv) an outlet*?¥or a heated m xture

st (b) at least one of: (i) a second tube bank
poéfgrﬂétﬁed beneath said first tube bank conprising an

ec i . t for introducing high pressure boiler
fe@gg%ﬁéln{fﬁwﬁan econom zer outlet for w thdraw ng

boi.l er Ageppataie for@facﬁt[r%ﬂ%@&o&&%a@&% S whng &E‘l@is@sz

third tube bank positioned beneath said first tu

bank cdipri st erpvaetidnitase coutainimggh pr essure st eam whi ch
is heated in secﬁign of said third tube bank, an
inlet for m® ng YEEhRbEhark ePmpEsiag: with said high

pressure steam-t o([i}:ool aﬂ&gnemlgﬂoge[rggﬁf%ﬁi {g{aam a

section-for reheatlng sal ressure stéam and an

outlet for withdr@p ngasepnheRiveshiirebarbe et iflet,
steam and (c) further conprising: f(l)_ a bypass line
for receiving sai@bheaenedommereiinksts for introducing water and steam,

and .
(iv)  an outlet for a heated mixture stream;
(b) at least one of:

1) a second tube bank positioned beneath said first tube
bank comprising an economizer inlet for introducing
high pressure boiler feed water and an economizer
outlet for withdrawing boiler feed water of greater
heat content; and

(i)  a third tube bank positioned beneath said first tube
bank comprising an inlet for high pressure steam
which is heated in a section of said third tube bank,
an inlet for mixing desuperheater water with said
high pressure steam to cool the high pressure steam,
a section for reheating said high pressure steam, and
an outlet for withdrawing superheated high pressure
steam; and

(c) further comprising:

1 a bypass line for receiving said heated mixture
stream from said first tube bank and

(i)  a fourth tube bank positioned beneath said second
tube bank and/or said third tube bank which



streamfromsaid first tube bank and (ii) a fourth

t ube bank positioned beneath said second tube bank
w@naso137sni d third tube bank whi chconpri ses anP@TiUs1005/017482

connected to said bypass |ine and an outlet for

directing effluent to a vapor/Iliquid separator; and

(d) a fifth tube bank positioned beneath said fourth

tube bank with an inlet for. receiving overhead from

said vapor/liquid separator -afd an outlet; and (1) a

radi ant zone beneath said convection zone which

includes a plurality ofonhiBsaeas inetconedotgl tlsakl ygsss line and

passi ng upwards through the radiant zone _and ..

convection tube banks,ga”\/vﬂ}n‘i‘?’? foéd LgHing (effuenicty ge¥apor/liquid

effluent fromsaid fifd&pahidpedaank and further

conprises an outlet for renoving cracked effluent. 2.

The appar at (g) of acfifih nulle, bartkep@sitivnsdibdnéaals isgidt fod@R fube bank

i ncludes a neans for adjusting excess oxygen content

of said flue gas.Wifh anpdetslopapcgtving overbead faorn seid gapor/liquid

that further co ' ' i ch bypasses at | east
a portion of saﬁ?#%%@%%ﬁi{%ggmgeg q?laand whose effl uent
is dirgl)ed at tadsedi howd s¥neAth Gssiidl BRPREBE Yone AwhitRSincludes a
apparatus of claiml1, 2, or 3, that further conprises

a first trambralityldf hurnexcpradeging floe gasqmesing npwardadedgh the
effluent from.said radiant zone, said transfer |ine :
exchanger hééﬂ’?fg 5‘?Peo&[1€e‘f°nfv8?thneﬁ@¥ﬁ R YRR gradiant  zone
effluent. 5rechiRs@BRRLARYS Bfd fhRWPebant B al it ?&5 ises an
conprises a second transfer |1 ne exchanger downs reames &
from sai d fiong¢t for mnsfving drackedeXitieanger to provi de

addi tionally quenched effluent. 6. The apparatus of

t ha Jurther. conprises a recovery train

clhhaim 4. or 5 i
déwnst &QSH’PB@%‘&P C[aﬂ’arﬂsfviél}er‘f”ﬂ feidgréinaingnae includes a means for

adjusting excess oxygen content of said flue gas.

(98]

The apparatus of claim 1 or 2, that further comprises a line which bypasses
at least a portion of said fourth tube bank and whose effluent is directed to

said vapor/liquid separator.

4. The apparatus of claim 1, 2, or 3, that further comprises a first transfer line
exchanger for receiving cracked effluent from said radiant zone, said

transfer line exchanger having an outlet for removing quenched effluent.

