WO 2005/ 113713 PCT/ US2005/ 017482 -1 APPARATUS AND PROCESS FOR CONTROLLI NG
TEMPERATURE OF HEATED FEED DI RECTED TO A FLASH DRUM WHOSE OVERHEAD PROVI DES
FEED FOR WRROKY/NG13F| ELD OF THE | NVENTI ON [ 0001] The pr d4@nVSai/8t82on
relates to the cracking of hydrocarbons that contain relatively

non-vol atil e hydrocarbons and ot her contam nants. More particularly, the
present invention relates to controllfT llmg the tenperature of a heated feed
directed to a flash drum whose overhead is subsequently cracked, permtting
the use of a variety of feeds. BACKGROUND OF THE | NVENTI ON [ 0002] St eam
cracking, also referred to een used to crack
‘various hydrocar bon AIERA Mﬁ‘wmi%l%]iﬁg% %NXBQ/L Flﬁﬁt ol efins such
as ethylene, prSEMBERABUREQFHBATEDFEER DIRECERTO & BEASH) utilizes a
pyrol ysi s furnaDRUNMEWHOSE O ERIEADCPROVIDESFERDY FOR ORSEKINGh and a

‘radiant section. The hydrocarbon feedstock typically enters the convection
section of the furnace as a liquid (except for light or |ow nolecular

vei ght feeds¥FOELD O EHE BNXVENTION: vapor) wherein it is typically heated
and vapori ze indir t contact wth_ hot flue r adi ant
section and g‘ipoéﬂrect tpéﬁﬁenwncvﬁn%‘?lb%ﬁ]ﬁteerethe %31‘ %ﬁ@‘i&"@%&’%k‘ ghd st eam
m xture is t n Q'ﬁii*ﬁ cr ng

t akes pl ace. @(ﬁ}iain 5 ﬁgndﬁlp% %tézl'? gh):;(%c Eklﬁ ng o(% e(?ﬂens%ﬁé@éﬁapﬁse %@fém ysi s
furnace for h&&icﬁl@flgdthwiﬁés%ﬁaﬁvé}ﬁm‘aﬁ‘&l%te@@o comfl el 1he (e pRaMrdf a haliB]
Pyrol ysis involves heating the feedstock sufficiently to cause thernal
deconposi ti orﬁeedfdltdqcedltaragﬂ,ashrdyumomhcss ovaiheag israubgejusniby omekesi, promtting |,
produces m)l cul es _t hat t%g to conmbine to form high nol ecul ar wei ght

mat eri al s ek ajvgrietypidesds. 4 hi gh-boiling point, viscous, reactive
mat eri al that can foul equi prrent under certain condi tions. In general,

f eedst ocks containing higher boiling nmaterials tend to produce greater
quantities ofBAGKGROUND OF THE INVENTION

[0002] Steam cracking, also referred to as pyrolysis, has long been used to
crack various hydrocarbon feedstocks into olefins, preferably light olefins such as
ethylene, propylene, and butenes. Conventional steam cracking utilizes a
pyrolysis furnace that has two main sections: a convection section and a radiant
section. The hydrocarbon feedstock typically enters the convection section of the
furnace as a liquid (except for light 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. Taris 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.



WO 2005/ 113713 PCT/ US2005/ 017482 [0004] The formation of tar after the
pyrolysis effluent | eaves the steam cracking furnace can be mnimzed by
rapi dly reducing the tenperature of the effluent exiting_the raolysis unit
to a IeveWO&E'”-Wﬁi"’dP\ the tar-fornming reactions are great ’@’8%‘&74 hi s
cooling, achieved in one or nore steps and using one or nore nmethods, is
referred to as quenching. [0005] Conventional steam cracking systens have
been effective for cracking high-quality feedstock which contains a | arge
fraction of light volatile hydrocarbons, such as gas oil and naphtha.
However, steam cracking econom cs sonetines favor cracking | ower cost heavy

f eedst ocks s s, by y.of non- limting exanpl.es,.crude oil condensates
and at m)spheﬂﬁ@o“jesi duéﬁ%efoér.n?m%f)%%rp itge By eSS efflysaf (ti]??l‘fﬁs. the Sfgpmoi |,
at nospheri c residue t S i.n high
nol ecgl ar miCS%E‘?‘lén%‘?{%&%‘@ i %ehggﬁnlgc%?\deﬁysﬁﬁ\?\} % Q@gﬁ% ﬁlrgeetgg{p %fagm ?ﬁﬂzgl%ess gf
about 590C ( %HiR¥n} edtiighid FRokRBWMIE® 4 RyEidE. whidlh encn@nforeliag rdattiem@enents .

of these feedstocks |ay down as coke in the convection section of
convent i onal gosatlyl stewed. f dibisacealingDackievest in boevor envak sstefs andonsing loaeidre
conponents can be tolerated in the convection section downstream of the
poi nt where t%@eﬁﬁhﬂdéflséﬁ‘%ﬁéaé%?%qwlémgul |y vaporized. [0006] In nost

comerci al nagRisa_and ERRBlibnd! GENE" SaciiE! y3RnR 1hUE beEh! Lisdilbe £ L N

)
cracking furnace’is y achieved using~a-systemo rans ~IThe heat
exchangers, arikingPhighiquakty Reateck whikh SoM@heh BHRNERciVET lighit vdlatileect
condenser. The steamgenerated in transfer |ine exchangers can be used to
drive | arge hydexarboos,sunless ghs oll apdwaphthhe Hmyoier,ctenm ssasbing agoramiEssewher e

in the ethylene_.production unit. To obfain high energy-efficiency and power
production ~i59meH e§t%‘é¥h°ﬁﬁ]‘b‘?%g’¥,’eriqosf eaﬁ’e‘éc‘%@%&?“%ﬁ& Lﬁ‘&e{’?\@?ﬁ’?h@%t eam
produced in the... tr Lo li exgnange) 0 ] gﬁm .er .feeds,
such as kerosﬁe}ﬁlggéangﬁéglgs’oiﬁc}e E@gduce%ﬁsalt%r %&aar?o%l}n seo? ng?ct(de\,/\h?. H | ead

to noderate cakbsithetio pifstilasittms. S @rHideodil OhtnidipheridiFadetie &8, weld ledgerr api d
fouling in the transfer line excha}n%}ars preferred in |ighter
extent, condensate often contain high molecular weight, non-volatile components

with boiling points in excess of about 590°C (1100°F) otherwise known as resids.
The non-volatile components of these feedstocks lay down as coke in the
convection section of conventional pyrolysis furnaces. Only very low levels of
non-volatile components can be tolerated in the convection section downstream of
the point where the lighter components have fully vaporized.

[0006] In most commercial naphtha and gas oil crackers, cooling of the
effluent from the cracking furnace is normally achieved using a system of transfer ;
line heat exchangers, a primary fractionator, and a water quench tower or indirect
condenser. The steam generated in transfer line exchangers can be used to drive
large steam turbines which power the major compressors used elsewhere in the
ethylene production unit. 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.



l'iquid cracking service. WO 2005/113713 PCT/ US2005/ 017482 -3 [0008]
Additionally, during transport sone naphthas and condensates are

cont ani nVeaUi i theavy crude oil containing non-vol ati FETASHHSARMSE.
Conventional pyrolysis furnaces do not have the flexibility to process

resi dues, crudes, or many residue- or crude-contam nated gas oils or

napht has and condensates which are contam nated with non-vol atile
conponents. [0009] To address coking problems, U S. Patent 3,617,493, which
is incorporated herein by reference, discloses the use of an ext er nal

vapori zation rumfor the cryde oil feed and discl gses se of a first
flash to ren{)(!ﬂg’ ﬁapht h&dd&m@ﬁboﬁiura?ﬁﬂfan@%o%?am ag gn éﬁB SHEHATS with a
boi I ng_poi ntoheb e 238 0659864l 430 RAaAAA0 hon THEAKARAESoREsCI acked
in the pyrol ysis rnace |n I NS an parat e |qU| s Tromthe

