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FI ELD OF THEORMAIFTI®N 100011 The present invention rel at ®6TUS201381T5acki ng
of hydrocarbons that contain relatively non-volatile hydrocarbons, e.g.,
resids, and other contam nants. Mre particularly, the present invention
relates to the reduction of fouling during operation caused by coke
precursors present in vapor phase overheads. BACKGROUND OF THE | NVENTI ON
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BACKGROUND OF THE INVENTION

10002] 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 which has two main sections: a convection section and a radiant
section. The hydrocarbon feedstock typically enters the convection section of the
furnace as a liquid (except for light feedstocks which enter as a vapor) wherein it
is typically heated and vaporized by indirect contact with hot flue gas from the
radiant section and by direct contact with steam. The vaporized feedstock and
steam mixture is then introduced into the radiant section where the cracking takes
place. The resulting products, including olefins, leave the pyrolysis furnace for
further 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 which 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 1o produce greater quantities of tar.
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molecular weight, non-volatile components with boiling points in excess of 590°C
(1100°F). 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] Cracking heavier feeds, such as kerosenes and gas oils, produces

large amounts of tar, which leads to rapid coking in the radiant section of the
furnace, as well as fouling in the transfer line exchangers preferred in lighter
liquid cracking service.

[0007] Additionally, during transport, some naphthas are contaminated
with heavy crude oil containing non-volatile components. Conventional pyrolysis
furnaces do not have the flexibility to process residues, crudes, or many residue-
or crude-contaminated gas oils or naphthas which are contaminated with non-
volatile components.

(0008] To address coking problems, U.S. Patent 3,617,493, which is
incorporated herein by reference, discloses the use of an external vaporization
drum for the crude oil feed and discloses the use of a first flash to remove naphtha

as vapor and a second flash to remove vapors with a boiling point between 450

rum f or
apht ha
ween



WD 2005/ 113718 PCT/ US200 510 1 755 7 -3 and 1100F (230 and 590C). The
vapors are cracked in the pyrolysis furnace into olefins, and the separated
liquids fromthe two flash tanks are renoved, stripped wth steam and used

as fuel. [08OLboIA[71Patent 3,718,709, which is incorpor atﬁginpgioggl&.fg%
reference, discloses a process to mnimze coke deposition. escri bes

preheati ng of heavy feedstock inside or outside a pyrolysis furnace to
vapori ze about 50% of the heavy feedstock with superheated steam and the
renmoval of the residual, separated |iquid. The vaporized hydrocarbons,
whi ch contain nostly light volatile hydrogarbons, are subjected to
cracking. 100101 U. S. Patent 5,190,634, which is incorporated herein by
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convection section’inhibits ymeri zation reaction of the’hy rgcar bons
t irer eby i nhi biyithgteak@anfl Qsdtedsifoel. 10011] U. S. Patent 5,580,443, which is
incorporated herein by reference, discloses a process wherein the feedstock
is first prenhd808® and t hEB. Ratemidd,aldh709, nelmcla ipmehmpatated hereirhby cefexeace.i on
section of the_p;irol ysi s furnace, .Thi sqj&reheate ‘dI?ee stock is then m xed
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for heating and cracking. [0012] Co-pending U S. Application Serial No.

10/ 188, 461 fi llkgidul yTl&, vap@ized MRathexarbépp! mbidhi @ontinbimesilyi dight/Svolatile

2004/ 0004022 Al, published January 8, 2004, which is incorporated herein by
reference, dedwdrasasbops ﬁé@&@?@g@&@?&}km&-ont rolled process to optimze the

cracks 0, o VO S L USSR SO S B Bl N HREERRE:
maintain a rel@liyely 598skant ifAtitifg Qb Ratibf ihiatuthck 43YVhRHeating 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.
[0011] 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 coﬁvection 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
remove a required proportion of the non-volatiles as liquid from the separator.
The separated vapor from the gas-liquid separator is returned to the pyrolysis
furnace for heating and cracking.

[0012] Co-pending U.S. Application Serial No. 10/188,461 filed July 3,
2002, Patent Application Publication US 2004/0004022 A1, published January 8,
2004, which is incorporated herein by reference, describes an advantageously
controlled process to optimize the cracking of volatile hydrocarbons contained in
the heavy hydrocarbon feedstocks and to reduce and avoid coking problems. It
provides a method to maintain a relatively constant ratio of vapor to liquid leaving

the flash by maintaining a relatively constant temperature of the stream entering



the flash by maintaining a relatively constant tenperature of the stream
entering WO 2005/113718 PCT/ US2005/ 017557 -4 the flash. Mre specifically,
the constant tenperature of the flash streamis nmaintained by automatically
adj usting {4, gg{ of a fluid streamm xed with the heavy hydrocarbon

f eedstock prior to e flash. The fluid can be water. 100RGI7UBHOHEA hg U. S.
Pat ent Application Serial No. 11/068, 615, filed February 28, 2005, which is
i ncorporated herein by reference, describes a process for cracking heavy
hydr ocar bon feedst ock which m xes heavy hydrocarbon feedstock with a fluid,
e.g., hydrocarbon or water, to forma mxture streamwhich is flashed to
form a vapor phase and a |iquid phase, t-Me vapor phase being subsequently
cracked to provide olefins, with product effluent cooled in a transfer 1|ine

exchanger, whae dlasht hai@eoypatifiohlly, | the ctonbied tempenattifee of alesl Slasie ktrkgmVviaried in
accordance with a sel ected operating paraneter of the process, e.g.,

t enper at ur e chaintahreediixauiomatcallyadjustng the anfremtiok e finel Steamamizied wWithathbed.
10014] Co-pending, U, S. Patent. Appli.cation_Seri_al .. 10/ 851,878, filed My
21, 2004, whil€AYY BYRes; BB??@@&%BP@NH%?%S@F j}lﬁﬁ]&\‘gd CHpBE MalsEs a process for °
cracki ng hea drocarpon f tQC | Gh m xes heawy, -hy f eedst ock
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subsequently cracked to provide ol efins. Foulihg downstream of 't he

f1 ash/ separ atfbiorrackisgelheasy hyddouaeshnb Yeedlstpek hwhich nghitdse hvago hydracirben upper
portion of the vessel. A condenser nmay also be utilized within the vessel
to i nprove | ifepdsickap8r a dluph edt.i lydrocad®oRT Watery & fogmea mietute streamepschat e

heavy |iquid. hydrocarbagn fractions, containing,resid fromthe |ighter
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probl ens. 100161 Increasing the cut in the flash drum or the fraction of

t he accordance with a selected operating parameter of the process, e.g., temperature of
the mixture stream before the mixture stream 1s flashed.
[0014] Co-pending U.S. Patent Application Serial No. 10/851,878, filed
May 21, 2004, which is incorporated herein by reference, describes a process for
cracking heavy hydrocarbon feedstock which mixes heavy hydrocarbon feedstock
with a fluid, e.g., hydrocarbon or water, to form a mixture stream which is flashed
to form a vapor phase and a liquid phase, the vapor phase being subsequently
cracked to provide olefins. Fouling downstream of the flash/separation vessel is
reduced by superheating the vapor in the upper portion of the vessel. A condenser
may also be utilized within the vessel to improve liquid/vapor separation.
[0015] In using a flash to separate heavy liquid hydrocarbon fractions
containing resid from the lighter fractions which can be processed in the pyrolysis
fumnace, it is important to effect the separation so that most of the non-volatile
components will be in the liquid phase. Otherwise, heavy, coke-forming non-
volatile components in the vapor are carried into the furnace causing coking
problems.
[0016] Increasing the cut in the flash drum, or the fraction of the

hydrocarbon that vaporizes, is also extremely desirable because residue-containing

liquid hydrocarbon fractions generally have a low value, often less than heavy fuel



hydr ocarbon that vaporizes, is also extrenely desirable because

resi due-containing |iquid hydrocarbon fractions generally have a | ow val ue,
often | ess than heavy fuel WD 2005/113718 PCT/ US2005/ 017557 -5 oil

Vapori zi ng Wéh#os137e heavi er fractions produces nore valp@R|ie084/G3887
cracker feed. Although this can be acconplished by increasing the tlash drum
tenperature to increase the cut, the resulting heavier fractions thus
vaporized tend to condense once the overhead vapor phase | eaves the flash
drum resulting in fouling of the lines and vessels downstream of the flash
drum overhead outlet. 10017J Accordingly,sit would be desirable to provide
a process for treating vapor phase materials within a flash drumto renove
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content; (e) raroaptibe blrendapp duvaseeah of ddudrent mekead pudetur sors content as
overlhead through an overhead outlet, and the |iquid phase as bottons, from
the flash/ separation vessel; (f) heating the vapor phase; (g) cracking the
heat ed vapor W@mmm a pyrolysis furnace to produce an
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i s heated pri af hidrocarbon feedstock containing resid. The process comprises (a) heating the

hydrocarbon feedstock; (b} mixing the heated hydrocarbon feedstock with steam
to form a mixture stream; (c) introducing the mixture stream in a flash/separation
vessel through an inlet to form 1) a vapor phase at its dew point which contains a
lesser portion of coke precursors and ii) a liquid phase which contains a greater
portion of coke precursors; (d) partially condensing the vapor phase within the
flash/separation vessel by contacting the vapor phase with a condenser, which
{ condenses at least some of the lesser portion of coke precursors, which adds to the
liquid phase, the condensing providing a vapor phase above the condenser of
reduced coke precursors content; (e} removing the vapor phase of reduced coke
precursors content as overhead through an overhead outlet, and the liquid phase as
bottoms, from the flash/separation vessel; (f) heating the vapor phase; (g) cracking
the heated vapor phase in a radiant section of a pyrolysis furnace to produce an
effluent comprising olefins, the pyrolysis furnace comprising a radiant section and
a convection section; and (h) quenching the effluent and recovering cracked
product therefrom. In one embodiment, the mixture stream is heated prior to

introduction to the flash/separation vessel.



I ntroduction to the flash/separation vessel. W 2005/113718

PCT/ US2005/ 017557 -6 [0019] In another aspect, the present invention
relates to a flash/separation vessel for treating hydrocarbon feedstock
cont ai ni ng W2y &1provide a liquid phase and a vapor plraIrs208%4ahss7
conprises (a) an inlet for introducing to the vessel under flashing
conditions a m xture stream conprising the hydrocarbon feedstock and steam
where the m xture stream undergoes an initial flashing to formi) a vapor
phase at its dew point which contains a | esser portion of coke precursors
and ii) a liquid phase which contains a_gfeater portion of coke precursors;
(b) a partial condenser for contacting the vapor phase within the
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flow m xture stream (c) a vapor/liquid separation zone for treating
vapor/liqui d rindensersfoptompciingcthe yoper phade stithamthet flash/seprantzan wassel ond at
conprising (i) a substantially cylindrical vertical drum having an upper cap
section 8 i UAFCPELRNY AP GNP A AR SOTE L AN ICHEN RO & SOKORELTTE:

o (i _ | vl ' on:
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of the m ddl ecgi@Chic@iirsbOEontém! (P dUTdsPBepdridi] QWseTi oveitedd Shil @B Anfiang he

wal | under flashing conditions where the flow m xture stream undergoes an
initial flashthegvaporf phase(of) redueeh@oke precursors content as overhead; and (d) a

flash/separation vessel liquid outlet for removing the liquid phase as bottoms from
the flash/separation vessel.