5. The apparatus of claim 4, that further comprises a second transfer line
exchanger downstream from said first transfer line exchanger to brovide

additionally quenched effluent.

6. The apparatus of claim 4 or 5, that further comprises a recovery train

downstream of said transfer line exchanger.

7. The apparatus of any preceding claim, wherein said one or more inlets for

introducing water and steam are associated with a sparger.



7. The apparatus of any preceding claim wherein said

one or nore inlets for introducing water and steam are
was®esixted with a sparger.8. The apparat us of PEIYS2005/017482

preceding claim wherein said upper inlet is used for

i ntroduci ng feeds selected fromthe group consisting

of crude oil, atnospheric resids, and condensates

whi ch contain at | east about 2 ppm(w) resids. 9. The

apparatus of claim 8, wherei n?@ai d feeds are sel ected

fromthe group consisting of crude oil and atnospheric

rei ds. [h9apprrEusphantyaprgeeding elaim,prlsreidisaigl wiper mlet is used for

wher ei n. sai;d .l ower .inlet i.s_.used,for introducing feeds .

t hat cohlj’?lgflﬁmg% \Afeggsstsegeg{?f}t fiom, he WSToPB s FoRsTSting. OEH‘Féude oil,

appar at #ghodpheticak WhEdAL hidn [

condensat esf)t hat %2%93? n ate%:s'dei%s:?h%gggﬁq% I%Stn%%ut 2 ppm(w)

resi ds.res@s. A process for cracking hydrocarbonaceous

feed that conprises: (a) preheating said feed in a

first tube bank of convecti on zone of a furnace,
sa?'d f eLOF BEARUS At aﬁ%geéi" B% s31¢ fegds ore selpried &k the group

t hr oughe Rkislifast c19B8 o ting & . hydrocar bon feed
inl et andls(ligl) a Fo&gf‘n%é{é%"éggerr%g‘%g %ed inlet: (b)
m xi ng the hydrocarbon feedstock with water and steam

addbd tBhe dgpafatussef dnyhyedzditlg olhith, GVl réh sAANEWeMNG: $s used for
for introduycing water and steam and renoving said

heat ed FFREUFRE fedethat ¢ontain ghleast abeit 2enpm(w)gedids. i r st
tube bank, the water and steam being added in

o oo AR, o D, KL il b ARGt Bl et contain
sai d t erpeaseabouel S prafv) lgas.ed mi xture stream by at

| east one of: (i) regulating the tenperature of a

S elf.‘2'(?nd }& lil)?oece?safr(])lr( cr%t:kiig ih(}j/drocarbonacsf:ous feed that comprises:

(a) preheating said feed in a first tube bank of a convection zone of a
furnace, said feed being introduced to said first tube bank through
at least one of:

) an upper hydrocarbon feed inlet; and
(i)  alower hydrocarbon feed inlet;

(b) miXing the hydrocarbon feedstock with water and steam added to
the first tube bank via one or more inlets for introducing water and
steam and removing said heated mixture stream through an outlet
in said first tube bank, the water and steam being added in
respective amounts which control the temperature of said heated
mixture stream;

(c) further controlling said temperature of said heated mixture stream
by at least one of:

1) regulating the temperature of a second tube bank of said

convection zone positioned beneath said first tube bank by

introducing high pressure boiler feed water through an



convection zone positioned beneath said first tube
bank by introducing high pressure boiler feed water

w0 boosagdTianecononi zer i nlet and wit hdrawi ng boP¢EBUSI0es0l 7482
wat er of greater heat content through an econoni zer
outlet; and (ii) regulating the tenperature of a third
t ube bank of said convection zone positioned beneath
said first tube bank by introducing high pressure
steam through an inlet for high-pressure steam
heating said high pressure steam m xing desuperheater
wat er with said hegmoprzgsue sdewrthd@wimn| bsAerdfded giwater of
pressure steam reheating sajd tE}_gh pressure steam
and wi t hdraw ng sﬁ‘ﬁ?@ﬁﬁéﬁ%é&nﬁ% Pieb e seanaipiggrQyile @pd
said third tyhe b 4 ets . (). 1 di t .
sai d heated ﬁ?xt ur?égﬁlsainlrﬁggﬂrﬁnggtﬁ e%%ésésf itﬁ?éd%{)g%amgof said

substanti al Iy ext esmabtiéDz&i gbsitidRYE Henedth 281d€firkOfiibe bank by
receiving said heated m xture streamfromsaid first

