VAPOR/ LI QUI D SEPARATI ON APPARATUS FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to a
wapenid7igqui d separati on apparatus whi ch exhi bp¢BUSHIEHN17556

efficiency in renoving non-vol atil e hydrocarbons from

hydr ocar bon feedst ocks. BACKGROUND OF THE | NVENTI ON

[ 0002] Steam cracking, also referred to as pyrolysis,

has | ong been used to crack various hydrocarbon

feedstocks into olefins, preferably light olefins such

as et hyl ene, propylene, and butenes. Conventiona

st eam cr acki ng utlllzesvgpQM@Qthng furnace which has

two main sections: and a radi ant

section. The hydrocar on ? ggﬁgﬁﬁf“g?%any enters

t he convectlon section of the furnace as a liquid

(except ht feedstocks which enter as a vapor)
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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] Conventional steam cracking systems have been effective for
cracking high-quality feedstocks such as gas oil and naphtha. However, steam
cracking economics sometimes favor cracking low cost heavy feedstock such as,
by way of non-limiting examples, crude oil and atmospheric resid, also known as
atmospheric pipestill bottoms. Crude oil and atmospheric resid contain high
molecular weight, non-volatile components with boiling points in excess of 590°C
(1100°F). The non-volatile, heavy ends of these feedstocks would lay down as
coke in the convection section of conventional pyrolysis furnaces as the lighter

components were vaporized. Only very low levels of non-volatiles can be



conponents were vaporized. Only very low | evel s of
non-vol atiles can betolerated in the convection
waeemsiiaaTidownst ream of the point where the |i ghtBUS2005/017556
conponents have fully vaporized. [0004] Additionally,
during transport sonme naphthas are contamnated with
heavy crude oil containing non-vol atile conponents.
Conventional pyrolysis furnaces do not have the
flexibility to process residugs, crudes, or nany
resi dueor crude-contanm nated gas oils or naphthas
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feedstock with superheated steam and the removal of the residual, separated

liquid. The vaporized hydrocarbons, which contain mostly light volatile
hydrocarbons, are subjected to cracking.

[0007] U.S. Patent 5,190,634, which is incorporated herein by reference,
discloses a process for inhibiting coke formation in a furnace by preheating the
feedstock in the presence of a small, critical amount of hydrogen in the convection
section. The presence of hydrogen in the convection section inhibits the
polymerization reaction of the hydrocarbons thereby inhibiting coke formation.
[0008] U.S. Patent 5,580,443, which is incorporated herein by reference,
discloses a process wherein the feedstock is first preheated and then withdrawn
from a preheater in the convection section of the pyrolysis furnace. This

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



di scl oses a process wherein the feedstock is first
preheated and then withdrawn froma preheater in the
wa@oenwgacl7ion section of the pyrolysis furnace. A¢I/BS2005/017556
preheated feedstock is then mxed with a predetern ned
anmount of steam (thedilution steam) and is then :
introduced into a gas-liquid separator to separate and
renove a required proportion of the non-volatiles as
liquid fromthe separator. The_separated vapor from
the gas-liquid separator is returned to the pyrolysis
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10/ 851,434, filed May 21, 2004, which _

form a vapor phase and a liquid phase, the vapor phase being subsequently
cracked to provide olefins, and the product effluent cooled in a transfer line
exchanger, wherein the amount of fluid mixed with the feedstock is varied in
accordance with a selected operating parameter of the process, e.g., temperature of
the mixture stream before the mixture stream is flashed.

[0011] U.S. Application Serial No. 10/851,434, filed May 21, 2004, which
is incorporated herein by reference, and U.S. Provisional Application Serial No.
60/573,474, filed May 21, 2004, which is incorporated herein by reference,

describe a process to increase the non-volatile removal efficiency in a flash drum

used in a steam cracking system, the flash drum having a lower boot comprising



I's incorporated herein by reference, and U S.

Provi si onal Application Serial No. 60/573,474, filed
wo/kys5213712004, which is incorporated herei n byPCT/US2005/017556

ref erence, describe a process to increase the

non-vol atile renoval efficiency in a flash drum used

in a steam cracking system the flash drum having a

| ower boot conprisingan inlet for introducing

stripping steam a ring distrjbutor for recycle quench

oil, anti-swirl baffles, and a grate. [0012] The

pr‘ n . .
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signi ficant amunts_of |ight hydrocarbgns, which are
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ertenoodss bhedueipa thetanaring pf hgi hydrogeiboas prgseny & iejbooms of
hﬁ%%?c$rbons in the flash drum by nodifying the | ower
b ko] q?@'flash drumto pronote contact