[0020] In still another aspect, the present invention relates to an apparatus
for cracking a hydrocarbon feedstock containing resid, the apparatus comprising
(a) a heating zone for heating the hydrocarbon feedstock to provide heated
hydrocarbon feedstock; (b} a mixing zone for mixing a primary dilution steam
stream with the heated hydrocarbon feedstock to provide a heated two-phase
stratified open channel flow mixture stream; (c) a vapor/liquid separation zone for
treating vapor/liquid mixtures of hydrocarbons and steam, the separation zone
comprising (i) a substantially cylindrical vertical drum having an upper cap
section, a middle section comprising a circular wall, and a lower cap section; (ii)
an overhead vapor outlet attached to the upper cap section; (iii) at least one
substantially tangentially positioned inlet in the wall of the middle section for
introducing the flow mixture stream along the wall under flashing conditions
where the flow mixture stream undergoes an initial flashing to form (1) a vapor
phase at its dew point which contains a lesser portion of coke precursors and (2) a

liquid phase which contains a greater portion of coke precursors; (iv) a partial



phase at its dew point which contains a | esser portion of coke precursors
and (2) a liquid phase which contains a greater portion of coke precursors;
(iv) a partial WD 2005/113718 PCT/ US2005/ 017557 -7 condenser for contacting
the vapor pvaseostishisn the drumfor at least partially copgansidg: s, | east
sone of the | esser portion of coke precursors, which adds to the liquid
phase, the condensing providing a vapor phase of reduced coke precursors
content; (v) a drum overhead outlet for renoving the vapor phase of reduced
precursors content as overhead; (vi) a drumliquid outlet for renoving the

| i quid phase as bottons fromthe drum and7(vii) a substantially
concentrically positioned, substantially cylindrical boot of |ess dianeter
t han the m ddl ' ; ' | A he, | §ection,
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and a |iquid ogdrdensiag at leasi ome ofhd; lesser poRioR YT Woks ipfechittoRaGhigPRdsI 181 Ny a
convection section and a radiant section for cracking the vapor phase from
t He over head vépoliquidt pkaset ¢hegcoudensingn peividingrst vapenphassi of) refuekd naoke(e) a
means for quenching the effluent; and ( a recqvery train for recovering
cracked produckrefy! %StC}?é‘tetﬁ'ﬁe&gﬁe@“@f pysyRsad oytlst ereé%ﬁ’@i thgiapor phase of
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[0021] Figure fadiél |phasd ad ®5ttems GFeaidhd aninh,0omdd(a0r2RwRandalty es&RtridaAlly
accordance with thé present invention enployed wth a pyrolysis furnatce.

[ 0022] Fi gur e pbsitidneds substestidly ¢ydmdtisapmoatt ess dippeteatthen the middlepeettant

i nvention conprising dual finned serpentine cooling coils with interposed
sheds. [ 0023]theibgat sommunicaing Jris the laves (ap seeticn i2pd THpherr eamprisng eme
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cracking the vapor phase from the overhead vapor outlet to produce an effluent
comprising olefins; (e) a means for quenching the effluent; and (f) a recovery train
for recovering cracked product from the quenched effluent. In one embodiment,
the apparatus further comprises a heating zone for heating the mixture stream

upstream of the flash/separation zone.

BRIEF DESCRIPTION OF THE DRAWINGS

{0021] Figure 1 illustrates a schematic flow diagram of a process in
‘ accordance with the present invention employed with a pyrolysis furnace.

[0022] Figure 2 illustrates a flash/separation apparatus of the present
invention comprising dual finned serpentine cooling coils with interposed sheds.
[0023] Figure 3 illustrates a flash/separation apparatus of the present
invention showing a single parallel finned cooling coil with concentric pipe
coolers.

[0024] Figure 4 illustrates a cross-section of concentric pipe coolers used

in the present invention.
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e inlét and the tube outlet can pass through a wall of

t he

f 1 ash/ separ at cale preswedrs@onteat tseematdédvasl overtmad hedigte lopwed pldfse idwentovbé as nl et

and the tube
fl ash/ separ at

outl et pass through the overhead outl et ,of the .
bettorpes sidie vapor phase is heated and then cracked in a radiant section of a

pyrolysis furnace to produce an effluent comprising olefins. The resulting effluent
is quenched and cracked product is recovered from the quenched effluent.

[0026] The condenser 1is advantageously located within the
flash/separation vessel, typically above the inlet of the flash/separation vessel
which introduces the hydrocarbonaceous feed to the vessel. The condenser
comprises a vapor/liquid contacting surface which is maintained under conditions
sufficient to effect condensation of condensable fractions within the vapor phase.
In one embodiment, the condenser comprises a heat-conducting tube containing a
cooling medium. The tube can be made of any heat conducting material, ¢.g.,
metal, which complies with local boiler and piping codes. A cooling medium is
present within the tube, e.g., a fluid such as a liquid or gas. In one embodiment,
the cooling medium comprises liquid, typically water, e.g., boiler feed water. The
tube typically comprises a tube inlet and a tube outlet for introducing and
removing the cooling medium. At least one of the tube inlet and the tube outlet
can pass through a wall of the flash/separation vessel or, altematively, at least one
of the tube inlet and the tube outlet pass through the overhead outlet of the

flash/separation vessel.



WO 2005/ 113718 PCT/ US2005/ 017557 -9 [0027] In operation, the condenser tube
typically has an outside tube netal tenperature (TMI) ranging from about
200 to about 370C (400 to 700F), such as from about 260 to about 315C (500
to 600F). AwvotZezrisenperature, a |large anount of hydrocarborvusaosierys@i i on
occurs on the outside of the cooling tubes but not in the drum
cross-sectional area between the tubes, producing a partial condenser
effect. The tube may be of any size sufficient to inpart the requisite heat
to the vapor phase. Typically, the tube has a dianmeter of about 10 cm (4
in). For a vessel of about 4 m (13 feet).dianeter, the condenser heat duty
typically ranges fromabout 0.06 to about 0.60 MAN such as fromabout 0.1

to about 0.3 n one i gh t he
condenser at a raie of a @Q%%q%%cgﬁgh%riéﬁg& }/eﬁ?é%l&?ﬁaggl h‘éﬁ r) at
a tenperature gaparatare (TM) aﬁr%mg 6 dboundolto AHUECITEL2(400 to GOBIF)amstha
pressure ranging from about to about 17,000 kPag (50 to 2500 psig).

[0028] It is ctssfronbhbomth%ﬁﬂ tohaboob AHERE 600f 1ot 60 E i At thie t@pp%‘atumratlmge of

the flash/separatio sel; thus, the condenser is t cally bst tially
pl anar and comeuref Kg Oﬁrb%ﬁo’!jjén??é’to?ﬁﬁ?’élqwthﬁdm‘g&% an‘f?? ‘PEéu ssel .

In one enbodi thg t e

conpri sed of lgﬁtrbdrtn ﬁlr?gaj@ﬁlr gl{ogi?&éce)% |a%%sb§&§g§g%ee%uebﬁ% \Bélgé‘:%ﬁfélnm ng
with a strai Q%WHEﬁﬁr effRET THA t@etnh e bElofahy kel éﬂfﬁm&hrt@'lﬂiﬁrtQHé E&ﬁns‘ﬁ%Ct Lon.
Cooling nediumwhich is cooler than the vapor phase tenperature is

i ntroduced vi gieahw thd edpos phaseoTypivelly, thé tldne hae atdimrethnofjabont 16 ciohi@ inapor ,
heated cooling nediumis w thdrawn throu the_outl et section. &0029 I n

anot her enbodifisret yessek of ghentrs 8t (Iofashi @@e@r’stbﬁﬁﬁiiﬁqsﬁ‘l heat dby Bipigallyi nl et
ctrai gnt i nf evangs® FRms O Becaft PRy o B ok PR BRORLSY (Blatb 03"
substanti al 'y \per Tﬁ%b%%b%ﬁuﬁ&taﬁtq]&%w:%ﬁfslpfhgse‘{!' thfbugh%e e&&fen@m ol d
and substantially perpendicular to and communicating wth an outl et
mani f ol d, and ratesoftsicamndbalid y:bomtera]O@Htg/}w(tll ot 3(pklbehal & ténaperatoreamdging
communi cating f\rlgrL rellb;[)lrllte 1(?Ou;[o| aei}ou{rggoc’c (212 to 500°F) and a pressure ranging from about
350 to about 17,000 kPag (50 to 2500 psig).
[0028] It is desirable that the condenser fit within the upper portion of the
flash/separation vessel; thus the condenser is typically substantially planar and
conﬁguréd so it can be horizontally mounted within the vessel. In one
embodiment, the tube present in the condenser is continuous and comprised of
alternating straight sections and 180° bend sections beginning with a straight inlet
" section and terminating in a straight outlet section. Cooling medium which is
cooler than the vapor phase temperature is introduced via the inlet section and,
after heat exchange with the vapor, heated cooling medium is withdrawn through
the outlet section.
[0029)] In another embodiment, the condenser comprises a substantially
straight inlet communicating with an inlet manifold substantially perpendicular to
the straight inlet, at least two substantially parallel cooling tubes substantially
perpendicular to and communicating with the inlet manifold and substantially

perpendicular to and communicating with an outlet manifold, and a substantially

straight outlet perpendicular to and communicating with the outlet manifold.



WO 20( 15/ 113718 PCT/ US2005/ 017557 -10 10030] In one enbodi nent, the surface
area of the tube is enhanced by providing extended surfaces al ong the tube,

e.g., by a i ins to the tube along its length. Typically, the tube
conpri ses é%gl(ig‘{"éﬁs'&hout 2 finfcmof tube Ilength (5 fins/RGIERSIHPSQIGEE

| ength) and the fins range fromabout %to about 2'/ cm ('/4 tol in) in
hei ght and about 0.05 to about 0.4 cm (0.02 to 0.15 in) in thickness, say,
about 2 cm ('/<in) in height and about Vs ¢cm (0.05 in) in thickness. [00311
In still another enbodi ment, the tube enployed in the condenser conprises a
substantially concentrically placed i nner 1Pube within an outer tube,

wherein cooling liquid, e.g., water, is passed through the inner tube while
steamis passi@830hr oughln hee embedimaetheTyuplaca larep, oft the tuheas enbdrwehdy a

di aneter ranging . fromabout 2'/ to aboyt 10 cm (Il to 4 jn)_and tﬁe ut er
tube has a di RFEYIING SHGPdRY surfases alspe; the fobe. HButby13jachingofing, g the, fubes 5y

the inner tube S, I t€r.. abou 5 I n r e has a
di anet er of aba(g{)}‘?g !Ltg ]gﬁrﬁq}gﬁ Iﬁ)’%c%il%g%zﬁbenco&ﬁr{sgsng{]i%@ éei)rgr%ggiﬁ]g}ﬁ ) Og S8t of
passive |iqui deNARQS finSMcRCIitisE lefigth) BAE the! finsRasdd frh QBoWEA G hBotS%: cm
condenser, within the flash/separafion vessel. ypically, a set of

| i qui dl vapor déhtoak in)ng heighf ackdlmnt 0)5poabbated4 o @.02 todk. 15 my inthiclaiesss
arranged substanti al Ii/ pe\r'ﬁ_endi cularly to the tube. The sheds have an

i nverted V cr ¢8%-aheut 7 6m (hing in Baighitcaidaboyt 4icm (Q-Quing i Buckagss r om t he

surface down of f t ds for_cont.act]j i.th the vapor, phase or for
col l ection asvﬁﬁ%{]t ons. hl%hsjﬁgglfo §r ngﬂélﬂ'ﬂ?’agg‘? W@&n‘?“&@PWEP‘E m%jg@g@n%eén
further conpricgg ised §adbstaftiflyadflicthnRaly pRtPinPest: il LWPR8Ekr wh
substantial ly C%glr@l ?el toStan]c.im%'eneat htgt hey bfi rst ros\'/g%f shenzi?.? a ﬁeurJ ©

sui t abl e |i quiveraépeookimliqatlj e1g., sutdrasgmsiedchrodgh Hel ihsarubévhile ardmaikher
distillation tower w de oggn packing. [0033] In still another enbodi nent, a
second condengépseddhroyghkeionenaithen Typisally, dbe menpihe hasr diemetry 1@bgipaces to

ennance, conSeneat ook LISl ARk RT3 m) S HE Tl P AR e
side of the flRghisRR3NBLLAR 14852 € to 419, b)) Ble IRAR AR haaWRBhRBLeE BF hiYout
perpendi cular to the vessel wall, or nore advantageously, angled so
5 cm (2 in) and the outer tube has a diameter of about 10 cm (4 in).
[0032]) In yet another embodiment, a set of passive liquid/vapor contacting
surfaces is positioned beneath the condenser, within the flash/separation vessel.
Typically, a set of liquid/vapor contacting surface(s) is provided by a first row of
sheds arranged substantially perpendicularly to the tube. The sheds have an
inverted V cross-section which serves to drain liquid formed from the surface
downward off the sheds for contacting with the vapor phase or for collection as
bottoms. The set of liquid/vapor contacting surfaces can further comprise at least
one additional row of sheds positioned substantially parallel to and beneath the
first row of sheds. Other suitable liquid/vapor contacting surfaces include Glitsch
Grid and other distillation tower wide open packing.
[0033] In still another embodiment, a second condenser is located beneath
the liquid/vapor contacting surfaces to enhance condensation of the vapor phase.
{0034] The mixture stream is typically introduced to the flash/separation

vessel through an inlet in the side of the flash/separation vessel. The inlet can be

substantially perpendicular to the vessel wall, or more advantageously, angled so