“two flash ta@@ﬁvéﬁtﬁméﬁﬁ%ﬁ@]s ﬁxhﬁdc@@@d noM Kave She @akibaANRY tH§R6ceRS résidles, 10010]
U.S. Patent 3,718,709, which is incorporated herein by reference, di scl oses

a process t o crides npzenm@keesiépmspt i nde-tontammatadb gas p}lksheatmapbtlxas ashvy
f eedst ock inside or ou£3| de a pyr, ol%g fur nace to vaporize about 50% of the
heavy feedstCo¥ensgtenw WB@% ANReR-Volatile CABPANETSS. t he resi dual ,

scparated  Luftial.  The MeRBKEC AR BERIAR Y i (COB} 7y BRIy d | 9

vol atile rbons,” are s | ec o cracking. Peri’odi’c”Tegenerdtion
above pyr ol Y $heéd Zpdr@t@ﬂ’qfe?élhmﬁ feferehdee Gliftbsek tile abd ofAf &iQAM vadbikddon). S.
Pat ent 5, 190,634, which is |ncorporated herein by reference, discloses a
process f or idnir ot the grulelod feert amd diselokas the fiser mfaecﬁrsbﬂathteheaovmgaphdm
feedstock in the presence of E smal |, critical ogen in the

no r
convection $&CAPYnANdTHEespd do 6‘?‘“1%%?’@5%‘?1“1‘% E‘é‘ 186&9 t%‘%eeé’e@ on

coke format SR S P0000) 0o O bETede SR g KR R SRR i e of
by ref er ence olefiissmdaie sefurfled tigaids ihen ehd twd €ladle eaiki apkrentovell) Stippedeheat ed

and then w t hdrawn
with steam, and used as fuel.

[0010] U.S. Patent 3,718,709, which is incorporated herein by reference,
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
liquid. The vaporized hydrocarbons, which contain mostly light volatile
hydrocarbons, are subjected to cracking. Periodic regeneration above pyrolysis
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 fumace. 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



froma preheater in the convection section of the pyrolysis furnace. This
preheated feedstock is then mxed wth a predeterm ned anount of steam (the
dilution steam) and is then introduced into a gas-liquid_separator_ to

separ at e WP B0E5/ 113713 PCT/ US2005/ 017482 - 4 r emovePQTUSIMPEFS2
proportion of the non-volatiles as liquid fromthe separator. The separated
vapor fromthe gas-liquid separator is returned to the pyrolysis furnace
for heating and cracking. [0013] Co-pending U S. Application Serial No.

10/ 188, 461 filed July 3, 2002, Patent Agplication Publication US

2004/ 0004022 Al, published January 8, 2004, which is incorporated herein by
reference, describes an. advanta | ed prqc¢ess pti m ze the

eoug:q%/ control tp o '
cracki ng of VEMAVF [BcredPird PER9SHn b Heanonsyolahles aseliqud Jom iae SERATBOR )

f eedst ocks and Q. I d 0j kit ravide thod to
maintain a relat ??gﬁq;éﬁcgﬁﬁ}a%@ﬁrg@i%qmd%gdag%ﬁ%@pﬁ? (:r]'{']tlh}?ﬁﬁetfaafv{lhggﬁy r? e flash
by mai ntai ni Nfimface GdrHebtifd ¥ndaastiant tenperature of the streamentering the.
flash. More specifically, the constant tenperature of the flash streamis

nai nt ai ned by{0&13Jomat i cE&bipendidiz USSi dpplingticanBemal 6. B0/ B8,461 Sileddulynd xed
ith the hea hydr ocar bon feedstock prjor he flash. The fluid can be
vaater. [0014]2\%% &%P@B@‘%QH%@EB%%%%%BP%% 23 hppyilis %flsla&%lafypgsocess
¢ acki dr.ac . . . ot .

erpl oyed. 1 PA4 SfHSL 5 Whecbyritel el WERALE decfibe B SblithtedlBly, g
the flash hascdp@elled prtesh foQopiignide fier @idignd 6f ve1aaNYhydeeshsbatkontahdl irol | i ng

such tenperature over a w der range woul d be additionally advantageous for
utilizing feetstheaks hpdrogabpn deedstockd amdytpurdute ppdgeeid giking peblemonliensat es

bt ai ned f fiel d typically. il in t . of. bout
O e L e ek p B e iy M e BBl
feeds. Such . . ' . fic _ hi
o0, Sueh CHBIRHR B SRR H Sty (AMIBPREL SRSl EEMEL AT o P

contam nate tfhe GaRdeNsatapetifibaliygshe.colfiem mpgseaardof ithe ROl ekl St eam
cracki ng equi pnent, all of the condensate and the non- )
maintained by automatically adjusting the amount of a fluid stream mixed with the

heavy hydrocarbon feedstock prior to the flash. The fluid can be water.
[0014] It would be advantageous to provide an apparatus and process for
cracking hydrocarbons in which a wide variety of feeds could be employed.
Inasmuch as controlling the temperature of the stream entering the flash has been
found to be desirable for heavy feedstocks, controlling such temperature over a
wider range would be additionally advantageous for utilizing feedstocks of various
boiling 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



vol atile fraction of the crude oil contamnant will boil before reaching the
flash drumused to renove the resid. As a result, the non-volatile fraction
will |ay WOMUS1137¥pper convection tubes of a furnace asPCURBNYHI®uch as
conventional steanfair decoking procedures are typically too cool to burn
this coke present in the upper convection tubes, nechanical cleaning of the
tubes is necessary at great WO 2005/ 113713 PCT/ US2005/ 017482 -5 expense.

Al t hough this problem m ght be avoi ded b% cl eaning the hold of a crude
carrier to renove resids, this solution’i's al so expensive. Accordingly, it

woul d be desirable tqQ provi.de an apparatus a rocess for acki ng feeds,
~ifnc| udi ng f ecdgensehAilthoggh a5 b ?Iﬂélggé\ﬂ?ec‘ﬁ%feg\h%’o‘éewg fhéihé’ff{ og"b%?-‘gﬁi ng
lexibility t oke: 1. | : i it hy, hi a
oper ati ng 1 ergErant b SR P R T RPN b e R 1
present i nvenddspible @ ptRadd h afpaRpakad Procke for CrREIgNEedty PSRAP BBAGEOUS
feed, which conprises |) a convection zone containing (a) a first tube bank
conpri si ng (ithatacontgpeesidsy dractapioyidef adficient aerating flexibilitott penedt dokaer
hydr ocarbon feed inlet, (ii i,g ane or, nore inlets for introducing water and
steam and (ilgydonn gesiatedmgth high Sastedrum IRERAIINESCIPSIITED) at | east one of :
(i) a second tube bank positioned beneath the first tube bank conprising an
econonm zer inlet for introducing high pressure boiler feed water and an
econom zer OoUWSUNMMARY GF THERINVENIION! feed water of greater heat content
and (ii) a thitd Tube bank positioned beneath the first tube bank
conpri si ng an[00i$let f orIn lohehspactstarmesng anvention hrelateshmate dipparatusstect | on  of

the third tube hank, injet for _mXxing desuperheater water with the high
pressure steaffft n%owag}?%{)?ﬂa@wlﬁréﬁur‘é’ “’gt SAMPTISEss ddt f ofPIVEFUGE HOBE i ng ¢ he

hi ah ' - Wit i . hi. ok
ot Sastr 6 ot eargti Al (BGAL RS bRk cotbrsiit tifh Apbdi RERSHENIS
t he heated mi xf bpteoral RN Hydestaitea féd filet! (i oh@ok na€ iniétsifdr mtdfodusihg t ube

bank positioned beneath the second tube bank and the third tube bank which
conpri ses an wateeandgearecinddiv) @ntoptetipp adisated maxtmeistzasmy b) attledsbpne of:

(i) a second tube bank positioned beneath the 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
(ii) a third tube bank positioned beneath the first tube bank comprising an inlet for
high pressure steam which 1s heated in a section of the third tube bank, an inlet for
mixing desuperheater water with the high pressure steam to cool the high pressure
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
(ii) 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 Il) a radiant zone beneath the convection
e zone which includes a plurality of burners producing flue gas passing upwards

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



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 fromthe wvapor/liquid separator and an outl et adi ant
zone bene¥PRM¥M3dénvecti on zone which includes a plur aqqaﬂas%?f")’%ﬁf ers
produci ng flue gas passing upwards through the radiant zone and convection
t ube banks, which radiant zone receives WO 2005/113713 PCT/ US2005/ 017482 -6
effluent fromthe fifth tube bank and further conprises an outlet for
removing cracked effluent. 100161 |In apgther aspect, the present invention
relates to a process for cracking hydrocarbonaceous feed that conprises (a)

Phe T oed bei AGMRE FoLURAD b hive DHRF B8 Mo RuidNeRA AR, sdheftare o .