tube bank to a foilttoHueinsdighnniesposistdaonsougineatet for high
sai d second tube blank and sai,d third tuglg bank, which . .
fourth tube bank BSHPFT SE&M, heptifg, said JHglh esgEsteam, jmixing

bypass |ine and age@utihitef FatediviBCidid B :
l'iquid effluent toe aHvapo?/I itcffui d seE)&]ar }ﬁalo?l;%g%%?%&n to cool

flashing said effbai@nhighromesssizd dtefaoyr tehedtinge siidnkigh ‘pressure
effluent in said vapor/liquid separator external to
sai d convection z#fgns gn m{hgla%wgg|qua@rhaat%tmgh@rq§ﬁgg€steam

and an over head v&g&rsam§?;t¥ﬁgapgik§%gg%¢] %98\?@‘['(’

over head vapor phase to a Sai d

convect(dyn zéinetipgshidilward heagathesaibs of Wa&dﬁliﬁélﬁﬁ)stantially
with an inlet for receiving overhead fromsaid
vapor/ | i qui dexdepak et wid eenycatirroranedpr resetyinipsaid deated mixture

R e L YOI -

zone beneath. said second tube bank and said third tube bank, which
fourth tube bank comprises an inlet connected to said bypass line
and an outlet for directing a partially liquid effluent to a
vapor/liquid separator;

(e) flashing said effluent from said fourth tube bank effluent in said
vapor/liquid separator external to said convection zone to provide a
liquid bottoms phase and an overhead vapor phase;

() directing said overhead vapor phase to a fifth tube bank of said
convection zone positioned beneath said fourth tube with an inlet
for receiving overhead from said vapor/liquid sepﬁrator'and an
outlet in order to further heat said overhead vapor phase;

(g)  cracking said further heated overhead vapor phase in a radiant zone
beneath said convection zone, said radiant zone including a
plurality of burners producing flue gas passing upwards through the
radiant zone and convection tube banks, to provide a cracked

effluent; and



beneat h sai d convection zone, said radiant zone
including a plurality of burners producing flue gas

w@a®siimgiaupwar ds t hrough the radi ant zone and PCT/US2005/017482
convection tube banks, to provide a cracked effl uent;
and(h) w thdraw ng said cracked effluent fromsaid
radi ant zone. 13. The process of claim 12, that
further conprises adjusting excess oxygen content of
said flue gas. 14. The proces® of clai m 13, wherein
sai d excess oxygen content is adjusted to at |east
about 4% 15W1ﬂ¥¢%éwmgoi@5%@a@lfed@ﬂi@um frohesandratant homugh
14, that further conprises bypassing at |east a

port i onnof said fourth.tube bapnk and directin

e?]’r3 i uemhet BIRER 1T ocﬁ’?lglnlé’nt?@r L CUMBIES; AISHNE SXpess oxygen
fourth douket Bastkd Fige ggg'd vapor/liquid separator. 16.

The process of any of clainms 12 through 15, that

further conprises quenching cracked effluent from said

r ddhi antTheqmecdss oficthim 48, wheaminfseid dxcess @xygbmogeent id djusted to
The process qf clgim 16, that further conprises
quenchi*’?ﬁgeaétf% OHEH: t aken fromsaid first transfer |ine
exchanger in a second transfer |ine exchanger. 18. The
prigces f 0 [ I 7,14t t her .
col(r?pri :reﬁs% P g{%isepf %@o efc %]aﬁnslg Pl ggmﬂgls}%éhd lér gc tegﬂ{her comprises

ef f | uerttyphssin atdeasy empyrtionedfisaidlSurth hebeobakend dfecBRY effluent
of clainms 12 through 18, wherein (i) the
hydr ocdrlEdnfieeb s mismediates ppaionedl fpidnfaeiderbsabank to said

cont am\)aﬁ{)ﬁ]gqe%ts a?a%&i d, naphtha contam nated wth
4 .

resid, roseéne contamnated with resid and (ii)
said fourth tube bank effluent is directed to said

vagpor / IThguptbesspaf ahprofatlalBder erokgds 156 Hfatt fidihePR8Mbrises
315C (600F). 20. The process of claim19, wherein said
t enper AgrEsngs eragkgdietflygnt fiom said redivat ephid irentfiirsr wansfer line
| ess tg%glabqyt 2900C (550F).21. The process of any of
cl ai s Einﬁ%ugh 18, wherein (i) the

17. The process of claim 16, that further comprises quenching effluent taken

from said first transfer line exchanger in a second transfer line exchanger.