WO 2005/ 113718 PCT/ U52005/ 1117557 -11 as to be at least partially
tangential to the vessel wall in order to effect swirling of the mxture
streamfeed within the vessel. 10035] The process of the present invention

i s typical IWO3PEYHSBE so that the condensing step provi dEETAAEE 7Phase
reduced in coke precursor content by at |east about 50% say at |east about
80% relative to a conparabl e vapor phase produced in the absence of the
condensi ng. (0036] Quenching the effluent |eaving the pyrolysis furnace my
be carried out using a transfer |ine exchanger, wherein the anount of the
fluid mxed wth the hydrocarbon feedstock'is varied in accordance with at
| east one sel ected operating paraneter of the Process. The fluid can be a

hydr ocar bon or aide & at legstpasiialy tangeatial to theysssel wall apprdgr iyelfent sWirhogat i on,

t he hydrocarbon, feedst ock coptai nin resid and coke precursors may be

heat ed by i ndi Elé%fm_@élﬁ? é&%#?%wﬁhﬁ%hﬁggésfa a first convection section tube
bank of the pyr[%yﬁ' S furm&gro%@quhmcﬁfegeat WiveRid 8 {ybilﬁgg%o gfa?écdeécﬂma% t he

t enperature of e "hydrocarbon feedstock Is from about about 260C

(300F to 500F) thetondensingiste protibed heapdriphdse 13RI inTdvke praduigoe cohterely may
t hen be heated by indirect contact wwth flue gas in a first convection
section of theaplaast gleaus S0 sax at ksaft abeubEP g ralatered conppasibie apper, phasee

first convection sec i'oﬁﬁié’i arra g}gd tg add the fluid, and optionally,
primary diluti SPHELN %‘é‘&ﬁ"g £889¥P MEhat section such that the

hydrocarbon fegghgiock c afed )i X4 1 he .d he
m xture stream(fcan] be fu ?éﬁ]glﬁmﬁeg]t%eg gg{)?(émtl)e Egemg@%%g.%%%gﬁ‘@ﬁ%é

t enper at ure of chkridfdut@sings temster ling ekdtangér; stherdmitecinamt s£tHel farid ntivde bank
is generally less than about 815C (1500F), for exanple |ess than about 700C
(1300F), such a4th dshydregartosdeedserbds (vanebm accardinge asithraieast pes seledieth

about 540C (100

process; for 88‘5)%{1 ?p%?%ﬁyéﬁge?ﬁ%‘z‘%fg? gT ﬁ%ﬁub@#ﬂ g?ab tdrsn Ohga”;teg’ the
containing r esbpefg%gfﬁatgf. |
[0037] In applying this invention, the hydrocarbon feedstock containing
resid and coke precursors may be heated by indirect contact with flue gas in a first
convection section tube bank of the pyrolysis furnace before mixing with the fluid.
Preferably, the temperature of the hydrocarbon feedstock is from about 150°C to
about 260°C (300°F to 500°F) before mixing with the fluid.
[0038] The mixture stream may then be heated by indirect contact with
flue gas in a first convection section of the pyrolysis furnace before being flashed.
Preferably, the first convection section is arranged to add the fluid, and optionally,
primary dilution steam, between passes of that section such that the hydrocarbon
feedstock can be heated before mixing with the fluid and the mixture stream can
be further heated before being flashed.
{0039] The temperature of the flue gas entering the first convection section
tube bank is generally less than about 815°C (1500°F), for example less than about
700°C (1300°F), such as less than about 620°C (1150°F), and preferably less than
about 540°C (1000°F).
[0040] Dilution steam may be added at any point in the process; for
example, it may be added to the hydrocarbon feedstock containing resid before or

after heating, to the mixture stream, and/or to the vapor phase. Any dilution steam



after heating, to the mxture stream and/or to the vapor phase. Any
dilution steam WO 20051113718 PCT/ US2005/ 017557 -12_ stream nay conpri se
sour or process steam Any dilution steam stream may be heated or

super heat eMOi2n0#i1I8B¥8vect i on section tube bank | ocated anypbewe00kblisey t he
convection section of the furnace, preferably in the first or second tube
bank. 100411 The m xture stream may be at about 315 to about 540C (600F to
1000F) before the flash in the flash/separation vessel, and the flash
pressure may be about 275 to about 1375 kPa (40 to 200 psia). Follow ng the
flash, 50 to 98% of the m xture stream.may be in the vapor phase. An

addi tional separator such as a centrifugal separator may be used to renove

trace anount sst%faﬁehn%gir%tnﬁﬁrgp bstgpleor i%gg S Srp&%s_ e, nytﬁgléiﬁﬂ%{eam@ﬁw heat ed -

above the flas ore’ ‘entering t Iant sectron o e
furnace, for saEPbesuferlmeatiaul cohdectidh Rbest tubéakk (FARE sy WA Withithi s

heating may occur in a convection section tube bank, preferably the tube
bank near est thaeonwegttiantsestentdfahe Hifrnadecprefaratdy & theGo2t serdretubobdndk: wi se
stated, all percentages

parts, ratios, etc., are b vvei?ht . unl ess
ot herwi se st d8#1] a ref thér%lét%stae%wmt@boebﬁ%wmu PHECUSEL'R t9e
conpound or c nt. by.itself,  a | as.in conpbj i W th other
conmpounds or %ﬁg@ﬁ%ﬁf?‘éﬁythgﬁ’%ﬁ‘ BisthﬁWP%nsamg}onc‘g eggwgéhé ?@&gﬁ?sﬁﬁ?%rz when
an amount . CaReAYE 255 8 abdli lgtyb@pawaezwpsi@armﬁﬁ% b ﬂésﬁ?S‘OﬁﬁW%"St of
upper preferable values and | ower preferable val ues, his is " to be
under st ood asofspeaiikiveaktraant mg|besinne edpor pamge sad addivondl separaoy syphias  of an

upper preferred value and a | ower preferred val ue, regardl ess whether ranges
are separ at elaycatitgfiigek separatonmay besusgd de rerepes Hachamowds &filignid Gepothent s, or

o e ! G5k Fhe et DRl BCREREI0 SE i Hh S B0
poi nt above ShsHHE RS T Eon YR ARk OlGR kRl T RS boit] | 0
hydr ocar bon gt (S)0maA3M0eR). ThiKeaitinhiayrmitoginapdonbecidnl deatiorombé GahY, by
ASTM D- 6352-98 or D- 2887 extended by
preferably the tube bank nearest the radiant section of the furnace.
[0042] Unless otherwise stated, all percentages, parts, ratios, etc., are by
weight.  Unless otherwise stated, a reference to a compound or component
includes theé compound or component by itself, as well as in combination with
other compounds or components, such as mixtures of compounds.
[0043] 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 whether ranges
are separately disclosed.
[6044] As used herein, non-volatile components, or resids, are the fraction
of the hydrocarbon feed with a nominal boiling point above about 590°C (1100°F)
as measured by ASTM D-6352-98 or D-2887. This invention works very well
with non-volatiles having a nominal boiling point above about 760°C (1400°F).
The boiling point distribution of the hydrocarbon feed is measured by Gas
Chromatograph Distillation (GCD) by ASTM D-6352-98 or D-2887 extended by
extrapolation for materials boiling above 700°C (1292°F). Non-volatiles include

coke precursors, which are large, condensable molecules that condense in the



extrapol ation for materials boiling above 700C (1292F). Non-vol atiles

i ncl ude coke precursors, which are | arge, condensabl e nol ecul es that
condense i ?Qﬁﬁyﬁ5%$15/113718 PCT/ US2005/ 017557 13 vapor_and then form
coke under thé opefrating conditions encountered in the pr&IBRRMSPEESs of
the invention. [0045] The hydrocarbon feedstock can conprise a | arge
portion, such as about 2 to about 50% of non-vol atile conponents. Such
feedstock could conprise, by way of non-limting exanples, one or nore of
steam cracked gas oil and residues, gas qils, heating oil, jet fuel,

di esel, kerosene, gasoline, coker naphthd?‘stean1cracked napht ha,

catal ytical ly cracked naphtha, hydrocrackate, reformate, raffinate
reformate, Fi seaper-and gheahiorngeokss undar sthh eepemating sedndijione sencourdered dn the
gasoline, distillate, vir 'g napht.ha, atnospheric pipestill bottons, vacuum
pi pestil | strd@ﬁ%ﬁﬁﬁ%?ﬁﬁ§%& BYMEBHRY- wi de boiling range naphtha to gas oi

condensates, h non- v i t refl .l es, yvacuum
gas oils, hea@@xé]as oi | %ge{ﬁlﬁ gfbggﬁf{gg%?%%t{é@%;{]ﬂsg%]&ge }gﬁ%gpﬁ!{%}r‘ %8
residue, heavyshouest dgeabdy B09626PAbndRIANIE SéahhfondakR] X ISUER Sfeedstock could

hydr ogen/ r esi due adnmi xtures, GC,'s/residue adm xtures, naphtha/residue

adm xtures, ganepriser by vdyefadniliiting examples, arewdenat lof sfeB@463ckdd gas oil

hydr ocar bon feedstock can have a nom nal _.end boiling point of _at |east
about 315C (60wH) resifiser 79 ilgyr beatisg ethaift dbshitdicsseb &kqroxsne) gasolipe eaker y
greater than abo 590C (1100F), fof ex € reater t bout 60C
(1400F). The dvdH ol cwg?%l’%}&fh?’e&%g‘t%ﬁﬁlb’g 515 egdeﬂav”ﬁmvi%ﬁ%r%%ﬁ%m
waxy residues, i ' , t 0 ' v r ,
VarTous T es du e A e P R R e e,

hydr ocar bon f egégtbgisolingtdistillang virghi gaphali, akesphaty pipestill kerwms, byciuppse of
ordinary skill in the art. However, as seen in FIG 1, it _is preferred that
the heating caipsstiflestreaes decduding nbettamsef Widse baide otmes oraphtheeths 88 koiho i n
t he upper (farthgst 1fro t he radi ani] gecti on) convgrcti on. section tube bank
2 of the furn&QBITSHTHIFEY TPPUATETA LEEroephan SHEIPS FOqhFIWEHTS JACSI™ £RY

oils, heavy gas oil, naphtha contaminated with crude, atmospheric residue, heavy

residue, hydrocarbon gas/residue admixtures, hydrogen/residue admixtures,
C,'s/residue admixtures, naphtha/residue admixtures, gas oil/residue admixtures,
and crude oil.
[0046] The hydrocarbon feedstock can have a nominal end boiling point of
at least about 315°C (600°F), generally greater than about 510°C (950°F),
typically greater than about 590°C (1100°F), for example, greater than about
! 760°C (1400°F). The economically preferred feedstocks are generally low sulfur
waxy residues, atmospheric residues, naphthas contaminated with crude, various
residue admixtures, and crude oils.
[0047] The heating of the hydrocarbon feedstock containing resid can take
any form known by those of ordinary skill in the art. However, as seen in FIG.1,
it is preferred that the heating comprises indirect contact of the hydrocarbon
feedstock 40 in the upper (farthest from the radiant section) convection section
tube bank 2 of the furnace 1 with hot flue gases from the radiant section of the
furnace. This can be accomplished, by way of non-limiting example, by passing
the hydrocarbon feedstock through a bank of heat exchange tubes 2 located within

the convection section 3 of the furnace 1. The heated hydrocarbon feedstock



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

passi ng the hydrocarbon feedstock through a bank of heat exchange tubes 2

| ocated within the convection section 3 of the furnace 1. The heated

hydr ocar boWOF288HER3ak WO 2005/ 113718 PCTI US2005/ 017557 - paTagmios/alisy7 has a
t enperature between about 150 and about 260C (300 to 500F), such as between
about 160 and about 230C (325 to 450F), for exanple, between about 170 and
about 220C (340 to 425F). 100481 The heat ed hydrocarbon feedstock is m xed
with primary dilution steamand, optionally, a fluid that can be a

hydr ocarbon (preferably liquid but optiopally vapor), water, steam or a

m xture thereof The preferred fluid is water. A source of the fluid can be

| owpressure %@ji&aqry haegl ture MwESTRSR 190 %n@faboﬁth%[f"tUB@O(ié‘rSOPq:_l)be| ow,
equal to, or dbove'the tenperature of the heated feedstock. 10049 he