[0014] The present invention provides an apparatus and process for the
effective removal of non-volatile hydrocarbon liquid from- the volatile
hydrocarbon vapor in the flash drum that treats the heated feed from the
convection section of a steam cracking furnace. The present invention
significantly enhances the separation of non-volatile and volatile hydrocarbons in
the flash drum by modifying the lower boot of the flash drum to promote contact
between a stripping gas and liquid entering the boot, e.g., from the upper flash
drum or as recycled quenched liquid, thereby providing additional vaporization of

light hydrocarbons from a given amount of feedstock.



between a stripping gas and liquid entering the boot,

e.g., fromthe upper flash drumor as recycled
wa@e@sassdr | i qui d, thereby providi ng additi onal PCT/US2005/017556

vapori zation of |ight hydrocarbons froma given anount

of feedstock. SUWARY OF THE | NVENTI ON [ 0015] In one

aspect, the present invention relates to a

vapor/liquid separation apparatus conprising (a) a

vertical drum having an upperscap section, a mddle

section conprising a circular wall, and a | ower cap

S QUMPAMARYPOFAHRIRMENHI 9RPOT outlet attached to said

upper_cap section, (c) at least one inlet in the
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of |l ess dianeter than, s id mddle section, said
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over head vapor oufl et attached to the upper cap

s¢aali6dn; ( c)inamnothemsspeonahe prestnti mvemtencretates tor awapbr/liquid
of the mddle section,for |ntrodu0|/ éheflowfh% b
(aspaaatwamqs O etinec A tapgr/Beus miiess, of hydrocarbons

t
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pupperarapcseammmcmtddlrgsambh comprisinger cicauter sedt, Iand a [oXer cap

a mddle portion conprising suffici ent gas-lig

cé‘?ﬁ“é?@t (b @nfoae@eecbvamoawa@ agtpched e theyuppsr f«’rpa%ectlon (c) at least
f? n%t 1? ff“e crqf'ecgleal!r \k;\%aﬂg of ;ﬁlﬁ:qlﬁl aneaﬁﬁrgr%?%tgﬁllukﬂgﬁﬁ% flow; and (d)

I hqsubdtahﬁaagl condehgRRaly robioned nqubkassally tylimeiricalubb@t of less

for renoving the |iquid and an inlet for introducing a

stiansWmiag abe i middler pretiggother EPIWCeREriYgas - (1) iii gpper portion

C%Qrtnran%tmcatmg with the lower cap section, (2) a middle portion comprising

sufficient gas-liquid contact surface to provide at least a partial theoretical
distillation stage, and (3) a lower portion for receiving liquid and holding it at a
liquid level, which further comprises a lower outlet for removing the liquid and an
inlet for introducing a stripping gas into the boot below the gas-liquid contact
surface.

[0017] In 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 thé hydrocarbon feedstock to provide heated hydrocarbon

feedstock; (b) a mixing zone for mixing a primary dilution steam stream with the



surface. [0017] In another aspect, the present

invention relates to an apparatus for cracking a
whyasocaibon feedstock containing resid, the appERUS1005017556

conprising (a) a heating zone for heating the

hydr ocar bon feedstock to provi de heated hydrocarbon

feedstock; (b) a mxing zone for mxing a primry

dilution steam stream w th t heheated hydrocarbon

feedstock to provide a heatedgtwo-phase stratified

open channel flow m xture stream (c) a vapor/liquid

Sﬁgﬁéat hRflo&Ptn FQdstoliEab! H18vNRPL Hehied Uiveb-Phast Widhfied open

hydrocarbons and steam the separation zone conpri sing

( tharme$ Ubst anixinak | streawt i (odmi eadorAiquitli seplaration nzonaviongreating

an upper cap sectiogn, a mddle section conprisi ng a ..

civapifiguiduanixturegpf hydrosppbeneand deam, lgﬁ,seﬁ( tiogzone comprising
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Ofedtfd@ dBnfHsthgSLeitdut; wan dnd 4 Jowersdp séaiohj @)lay overhead vapor
concentrically positioned, substantially cylindrical

bootletaittachasisto dhenpnes ean $eshon;K3) afilerst enesiadatiimthe cingalar wall of
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CPREAridal BoSUbS iicsh RIIAmM&SES tHah GHE GnidBR! fetiod WhE a8t tomprising