(i) an upper ffipaanbgn feed inlet and (ii) a lower hydrocarbon feed

inlet; (b) mxing the hydrocarbon feedstock with water and steam added to
the first t ulje0EsRnk Vi dncmetter aspea, thel pteserft dnvéntionogblates o \waprecessafedt st eam .
and renoving the heated m xture streamthrough an outlet in the first tube

bank, the wateckmgdhydiesarhonassoys derdethal porpprsssde) preheatingribe fogd ara Eswt r ol
t he tenperatuyre ,of . the heat d m xture strea furt.h t he
tonper atur o S0 okl BRU TR FPEC OF RJTRES The el et Ao B it ar i ng
the tenper atpeehiik tﬁr&%ﬁoﬁ%é#%e &f uf)ﬁb“f }ﬁﬂf%%ﬂidnoféeé%l%t Hf?&'ﬁ) ned
beneath the first tube bank by introducing high pressure boiler fee wat er
t hrough an dewerdngdrerartorl Bfedankkt;w{it) hdixawy tig lhmird)cmrbcfreﬁacédmtlemﬂf wgtegat er

heat content through an econom zer outlet and (ii) %@_I ating . the
tenper ature @hdateamiadded tfpide fﬁarmb%balilw@a@aﬁ@é&orwlezté iplrefuging B@teseneat h

hi ah pr essur dna LA LA T Sheufl A BCTRUnC AR M SR B ph e or
water with t hﬁbehbﬁ!k PHeBRSHF End 58AN Hedn dgzamied ihéspk etm /hEHRY Whidl Edttol
reheating the high pressure steam an dr awi ng super heat ed hi gh
pressure stedhe ftempetatuee t & rtbe t hdatedoanixturéir siregim; atr) o firther ; cémtjolling rthet i ng
the heated mté:(rtngérgtu?et ro? ahm geated %f}[})\?usi_g sltrleane] gyu?t? e%lgtt L)gtli I0 (1 X}eegt atmgtt?net he
temperature of a second tube bank of the convection zone positioned beneath the
first tube bank by introducing high pressure boiler feed water through an
economizer inlet and withdrawing boiler feed water of greater heat content
through an economizer outlet and (ii) regulating the temperature of a third tube
bank of the convection zone positioned beneath the first tube bank by introducing
high pressure steam through an inlet for high pressure steam, heating the high
pressure steam, mixing desuperheater water with the high pressure steam to cool
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
10 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 pértially liquid effluent to a vapor/liquid separator; (e)
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



convection zone for receiving the heated m xture streamfromthe first tube
bank to a fourth tube bank positioned beneath the secong.tubg bank,and the
third tub®O028%4KI37%hi ch fourth tube bank conprises an inlet connectéd to the
bypass |line and an outlet for directing a partially liquid effluent to a
vapor/liquid separator; (e) flashing the effluent fromthe fourth tube bank
effluent in the vapor/liquid separator external to the convection zone to
provide a liquid bottons phase and an oyerhead vapor phase; (f) directing

t he overhead vapor phase to a fifth tube bank WD 2005/ 113713

PCT/ US20115/ Q17482 -7 of the convection zon si ti oned beneat. fourth
{ube with an0%ﬁﬁfétCQPB‘FcnOPe%(H}evP%SéUWgr e5a ffbeﬁ?%ﬁ‘ \%ESOW i?ﬂji”@e‘ts Bar at or
and an outl etedefvifg GG fdth iREYapolBighidlsBparbe hAERHoVRR P oRIRAR S urthey
cracking the further heated overhead vapor  phase 1n a radiant zone beneath
“the convect i hoatztheegvesladad vapdi phdsez (glecracidhg dhe) Gurcher etted| ovieyhead Vaponer s

produci ng flue gas passing upwards through the radiant zone and convection
t ube banks, ®hassrig\a rgdiagt gangcdeeepth tha epayectionrene spidyadivat aonenigeluging &r acked

effluent fromt radi ant zone.. BRI EF DESCRI PT1 ON TH W.N 0017]
Floure 1 11 1 autrpyed B B e B, PR AR dhEP I TASVBREREE o
appar at us i n ;34 ¢BhHRN6R niMeltinkd)fo PFR3EN claBk@E At VAR gf]) QviﬂldYﬁ{?ihgttE{e of
feeds are introduced through & single feed iniet. [001 Figure

il lustrates armkbéoffluent fibiauharadipnaroref t he overall process and apparatus
in accordance with the present invention wherein a variety of feeds are

i ntroduced through a plurality of feed-specific inlets with an opti onal
heater bypa .@W i iding less heating before

f I ashi ng. DE%E{?‘j ' iﬁ‘% = ?{zﬁ,’.&iﬁﬂ% [ 0019] Unl ess ot herw se

stated, all peapAnt agespighRritiflustiaiéd HSohehlaic oW Bafhm IEheBleralPpbRay i1y, a
reference to a conpound oOr conponent includes the conpound or conponent by
itsel f, as weinH apparatusgnabiondence withi thh poashetrinvediopoulndenar varetypainfeads, such

as m xtures of conmpounds. , )
are mtr%?iuced tﬁrough a single feed inlet.

[0018] Figure 2 illustrates a schematic flow diagram of the overall process
and apparatus in accordance with the present invention wherein a variety of feeds
are introduced through a plurality of feed-specific inlets with an optional heater

bypass used for condensate feeds requiring less heating before flashing.

DETAILED DESCRIPTION OF THE INVENTION

[0019] Unless otherwise stated, all percentages, parts, ratios, etc., are by

‘- weight.  Ordinarily, a reference to a compound or compenent 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 1s to be understood as specifically disclosing all ranges formed from any pair
of an upper preferred value and a lower preferred value, regardiess of whether ‘

e 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



[0020] Further, when an anount, concentration, or other value or :paraneter
is given as a list of upper preferable values and | ower preferable val ues,

this is to be understood as specifically disclosing all [Iﬁ'zd from
any pair Wor208H1ldper preferred value and a | ower pref er?gﬁ%\sgﬁoﬁg{

regardl ess of whether ranges are separately disclosed. [0021] As used
herein, resids are non-volatile conponents, e.g., the fraction of the

hydr ocarbon feed with a nom nal boiling point above 590C WD 2005/ 113713

PCT/ US2005/ 017482 -8 (1100F) as neasur gg by ASTM D-6352-98 or D-2887. This
invention works very well w th non-vol atiles having a nom nal boiling point

0 L0, R R D L] [0
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nol ecul es t hgli4@0oRyleMhe Yoiling! fsintvdip@ibutias of Benhydrodaresk feed il @featiied Gger at i ng-
conditions encountered in the present process of the invention. [0022] Such

f eedst ock coubas Coomatageaphbistitlgtiar (GEIA) by ASTM §-6333rB8 es D-28%ecxtendedr e of
steam cr ackegygas oi | and_residue S oils, t fuel

di esel, ker os¥ng&Xtr 1omn for E’@F@é‘rﬂfsng ﬁa?boé’teez(fﬂ%g g&?égll:}'najpﬁ?’i'fé{?laﬁles

catal ytical | y i -
ot or it o FriaFAE CHR R i SO BHEE KBhdepshile HOTBTes A (AUBLE in
gasol i ne, di ghé vhpdreandvihedifeemiapky Dader tBé GP&RARE conditioes bhdounRedd AMhe Vacuum

pipestill streans including bottons, wide boiling range naphtha to gas oil
condensat es, Hressnyprogess\ofthy imventtbnocar bon streans fromrefineries, vacuum

oa¢ L1 Meqipges oll s ROELIG, COnam Aot Wb Eruc BLIOcRG]