m xi ng of thesihgpdsclsbtivyetr shvat béhaidcadat 036G 3aSttbdSOTR)] fbr eammplecbetiveémsi de
or outside the pyrolysis furnace 1, but Qreferably it occurs outside the
furnace. The sbxitdgdOcad abeut28mE34%1ee@508) ng any ni xi ng devi ce known within

th t. F le, it.i ible t first. 4 of .a doubl
spgr gcrar ag;e Qef olr L?i?}eﬁ{%gﬁ#g’roe‘??ﬁ@”‘? eggst%g‘lp‘r&f‘ﬁg‘riglar“@erﬂ“ﬁ?& HﬁBﬁ‘g‘? edﬁce
. g, q L ; . . . .
Che T1ut i nt SUcenty SBHERAT (ROKS At LAl 18 o Bilfobartyf iR MGG ' O ©
i nvention typbg@drallyuapér)siaRMstdah 3R nhiRtf@tHe®dts, The psefefbd 1R iPMRAEESS. The

primary dilution steam stream 17 can be mixed with the heated hydrocarbon
f eedst ock as detamir¢eedf helfbud cam badovipeessercbmdiembend, water. s dbonetaperatdid of | on

heat od i xt ur BedBRAPLE BEw: FR o ORACFanG ERREE R ARl heuDIseR9Eke | ut | on
ot eam my be, TETY, O 4P G YRRk RO BURERR Sy AR
primary and sg&Rp@ide ¢H duddiiOThePyeaIDiis HiBadSt, B pF@drably S oS! obide BfOCESS
steam Superheating the sour or process dilution steam m nim zes the risk
of corrosion, furmceh Tdeuhikingeswml e focomplishedenssrtinymodingdemcokngwvowihm st eam

the art. For example, it is possible to use a first sparger 4 of a double sparger

assembly 9 for the mixing. The first sparger 4 can avoid or reduce hammering,

caused by sudden vaporization of the fluid, upon introduction of the fluid into the

heated hydrocarbon feedstock.

[0050] The present invention typically uses steam streams in various parts

of the process. The primary dilution steam stream 17 can be mixed with the

heated hydrocarbon feedstock as detailed below. In another embodiment, a

secondary dilution steam stream 18 can be heated in the convection section and

mixed with the heated mixture steam before the flash. The source of the

secondary dilution steam may be primary dilution steam that has been

superheated, optionally, in a convection section of the pyrolysis furnace. Either or

both of the primary and secondary dilution steam streams may comprise sour or

process steam. Superheating the sour or process dilution steam minimizes the risk

of corroston, which could result from condensation of sour or process steam.

[0051] In one embodiment of the present invention, in addition to the fluid

mixed with the heated feedstock, the primary dilution steam 17 is also mixed with

the feedstock. The primary dilution steam stream can be preferably injected into a

second sparger 8. It is preferred that the pnimary dilution steam stream is injected



10051] In one enbodi nent of the present invention, in addition to the fluid
m xed wth the heated feedstock, the primary dilution steam 17 is also m xed
with the feedstock. The primary dilution steam stream can be preferably

injected i MP2WYILHI Nd sparger 8. It is preferred that tRETMSRWEPYTSH | uti on
steam streamis injected WO 2005/113718 PCT/US2 00 5/0 1 7 55 7 -15into

t he hydrocarbon fluid mxture before the resulting stream m xture optionally
enters the convection section at 11 for additional heating by flue gas,
generally wthin the same tube bank as éﬂ d have been used for heating the
hydr ocarbon feedstock. 10052] The primary-dilution steam can have a
tenperature greater, |lower, or about the sanme as_hydrocarbon feedstock

flui d nixture,intputhedpydreseehonyflyid anixtusebefoss thegesulling slsgas mixre eptionaldy t he

m xture and serves to partj.ally vaporize the.. feedst.ock/fluid m xture. The
ey a1 ut GRS RSB SRR o By b FRURE Gy, A et eehetely « ne
second spar ger. inlif lfgn ¥LNNGos b S .
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| eavi ng the sdeafxthckparger 8 is optionally heated again in the convection
section of the pyrolysis furnace 3 before the flash. The heating can be
acconpl i shed, IBESZJIay of Hampiiinayt difficexseapt ean have ptesayienajurchgreaten lawer, st r eam

th h a bank of heat h bes 6.l t j t hi th ti

Secti on, " usualoryPbadt i FADE 28 5 bR GRateth SRS ERrEn DODISRHAY B (e
f dt f | | f th
Fur nace. The (HIRIRGEY 5 ety Bel ty ol e PRRATERRS IO MY ST ' 27

m xture streafeeddtdck/ M ntiRakd. y The prigtidr) eilutibx e@awi inby &8 sagéthtated dkfosd eam
stream 100541 Optionally, the secondary dilution steamstream 18 can be
further spli beingtinjeatel iztonthesasand spargerd. 19 which is nixed with the

nydrocarbon sk 12, B R e LLesh and 2 Xpaes Sheam et el vhi o
LeDor e, SRR ki WS Py LR B9z o REkgd g s 20 a0
secondary di | gptiemmlstizarndk§amsiadh@sorteatdn sicdauoithe pyrolysis furnace 3 before

the flash. The heating can be accomplished, by way of non-limiting example, by

passing the mixture stream through a bank of heat exchange tubes 6 located within

the convection section, usually as part of the first convection section tube bank, of

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

furnace. The thus-heated mixture stream leaves the convection section as a

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

[0054] Optionally, the secondary dilution steam stream 18 can be further

split into a flash steam stream 19 which is mixed with the hydrocarbon mixture 12

before the flash and a bypass steam stream 21 which bypasses the flash of the
hydrocarbon mixture and is instead mixed with the vapor phase from the flash

before the vapor phase is cracked in the radiant section of the furnace. The present
invention can operate with all secondary dilution steam 18 used as flash steam 19

with no bypass steam 21. Alternatively, the present invention can be operated

with secondary dilution steam 18 directed to bypass steam 21 with no flash steam

19. In a preferred embodiment in accordance with the present invention, the ratio

of the flash steam stream 19 to bypass steam stream 21 should preferably be 1:20

to 20:]1, most preferably 1:2 to 2:1. In this embodiment, the flash steam 19 is



wi th no bypass steam 21. Alternatively, the present invention can be
operated w th secondary dilution steam 18 directed to bypass steam 21 with
no flash steam 19. In a preferred enbodi ment in accordance with the present
i nventi onWQ HWSEBYH%  of the flash steam stream 19 to bypaTasstsansstream 21
shoul d preferably be 1:20 to 20:1, nost preferably 1:2 to 2:1. In this
enbodi nent, the flash steam 19 is WO 2005/ 113718 PCTI US2005/ 017557 -16

m xed with the hydrocarbon m xture stream 12 to forma flash stream 20,
which typically is introduced before the flash in flash/separation vesse

5. Preferably, the secondary dilution si@amstreamis superheated in a
super heater section 16 in the furnace convection before splitting and

m xing wth thgedyatpar B@fodAibohUhiture Eieaddd fol 2Amaf flhdkestfdariSPo, Skigiam st ream
19 to the hydrocarbon m xture stream 12 aids the vaporization of nost )

vol ati | e conpypmealtsisofitroheedbators the fatlomefladhésephragbn vesseldanPi2ferahiy.ahe t he
fl ash/ separator vessel 5. 100551 The m xture stream 12 or the flash stream
20 is then i sescsdavediyinn sieam stigany Is wiperheated; pdcyupgrhsater pectiggH Sainttheigent i al ~

Taahs Senar atainacs Sbhyeeyioh tefore cspfifite” P FRkis® wARREE Huscatbe i 2c o
conprising prg %@Hﬁﬁiﬁt+ﬁ’th¥91a§15 51&4’%%@;(?}; RONR ANFoStER MialR drdhhdid d phase

conpri sing predom nantly non-vol at ocarbons. The vapor phase is

pref erably raiduke vhperaatibe of hashisletkr @htonests sflthamiaareoysfbleahe flavlapor
stream 13. The vapor phase, preferably, is fed back to a convection section
t ube bank 23sig¢tam RO enterntedlashipepamterbtepsal Scat ed nearest the radi ant section

of the furn for optional heating.,and through crossover, pipes .24 to the
radi ant sect ?@%5] of the &Wéﬁ?%ﬂ%&&gh?ﬂ?s%ﬁf&m%? ﬂﬁT’e‘“F"P ted BBhase of
the flashed g@.xtHE e a5t r IS 3 S 'ﬁr&ﬁha vessel 5 as
a bottons st glg%;}ﬁq“ 7?“‘?%0@& llIyt mlr gﬁg}ri@?ea: ?@%ﬁ?n&lﬁtgéﬁ préﬁgpéﬁﬁiaﬁed
constant r at flastgepasition aﬁ]:)ﬁrakdsgujgd, flashiseparhlod Siebsee Baart sdpartiss GhtoStwdut such
ratio is difficult to neasure an control. As an alternative, tenperature

of the m xt upbasss:ravanot Phassfeomprising predeminasdy apktite hydsecrebors apdstdam used as

an indirect parangter to neasure, con and mai nt.ai.n .an approxjmately
const ant vapg‘i"il&‘gF rHons.*The

rol,
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vapor phase is preferably removed from the flash/separator vessel as an overhead
vapor stream 13. The vapor phase, preferably, is fed back to a convection section
tube bank 23 of the furnace, preferably located nearest the radiant section of the
furnace, for optional heating and through crossover pipes 24 to the radiant section
of the pyrolysis furnace for cracking. The liquid phase of the flashed mixture
stream is removed from the flash/separator vessel § as a bottoms stream 27.

[0056] It is preferred to maintain a predetermined constant ratio of vapor
to liquid in the flash/separator vessel 5, but such ratio is difficult to measure and
control. As an alternative, temperature of the mixture stream 12 before the
flash/separator vessel 5 can be used as an indirect parameter to measure, control,
and maintain an approximately constant vapor-to-liquid ratio in the flash/separator
vessel 5. Ideally, when the mixture stream temperature is higher, more
hydrocarbons will be vaporized and become available, as a vapor phase, for
cracking. However, when the mixture stream temperature is too high, more heavy
hydrocarbons will be present in the vapor phase and carried over to the convection
furnace tubes, eventually coking the tubes. If the mixture stream 12 temperature

is too low, resulting in a Jow ratio of vapor to liquid in the flash/separator vessel 5,



vessel 5. ldeally, when the m xture streamtenperature is higher, nore
hydr ocarbons will be vaporized and becone avail able, as a vapor phase, for
cracki ng. However, when the m xture streamtenperature is too high, nore
heavy hydMZVFEAY i 11 be present in the vapor phase an®@CTAIS28H1B5Er t O
the convection furnace tubes, eventually coking the tubes. If the m xture
stream 12 tenperature is too low, resulting in a lowratio of vapor to
liquid in the flash/separator vessel 5, WD 2005/113718 PCT/ US2005/ 017557
17 nore volatile hydrocarbons will remain in liquid phase and thus will
not be available for cracking. [00571 Thé7m xture streamtenperature is
optim zed to nmaxi m ze recovery/vaporization of volatiles in the feedstock

whi | e avoi di ngnépec eslatie hy@okarbans will hemblyr R Giuid PRSse OdndC Bits NWill RolPbei NY
and vessel s conveying the mxture fromthe flash/separator vessel to the
furnace 1 vi a available 2or cFagkipg.essure drop across the vessels and piping 13
conveying the mxture to_the | ower convection section 23, and the crossover

pi pi ng 24, and®®¥d t enpelht umixipses SUEaINo JEMPHBIUG S, OPHBYRFEC (1P oFa¥ERIEE on 23
may be nonitored. to ect .t he .onset, of. cgki r.opl . For instance, if

t he crossover rf)‘l"oé’g?'u/?%g‘ﬁ%t]%? ooggg‘ijatiﬂﬁ?e’{’ ﬁ%?‘%ﬂ%‘?‘f o“%?nlﬁee 4y XEHERt i on
section 23 beg t:0 +} gcgqu | : : i eg,mgraﬂj in the
fl ash/ separ at %Pﬁ\ﬁllgslgeﬂl]@glhgn tIrgl%mr#?%(ﬂ%gﬁg@ggﬁ]@g&gﬁ%&%& e eghﬂggg{ré | f