provide at least a partial theoretical distillation
s{ige, upped ppitidn) cemmowneatigg mithothef lower aapi secthen, | (iiga thiddle
and holding. it a% a l iggu'ﬁ.d l.evel , which furt.aer | -
c BRPIanseERLisingRTient gas-lifgA COBREVIURGCS I0ePTPY 6 ALICaT @ Partia
a . 0 I .o r S 5 . .
ol YRULRAT RALE 918 BiiP p foRaF PArERCIR Sepiing diguid and
C BBRing itng adiquidiVeet,ivdricls Gotlieorompdsa a hoveamtitlstefor iremoving
for cracking the vapor phase fromthe overhead vapo

othd kquid gngh PodleclonmtEnrie RSUCRIRE B35 BEOWI %s‘}quv%omact
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ekédtioartbr cthOOABIhe vapst phdse &t therovaspad vapor beatlgtrte pesduce an
invention relates to a process for cracking

hytflusshcoonrisiagddeloesk (EbAtmasais ifgr qustduingr e %ﬂ&é@s gnd (f) a
i ses. heat.i.-ng .t he h f . (b
ﬁ?%&%r%/ﬁ%érg ﬁ X 5%02%@"}59 cracbl?edb%gé o?ﬁragftgg ﬁsg‘ﬁ’%@ gil‘f]'uelgt. )

rocar nree a primary

dijdgals) on st eRRNIFhheBen dspediOthBpresb@ahehtioprrelars aPh yrocess for
twophase stratified open channel flow, mxture streany

(cyackﬁnge@thmigoqari@nmfc}@ﬁgtpek containing resid. The process comprises
(a) heating the hydrocarbon feedstock; (b) mixing the heated hydrocarbon

feedstock with a primary dilution steam stream to form a heated, preferably two-
phase stratified open channel flow, mixture stream; (c) directing the mixture
stream to a vapor/liquid separation apparatus for treating vapor/liquid mixtures of
hydrocarbons and steam, the apparatus comprising (1) a substantially cylindrical
vertical drum having an upper cap section, a middle section comprising a circular
wall, and a lower cap section; (2) an overhead vapor outlet attached to the upper
cap section; (3) at least one inlet in the wall of the middle section for introducing
the flow; and (4) a substantially concentrically positioned, substantially cylindrical

boot of less diameter than the middle section, the boot comprising (i) an upper



streamto a vapor/liquid separation apparatus for

treating vapor/liquid m xtures of hydrocarbons and
w@t@am37the apparatus conprising (1) a substane@CEUE2005/017556

cylindrical vertical drum having an upper cap section,

a mddle section conprising a circular wall, and a

| ower cap section; (2) an overhead vapor outl et

attached to the upper cap section; (3) at |east one

inlet in the wall of the nmiddye section for

introducing the flow, and (4) a substantially
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efcbhpeisingcompdipsti segtion eni res conveetigry sedtion; sindl Wifhguenching the
cogﬁ)ri sing a radi ant . section and.a convection section;

gy aﬁ‘ﬁé‘i‘feﬁ‘?rw& arked PRYEHPErEA™r ecoveri ng cr acked
product therefrom BRI EF DESCRI PTI ON OF THE DRAW NGS
[0019] Figure 1 illustrates a schematic flow diagram -
OofBRIEF DESCRIRTION ORITHIEDRAWINGS present invention
enpl oyed with a pyrolysis furpace, depicting a X
vdpO Il i qui & 1&@5a¥dﬂf’8f?‘%§p6a§" grticc dlopy idigergn of a process in
tan jal J.alats, f ' le, :
w EFOThACE o B pr e Phahith MAEETA ML of ry R GBnace,
qlﬂ%fii@:hﬁgi f eeghoriquide sdpahtidn apparatusr aympfi€lfg O0jankemiat einlets,
2 illustrates an el evational view of an enbodi nent of

t rerfpratesheanaesd baffico and bpetr with @ sele HistijpeHay and an inlet for
i nventi | $ihg 1t ntial inlets, a perforated
c&#?@cﬁgg%%ﬁggﬁé %ﬁ@%élogg% “which has an inlet for
stjopzoper gaFig@d UpPRIraws shididvatior ievayof aanEmBodiMémr of the

distillation tray. _ . . o
flash/separation apparatus of the present invention comprising tangential inlets, a

perforated conical baffle, and a boot which has an inlet for stripper gas, an upper
distillation tray, and a lower distillation tray.
[0021] Figure 3 provides a detailed perspective view of a perforated

conical baffle used in an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

10022] The present invention relates to a highly efficient vapor/liquid
separation apparatus for treating a flow of vapor/liquid mixtures of hydrocarbons
and steam. The apparatus comprises a vertical drum or vessel having an upper cap

section, a middle section comprising a circular wall, a lower cap section, a side