D ooemL = e B ReCt R SRR, NER O eerds

at nospheri c rdiedetiSkerosent aghdodinedcskendaphthb e steamncraclasdt agphnkd, exdtalytically
cracked naphtha, hydrocrackate, reformate, raffinate reformate, Fischer-Tropsch
liquids, Fischer-Tropsch gases, natural gasoline, distillate, virgin- naphtha,
atmospheric pipestill bottoms, vacuum pipestill streams including bottoms, wide
boiling range naphtha to gas oil condensates, heavy non-virgin hydrocarbon
streams from refineries, vacuum gas oils, heavy gas oil, naphtha contaminated
with crude, atmospheric residue, heavy residue, hydrocarbon gas/residue
admiktures, hydrogen/residue admxtures, C,'s/residue admixtures,
naphtha/residue admixtures, gas oil/residue admixtures, and crude oil; especiaily
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 has. [0023] The present invention relates to an apparatus or- process
for cracking hydrocarbonaceous feed, wherein the tenperature of heated

ef fl uent woimeutiBtist o a vapor/liquid separator, such as RCTUR/U7RY 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 540C (500 to 1000F). This permts processing of a variety of feeds
with differing volatility, such as atnospheric resid (at higher
tenperature) and dirty condensates, such9%s crude- or fuel oil-contaninated
condensates (at |ower tenperature). For exanple, a very WO 2005/113713

-PCT/ US2005/ 0 ﬂ?gdriﬁ 2rudeSukh ghTapis hde a swelras afiapnsofhesidayetonightteedadoenter of
fesid, yet ght need to enter the convection section at the |ower inlet
because, |iké eéwgmé%ctlomat@srl?‘aﬁrngl%bp@pse dlﬂ<e|cemd%me@awmw yhat 1 ght

“hydrocarbons. These | 0 st.ean v riz wat er vapori ze
all but the n nIQ/‘?SIE'Ph%E aﬁe‘av]igglbq}ﬁhw h)fd(S%ar?%er Grell® ?%’ﬁtan%s gﬁ
non-vol atil e g&shMa nlﬁo?lzﬂfleﬁ@t@f 1o WlipSrit S HHebAt Wi nERRD 1O hes N g garmtsw with
resid concentratio The tenperatudre can be |l owered as needed by (1)

provi di ng onetemipermure. adddohg anadme ovmyblaatenebiged prevent, shis tenaperatorevdagsi on
section, (ii) increasing the ratio of water/steam m xture added to_the
hydr ocar bonac%lfélaﬂ&f’eﬁmcbl"r’liﬂ) regid FRpCaNRLR. p?é% $EIPRCIBbTG B3N bedewered @

econom zer tQ re eat er heat ssur mto remove
heat, (V) byrba?gg gﬂ Hf%Ylgf" %ﬁ?a#g nﬁorFtl %d]fai gir?i’@%étg c‘*??cgﬁrﬁ % 8n used,
e.g., pr eheatconweatﬁm%ch llyam?éasnﬁgsm@q«aﬁé Iopashténav e, nﬁﬂﬂr’r@ﬁd&éﬂ'tb t'h@dUCI ng
excess oxygen content of e flue gas providing convection heat. A radiant

zohe beneat h hrocaticonaecduis d‘aeds €it) iusingi mhigb q:afessardolnm}w feqir watacecopofizes gas

passing upward through the tube banks. pically plurality of burners is
used which i stosERMeYe 8t () spstheadng mlslbrnwssme Stjagl Héa[f’mPé‘T 43k (V) t he

radiant 2one. pfuhing 3 infne BN Ur AL HRLLBHEIGH WlAO2Y, Llndl
rows of tube banks, as descnbed above, and/or (vi) reducing excess oxygen
content of the flue gas providing convection heat. A radiant zone beneath the
convection section includes a burner producing flue gas passing upward through
the tube banks. Typically, a plurality of burners is used which is sufficient to
provide uniform flue gas heat release in the radiant zone, e.g., 10, 20, or even 50
or more burners.
[0024] In an embodiment of the present invention, the radiant zone
includes a means 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 dampets 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 pressure 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.



i ncludes a nmeans for adjusting excess oxygen content of the flue gas, which
provi des tenperature control for the convection section. A sanple of flue
gas exiting the radi ant section of the furnace is cool g 0?mﬁgﬁéed for
oxygen. TRIMWFIIHI¥as oxygen can be controlled as a function of analyzed
oxygen content by adjusting danpers at the burner's air ducts, adjusting

t he danpers/louvers | ocated either bel ow or above the stack induced draft
fan, and by adjusting the induced draft fan speed. Since flue gas anal ysis
takes a relatively long tinme, the furnacgg draft, i.e., the difference in
pressure between the top of the radiant section and the outside air, a

rapidly resp i.hg parapeter, J.s advaptageously used to control the . danper,
| ouver and fﬁﬂ'g'égeed ag?r’t?s‘?%#t'@.en\/@a%dgfﬁg EnBe COBPHESY 6%% ich g .
[0025] One e j ' T [ j I

bypasses at as%égg%eg?{a;%n 8?|bf?he gtﬂr?;{ t%@g agg%ogﬁgﬁ]\;ﬁgisig@grfegéggﬁt IS
directed to tHehepueR@uidlseguthidr.separator. [0026] An embodi ment of the present-

invention conprises a first transfer |ine exchanger for receiving cracked
ef fluent froff026k radi &t embedimenhef theapresast inventien exmpriseser finsttrangfean

outlet for renovi uepched .ef fl uent . second transfer |ine exchanger can
be placed dowRSEX r rF‘FFéV‘f‘gr%?crf(Ffléaﬁ%‘Feé]?%ﬂ“ﬁéhe @%&ﬂ?&ﬁ@@?’ BWS%Fge
addi ti onal ef; L i I :als Naal a OWRS of the
ranst or 1 b MxBhariePHaDladon AkEE W TIMbYAL TpleRolEiflentO MLSAE O

for introducimgsferliné exahkhest eamtar pladst dewabtiechmvifidin ahs [Fasyeandfer life xi ng
the water, the steam and the feedstock. [0028] |In an enbodi nent, the upper
inlet is use@x¢hanggmiorpraviseragiditianal effient guenthingondt reeovary Upin dh plased ng of

crude oil, at,nospheric e?i dsf, land ondensat es whi ch contain at |east about
2 ppm by wei &H’t”n%ffﬁfﬂ%t;w TALFIFLMNG BHP8TEn one enmbodi nent, the feeds to the

;ltoﬁg;pihglr ?tc jﬁe@@? ect §f dnkURbddiRel, WP ofOBS nithé WleR  fof ifEnRIdg Rafr
and steam are associated with a sparger for mixing the water, the steam, and the
feedstock.

[0028] In an embodiment, the upper inlet is used for introducing feeds
selected from the group consisting of crude oil, atméspheric resids, and
condensates which contain at least about 2 ppm by weight [ppm(w)] resids.

[0029] In one embodiment, the feeds to the upper inlet are selected from
the group consisting of crude oil and atmospheric resids.

[0630] 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 1o 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.



[ 0030) In one enbodinent, the lower inlet is used for introducing feeds

that contain at |east about 2 ppmw) resids. Typically, such feeds are
condensatwe 200das71dont ai n at | east about 350 ppn(w) r esiFGI/USALYR Bich feeds
are enployed, their tenperature prior to introduction to the vapor/liquid
separator can be provided at a | ower tenperature as needed by adjusting
excess oxygen content of the flue gas. The excess oxygen content can be
adjusted to at |east about 4% particuhquy for the | ess volatile heavy
feeds. For nore volatile lighter feeds, “"éxcess oxygen content is preferably

adjusted to no greater .than about 3% . say, to .no greater than apout 1.5%
.[0103,1] In an [@}%gbdi mentD apifan ; %%&B?re%/ahw?? &rﬁmgfemhmﬁt‘ﬂang%roﬁlﬁﬂ%es

b i t t i t b i i ffl t
DYPaSSI N0 21 ghETbs Tl Shc ke R 050 Hof B0 o T e
“vapor/1iqui d okGRRrdf the Wt Qpledditdl el F80R 410 kédBRred InlalBQ3ély I n an

enbodi nent where a second transfer |ine exchanger further quenches the
guenched cradtagd effluent froma first transfer |ine exchanger, the olefins

fromthe further quenched cracked efflyent are recovered in a recovery
train. -[ 003311083 one eéﬁwenﬁﬁgo‘gmwh@?ﬁ%@&%?& ttﬁ% hydmcgebongeroye desis” f eed

contai ning resid. i i ght i 0 .