coki ng occur s figin tthe flashiggpacnon estélap thediunacs 1tWe linenser Eh&lﬁﬁ:séﬁretdﬂ@) flue
gas to the superheater 16 increases, requiring nore desuperheater water 26
via val ve 25. acrpe9tse vessels aodaquping i 3o¢onvRgngithe mristuse tethn [owver eompsctdoure i s

| det i d. b h ition of f eedst ock terials. th
eedst ook comtitRzhindhe BRstaEePais 24y npt o FHGEANBORe SCins NEQRER at ur o
of the m xtur %on&tc{ia%ﬁl%&?oncgymngglbgﬁgom@a 10 éétgaaﬁg%aﬁkép%ffe&g;@%}tuafgpgf fluid

used in the first “sparger € | ncrease [or t primary
dilution steafodisedands, if iR secVer pRANGEIand poidsd ihRt geskaesedhsiloer t hese

anounts directly inpact the tenperature of the m xture stream 12. \Wen the

f eedst ock contemnvestian segiioar23 baginsrio ingrearsrrapidlyadud lo dekihgotwribmperaturtin

temperature Oihet &s ée)fagayartc?r %srsglagn a%g the mixture stream 12 should be reduced. If
coking occurs in the lower convection section, the temperature of the flue gas to
the superheater 16 increases, requiring more desuperheater water 26 via valve 25.
[0058] The selection of the mixture stream 12 temperature is also
determined by the composition of the feedstock materials. When the feedstock
contains higher amounts of lighter hydrocarbons, the temperature of the mixture
stream 12 can be set lower. As a result, the amount of fluid used in the first
sparger 4 would be increased and/or the amount of primary dilution steam used in
the second sparger 8 would be decreased since these amounts directly impact the
temperature of the mixture stream 12. When the feedstock contains a higher
amount of non-volatile hydrocarbons, the temperature of the mixture stream 12
should be set higher. As a result, the amount of f{luid used in the first sparger 4
would be decreased while the amount of primary dilution steam used in the second
sparger 8 would be increased. By carefully selecting a mixture stream
temperature, the present invention can find applications with a wide variety of
feedstock materials.

[0059] Typically, the temperature of the mixture stream 12 can be set and

controlled at between about 315 and about 540°C (600 and 1000°F), such as



shoul d be set higher. As a result, the anmount of fluid used in the first
sparger 4 would be decreased while the anobunt of primary dilution steam
used in the second sparger 8 would be increased. By carefully selecting a
m xture swWOezfd/1t3dmperature, the present invention can fpaguapRkisRks ons
with a wide variety of feedstock materials. 10059] Typically, the
tenperature of the m xture stream 12 can be set and controlled at between
about 315 and about 540C (600 and 1000F), such as WD 2005/113718

PCTI US2005/ 017557 -18 between about 370 and about 510C (700 and 950F), for
exanpl e, between about 400 and about 48@C (750 and 900F), and often between
about 430 and about 475C (810 and 890F). These values wll change with the
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ConsiderationsS i n ermnin erature 1 ncClude

mai ntain a | kgpliadd RBBSE4SEC EBYCRAIIURF), Iﬁﬁhl&f%%e@&ze&pkﬁo& QB 0BG Ubofi

exchanger tube walls and in the flash/deparator. [0061] The tenperature of
m xture stred?°2 (8Hhabad 896FF). olThest bylues wilinthange switht € donsbhtedtionoopr i ses
at least a tenperature sensor and any known control device, such as a
conput er appWPléﬁl‘?ﬁ@hthelfﬁédmlﬂsﬁlsctlﬁiéd gboiffer at ure sensors are

th I 7 th th | yi val 14
and the pri rdPGOLT| Gtt GROSEERP TSR ge S At e b e @¥$soﬁ?d and
the primary ghididih il HHa& oot Qq{xéemoédogg BSIEARAR off WAb e

100621 I n order to nm a cons erature for e mxture stream

12 m xi ng W fuBe WallsAnd e i@ fl8hasphrast eri ng the flash/ separator vessel to
achieve a constant ratio of vapor to liquid in the flash/separator vessel

5, and to avi@0dl] subst dTheitampernperaft mmxuendirédmsk? apdre- cantiallgdi by mat i o
vari ations, the Er esent_ i nventl on operates as follows: When a tenperature
for the mi xteangrolsysem hv 1} PRRIISER et flgash B/ IEWPETANNTS SERRO5 #B¢ aBY knov@:  t he

contr of 1S\ GTI AARTELERLAY. (SRR Bl EcVRUE B, AP

detects a drQ@psf a&@@ﬂ%@ﬁﬁ%bﬁpﬁes‘?f Th@%oﬂ‘iréﬂt Wsfem 7 communicates with the fluid
valve 14 and the primary dilution steam valve 15 so that the amount of the fluid
and the primary dilution steam entering the two spargers can be controlled.
[0062] In order to maintain a constant temperature for the mixture stream
12 mixing with flash steam 19 and entering the flash/separator vessel to achieve a
constant ratio of vapor to liquid in the flash/separator vessel §, and to avoid
substantial temperature and flash vapor-to-liquid ratio variations, the present
invention operates as follows: When a temperature for the mixture stream 12
before the flash/separator vessel 5 is set, the control system 7 automatically
controls the fluid valve 14 and primary dilution steam valve 15 on the two
spargers. When the control system 7 detects a drop of temperature of the mixture
stream, it will cause the fluid valve 14 to reduce the injection of the fluid into the
first sparger 4. If the temperature of the mixture stream starts to rise, the fluid
valve will be opened wider to increase the injection of the fluid into the first
sparger 4. In one possible embodiment, the fluid latent heat of vaporization
controls mixture stream temperature.
[0063] When the primary dilution steam stream 17 is injected to the
second sparger 8, the temperature control system 7 can also be used to control the

primary dilution steam valve 15 to adjust the amount of primary dilution steam



stream it will cause the fluid valve 14 to reduce the injection of the
fluid into the first sparger 4. If the tenperature of the m xture stream
starts to rise, the fluid valve will be opened wi der to increase the
injectionWP2MHEIBTI¥i d into the first sparger 4. |n one RSTSER2MS@17557

enbodi ment, the fluid |latent heat of vaporization controls m xture stream
tenperature. [0063] When the prinmary dilution steamstream 17 is injected to
the second sparger 8, the tenperature control system 7 can al so be used to
control the primary dilution steamvalve 15 to adjust the anpunt of primry
dilution steam WD 2005/ 113718 PCT/ US2005/ $1-7557 -19 streaminjected to the
second sparger S. This further reduces the sharp variation of tenperature
changes in t hetrbhmahjebted e sebendospatgens. FThistfenhet redices tise shay wpiatién of
tenmperature of the mxture stream 12, it will instruct the primary dilution
steam val ve 1@nperatuse cbanges imtheiflgsht | Whenthe enntigl sysiem Tfletests adrep eim

t into th d 8 whi | | ve.14 | | d . | f th
Cenper at ur e s{APPEARES Pf O TRXHRE WieRMald TGP IS e AIDAM Bloonsteam
t ticall f W ' ' ' t
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In one enbodi gEdHndi haipes SrWiEANe Galvé 14 id H18sAr BERNLIT iR Rfipepduret ffts 16 QRES O
system 7 can be used to control both the amount of the fluid and the anount

of the pri mar thedptimtarpalilktienmteany evalvet wilb autionjaticalld clase ombist to sdaceg dres.
(0065) In an exanpl e, _enbodi nent where the fluid is, water, tpﬁq c?ntrol, | er
vari es the amBURRMLAIYHEEFeaR sUpam wirstedinte thegiecandssnarass Swahilg valve M ionst ant

m xture stream.jenperaiure 12, while nmaintaining a constant ratio of H Oto
feedstock in Ehéene@{g]tdg]ﬁ‘e 11. To further avoid sharp variation of the flash

tenperature, {(uB4pr eSentnidhéedilcAinatsa REQHRERbNIth Yhd lpheest BRerdtheiEedi at e
desuper heat er provi di ng desuperheater water 26 via valve 25 to the.

super heat i ng casodli systedrs 7ofant be usel tmdemtyo! didtluttho ametetnf ithe flod and dece.

This allows the superheater oqut|let tenperature to bg_cont rolled at a
const ant val uamopRiRiFes Famanudilutiog stearestregmdosdRigelsd itgiotsRasdeEnt changes,

excess oxygen[do%gfl Cha'iﬁ'%%’ex%%%}e embodiment where the fluid is water, the controller
varies the amount of water and primary dilution steam to maintain a constant
mixture stream temperature 12, while maintaining a constant ratio of H,0 to
feedstock in the mixture 11. To further avoid sharp variation of the flash
temperature, the present invention also preferably utilizes an intermediate
desuperheater providing desuperheater water 26 via valve 25 to the. superheating
section 16 of the secondary dilution steam in the furnace. This allows the
superheater outlet temperature to be controlled at a constant value, independent of
furnace load changes, coking extent changes, excess oxygen level changes, and
other variables. Normally, this desuperheater maintains the temperature of the
secondary dilution steam between about 425 and about 590°C (800 and 1100°F),
for example, between about 455 and about 540°C (850 and 1000°F), such as
between about 455 and about 510°C (850 and 950°F), and typically between about
470 and about 495°C (875 and 925°F). The desuperheater comprises the control
valve 25 and an optional water atomizer nozzle. After partial preheating, the
. secondary dilution steam exits the convection section and a fine mist of water can
be added which rapidly vaporizes and reduces the temperature. The steam is

preferably then further heated in the convection section. The amount of water



ot her variables. Normally, this desuperheater maintains the tenperature of
the secondary dilution steam between about 425 and about 590C (800 and
1100F), for exanple, between about 455 and about 540C (850 and 1000F), such
as bet weeWWO02903(113285 and about 510C (850 and 950F), and pgpiusaddsiiiBet ween
about 470 and about 495C (875 and 925F). The desuperheater conprises the
control valve 25 and an optional water atom zer nozzle. After partial
preheating, the secondary dilution steamexits the convection section and a
fine mst of water can be added which rapidly vaporizes and reduces the
tenperature. The steamis preferably thapfurther heated in the convection
section. The anount of water WO 2005/113718 PCT/ U82005/017557 -20 added to

the superheal gagcafh GRNTBIEHRE HETBRIBL WerehipeldiBreSHOAR FLAA dniel hyigfi Xt Ure

stream 12. (0066] Although t cription above I's base justing the
anounts of thgxthtaistebaantl.t he prinmary dilution steamstreans injected into
t he hydrocarbon feedstock in the two spargers 4 and 8 according to the

pr edet er m ned[Méfper at urAdthovgh theedascnpizere abovesigrhas@l oehdjusting)the amounts

fl ash/ separato t he sane control nechani.sns. can be applied to

ot her par anet Q‘\ée uslgltaﬁg;‘hq BEBEOHENOBGT IR $trgaes Ieqtehintg theshydrecaseene and
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effect a change T'n e vapor iquid ratiro rn

oxygen in theof {Hien@asreCftfeart] 12 RSorR GBeMIAW sepdbiorRlese] & BB kaMOBhkby 2
sl ow one. 100671 In addition to maintaining a constant fenperature of the

m xture stremetibhisn ean begaptied tb ashergepanetes atwebadbeations. Fogemearee) y al so
desirable to nmaintain a constant hydrocar bonﬂparti al pressure of the flash
stream 20 in Bedlash peessyrgiand shateznperiuieaand thadlow wie Q/fatg@rﬂa@h)snea@ful%cam t he
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20. 10068] Typosd |y, theaddidoweamnhuintajiing iaatonstans semperathiret b tHel mdphurt r eam
'n stream 12 entering the flash/separator vessel, it 1s generally also desirable to

maintain a constant hydrocarbon partial pressure of the flash stream 20 in order to

maintain a constant ratio of vapor to liquid in the flash/separator vessel. By way

of examples, the constant hydrocarbon partial pressure can be maintained by

keeping constant flash/separator vessel pressure through the use of control valve

36 on the vapor phase line 13 and by controlling the ratio of steam to hydrocarbon

feedstock in stream 20.

[0068] Typically, the hydrocarbon partial pressure of the flash stream in

the present invention is set and controlled at between about 25 and about 175 kPa

(4 and about 25 psia), such as between about 35 and about 100 kPa (5 and 15

psia), for example, between about 40 and about 75 kPa (6 and 11 psia).