[0021] Figure 3 provides a detail ed perspective view

of a perforated conical baffle used in an enbodi nent
w@booshe37pr esent i nventi on. DETAI LED DESCRI PTI QMNCT2ES20biiZ017556

| NVENTI ON | 0022] The present invention relates to a

highly efficient vapor/liquid separation apparatus for

treating a flow of vapor/liquid m xtures of

hydrocarbons and steam The apparatus conprises a

vertical drumor vessel having_an upper cap section, a

m ddl e section conprising a circular wall, a |lower cap
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b B Sr R PRI S h 06 Ve Jo68 YR HABGS Tovrs PR ded.
isg | overri rle%eﬁgmk}xm ﬁ;%b@% erregmce@ s@%tr%r@f th®lower

prov e add|t| vapor ase over head

Sthollpg ngdiceatbpps cfai»mytmabomcads atot pmvﬂd'e atiélannnaleygpqr phase
stripping steam added at a rate rangi from about .18

t @VSBTG@@ SodostrppPIRg 13 Woicely sapigd IOBEYVHE)S‘eag‘afi g--z0UPRRIRE Steam
Of,30PML, 1%93 rgnéjngé ond 420018 RS48H s000/0 ée/ﬁ;a('f4b>€o 8800 Ibs/hy), say,
strl ppi ng S Introduced at a rat froma out

0.a0chtet 6F aamuzoob N/t (4poeitartap| Yypicam, abqbtptng]stéam abiattbduced
7 W% s(ﬁy fromabout 2'to about 7 wt% of
hyatl ngeterddrom abaa GRk 1 abaud Wnarééerabe‘méwnsﬁbwph fogabout 7

I
rytivbgan Hanoabdl 5 dhat NP HIARE Ty afistibon SHEARRKT e

égg&l?&g/ [Wuck %trtfga 3%2@-5}1 biss/der darrisdiolit @sthahydrbgenpfe.gbaitibping

g/ hr O I bs/hr). The stripping hydrogen
hydrogen added at a rate ranging from about 2 to about 1000 kg/hr (4 to 2200
Ibs/hr), such as a rate of about 500 kg/hr (1100 lbs/hr). The stripping hydrogen
need not be pure; for example, it can be a hydrogen rich hydrogen/methane
mixture. Typically, stripping hydrogen is introduced at a rate of from about 0.001
to about 1.5 wt%, preferably from about 0.1 to about 1.5 wt%, such as from about
0.2 to about 0.8 wt%, of the hydrocarbon feedstock. Light crackable
hydrocarbons can also be utilized as stripping gas, in place of, or supplementing
inert stripping gas such as steam and/or hydrogen. Such light crackable
hydrocarbons, which can be provided as LPG, naphtha, condensate, or other

materials as known to those skilled in the art, are especially advantageous

inasmuch as they provide a stripping/partial pressure effect without wasting space



need not be pure; for exanple, it can be a hydrogen

rich hydrogen/ nmet hane m xture. Typically, stripping
whyasogen i s i ntroduced at a rate of from abourCOUSDAS/017556

to about 1.5 wt% preferably fromabout 0.1 to about

1.5 wt% such as fromabout 0.2 to about 0.8 w % of

t he hydrocarbon feedstock. Light crackable

hydr ocarbons can al so be utilized as stripping gas, in

place of, or supplementing ingrt stripping gas such as

stean1and/or hydr ogen. Such Ilght crackabl e

hydr RERPAUE  taltdH ‘ﬁE BAMIGE. sf} YL SRS ahdEhey R0k NB: provide

condensate, or oth naterla as known to t'hose

s kielsirgile iprinichogefarst Suah dghisqrediablel }Wdaﬂ:aﬁmhagadnesmtroduced as a

I nasmuch as they praovide a stripping/part essure
oS08 TR S A TS 50 BB ADRD kR AT IGpot7.000

th%@gtF&thp% antgﬁgfgﬂ EISéthﬁé//chg ) bclpac oT’yé)q@ally, such light

hy&a&ﬁsreh%%&%nbard MHtfoddesgest @5até of HomDRbolg ogamoaabcmt 15
rate rangi ng fromabout 50 to about 10,000 kg/ 110

t VR, [9eerdbiys fram) abogud ito akow 15 awéo, cspcfab‘bﬁ@m Qt ﬁgp Apout 15

hytiPboat Handbdrg PRt setied” s o bR e braptippine sas
O c%\%ﬁﬁrgeéﬁgﬂfané-@uw a8 th@f 6618128 Iionf ﬁﬁmﬁﬁoﬁk ude P v@ﬁ’&ﬂtvould