cont am nat ed%%?tghn_ﬁs lzegildegtsﬁggd{sélg% ff‘?ﬁe‘:&&{eﬁ) Sgar%ﬁ %Oéﬁ ourt ‘goqﬁ%%@ta%grmthdi rected
to the vapor /thdi@i the @PRiept Grorh StheBo MR 168 bahk tErReHatd HRS vhfstligulipn about
315C (600F). Typically, the tenperatures of the fourth tube bank effl uent
are | ess t harsepdratot is204iGtairc850 FHmpdra0:4]less thamabeub ot “Ge(@O000F). tFypig@ilgcess of

the invention, the hydrocarbonaceous feed containing resid is selected from
the group cortB dFmpgagyFes of fre 131t *a%'%os Py are ﬁe%.%m}t Jc’(?ns?spheri c
pi pestill botk i inthe effluent fromthe fourth tube bank is directed to
the vapor/liquid Separator is nmaintained at tenperatures of at |east about
400C (750F), [0634] at | dastanalpwbodhBeft (6@ , process of the invention, the

hydrocarbonaceous feed containing resid is selected from the group consisting of
crude o1} and atmospheric resid (e.g., atmospheric pipestill bottoms) in the effluent
from the fourth tube bank is directed to the vapor/liquid separator is maintained at
temperatures of at least about 400°C (750°F), say, at least about 460°C (860°F),
e.g., ranging from about 400 to about 540°C (750 to 1000°F).

[0035] 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 (i1) a lower
hydrocarbon feed inlet. The feed can be selected from the group consisting of
crude oil and atmospheric resid.

10038] 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.



e.g., ranging fromabout 400 to about 540C (750 to 1000F). [0035].1n 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 q@q%g he feed
i's introdﬂ@éﬂgﬂéy?ﬁe first tube bank through the |ower hydrg%drlgﬁﬁfeed
inlet. Typically, the feed contains at |east about 2 ppm(w) resid. [0037]

I n anot her enbodi nent of the process, the feed is introduced to the first

t ube bank through both (i) an upper hydrocarbon feed inlet and (ii) a | ower
hydrocarbon feed inlet. The feed can be i3el ected fromthe group consisting
of crude oil and atnospheric resid. [0038] In an enbodi nent of the process,

a feed that ins | 0 %gesid, s i duc t he
first tube bmbrhrougfﬁ@ﬁéhﬁp%ﬁg%% %&d?@gﬁ%onﬁfe%%ki"?ﬁ elﬁi.a{‘% re[mﬁ‘ré]cee 2an be
sel ected fromRdddaeRERY FrdiR UWpipatdtd dodtes Qﬁélg@ing'drude%t BEAC rdskisl dnd and
heavy or contam nated condensate. WO 2005/ 113713 PCT/ US2005/ 017- 482 - 12
[ 0039] Fi gur eoddansgies; t whaminaglb deedsu snieo rthiongh kihe gsamed idetar bbea epraratus f eeds
sel ected from di sparate sources, including crudes, atnpspherig¢ resids, and
condensat es, QMBS R mace 403 corBRAERS @ﬁ?@@&ﬁe?w K0dhand peeavectionesesinRr at us

conprises a fHEn .102 conpri.Si ' tion, 104 cQnvecti on
O o 5o G B PuR MR8 AL TE Do AL B ROR BRL 20
conpri si ng arpptPRRirodiySiOfad bt 8@ Oinldl !B ickddducind! Whtef A12] Md BiClLRY Wat er
112, and inlet” for introducing steam 114, e.g., via a dual sparger, the

respective anmootusingf stewm 44, agd vt eatuak sprarges] thengspeetipe natamnts ofwhtee
apparatus, to a limted extent. By swapping water for steam u‘%pto about 9
MW of heat i $0dieihsantrolbag drmpeiatige NetigotRRalAtes.ite #|lBHed exient 4 BYy about

55 b : F). ' ' f d
mixt ur oot reARPah Pt i St uido sBU g IRE LGy Rautap iRt ©
j unpover or hyRp&atutd EfldshSiriki 42 By pBssESs B avaRNd 0bOe00 kanB0F30 gnd a

third tube bank 122 to a fourth tube bank 124 positioned bel ow t he
outlet 116 is provided for a heated mixture stream from the first tube bank 108 and

feeds into a process jumpover or bypass line 118 which bypasses a second tube
- bank 120 and a third tube bank 122 to a fourth tube bank 124 positioned below the
second and third tube banks through fourth tube bank inlet 126 and the heated
streamn passes through fourth tube bank outlet 128. A separate second tube bank
120 is an economizer whose economizer inlet 130 is controlled by valve 132 for
introducing high pressure boiler feed water added at a temperature of about 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 volatility 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



second and third tube banks through fourth tube bank inlet 126 and the

heat ed stream passes through fourth tube bank outlet 128. A separate second
t ube bankWOIP051187@n econom zer whose econoni zer inlet PEOVPROLYNIRI | ed by
val ve 132 for introducing high pressure boiler feed water added at a
tenperature of about 110C (230F), further heated within the furnace 102 to
a tenperature of up to about 310C (590F) and renoved as boiler feed water
of greater heat content via econom zer qQutlet 134 and directed to a steam
drum boi l er. When crudes and atnospheric resid feeds (wth relatively |ow
volatility) are cracked, less or ng high pressure boiler feed water flows

-through the &E&IeSRT ABROSPHSTIS repds n BeeloWer fanpelature prayides BU0RCH BN vEhe

econom zer. en_hj volatility fe cracked, ce. q.,~.dir condensat es
and di Tty nagHoRalehaHe it AGT IR CEREERRIC aodle TRELRL WEBGh  The
econom zer, RLAGUABINERVrEde & h'tﬁuﬂﬁﬁerﬁnfésfd@ altl ARkt BRkinman tgge above
the econom zer. The econom zer can absorb roughly an additi onal MN  The

econom zer aldondensatedegl/ratd fo the exdiarft wonaseabopei @it aboub80%elessethanforche f eed i s
cracked. For exanpl e, because sone liquid nmust be present in the m xture
entering the hsaysy decds. msuling; insexcerp Beaht NG theosrpvestinm gone y Bgibensat es

than for WO 2005/ 113713, PCT/ US20Q5/..01 2. .- .1 crudes or. atnmospheric

ool ds. The ISWRF TR PE eSO e el S s oBgflee? paHRAEETR "ana o
greater radi apht BeRting A doRMEMbn Mechiat, \AkiGh ik lh NGrP @bnvtMel ©f addiidensat e

t han crude or atnosphéric resid. At constant maxinmumfiring, the condensate
feed rate to vwadhebleadigntpressnee isscanbant the0 stesmakioarh. 20Phuse somipassd ftorat he

heavi er feeds, resultjng in excess Eeat enterjing the convection zone. But
the greater onyeRtomahiugmacs, dumg condenspigopertigngdessfeediisicracked dnbmore

absor b the Sk relfe el RTARe 190 MBRLCHSSGR] Ol 147 Kldblighl | U

converted to a i-onal ssure steamin eam dr um

Thus, conpar esknk&hdhe ER0VERIBaARAhd CHMPASS andHIct 136 ERTHIER pRksuro BRAR! LiPNS,
| ess feed is cracked, but nore high pressure steamis produced. The

separ at e t hi riglet (38 franiniing desupsoksater owetdr vwidneaidnhighepiessuse steatmeahnk and
conprises an I'iEHéa%tng %gi ﬁigﬂ plheisgﬂe Qtregnsl,s an anséue(ﬁerg]lclﬁ for withdrawing superheated
high pressure steam. Saturated steam, typically at 10,500 kPa and 315°C (1500
psig and 600°F) is fed from the steam drum at the top of the furnace to a bank of
convection tubes which heat the steam to about 482°C (900°F). Then, just
exterior to the convection section, high pressure boiler feed water is added to the
high pressure steam through a combined control valve atomizer assembly called
the desuperheater. The steam is quenched to about 315°C (600°F) and is
subsequently reheated 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.
. 10040] 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



inlet 138 for m xi ng desuperheater water with said high pressure steam and
reheating said high pressure steam and an outlet 140 for w t hdraw ng

super heat ed i ressure steam Saturated steam typi 00 kPa
and 315Cﬂ¥QGW§”?ﬁ§§g and 600F) is fed fromthe stean1dr&%bg ﬁigﬁ?gﬁ of the
furnace to a bank of convection tubes which heat the steamto about 482C
(900F). Then, just exterior to the convection section, high pressure boiler
feed water is added to the high pressure steamthrough a conbi ned contr ol
val ve atom zer assenbly called the desyperheater. The steamis quenched to
about 315C (600F) and is subsequently reheated to about 510C (950F). This