[0069] In one embodiment, the flash is conducted in at least one

flash/separator vessel. Typically the flash is a one-stage process with or without

reflux. The flash/separator vessel 5 is normally operated at about 275 to 1400 kPa

(40 to 200 psia) pressure and its temperature is usually the same or slightly lower

than the temperature of the flash stream 20 at the flash/separation apparatus feed

inlet before entering the flash/separator vessel 5. Typically, the pressure at which

the flash/separator vessel operates is at about 275 to about 1400 kPa (40 to 200



the present invention is set and controlled at between about 25 and about
175 kPa (4 and about 25 psia), such as between about 35 and about 100 kPa
(5 and 15 psia), for exanple, between about 40 and about 75 kPa (6 and | 1
psi a). 100899 2003/1d488enbodi ment, the flash is conducted i rcatuserstrgne

fl ash/ separator vessel. Typically the flash is a one-stage process with or
without reflux_The flash/separator vessel 5 is normally operated at about
275 to 1400 kPa (40 to 200 psia) pressure and its tenperature is usually
the sanme or slightly lower than the tenperature of the flash stream 20 at
the flash/ separation apparatus feed inleRlbefore entering the

fl ash/ separator vessel 5. Typically, the pressure at which the

fl ash/ separ at @kia emkheoeﬁfgaiaﬁﬁeiimﬁébo%bgmo t& §Bot 5480 Y600 AP PoddPg).(48- t 0 200
WO 2005/ 113718 PCTI US20051 017557 -21 psia), and the tenperature is at

about 310 to zkempl4RpieSfite bDtht ARGHE kcan beabow @b abouthid 0pkPag85 e 60t he
flash can be about 600 to about 1100 kPa (85 to 160 psi a%), and_ the
t énper at ure cafiaheasbbatenpaatur capdieapydd7Q oboub49FEH)700 Ag 930°KuAser
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700 to about psi a), e tenperature can ut

430 to about yét’Afeth&ldkainle] Ydpresshiepemié Agsidephatrivesgebeat by sboat 700&
m xture stream 12, generally about 50 to about 98% of the m xture stream

bei ng fl ashedabeuti §64 kita (Afpiorl 25imse, asliths temperabue c80be abasth0 t05Hpuf or
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di lution steagysdrihase, 58cH 45 dtagt 40 RAboRE 9 BANToR Bk ANHHIEALSNSS thlaBsk/gBEpar at or
vessel |owers t’he vaporization tenperature because it reduces the partial

pressure of t {78y dr ocarBerfashisemratonvésaelders genbmlly opetatedniménd dspestawor i s
el pi Ul to 1 oBYEREZE WroieRFSIFCUF of e LONKrba 5 06 SPBRY0h VERELPEAN vossel
bot t ons too much heat may cause coking of the non-volatiles in the liquid phase. Use of
the secondary dilution steam stream 18 in the flash stream entering the
flash/separator vessel lowers the vaporization temperature because it reduces the
partial pressure of the hydrocarbons (i.e., a larger mole {raction of the vapor is
steam) and thus lowers the required liquid phase temperature. It may also be
helpful to recycle a portion of the externally cooled flash/separator vessel bottoms
'- liquid 30 back to the flash/separator vessel to help cool the newly separated liquid
phase at the bottom of the flash/separator vessel 5. Stream 27 can be conveyed
from the bottom of the flash/separator vessel 5 to the cooler 28 via pump 37. The
cooled stream 29 can then be split into a recycle stream 30 and export stream 22.
The temperature of the recycled stream would typically be about 260 to about
315°C (500 to 600°F), for example about 270 to about 290°C (520 to 550°F). The
amount of recycled stream can be from about 80 to about 250% of the amount of
the newly separated bottom liquid inside the flash/separator vessel, such as from
about 90 to about 225%, for example from about 100 to about 200%.

[0071] The flash is generally also operated, in another aspect, to minimize

the liquid retention/holding time in the flash vessel. In one example embodiment,



liquid 30 back to the flash/separator vessel to help cool the newy
separated liquid phase at the bottom of the flash/separator vessel 5.
Stream 27 can be conveyed fromthe bottom of the flash/separator vessel 5
to the cooM2881¥37a8 punp 37. The cool ed stream 29 can t rem/tRoBpiris7i nto a
recycle stream 30 and export stream 22. The tenperature of the recycled
streamwoul d typically be about 260 to about 315C (500 to 600F), for

exanpl e about 270 to about 290C (520 to 550F). The amount of recycled
stream can be from about 80 to about 250% of the ampbunt of the newy
separated bottomliquid inside the flash/zeparator vessel, such as from
about 90 to about 225% for exanple from about 100 to about 200% [00711 The

flash is gene : v -al : [ enL.dhe.l i quid
et anti onf hol DR sCRREhaficd oA B [RSIARRRED o el aElcf ChodBr | 1)

2005/ 113718 Peyilinde? 339n0he bbilomof 2hd fshlseparadr pbssle Typidllycihenigaid phasen t he
vessel through a small dianeter "boot" or cylinder 35 on the bottom of the

f | ash/ separ at tatentsgs §me iMyibe clanrnyis lessghan qbout Phessends, doeaxdmyple tessetham t he

drumis | ess than about 75 seconds,, for, ex l e l.ess .than, about .60 seconds,
such as | ess &P endspsuchas gfs thanaboyt 3 Feqonds apﬂ&?lea%aﬁh@@bogbiﬁnds.
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[0072) Wen tDgssf Wieless &fkir?&%ﬂ?sﬁﬂ@hé’\@ét&fm BT #RF1adh/kdpaistely AGge1bon  enters
the flash/ separator vessel 5, a perfect or near perfect vapor/liquid
separation of0I2, wi t Whére theapoxtubeibfigteatn atd veey pixad withi Imadeoddrborf | ash
drum has no theoretical stages of separation, even_ if the vapor/liquid
separ ati on i serpersftbe flash/saparateyaipssahSca peifeds oa neReTiseievpet/liawd separatiognom of
t he hydrocarbon vapor s.a_ normal boilin 0| nt,.above %Z6QC,(14Q0F). The
vapor spends %0 ﬁﬁhggﬁé’ﬁagr %ngt'ﬂe’?? |dgﬁp§ptmsg{lce4éﬁc53§géﬁm agas‘?%g
cracki ng and gQkipgaCiasQTes hpdritfon, NSAY i€ hdRLEsMiGId BRAANGE i< pedking and
coking are enlglgﬁ?gr ?npcagée%act [ opns, t he va{por Wi ﬁ‘?‘%c@gl Sbel ow itlsbdewtiooi nt,
causi ng a fr ateinodafaniib ealbelationy prediceabdued Otppm obihd diydeocatbokivagoohastahe
condensed nol ecul es produces even heavier nol ecules and the condensed and
coked nol ecul resnfad bolingeppntrbeye d6WHs (FAOR X r Ditg vaper spends about 30 seconds '

in the flash drum at 450°C (850°F) causing cracking and coking of some of the
heavier molecules. Because cracking and coking are endothermic reactions, the
vapor will cool below its dew point, causing a fraction of the heavier molecules to
condense. Coking of the condensed molecules produces even heavier molecules
and the condensed and coked molecules foul the piping downstream from the
overheads outlet of the flash drum, e.g., the piping downstream of centrifugal
separator 38 and crossover piping 24. Accordingly, the present invention treats
the vapor phase by contacting it with condenser 104 to effect partial condensation
of the vapor phase before cracking occurs.

[0073] In one embodiment, as depicted in FIG. 2, the feed mixture
containing hydrocarbon and steam is introduced through a tangential inlet 120 via
line 20. The condenser 104 comprises a first serpentine, finned cooling coil 112
inside the top of the flash/separator vessel 5 which coil has a cooling medium inlet
108 and a cooling medium outlet 110. The fins effect good drop distribution
across the flash/separator vessel cross-section area as compared to bare tubes.
Droplets forming on the coil and fins can flow down the fin surface, improving

vapor/liquid heat and mass transfer. Sheds 106 are installed below the first coil.



over heads outlet of the flash drum e.g., the piping downstream of
centrifugal separator 38 and crossover piping 24. Accordingly, the present
invention treats the vapor phase by contacting it with condenser 104 to

ef fect par WQRSdhdEAsati on of the vapor phase before cr ZERIUSFOSHTIIG.
[0073) In one enbodinent, as depicted in FIG 2, the feed m xture
cont.ai ni ng hydrocarbon and steamis introduced through a tangential inlet
120 via |line 20. The condenser 104 conprises a first serpentine, fil nmed
cooling coil 112 inside the top of the flash/separator vessel 5 which coi
has a cooling mediuminlet 108 and a coeksng mediumoutlet 110. The fins
ef fect good drop distribution across the flash/separator vessel

Cross-secti on ArLaond serpemicelnicd coakise toibe$4 haligpd eddinkaneding iart the coil
and fins can flow down the fin surface, inproving vapor/liquid heat and
mass transf er.anShedwsoliog reedium rsitlat B8 ihaistalledheentithsthe sbeds, H@dooabhn13718

PCT/ US2005/ 017557 . 23 S nd serpentine finned cooling ¢qil 114 having a
cool i ng medi urkqwd 8rops logfﬁge g“@é&‘?ﬂ'&b?@&?ﬁﬂ?}’ﬁfm%g C@‘f&"ﬁ‘@“?mt all ed

beneath the s Hydr ogar ho L QUi ops . fall fe kh egds i nto the
boot 35 pr evet@ﬁ%] coke 'éﬁlaﬁﬁtﬁ%r éﬂf%%‘]&g{ r’iq'gadneg?(ﬁeec} %er% d?n@%tge%gmég%?ct ed
in FIG 3, theddesfindniticrbonantdieanny iftydihRed ko RR hndtaRMdis 120tyigduced
through a tangential “inlet 120 via Iline 20. The condenser 130 can conpri se
a substanti al Ihes20ai ght ¢ondedisel 330 cmnmamprisd iangubstantialin straght inteni3d! d 134
and parallel cooling tubes 136 substantially perpendicular to and

conmuni cat i ng eAMMURIsRiEg yeth | ihletamagifeld ééﬁs% trerdliel, oeelingAubesull3® to

and conmuni cat i i.t.h an out.l et nifold 138, .wth a bst [

oy o o Tevbstagtiall, Alwmbtar W B, S uuhiatint bt St ARniRkL P e

mani fol d. [ 007 : @r@pﬁ)(ﬂ . i 1

concentric pisgésstggtéﬁgggi tedhlnﬁnilgl aéd‘g?rﬁgﬁl ihdaglr}é ﬁﬁtﬁiﬁ %E}I%ﬂgt?iggﬂ{%g 1t3r§F ough
whi ch wat er 14#ith a supstastedlyenidight conaentr pegpendiararalo gidpnindénitdiingugith whi ch
steam 148 is passed. This arrangenent permts a reduced water rate. \Water

f1 ows through thteutletnaanifofd.pe while | ow pressure steam flows through the

annul us. Becattﬁ&%]ow S embodiment, the cooling tubes 136 comprise concentric

pipes as depicted in FIG. 4, with an internal pipe 142 through which water 144 is
passed and a concentric external pipe 146 through which steam 148 is passed.
This arrangement permits a reduced water rate. Water flows through the inner
pipe while low pressure steam flows through the annulus. Because low pressure
steam has a relatively low thermal conductivity, the tube metal temperature of the
outside pipe can be from about 260 to about 315°C (500 to 600°F) even though
i the water is much colder. This colder water can absorb more heat per kg (pound)
without localized boiling occurring in the film at the tube wall effecting a lower
water rate for a given quantity of heat transfer. Boiling in the film may cause
excessive pressure drop in this water coil. Another way to attain such tube metal
temperature is to cool with high pressure/moderate temperature boiler feed water.
In one embodiment, 0.2 MW of heat can be removed via a single serpentine coil
(as shown in FIG. 2) in a 4 m (13.5 ft) diameter flash/separation drum, where the
coils are 10 cm (4 in) Nominal Pipe Size (NPS) with 2 ¢cm (0.75 in) height fins at
0.8 fins/cm (2 fins/in). The embodiment uses 4500 kg/hr (10,000 Ibs/hr) of 10,500
kPa (1500 psig) boiler feed water heated from about 150 to about 180°C (300 to