% such from about 6 to about 15 wt % of the
hyldfpm\wr bacenalf eddcsivugkfor desicabée elebosliftventhe prioeess of the present

strippi ng ses net h such as that obtai ned
f rBHATPP ol VEihanc 40, SHrBROshi h SRS BT VB VBEHIE from

Seelb%ﬁ{ sViot%oprodéq@me%o 8& 1088y rjg&r@xslh@e%&e(ﬁsabem 2000

esent I nvention. ane ca e Introduced as a
stl(g/}m(nm@p pssratT )épldfaﬁﬂtyErrre&mge ixginfrodmed o atratd 81 fromadout 0.01
4000 kg/hr (40 to 8800 | bs/hr), for exanple a rate of
aB@ @bowtGbut Yegprsterabin drom plou rl)to apQW; T Wit 1oy Suchs Higap apaut 2 to

out 0.01 to about 7
fubrgigrggﬁghgﬁéﬁfgéokkggbgg about 7 wt% such as
f r[OUZéﬂbOUt 2THeO gablighid7 coht¥et efirfidee prhyvilfedcar the boot can be

feedstock. [0024] The gas-liquid contact surface
prS@ﬁfﬁ e tp rpr@\née bope pedrriirethsareticeli Entllafion siagoi ths example at

e{]lséglé) 0,1 lﬁ galg%ﬁnyda"%),l lgcglsg fgt /?a%? 10094 o?ﬁanﬁlegretlcal

' ecﬁﬁuaw@%@fe "a AttigQi@ldar dlistiladén Ista@é,! AsoSkAGRn "asAn "ideal
"theoretical distillation stage,"” al so knomn as an

nn

" jegjedibrium stage," "theoretical stage,” " eoretical plate," or "ideal stage," is one
which has the exit phases/streams in thermodynamic equilibrium, each
phase/stream being removed from the stage without entraining any of the other
phase/stream.  This value can be measured for an individual boot using
conventional techniques, including bottoms liquid sampling followed by any
technique for measuring the bottoms boiling curve, e.g., the methods outlined in
ASTM Standard D-2887.

[0025] In one embodiment of the present invention, the gas-liquid
contacting surface(s) is provided by at least one of a shed, a baffle, and a
distillation tray. For example, sheds in a row or rows can be arranged

substantially perpendicular to the length of the boot. The sheds have an inverted



equi libriumstage," "theoretical stage," "theoretica

plate," or "ideal stage," is one which has the exit
w@basasi7st reans i n thernodynanmi ¢ equilibrium BemiS2005/017556

phase/ stream bei ng renoved fromthe stage w thout

entrai ning any of the other phase/stream This val ue

can be neasured for an individual boot using

conventional techniques, including bottons |iquid

sanpling foll owed by any techpique for neasuring the

bottons boiling curve, e.g., the nethods outlined in

AST%&E%@Q%@WB‘C%%%%% |t9g?a511 lihRidoRemeTBef IRNurfaée H®nward

present invention, the gas-liquid contacting

swif aweflse)ds ifer pasmamnigdwiﬂy theet sthppasg gaser ¢ér eolbheoh as bottoms.

baffl e, and a distillation tray. For exa | e,

a FPhsveasrliquidigoriagt spEacets) £ap St semBFss %ﬂ Fgst one 2 Bdditional row
f t . .

PRUBRRE RtRinel bt BE Mol of HEe-DAA ol BRI Hihid flowing

| i ftsth Ghd @ppER dow 0P Bhddaelripl bh @€ aeatainpuxcbfaf $hetihie tsehieder row.

for contacting with the stripping gas or for
c dPther suitableakiquidiverrscontagting swrfaces Gani be pravaded by Glitsch Grid,

et FERMCRER S P2 GRS 5, 2 EpdORIpRBR, ang FrEXIGRID
r @/ _9f aval1§ls RN KSLRAIRAIIRY Wichih &K $ | 09ANENd b@8R dibEllation

upper row of sheds drips on or near t he apex of a shed
|ﬂoWhewkhmgnnp@@mnglher sui tabl e Iqu|d/vapor

contacting surface N4 be i ded b ditsch id .
o 90361 Ex) Ry OfHey er CEEP%}:IEF[?TE%C? Injehii i (ga portion
(r k@%bﬁ%‘é’wm 2 praVidbd k! & 1da@Mone distillation t
Ko(%:f;ﬁl&@% (ﬁ Y rc C|¢tla ers’, USA, ana1 ot rﬁeer ation ey
di hiprisaig (@na boma‘n whldecmp]msepatllchs’n gme pa2ag] for radmlttmg vapor
anot her enbodi nent of the gent entiQ at | ea