18.  The process of any of claims 12 through 17, that further comprises

recovering olefins from said cracked effluent in a recovery train.

19. The process of any of claims 12 through 18, wherein (i) the
hydrocarbonaceous feed is selected from condensate contafninated with
resid, naphtha contaminated with resid, and kerosene contaminated with
resid and (ii) said fourth tube bank effluent is directed to said vapor/liquid
separator at temperatures less than about 315°C (600°F).

20.  The process of claim 19, wherein said temperatures of said fourth tube

bank effluent are less than about 290°C (550°F).



hydr ocar bonaceous feed containing resid is sel ected
fromthe group consisting of crude oil and atnospheric

wo emsdiamd (ii) said effluent from said fourt hP€TID82005/017482
bank effluent which is directed to said vapor/liquid
separator is maintained at tenperatures of at |east
about 400C (750F). 22. The process of claim 21,
wher ei n sai d hydrocarbonaceous feed containing resid
conpri ses atnospheric pipestT?$'bottons 23. The
process of claim2 1 or 22, wherein said tenperatures
of2kai dThouptokessuloé b@)ﬁkoﬁfﬂﬂmtl?artércalghl d8st whereim (i) the

460C (8 4. Th foclaim2 1
wher ei( nl?%cgg’ﬁarg%q‘?ﬁ%‘}ugt dsCQrailingq rgslb‘g]rlﬁ reelsstad %’Z’?Hﬂ( the group
effl uen&orfs?sﬁ T% JF PGP %hd 4a%ﬁo§ﬂeﬂp%§1d 29 Gi gl § EQQ dfffuent from

1000F) . e process of any of clains 1 roug

24, V\/nemdi roash dtube denk seffinentodtivhdist dirsaed! t6| srasd Vfapblehquld
bank through sai d_upper hydrocarbon feed inle

The pr oteparatesfis mantgped atdpmperepirespsg gmstzabouw\@r Q. (#50°F).
said feed is introduced to said first tube bank

t hﬁf)UQhTﬁ Hbc%& cla{] dfnlgc\(%p@ﬁ shi qﬂd&@a%\%er ous Hé% cgntaining

process elrn sal

f eed lSrdsmcrdmbﬂ:seﬁath@s i dipessll Hottbﬁhsbank t hrough
bot h an upper hydrocar n eed inlet and a | owner

hydr ocar bon feed inlet. 28. The process of claim 12, :
whd}-ei nThe peasgss: phelaizn Al s, [véhesein vaid igpwaratses phadid)fourth

resid is.introduced to s k through
sai d upﬁ"@? bﬁ?‘&?@@ﬁ?tba&%a Saésg f)%t%%oz(g%b@npr ocess of
‘claim 25, wherein said feed is selected fromthe group

copsi st TRE peicesy &ah D1 @t IMSEkedih Galde@hfperadtes of said fourth
condensat e mhlch contains at | east about

ppm( W)
resid. B0 bhecilueniagsgefrom|abpwh 427, to wheutdita ¢ (¥ 0fted @00°F).
is selected fromthe group consisting of crude oil and

at Hpsph%he prgcesés of any of claims 12 through 24, wherein sa1d feed is
introduced to said first tube bank through said upper hydrocarbon feed

inlet.

26.  The process of ‘any of claims 12 through 24, wherein said feed is
introduced to said first tube bank through said lower hydrocarbon feed

inlet.

27. The process of any of claims 12 through 24, wherein said feed is
introduced to said first tube bank through both an upper hydrocarbon feed

inlet and a lower hydrocarbon feed inlet.

28.  The process of claim 12, wherein a feed that contains less than about 50
ppm(w) resid is introduced to said first tube bank through said upper

hydrocarbon feed inlet.



31. The process of claim 26, wherein said feed

contains at |east about 2 ppm(w) resid. 32. The
wee@sesy1df claim 31, wherein said feed conpriBEBUS2005/017482

condensate that contains at |east about 2 ppmw)

resid.

29.

30.

31.

32.

-24 -

The process of claim 25, wherein said feed is selected from the group
consisting of crude oil, atmospheric resid, and condensate which contains

at least about 2 ppm(w) resid.

The process of claim 27, wherein the feed is selected from the group

consisting of crude oil and atmospheric resid.

The process of claim 26, wherein said feed contains at least about 2

ppm(w) resid.

The process of claim 31, wherein said feed comprises condensate that

_ contains at least about 2 ppm(w) resid.