510C (950F I | 1 h he, hi gh
ressur e wat G988 SanMBUGHY b alasupn LAk Lonphisats apish B it am
quenchi ng bygﬁ%@ %??%E@ﬁ@li@icﬁhésom atttBpHSR: &E1dEe§ﬁer‘é>1&%rb?'ﬂbeh€aQ'?¥eCt' on

tube al |l oys produces nore high pressure steam t han ot her ways of

control ling tentovedthyethe eeompetiatrioreny {4podadd spargeruedterashe fempsraturp@ftthnt t hat -
the feed to the l'i qui d/vfi)?gr separati on apparatus_or fI%sh drum 142 be at
| east parti afaed enfegimgdthe tihash deprpesant e ot least abeut ABRTGE 6750°K), wnrefemble ain

exiting fromfourth ou 28 IS _advant ageou i nt |ned at a
t enper at ur e BSte%HDBE%'E% @Wﬁ:a& ‘B‘+ ﬁg% TR AU, dRoSt %gg@t %{Séﬂﬁ%f%}lg
condensat es. ,Alos3R0e 18R i§ §Sind: fihaed.i on of the remaining WO 2005/113713
PCT/ U82005/0174088§ -14 crlude 0|vlaﬁ%roﬂnt am nant, and a small fraction of the
condensate c{0g#1] se th&hkeilpaied mphaestrdand ffoe;ecfeumhlahbeabaxﬂ{ odtls 128 is

at mospheric resids, where less or no heat is removed by the econom zer

by vapori zeddEpatedr flagdsym (phinackpyiadram) Ad2 éhrov&léﬂasfe@unmmeérlﬂﬁgvm% fl ash
(B00F) ar -t s EChbeRHy aisobd B e e OB 1, Bhes, §%nE " SbimiEier
ube. bank OutT oy o | e aated Lo o e By i
t hr ough f| ashvethead, ieng.ct clebh stbamhydmaarboe vapbstianteinayed, thraugle ovérhkad o t he
drumvall t Oogtflef: eﬁ‘ts S"lyﬂer'\lzalpgrgous over%ead then passes to fifth tube bank 150, positioned

beneath the fourth tube bank, via inlet 152 for further heating and is removed via

outlet 154 through crossover line 156 and manifold 158 to radiant zone 104 which

includes burners 160 producing flue gas passing upwards through the radiant zone

and convection tube banks.

10042] The amount of excess oxygen in the flue gas can be controlled,

providing yet an additional means to broaden the temperature range used in the

process. When 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 i1s 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



hydr ocarbon resid is renoved through bottons outlet 146 and a vaporous
overhead, e.g., a clean stean hydrocarbon vapor, is renoved through overhead
out | et 1480 28bre119aPor ous over head then passes to fifth tpLﬂTéUft%{?fK'”%%,
positioned beneath the fourth tube bank, via inlet 152 for further heating
and is renmoved via outlet 154 through crossover |ine 156 and manifold 158
to radi ant zone 104 which includes burners 160 producing flue gas passing
upwar ds through the radi ant zone and caonvection tube banks. [0042] The
amount of excess oxygen in the flue gas can be controlled, providing yet an
addi ti onal neans to broaden thgoégggerature range used in th ess. \Wen
t

.cracki ng | owtRitaly reppiges; ahays 8 O additional ratipp and ithes ﬁﬁ?‘ﬁg Ii‘l? Btively

hi gh excess en.i;n _th , . from about 4 to ab - 69 t when

cracki ng hi g%}%cglnéett?ll }W%%g%g%g"é% ‘é’Ss‘g"g‘@;ﬂgéﬁ %‘5nragéan?e%&%'ed /theePé_(;w

" about 4% SUGBN@RRILAE HRYERHGURE. by NhSred Gl IERS | Jfothk N&ilC stV fifble) ON

section -by about 3 MNWto about 9 [ 0043] The effluent fromthe fifth

t ube bank outehgtloyed innhe kelibrit izohéyesay afiomrdbouz e abmed X %c leged, abbiit 1Mt | s

renoved through outlet 162, The ¢racked effluent_ can gass fromoutlet 162
é

to one or norfer e¥ampe.cxtending afedapgenkiramabent 12 pede abey 1 (ot0etd train

via line 166. e .cracki . Of i eeds..sych as gondensates . cam,result
L2 ow 1 ao T SRR Feshe é%\?esﬁﬁp{elﬁﬁ@?%rt AR T Gt M
of nore heat Byt bﬁﬁgh%é}tmﬁ.qg’i@tWEfgl ¢deaeki ng occurs, e.g., condensate WD
2005/ 113713 PCI/ US2005/ 017482 -15 typically requires about 85C (150F)

addi ti onal hd@b44}jg and Kipus 2fdapacts dn ghpearatus ube aretkalg thydmpeadiona@suand

excessive coking in the_ radiant zone. These ..conditi ons can .be aneliorated
by( i ncr easi ngtje%c}%esereé ; fomr dispasate sources, nelyding crudes yaesnbgrie e PNt

cone. 220 AR Frid 0P R Rl g |
whi ch resul t Senkd? throSgh @A uper BWE IR foedsi sikh Ws Uity 6driddBsads, abpikdhand ¢ resid
cracking, but longer run-lfengths for all feeds.

kerosenes requiring less heating are added downstream in a lower inlet and are
exposed to less convection heat transfer area.

[0045] The apparatus comprises a furnace 202 comprising a radiant
section 204 and a convection section 206 comprising a convection zone containing

a first tube bank 208 comprising an upper hydrocarbon feed inlet 210, for
introducing feeds such as crudes and atmospheric resids, a lower hydrocarbon feed
inlet 211 for introducing feeds such as dirty condensates, 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 extent 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

L. 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



[0044] Figure 2 depicts an apparatus for cracking hydrocarbonaceous feeds
sel ected from di sparate sources, including crudes, atnospheric resids and
condensates. Feeds such as crudes and atnospheric resi ds,d6Gkdd194830" €
heating “ERE¥F1H$1dugh an upper inlet while feeds such 2)36 di rt'@@?n ensat es,
napht has, and kerosenes requiring | ess heating are added downstreamin a

| ower inlet and are exposed to | ess convection heat transfer area. [0045]
The apparatus conprises a furnace 202 conprising a radiant section 204 and
a convection section 206 conprising a cqgvection zone containing a first

t ube bank 208 conprising an upper hydrocarbon feed inlet 210, for \
i ntroduci ng feeds ,such .as crudes.,a t nospher.i esi ds | ower hydrocarbon
Foed il of SPIOVGS Hgt Bt gond et SR Bhgreafer bR Ehisal i eBhomief 1P e; "
for i ntroducifer iyl fuPReMfinedd Zay, 304 B Bufil/bdi®. | ntroducing dil ution
steam 214, the respective amount$ of dilution water and steam controlling
tenperature f804I ext eMtheisepdrixe thiad névednis 22Ns mgitionkd Bdkeatlstherfostitdeel for a -
heated m xture streamfromthe first tube bank 208 and feeds into_a process
j unpover or byRaard comprises @nvipiet B36 byrdusls pressurs steand anuplet B3 forapixingd a

third tube bank 222 to a fourth.tyube bank 24 posit.ioned .hel. gw t he second
and| thi 1t uBEaTeaier WAt Sl it PR RIpe s Al Fraling 38 S b g erergas o

st ream passe i a AT t ] fGLAh.e second tube
bank 220 is gﬁxgé%%d;&nq(glg;&&hbgge Ehcdgﬁ%drlrll%zsg &?ﬁ?t%?ﬁ@dxi@rgﬁcontaﬁ%l | ed by val ve
232 for intr@e48ing hi ghaspivehsay @t ibdirpertaiite ekt whe efeed dide thealiqaidivapper at ur e

of about 110C (230F), heated within the second tube bank 220 to a
t enper at ur e GepaIFiaNcEPRBENS B fhch dognRA2 bs @t legsyparpabs)iquidythe temperature