a ypoverd ghthgfraypaddhka Ni%ﬁﬂvar i e SR ?’%endmg from and
pr %\évéj?ﬂi BY%u&h, ! ?ﬁétdls%ﬁ)lgtl% %Fagl(!aﬁt B st{)&%iédc@m?rd bRcomer
(55 a bottom whi ch conprises at |east one passage for
add¥idndingg beapoi thpveayd foo difeeting djquichdsp(lled aveweitlie owvedr, the
which liquid can spill, extending from and above the
boiwwpm%éfpenaélmenw 3 dawnwar eaensin ofslBe oYl e dhslpwnepmer

| ?c\éﬂ %g 5 tcr ? I ldét G b?lﬁu/etﬁg hﬂﬁ&l‘?ﬂ?eﬁ g’YthE %wg' rﬂ ?t%ﬂ &Q boot

over owncomner typica
bgoozr)a dOVVrWlﬂJ Ghoayinensi e distilibgoneirdy. cORfprideswnc Qﬁ&fns - for

permitting the passage of vapor from the bottom of the boot to pass into the tray,
e.g., by using perforations, bubble caps, valve tray openings, and/or jet tray
openings.

[0028] In another embodiment, the middle portion of the boot can
comprise an upper distillation tray and a lower distillation tray wherein a
downcomer associated with the upper distillation tray extends below the upper
distillation tray, and a downcomer associated with the lower distillation tray
extends below the lower distillation tray. Typically, the downcomer associated
with the lower distillation tray extends to or below the liquid level in the lower
portion of the boot. In embodiments comprising multiple distillation trays, the

downcomers are preferably staged or offset from each other so that the liquid they



can extend to a level at or belowthe liquid level in
the | ower portion of the boot. | 0027] The bott om of

wo b@sdiztillation tray conprises a nmeans for peeTUS10051017556
t he passage of vapor fromthe bottom of the boot to
pass into the tray, e.g., by using perforations,
bubbl e caps, valve tray openings, and/or jet tray
openi ngs. [0028] I n another enbodi nent, the mddle
portion of the boot can conprjijse an upper distillation
tray and a lower distillation tray wherein a downconer
a [ | d I [
porl, PHEPalt i s St PPRarG e 18 dblorR faien of the
asisatiatiba drawbelowt. hie id cnempdatsd iHak atorothah tay dmﬂlemhstrays can
bel ow the |l ower distillation tray i.cal
d@mmdep gadbisei Huediive, (% QvER m@mstaﬁgw |Ufaa§a| Iafﬁfefqbéey about

&gnds to or belowthe liquid level in the | ower

p Fon of the boot. In embodi nents conpri si ng
Mihdigy! e di sthi hb@theRet letbadinidi®, ARWNBIAERS PoRtidd of the boot
preferably staged or offset from each other so that
t lvemipriges @ stdqeylc:afqrynmpducu;ga@§eeclsiretah‘etq Hﬂﬁ;ﬂlﬁdlﬁtlp@ﬁtage The

rat er .t han e coner f the til

K BUPOREn 1S ED A et ATOTRAEe PE THER P o way.

d'ﬁ‘ér}létéfy' M LiBAYReCRR iRFodRRE a %eﬂstreahhf@ﬁ)e cﬂx@t‘ﬂlatlon tray is
or “even nore distillation trays, preferably

ab@cuated dtralevel [al@i2Ghe Vertiydtleriobhitne vearbtha mrﬁllo“t llmeung of the
m ddl e portign of the boot conprises a Si of .
i R AT WAL by De desdeisam o heﬁge%ﬁtrgm intipfigied 41 L the side
T [ d.at I e

ot SHE IC R} SEAETAAREHED 8y R ﬁi‘?e""';‘?ﬁ‘%he‘)i’e?ofab'y the
i Tﬂa@IstrEﬂﬁ iis g rqaekwhemg“e@isfraeﬁi&teheednftcon telveerokilst todlat iranycled

tray is located at a |level along the vertical |ength

ofbotthmsweln stithanothsh egbpaimest »of Hhe gresepte 1tveRYon JhE dRparatus
h the f T

g R Ao BB R SRR DRSS

I F)Kd Qektiosit drafiproidafeed a@fatet%tﬁlgeﬂ)s\tmanylfﬁorﬁ the center of
quenched feedstream derived fromexternally cool ed

r dlegy diuen tdyesrd dhescirduiar ayall andapreyidEg ee%bmtwgm thefbafflpand the
prese nt