360°F) with 2 maximum film temperature, i.e., the maximum temperature of the



steam has a relatively |low thermal conductivity, the tube netal tenperature
of the outside pipe can be from about 260 to about 315C (500 to 600F) even
though the water is nmuch colder. This colder water can absorb nore heat per
kg (poundWoO 2#5Ha8118| ocal i zed boiling occurring in the fiparesbdei7sibe wal l
effecting a lower water rate for a given quantity of heat transfer. Boiling
inthe filmmay cause excessive pressure drop in this water coil. Another
way to attain such tube netal tenperature is to cool with high

pressure/ noderate tenperature boiler feed water. |n one enbodinent, 0.2 MN
of heat can be renoved via a single serpegtine coil (as shown in FIG 2) in
a4d4in (13.5 ft) dianeter flash/separation drum where the coils are 10 cm

Fins/em (2. o1 i conphd vikiRs phishuf BRRAR P bR e 0fEelips o
10, 500 kPa (}5Q0208°@)Y44W0F). eMJxﬁﬁdi\@b@rméiﬁ&Eﬁ exfaﬁ@ambnt)tls 1BOutt &5 Rpout
180C (300 to 360F) with a maximumfilmtenperature, i. t he maxi num

t enper at ure @909 W]mﬁﬁhﬁmﬁﬁm&pﬁéﬂibhﬁﬂﬁeﬁlébbwmc (66@°Roater in contact
with the pipe walls (with no | ocalized boiling and flow cycling) of about

240C (460F) . 10836]Inum t uEbe epar phesmdakepupe qur)a i Gompthet TReEparativor)

whi | fin t t bout 35

Phase t aken TePERBIT S 1T B HaE ifgﬁfg%wra fw&‘?@?a?agr%c@ﬂgm% 0 3018 ey
t f 70%

ggln| ?Ing engr pg?ﬁg@aﬁl t E’ge &gﬂo% 8@@5]9??{ nor F‘}hgﬁl JS\?G"a %Eg)g‘m&bSﬂJMOF)

such as bel O%GimummomFsﬁ&%@beloﬁmbwapqnoma(s:wme) cmtrvap@uphaserﬁrroved
fromthe flash/separator vessel 5 through an overhead pi pe, which

optional |y conwiysousherenmyed ftom tedlashisepargar vessgdy trarghss overheadpipe,t r ace
armount s of entrai ned a d/ or co ‘gensed | i quid gwgéﬁh can l;_f recycled to boot
35 as quencl‘i"}\’/?}hopp?féa Igg:onwsi R Py tos‘i &S %19 refr&B(SJfaCQOS to

o 32006 bt o0l 3hly P el I8 1iflia U cd gg&fﬁ&s{ot%omr@caf bon

havi ng a si range can uench
fluxant. The M@fwv;‘anﬁmg ne né&dl&;h@t@aﬁnYd@h&@f b¥s bil Wﬁ)ut Q@@t@a@&ﬂlzbgb@l t hat

di stributes the flow to the convectl on section of the furnace.
(400 to 560°F) botling range] or other low viscosity hydrocarbon having a similar
boiling range can be added to line 39 as quench or fluxant. The vapor from line
13 then typically flows into a manifold that distributes the flow to the convection
section of the furnace.
[0077] The vapor phase stream 13 continuously removed from the
flash/separator vessel is preferably superheated in the pyrolysis furnace lower
convection section 23 to a temperature of about 425 to about 705°C (800 to about
1300°F) by the flue gas from the radiant section of the furnace. The vapor phase
is then introduced to the radiant section of the pyrolysis furnace to be cracked.
[0078] The vapor phase stream 13 removed from the flash/separator vessel
can optionally be mixed with a bypass steam stream 21 before being introduced
into the furnace lower convection section 23.
[0079] The bypass steam stream 21 is a steam stream split from the
secondary dilution steam 18. Preferably, the secondary dilution steam is first
heated in the convection section of the pyrolysis furnace 3 before splitting and
mixing with the vapor phase stream removed from the flash separator vessel 5. In
some applications, it may be possible to superheat the bypass steam again after the

splitting from the secondary dilution steam but before mixing with the vapor



10077] The vapor phase stream 13 continuously renoved fromthe

fl ash/ separator vessel is preferably superheated in the pyrolysis furnace

| ower convection section 23 to a tenperature of about 425 to about 705C
(800 to abd¥f®2005800HB by the flue gas fromthe radiant seeCTars2ef/o0n1re7
furnace. The vapor phase is then introduced to the radiant section of the
pyrol ysis furnace to be cracked. [0078] The vapor phase stream 13 renoved
fromthe flash/separator vessel <can optionally be mxed with a bypass steam
stream 21 before being introduced into the furnace |ower convection section
23. [00791 The bypass steam stream 21 is-25steam streamsplit fromthe
secondary dilution steam 18. Preferably, the secondary dilution steamis

first heatedpgsd hgnee kiR {HeORi:3hg b thePypRlsyidain RYIIRE theSvdpgt Or €
splitting and p'hrgnsxi ng V\nﬂ%(eﬁ&{aﬁeg\?gg%r eph:alseg E?reegsr?{pr ennvedszr‘g%??]ﬁe J1i’lgilsh

separat or vesphhséstrdam 13 ensarespldtiaticiut dieshealviest@ynpoacio of tHel Mixtare $nipids heat
the bypass steamagain after the splitting fromthe secondary dilution

st eam but bef sedsioni /1 thg fmage argevapapiged Yeiorp oBeingthegadan wsponsRaisiss7 - 25
phase. The superheating after the ni.xing of e ass. s 21 with.the
vapor phase ¢ @é‘?ﬁeﬁg’&ﬂf AR H%éghﬁm ﬂlﬂb‘f 4#:5’ %ﬁb?@? @@ﬁ%&i@@% i:?éﬂ t he

m xture in thi I t £ L Vs I f er.i t he
adi ant_sect i i QI ReRlon WAL Befis B2 RpLARH I Sabl kO "

about 705C (8QfhckGadidfObe inibtal tBApEIANRE cEPBY @6duced TR et BésSEMEY PS the
operation in the radiant section “since radiant tube netal tenperature can

be reduced. Thbtentiekil the fadianessectooki fhe spperbedtedilvapar it Hben adicked imeald i on.
The superheat ed _vapor is then cracked in the radiant section of the
pyrol ysis fur Fdiant seehmef thepyebisistteaeent rol | ed flash of the mixture stream

nydrocar bon s BEH0Ls (T n BERBYT InsCrahaisioyien 32t Joulied Wheal? PR, B
transfer |inesexoliantRmovar oftHe BOY- Red drlifo@idhd wiabict hpdtobA®oh delicRtGsect i on
of the pyrolysi's furnace. Anong other benefits, this Wwll allow nore
cost - ef f ect i veher Bquidfphige),nig i0possitde ko nglifaeittantfer fine exdhiangd: for decndivgd f or
O e eaS e Sfilucnt from the sadiant section of the pyrolysis fumase. Among other
benefits, this will allow more cost-effective retrofitting of cracking facilities
initially designed for lighter feeds, such as naphthas or other liquid feedstocks
with end boiling points generally below about 315°C (600°F), which have transfer
line exchanger quench systems already in place.
[0081] After being cooled in the transfer line exchanger, the furnace
effluent may optionally be further cooled by injection of a stream of suitable
quality quench oil.
[0082] The present invention's use of an internal partial condenser within
the flash/separation apparatus provides several benefits. The condenser cleans up
during each steam/air decoke of the drum, eliminating costly maintenance and
shutdowns. The condenser's minimal space requirements permit retrofitting of
current flash/separation apparatus. Where fouling is caused by entrainment of
resid rather than strictly vapor/liquid equilibrium, the raining droplets produced by
the condenser will also remove liquid resid in the vapor. Where a 50% reduction
is achieved in the 760°C (1400°F) or above fraction present in the vapor exiting

the flash/separation apparatus, overhead fouling is reduced or a greater

hydrocarbon vapor cut can be taken.



with end boiling points generally bel ow about 315C (600F), which have
transfer |ine exchanger quench systens already in place. [0081] After being
cooled in the transfer |ine exchanger, the furnace effluent may optionally
be furt herWea8#¥d3Dy injection of a streamof suitable qeed/usosessh oil .
10082] The present invention's use of an internal partial condenser wthin
the flash/ separati on apparatus provides several benefits. The condenser

cl eans up during each steanfair decoke of the drum elimnating costly

mai nt enance and shutdowns. The condenser's mininmal space requirenents
permt retrofitting of current flash/sepgration apparatus. \Were fouling is
caused by entrainment of resid rather than strictly vapor/liquid

equi 11 brium foBgsyal Nt neyROHeSrischl AR Bis bbdCIGLRBANIRY iMlidrmic!

remove |iqui |d in vapor ere ction 1s achieve |n t he
760C (1400F) ﬁfer@k@vm fpap@dul &N cinbedigihts, Nhédee of aR@inafXiskilngn thbeart will

fl ash/ separati on apparatus, overhead fouling is reduced or a greater

hydr ocar bon \eppreciate tthatathe hevansior dendaOtseQiO%y 1ArBiTiod8s ROTheiSRSOHY illustad - 26
[0083) While the present inventjon has bee describ nd illustrated by
reference to 1}5’&@?1 cliﬂraﬂllseFPéﬁfmsﬁb‘ﬂ’t §e ef%%é ‘EH dd?edmﬁgﬁ" §°%§W 19 thenapﬂ?ﬁ%deért will
appreciate t inven , at i QRS ;hot necessarlly

i |lustrated cﬁaép]gl rpﬁ'}@?s‘?shqqisa“ r“é‘é ﬂ{eﬁmﬁ SC?%ef @ft@ﬁt%e RAYRUE made sol el y
to the appended clains for purposes of determning the true scope of the
present invention. -27- CLAIMS 1. An apparatus for cracking a hydrocarbon
feedstock containing resid, said apparatus conprising 5 (a) a heating zone
for heating said hydrocarbon feedstock; (b) a m xing zone for mxing a
primary dilution steamstreamw th the heated hydrocarbon feedstock to form
a mxture stream (c) a substantially cylindrical vertical drumfor
separating the m xture




streamto forma vapor phase at its dew point which contains a | esser
portion of 10 coke precursors, and a liquid phase which contains a greater
portion of coke precursors; said drum having (i) an upper cap section and
an overhead outlet for the vapor phase attached to said upper cap section;
(ii) a mddle section conprising a circg?gg wal | and at |east one 15
substantially tangentially positioned infet in the wall of said mddle
section for introducing said flow m xture stream and a | ower cap section;
(d) a pyrolysis furnace conprising a convection section, and a radiant
section for cKCAckIMS the vapor phase fromthe overhead outlet to produce an
effluent conprising olefins; 20 (e) a neans for quenching the effluent; and
(f) a recovery train for recovering cracked product fromthe quenched
effluent in ich i ' tal:qt

cont ai ni ng awg'ool i %p%% Fogr& chi%;%ﬁ%&irt@ﬁ?ﬁ@r% Eeggé\/}gglg&lﬂgg{g@e@%lﬁ’e%gf | east
one 25 subst apparatht gorhprigiagti al |y positioned inlet for contacting the vapor

phase within said drumfaqr at |east partiall é condensi.ng the | esser portion
of coke pretursors @or adiatingzns fopheting suid dygnesaraon fFApPeksi di ng a vapor

phase of reduced c rech : E . e for
renovi ng through t (f o@e@ﬁ%ﬂa%%n%ttﬁg@ﬁgéa%ﬁ%%%ﬁﬁﬁ%%ﬁéﬁ%%@% erein
sai d condenseieatsd hydretabbn felistodl @iform amsixtup@sireaant al | y nounted. -28- 3,
Appar at us accor di n% to claim2, wherein the condenser conprises a

i

substantial |y straight ianfubstaptaalby eytiadticah yeticehdrym fos|separating the maixture

substantially i.cul i d. i i I
Subst ant i al 1 y SR &nEd sRpor PhalPatins UER Bl diFbongBhe s 38RE: potlon of .
comuni catiing coké prezatsdrd, tindta Mgoidt phade andcld contagisanigratldrypgtspefdokel ar to

and communi cating with an outlet manifold, and a
precursors; said drum having

() an upper cap section and an overhead outlet for the vapor
phase attached to satd upper cap section,
(1)  amiddle section comprising a circular wall and at least one
15 substantially tangentially positioned inlet in the wall of said middle section for
introducing said flow mixture stream; and a lower cap section;
(d) a pyrolysis furnace comprising a convection section, and a radiant
section for cracking the vapor phase from the overhead outlet to produce an

effluent comprising olefins;