PCTI US2005/ 017482, - 16 rempved as high. pressure_.bqiler fee ter. greater
heat content Vi'g %B@Be#orm)@g 338%%5]‘"%%&9‘?3?’“‘?%5{'1% R fit 1° %Qﬁgﬁ}by a
st eam dr uni beidigthineld 304 AmpetfuROBaFRLEHID TEE hdbRRI MAdMiretanSirdi Toiripned
beneath the first tube bank and conprises an inlet 236 for high pressure

st eam an i nitete BAEK dulet ARRiindirected updlakieanen (omkeockont dnen) 24hitlybugh essur e

stea reheatj ng of said high pressuyre
m ﬂasl? drum ?nlet 244. nepway 0? reducing the temperature of the heated mixture

stream directed to the flash drum is to provide a bypass line 243 arcund a portion
of the fourth tube bank outlet 228 to the flash drum inlet 244. The bypass line 243
is controlled by valve 245 and is especially suited for feeds such as dirty
condensates introduced at lower temperatures. Hydrocarbon resid is removed
through bottoms outlet 246 and vaporous overhead through overhead outlet 248.
The vaporous overhead then passes to fifth tube bank 250, positioned beneath the
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

a recovery train via line 266.



steam and an outlet 240 for w thdraw ng superheated high pressure steam
[0048] Inasnmuch as it is inportant that the feed to the |iquid/vapor

separ at i owoappraniatids or flash drum 242 be at | east part iBEFTYSPHUTEZ t he
tenperature of the heated m xture streamexiting fromfourth tube bank
outlet 228 is typically maintained at a tenperature to effect this. The
heated m xture streamfromfourth tube bank outlet 228 is directed to flash
drum (or knockout drum) 242 through flash druminlet 244. One way of
reduci ng the tenperature of the heated i’xture streamdirected to the flash
drumis to provide a bypass line 243 around a portion of the fourth tube
‘bank outlet 208B19 0 the Whis thedprgsent wheantiani has blaen Wygaibed land éllAdted sy

controll ed by valve 245 gnd is especially suited for feeds such as djrty
condensat es Fﬁ?ﬁﬁﬁhé@dP%PCWBMéFﬁpaﬁﬁﬁﬁ%t @%FﬁHV@PBEhﬁﬁﬂﬂ1Pe§Fd3¢SWﬂLaned

"through bott I 6. - Va h | et
248. The va% '§§§&b§%$ﬁ§hﬁﬁﬁﬁgﬁ'%@égg@d?§§$?§?ﬂ3#3g§q%g%%%ggdﬁﬁ%§%%{ioned
beneat h' the pbRuit Fof uhie rBABK, theh arefdib@le shHodld BE niddeldRly Me#d Ashendd i S
removed via outlet 254 through crossover |ine 256 and nanifold 258 to
radi ant zone cRivs forpucposes of deleminingtheirse 2BPe pf tetumesegt nvastigas passi ng
upwar ds through the radi ant zone and convection tube banks. The anopunt of
excess oxygen in the flue gas can be controlled. The effluent fromthe
fifth tube bank outlet is cracked in the radiant zone and cracked effl uent
is removed through outlet 262. The cracked effluent can pass from outl et
262 to one or nore transfer |ine exchangers 264 and thence to a recovery
train via line 266. WD 2005/113713 PCT/ US2005/ 017482 -17 [0049] Wiile the

présent invention 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 nade solely to the
appended clains for purposes of determning the true scope of the present
i nvention. 18



‘CLAIMS What Is Clained Is: 1. An apparatus for cracking hydrocarbonaceous
feed, which conprises a vapor/liquid separator and: (1) 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
inlets for introducing water and steam and (iv) an outlet for a heated

m xture stream (b) further conprising: (i) a second tube bank positioned
beneath said first tube bank conprising-an econom zer inlet for introducing
hi gh pressure boiler feed water and an econoni zer outlet for w thdraw ng
boiler feed water of greater heat content; and (ii) an optional third tube
bank positi Qg%paﬁneath said first tube bank conprising an inlet for high
pressure ich is heated in a section of said third tube bank, an

inlet for mmhagfs@gmgrmeat er water with said high pressure steamto cool
the high pressure steam a section for reheating said high pressure steam
and an outl et. f or Amidpparagwsi fog seqkangh dpdredarbomaghoysr fesduwhicht eamprisena ()
further conprisi ss line for receiving said heated m xture

stream f rom Y3 p%\llfi&}gaﬁi}% ank and -19-

)] a convection zone containing:
| (a) a first tube bank comprising:

1) an upper hydrocarbon feed inlet,

(i)  an optional lower hydrocarbon feed inlet,

(i1}  one or more inlets for introducing water and steam,
and

(iv)  an outlet for a heated mixture stream;

(b) further comprising:

(i) 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)  an optional 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



(ii1) a fourth tube bank positioned beneath said second tube bank and/or said
third tube bank which conprises an inlet connected to said bypass |ine and
an outlet for directing effluent to said vapor/liquid separator; and (d) a
fifth tube bank positioned beneath said fourth tube bank wth an inlet for
recei ving overhead fromsaid vapor/liquid separator and an outlet; and (I1)
a radi ant zone beneath said convection zone which includes a plurality of
burners producing flue gas passi ng upwat¥ds through the radiant zone and
convection tube banks, which radiant zone receives effluent fromsaid fifth
t ube bank and further conpripes arfoushtitet bdnbr posttiomed rtgneath celdseebfid uent . 2.
The apparatus of claim1l, wherein said radiant zgne .includes a neans for

adj usting excess oxygen content 8fbeskark fandéorgsaid @P“#H@bépbﬁﬁéﬂﬂ§c%f claim

| or 2, that further conprises ack%ﬁgﬁ%@&ggkpaﬁgéﬁggu%%ﬁdégﬁ%&ﬁgegg§tion of

said fourth tube bank and whose € uent is direc vapor/liquid

separator. 4. The apparatus of chaioitds fof diRttisy effiRht tdEdilapeliqiid ses a
first transfer line exchanger for receiving cracked effluent from said

radi ant zone, said transfer |inecmxaomayer having an outlet for renoving
guenched effluent. 5. e a atys ,of, claim4, that further ¢ rises a
second transfer line g‘i}cha.ﬁg{zﬁh 9NiPPGhPeies ?ai"ii i?“rfhr&‘??g%@fl i ne
exchanger to provide additigmald hiQUsNEREJi fVenRAl frdn sdilSaBoPRGAYUS Of
claim4 or 5, that further conprises a recovery train downstream of said
transfer |ine exchanger. - 2@eparatorldrel appalegtand of any preceding claim
wherein said one gr_ nore inlets fci)r i ntroduci ng water an ,stearp re
associated with a(gbar éeya_dlant zone beneath said 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 effluent from said fifth tube bank and further comprises an

outlet for removing cracked effluent.

2. The apparatus of claim 1, wherein said radiant zone includes a means for

adjusting excess oxygen content of said flue gas.

3. 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 provide

additionally quenched effluent.

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

downstream of said transfer line exchanger.