S T B R o B SIREROBLE f cor
SQeLidAN This baffle, which can be substantially conical in shape, partially isolates
the bottom of the flash drum and boot from the upper part of the flash drum, but
prevents hot swirling vapors from causing liquid to swirl and prevents the colder
liquid in the boot from condensing the hotter vapor. Moreover, the baffle can
prevent trace bottoms from entraining in the stripping gas which travels to the top
of the flash vessel. The baffle advantageously is shaped, such as by having
sufficient pitch where conical, to prevent pooling of liquid thereon. The baffle is
typically perforated, comprising perforations which improve mass transfer during
decoking, e.g., by permitting passage of air and steam through the baffle. In one
embodiment the number and size of the perforations are selected to minimize hot
vapor diffusion into the bottom of the drum during normal operation. Yet, during

decoking, the perforations increase the fraction of the steam/air mixtures flowing



of the vertical drum providing a surface slanting

downwardly fromthe center of the drumtoward the
wa@eoosalzi7 wal | and providing a gap between t heptrii$10e5/017556

and the circular wall for directing liquid along or

near the circular wall to the | ower cap section. This

baffl e, which can be substantially conical in shape,

partially isolates the bottomof the flash drum and

boot fromthe upper part of the flash drum but

prevents hot swirling vapors fromcausing liquid to

SWul | @NthBRPYPIThS HoBE 16 eyt Ydhflct thel BB ORhn ' Wthout

condensi ng e hotter vapor. reover, the baf 'e can

PRI FHti oink, 2L thidkOlb {18 cbk®tarehiifdadmihegower pareofsthe idpym agd on

gas which travels to the top of the flash vessel. The

bak¢ bafflgd vEnsade peefpiatiprs ar aguentagequsly saffigienk &y siggyto prevent

sufficient,pitch where conical .. to e poal i n f .
ieabt Sehen e L PRE e oqiylhy AP HEle BIREHeS bt a
CQORS iohkNgr Psfaafially efisulihipeMoralisOY /6B SSbstanBARY §6ctangular
during decoking, e.g., by permtting passage of air

anpdrfotatiams.t Mho bgffletdas Hegfetfomted withmerfordtiods ramgingt inesize from
nunber _and si ze of ghg Bg{fogations ar e Bele ted to h
michPHi S th8bow 298 e Brisilol ) MRS PG dPE BRFRLippRecan have

d rdmgslilc?ﬁ%cﬂ Q¢ MEdut SRA b Qﬁle(?fﬁt 8 AL dsh HECRKI R Gbout 10 to

the perforations | ncrease t fraction of the

stisasmh & to Giinx)t dinestef ticsles gAdtantdpeotdy,ttberbafiletih pedfarated to an
to effectively cont act th ent%re drum . Wt hout

pExteat Eanedesirom abepc ke tawgputo?%@i ats SyHags ey ag foppgred to a

| %\SBE:S}J% fin OJn %%rage{glan ggq'oxogfatxﬂﬁe ?cf&i l:ﬁentTﬂllfﬁciéﬁtggti%crease

pertrorations are a eously ‘'sufficient 1n siz

P 18a46 Nirardf efrbmOthePhpi@Eting off e Rleamaio meixaitd adedrebdi decoking.
the baffle is perforated wwth at |east one_ of | i
suYdoashiagingle baffle if tipicpley pewddn thsewshparbef the middle section of

Eiﬁ%é$$%k@?éﬁ“&ﬁﬁﬁgggﬁh%ﬂ“ ggg&gﬁtions. The baffle can-

orations ranging in size from

ahpes0)50 t 0 Adeitie?ibled the(dnbdditerdt dMBY appRatue R Bresent
the perforations can have di nensions such as about 5

cnmyenpOncperhprises R SulstAntipkbyt egngeetsicalbid/ pasitipedit stbstargially

L RaE b0 S BB o B RSPV RE B hunicanin
akauf thE%oer 889 KctidR %l fukthér SHRGH 8 Bfetfor GABRA’ &fland a

to a corresponding unperforated baffie, for exanple to
aniqait euttet suit§ ioveerendt dhe horemghke tmgigont atawkich hof higurd can be

32156%%23 _rlgtrgcsyc efofaextseg'nea gic%g{edqliq)l(l} .r"lehelﬂ)so%(tjisfa%(/antageously sized
to provide negligible liquid residence time during quenching, which prevents coke
formation and provides a sufficient liquid level to be controllable. The liquid
level also provides net positive suction pressure (generally referred to as NPSH) to
prevent cavitation in the pumps which serve to transfer liquid bottoms from the
drum. The boot may comprise additional internal components to ensure that
recycle quench is thoroughly and rapidly mixed with the hot liquid without
causing vortexing of the liquid. Liquid vortices make the liquid level difficult to

control and can allow gas to flow with the liquid into the pumps.