20 (e) a means for quenching the effluent; and
H a recovery train for recovering cracked product from the quenched
effluent

in which a partial condenser of a heat-conducting metal tube
containing a cooling medium is located within the vessel above the at least one
25 substantially tangentially positioned inlet for contacting the vapor phase within
said drum for at least partially condensing the lesser portion of coke precursors for
adding to said liquid phase and providing a vapor phase of reduced coke
precursors content for cracking the vapor phase for removing through the
overhead outlet.
30
2. Apparatus of claim 1, wherein said condenser is substantially planar and

horizontally mounted.



substantially straight outlet perpendicular to and communicating with said
outlet manifold. 4. Apparatus according to any preceding clai mwherein the
condenser 10 conprises a heat-conducting tube structure having a
substantially concentrically placed inner tube within an outer tube for
conveyi ng water and conveyi ng steam thrgggh the outer tube as a cooling
medi um 5. Apparatus according to claim f®wherein the vessel has a
substantially 15 concentrically positioned, substantially cylindrical boot
of less dianeter than said mddle section, said boot communicating with
sai d | oner cap. sectApparatendcdardinpeto clampl,i svhagimithd rbaderker comprish #i | and

an outlet for the liquid phase at its |ower end. 20 6. £/ ratus of claim
1, wherein thé¥ ¥ eraginkes @gm@%fln%aﬁﬁueﬂilﬂﬁt %@?ﬁﬁé nfighe
conprised of al | 1 &l - ' ] i i nni ng
with a strai gﬁjte &?g@g@{%ﬁ%ﬁkg nﬁlggtr‘# fr%g |tﬁgq?%5%%t@§?§?%ﬁt& éooﬁp ﬁ%iﬂﬁ) g%cti on.
7. Appar at us ahbstantiafly geesind@ulir ab and Woerenticaingewitlo fsajdaddt wharifoddi iafld vapor

25 contacting surfaces is pgsitioned, beneath said condenser tg inprove
contact bet wsdbstavialy pemeadighlar {9 andgorpmppicating With saroutigs mgpiteldy ad & cedi ng

claim which f j | i A j e

st ream upst regﬁ%g%&?{aﬂg%&ﬁ%ﬁﬁ ‘Z‘é‘%fr@ gﬁ%ﬂ%&%g&;&%g&@@ﬁﬂ:&l%tgf% u())s(&t%l{:cor di ng
to claim1 inmdwifold.t he condenser conprises a heat- conducting tube having
an enhanced surface area by attaching fins to the tube along its length. 5
10. A process for cracking a hydrocarbon feedstock containing resid, said
process conpri,si ng ti ald _h rhon S . contalning resid
in a convect i42n seéﬁ%pg%%gsf ag&[g@l?‘g?tﬁs@%%ﬁg@g;&%ﬁ %&%?‘Rgﬁl{ghg&ﬂgg ed

hydr ocar boro f eegiptieeka heitivopdudigyube blidee hallhgsd eabRdntiaflp cOna@ntrickliyr e
stream

placed inner tube within an outer tube for conveying water and conveying steam

through the outer tube as a cooling medium.

5. Apparatus according to claim 1 wherein the vessel has a substantially
15 concentrically positioned, substantially cylindrical boot of less diameter than said
middle section, said boot communicating with said lower cap section, and further
comprising an inlet for quench oil and an outlet for the liquid phase at its lower

end.

20 6. Apparatus of claim 1, wherein the condenser comprises a heat-conducting
continuous tube comprised of alternating straight sections and 180° bend sections

beginning with a straight inlet section and terminating in a straight outlet section.

7. Apparatus of any preceding claim, wherein a set of passive liquid/vapor
25 contacting surfaces is positioned beneath said condenser to improve contact

between condensate and rising vapor.

8. Apparatus of any preceding claim, which further comprises a heating zone
for heating the mixture stream upstream of the flash/separation zone.

30



(c) introducing the m xture streamthrough an inlet into a flash/separation
vessel to form (i) a vapor phase at its dew point which contains a | esser
portion of coke precursors and (ii) a |iquid phase which contains a greater
portion 15 of coke precursors; (d) renoving the vapor phase of reduced coke
precursors content as overhead through 22 overhead outlet fromthe

fl ash/ separation vessel, and renoving fA&71iquid phase as bottons from said
fl ash/ separation vessel; (e) heating the vapor phase renoved through the
overhead outlet and 20 cracking the heated overhead vapor phase in a

radi ant secti &n of Apparapyy adcysiiigg tof elamat én wighr thd wordaweredcmprizagd a @edatpr i si ng
ol efins; and (f uenchi ng the effl uent and recovering, cracked product

t her ef rom me?l@%ﬁns  Rrupe joht sphanced s SepierY atpchingsEns fosthgtiBfged

tangentially i at least a | esser portion of coke precursor in the
vapor 25 phaswg\éggélﬁﬂgl | y condensed within the flash/separation vessel by
contacting said vapor phase with a condenser |ocated above the tangenti al
inlet of th fl ash/ separation vessel whi¢ch adds to said |iquid phase and
provi des a Yag8r prfsg@ce%?fewaflﬁ@g a Bydreraskon %egﬁft%%}%%‘é’@lﬁ’é‘gée%‘?:éé’érsors
content renoveg, tAr Fmsth{r% overhead outlet. 30 -30- 11. The process of
claim 10, wherein sald corflenser conprises a netal heat- conducting tube
containing a cooliifg nedieatingsud Bpirdcdrbdrefebdsodkeontiimingeesidipa et al
tenperature (TMI) ranging from 200 tgo 370C (400 to 700F). 5 12. The process
of claim1l, kRBYeSHAN Seti@nOfBPYFAXSIHNAGESi de tube netal tenperature (TM)

[ f 260 15C (.9 T L m 11 12,
whorei n said cool i N5 medkibd he RaEhradmbon BRI el Sl U7 1,

conpri ses p@ssteaf todon banikfie fte@eh;wat er through 10 said condenser at a
rate of 450 to 13,000 kg/hr_ (1000 to 30,000 | b/ hrgé at a tenperature ranging
from 100 to 260C (%42 t anwedringihe mxtyresiwamdhronghyppgnlet into a

flash/separation vessel to form

(i) a vapor phase at its dew point which contains a lesser
portion of coke precursors and (i1} a liquid phase which contains a greater portion
15 of coke precursors;

(d)  removing the vapor phase of reduced coke precursors content as
overhead through an overhead outlet from the flash/separation vessel, and
removing the liquid phase as bottoms from said flash/separation vessel;

(e heating the vapor phase removed through the overhead outlet and

20 cracking the heated overhead vapor phase in a radiant section of the pyrolysis
furnace to produce an effluent comprising olefins; and

() quenching the effluent and recovering cracked product therefrom;

wherein the inlet into a flash/separation vessel is arranged

tangentially and wherein at least a lesser portion of coke precursor in the vapor

25 phase is partially condensed within the flash/separation vessel by contacting said
vapor phase with a condenser located above the tangential inlet of the
flash/separation vessel which adds to said liquid phase and provides a vapor phase
above the condenser of reduced coke precursors content removed through the
overhead outlet.

30



from350 to 17,000 kPag (50 to 2500 psig). 14. The process of any of clains
10 through 13, wherein said partial 15 condensing provides a vapor phase
reduced in coke precursor content by at least 50%relative to a conparable
vapor phase produced in the absence of said partial condensing. 15. The
process of claim 14, wherein said partig% condensi ng provides a vapor 20
phase reduced in coke precursor content (§ at least 80%relative to a
conpar abl e vapor phase produced in the absence of said partial condensing.
16. The process of any of clains 10 through 15, wherein said m xture stream
is heated pribr t®he ptocesiwdiclagmtl®, wheminf daasdvndegsar edmprises asisatdl. he@s 17.

Process accor di to claim10.or 11, wherein sai d, condenser c, ri ses a
met al _heat-coﬁ%@??%@ﬁﬁ@t@mﬁohggww %?@B@F?‘ﬁ-@%ﬁﬁﬁg&bfg Process
according {0 HPlenokrattBITHIT r3kifly GORLRNFET 70 pRRbaARH#] v 30 pl anar

and horizontally nmounted. -31- rocess according clarm’l0, wherein said
tube is continuous and conprised of alternating straight sections and 180

bend sectiqns_begipning wt . strajght in]e ection and termnating in a
strai ght o(t;?t I éf- se@ﬂ‘? cess Ogﬁfa“ﬁrléc‘é’ ?SM@L?@&W ‘?Ht%{g?rf“}?&m%er ein said
condenser co ' | [ J o @q;;m.mi cating with an
i nl et mani fo%ﬁ%@rﬁ?@??@%%%{éﬁmgﬁgﬁ g(@g?gost aight inlet, at |east

two substantially parallel cooling tubes substantially perpendicular to and
communicating wth_said inlet manifold and . substantially perpendicular to
and comuni cat?ng W€ Brosessohclagm TeiloVacrein g Cof’b“gﬁ}?éli%ﬁb&‘lﬂle?f%%]r ai ght

outl et perpengi . J j L (Wl ifald 21.
Process: acoor iy i sdiPpRegss FRRH AR AL AALOU b REMIAE O 2]
subst ant i i) y ssidvemizhsdraak kate pf 480w 13000k htli@000 ol RO0M@IbAuk #fa t ube, wherein

water 15 is passed through said inner tube and steamis passed through said
outer tube. 2tempsrafpesangag Gew MY to 2607G(Th210 SPQ E) and amEssEitR TANgRE condenser

heat duty  gom 350 to 17,000 kPag (50 to 2500 psig).

14.  The process of any of claims 10 through 13, wherein said partial
15 condensing provides a vapor phase reduced in coke precursor content by at least
50% relative to a comparable vapor phase produced in the absence of said partial

condensing.

15.  The process of claim 14, wherein said partial condensing provides a vapor
20 phase reduced in coke precursor content by at least 80% relative to a comparable

vapor phase produced in the absence of said partial condensing.

16.  The process of any of claims 10 through 15,wherein said mixture stream is
heated prior to introducing to said flash/separation vessel.

25
17.  Process according to claim 10 or 11, wherein said condenser comprises a

metal heat-conducting tube containing water as a cooling medium.

18.  Process according to 10 or 11, wherein said condenser is substantially

30 planar and horizontally mounted.



ranges fromat |east one of (i) 0.06 to 0.60 MWV (0.2 to 2 MBtu/hr) and (ii)
0.06 to 0.6%of furnace firing. 20 23. Process according to claim 10,
wherein fins are attached to said tube along its length. 24. Process
according to any of clainms 10 to 23, further conprising a set of 25 passive
| i qui d/ vapor contacting surfaces positiopned beneath the condenser tube, the
set of |iquid/vapor contacting surface(s) provided by a first row of sheds
arranged substantially perpendicular to said tube. 25. Process according to
claim 24, wherein a second condenser is |located 30 beneath said

| i qui d/ vapor ¢&®nt aBtdacesy asueritangedaim 10, wherein said tube is continuous and

comprised of alternating straight sections and 180° bend sections beginning with a

straight inlet section and terminating in a straight outlet section.

5 20. Process according to claim 10, wherein said condenser comprises a
substantially straight inlet communicating with an inlet manifold substantially
perpendicular to said straight inlet, at least two substantially parallel cooling tubes
substantially perpendicular to and communicating with said inlet manifold and
substantially perpendicular to and communicating with an outlet manifold, and a

10 substantially straight outlet perpendicular to and communicating with said outlet

manifold.

21.  Process according to claims 17 through 20, wherein said tube comprises a
substantially concentrically placed inner tube within an outer tube, wherein water

15 is passed through said inner tube and steam is passed through said outer tube.

22.  Process according to claim 10 to 21, wherein said condenser heat duty
ranges from at least one of (i) 0.06 to 0.60 MW (0.2 to 2 MBtuw/hr) and (ii) 0.06 to
0.6% of furnace firing.

20

23.  Process according to claim 10, wherein fins are attached to said tube along

its length.

24.  Process according to any of claims 10 to 23, further comprising a set of
25 passive liquid/vapor contacting surfaces positioned beneath the condenser tube,
the set of liquid/vapor contacting surface(s) provided by a first row of sheds

arranged substantially perpendicular to said tube.

25. Process according to claim 24, wherein a second condenser is located

30 beneath said liquid/vapor contacting surfaces.