12. A process for cracking hydrocarbonaceous feed that conprises: (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

| east one of: (i) an upper hydrocarbon feed inlet; and (ii) a |ower

hydr ocarbon feed inlet; (b) mxing the hydrocarbon feedstock with water and
steam added to the first tube bank via one or nore inlets for introducing
wat er and steam and renoving said heat@®d-nixture streamthrough an outl et
in said first tube bank, the water and steam being added to control the
tenperature @f sailtic appares of smupsceding alaim,(whereinrsaitbenecermess| inletigfos ai d

tenperature of sai eated m xture stream .by:. (). reqgulating the
temperature of a 58%9 ﬁ“gd’f%ert?ﬁﬁﬁteap %%?%fomé%ﬂ\y‘éﬁqﬁﬁﬁ%%ne posi ti oned
beneath said first tube bank by introducing high pressure boiler feed water

through an ooNnom g@Eess Mbieiradkitth Ny drOGFEMabBub Beldqhaticogprided: er of greater
heat content through an econom zer outlet; and (ii) optionally, regulating

the tenperature ofa)a t iprehgatingomich faeld in@fﬁl_satube@nheﬁaioonvezﬁna zpues pf aoned
Cmlet for hi gh pressuRETaReANE e bing Taneden Grood Bea e Gfaouehi xing
desuperheater water w th58ifeRrgh pressure steam to cool said high
pressure steam reheating sai 8 FII gh pressure steam and w thdraw ng
super heated hi gh pressype shapperfiydfocacbod fedd ikt tande bank through an
outlet; (d) directing said heated nixture stream by a bypass |ine
substantially externallil o gdpwertsidrecarhamfeshidets or receiving sai d heated
mxture -21 (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 to control
the temperature of said heated mixture stream;
(c) further controlling said temperature of said heated mixture stream
by:

(i) 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
economizer inlet and withdrawing boiler feed water of
greater heat content through an economizer outlet; and

(ii)  optionally, regulating the temperature of a third tube 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,
mixing desuperheater water with said high pressure steam
to cool said high pressure steam, reheating said high
pressure steam, and withdrawing superheated high pressure
steam from said third tube bank through an outlet;

(d)  directing said heated mixture stream by a bypass line substantially

external to said convection zone for receiving said heated mixture



streamfromsaid first tube bank to a fourth tube bank positioned -beneath
sai d second tube bank and said third tube bank, which fourth tube bank
conprises 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 fromsaid fourth tube bank effluent in said
vapor/liquid separator external to said convection zone to provide a Iliquid
bottons phase and an overhead vapor ph&de; (f) directing said overhead vapor
phase to a fifth tube bank of said convection zone positioned beneath said
fourth tube with an i ndreim fi@n sariCRisyiutg nkribeatbutthaobes dank pesidoredi qui d
separator and an outlet in order to further heat, said overhead vapor phase;

(g) cracking said furthsaeathegidesecond tnenbankaped spHabidi tybg bapki wWhichzone

beneath said convecti n aid radi ant zqgne including. | unal ity of
burners producing fl ugfgﬁélg t‘gbfsfi%“p‘fgmm?%gntl Fto%deﬂg?tﬁ‘fei!to gaégibgﬁ?ss_zlglﬁe and
convection tube banks,anljo aRr eMlde f@d hrdétkid a $aﬁldﬂ$n!iQuﬁn@fﬁﬁ&t Wot Rdr awi ng
said cracked effluent fromsaid radiant zone. 13. The process of claim 12,

that further conpri sesvapdi/bgidsepagatoress oxygen content of said flue gas.
14. The process of claim 13, erei n sai d excess oxygen coptent, is, adjusted
to at |east aboJff') 4%%%1.@‘[%%]5&@'5%305*5 ‘?130‘8{11 Eﬁ’ﬁi fgﬁ't‘%ld’&éﬁ‘dm, t hat
further conprises by L% St bl dofl ZHRME kg bank and
directing effluent ta gﬁyggg§1eﬁ§?ntg§ﬁ@g{afe ﬁg%¥§%h g Hsé%@mggugth t ube
bank to said vapor/| iliguidibstepas pliasé and &Pevethead Maporphasess of any of cl ai ns

12 through 15, that further conprises quenchjng cracked effluent from said
radi ant zone in a&5Fir sdirachpg spidy oyerhgad 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 separator 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

(h) withdrawing said cracked effluent from said radiant zone.

13.  The process of claim 12, that further comprises adjusting excess oxygen

content of said flue gas.

14.  The process of claim 13, wherein said excess oxygen content is adjusted to

at least about 4%.

15.  The process of any of claims 12 through 14, that further comprises
bypassing at least a portion of said fourth tube bank and directing effluent
taken from an intermediate portion of said fourth tube bank to said

vapor/liquid separator.



exchanger. 17. The process of claim 16, that further conprises quenching
effluent taken fromsaid first transfer |line exchanger in a second transfer
| i ne exchanger. 18. The process of any of clainms 12 through 17, that
further conprises recovering olefins fromsaid cracked effluent in a
recovery train. 19. The process of any of clains 12 through 18, wherein (i)
the hydrocarbonaceous feed is selected fromcondensate contam nated with
resid, naphtha contam nated with resi d,2%2and kerosene contami nated with
resid and (ii) said fourth tube bank effluent is directed to said

vapor /| i qui dl6.-sephbatreecess of cayerhaclpims 1% shyouglnd Sabait fugthsc cogpoisgs 20, The

process of claim 19, wherei akd t erature f sai.d fourth tube bank

effluent are | essq'ﬁ?gwnﬁbc&‘f?e@ﬁgﬁ'ef‘gggﬁ ?a“gﬁdslafﬁezoB? 6%@3@"5{)#”%5:%& € clains
12 through 18, mh@&ﬁhﬁm§j) the hydrocarbonaceous feed containing resid is
selected fromthe group consisting of crude oil and atnospheric resid and

(ii) said effluent from said fourth tube bank effluent which is directed to
sai'd vapor/ | 1Qui dThe ppmesst ofr clais b thatafuntber eamprésep anenahingseffiuentt takemst about

400C (750F). 22. The progcess of claim.21l, wherein said. hydrocarbonaceous
food contalning oo BEERT RSt Tnf cuBheE S5 pRg TR eD UG BHEEES.  The
process of claim21 or 22, wherein said tenperatures of said fourth tube

bank effluenjgareTpt dr5ast @bé}%;; oﬂ%@8ﬁp@mu§lﬁ-17-,rhﬁatpﬁﬁﬂfci§scoﬁ’;prféle§"i m 21 or

22, wherein said tenperatures said fourth be bank effluent range from
about 400 to aboutecb¥&ing(d&fnstfoond 8410 Ejacke3f1u@g.in Thecopeyaess. of any of
clainms 12 through 24, wherein said feed is introduced to said first tube

bank through_said per hydrqcarbon.feed inlet. 26. The process of any of
ol ai s 15 i GughThe. PlarEesl 287 doF cgiviss 14 Aiihedd ruhesing B ks t ube

bank through sai dy| SWeibbNEALEDPRs s88Hed from condensate contaminated 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).

21.  The process of any of claims 12 through 18, wherein (i) the
hydrocarbonaceous feed containing resid is selected from the group
consisting of crude oil and atmospheric resid and (ii) said effluent from
said fourth tube bank effluent which is directed to said vapor/liquid

separator is maintained at temperatures of at least about 400°C (750°F).

22.  The process of claim 21, wherein said hydrocarbonaceous feed containing

resid comprises atmospheric pipestill bottoms.

23, The process of claim 21 or 22, wherein said temperatures of said fourth

tube bank effluent are at least about 460°C (860°F).

24, The process of claim 21 or 22, wherein said temperatures of said fourth

tube bank effluent range from about 400 to about 540°C (750 to 1000°F).



inlet. 27. The process of any of clains 12 through 24, wherein said feed is
introduced to said first tube bank through both an upper hydrocarbon feed
inlet and a | ower hydrocarbon feed inlet. 28. The process of claim12,
wherein a feed that contains | ess than about 50 wt.%resid is introduced to
said first tube bank through said upper hydrocarbon feed inlet. 29. The
process of claim?25, wherein said feed is selected fromthe group

consi sting of crude oil, atnospheric r€8i-d, and condensate which contains

at | east about 2 ppm(w) resid. 30. The process of claim 27, wherein the feed

is selected 15 om Thke pascesy of cantys bf tdlaimsol 2 cthroagho24, avheredrt rsaiplieedi & resi d.
31. The process of claim 26, wherein said feed cgontains_at |east about 2

ppm(w) resid. 32.intpdussddecsaid Hrstdpbe hank thrgpel suif wpey hy diegarberfeds es

condensat e t hat cont ains at | east about 2 ppm(w) resid.

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
wt.% resid is introduced to said first tube bank through said upper

hydrocarbon feed inlet.

29.  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.

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

consisting of crude oil and atmospheric resid.

31.  The process of claim 26, wherein said feed contains at least about 2
ppm(w) resid.
32.  The process of claim 31, wherein said feed comprises condensate that

contains at least about 2 ppm(w) resid.