Al though a single baffle is typically used in the

| ower part of the mddle section of the drum nultiple
whadoshesimay be used as well. [0030] As earl i epCTIOS®O5/017556

one enbodi nent of the apparatus of the present

i nvention conprises a substantially concentrically

posi ti oned, substantially cylindrical boot of |ess

di anmeter than the m ddl e section, the boot

comuni cating with the | ower jgap section, and further

conprising an inlet for quench oil and a liquid outlet

agO(ﬁl? | over, &g enIHb%uQ&Qt tHeSprEgb%t llrﬁf‘éﬁﬁd)rpfhlﬁEs ‘M‘hﬁ Ripparatus

I'f qui d can be quenched recycle of externally

C @dHeexin thechood furfhee cdioprises an admafnt egpdeighgnch |ozled to

provi de negligible liquid residence {i durin

qi@Zhi ng, maanlymeetbenmger&Weth%Wrb egﬂaclb?%x}?la@g resid

a.nza&fl%e ll%a? tb aInng"eS{ Jo%Ya wit tﬁfe F%Q”I% Bq'lrgta(,tgn@ectl-mesectlon tube

rovi es ne Ive suctl

PIbass Wrethé gBmnely sk | ﬁanfaeé Hef@d mixims WiliSkhe ﬂcndor G’\teﬂétably, the
cavitation in the punps which serve to transfer |

bétroparatute efnthe hadrgcanbon feedsioekis fiem abonphilste about 29 °C (300

t | t hat
aderrch I DefirE Bt YTRRE VAR arYOrERa wl Mg g of
| 'féedlsfacwaﬁmwd rﬁ@ueé ﬁugthléloﬁr%ﬁéﬂtéﬂﬂ)e%retehﬁrlh% 4l filash ldingtH] d
vortices make the liquid level difficult fo contro

af@D3din al | Mmlmwthemﬁdeomted tdll péreeritaggai phrisntasioshetc., are by

punps. [0 I n one enbodi nent, the resent i nventi on
r SYGiELs Ejélﬂiﬁ ADpRIst E@teah@r E?f‘?fe‘fcﬁ’e BotORRAY ! COmponent

%q%a& GhRe 2BmpBufS of 96mf36’1ﬁ%9 b§ iBEENEN Wl as lh%%aamdtfan with

plying this nvention drocarbon feedstock
ceﬂteabdsmp@;rrdesr dompyhelnes, Mtas aniRyrésredicompbureisnt act
wth flue gas in a first convection section tube ban@
€ or

oﬂ‘“ﬁ‘fe pyr oFWENEr, f WheMhcR PG SPRGERYAUE™ hot Hthen
SJ egegkg/gwgggso zr,n AU @bgrg;greefrabﬁ{;gﬂyefg@gg@&gpo,gmferaue values,

551QE)S teeqireRtoodng s‘;&tdlficdlljedlﬁdlbﬁlﬁg alh eknges ﬁdrﬁﬁthfroﬂn eny pair
resulting m xture of feedstock and fluid may be

f of amBppes PEHEEE b YR wotnst dlosyer raferged Yrdus, regardlessumhether ranges
[0033] Unle erw se stated, all percentages,

gfets§l)ar %i 3 %2018569 are by weight. Unless otherw se

Sqmﬁﬂj a I efsaised Béreir) ndn-SOMHARUAEN DN AORTBLBE, are the fraction
i ncl udes the conpound or conponent by itself, as well

aof ithe kysinpdankzan fead wiithha nominal boiling point above 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 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. Non-volatiles include coke
precursors, which are large, condensable molecules that condense in the vapor and
then form coke under the operating conditions encountered in the present process
of the invention.

[0036] The hydrocarbon feedstock can comprise a large portion, such as
about 0.3 to about 50%, of non-volatile components. Such feedstock could

comprise, by way of non-limiting examples, one or more of steam cracked gas oil



ot her conpounds or conponents, such as m xtures of
conpounds. [0034] Further, when an anount,

w@osem7iat i on, or other val ue or paramneter i SPQI/USIWOEG17556
a list of upper preferable values and | ower preferable
values, this is to be understood as specifically
di sclosing all ranges forned fromany pair of an upper
preferred value and a | ower preferred val ue,
regardl ess whet her ranges arggseparately disclosed.
[ 0035] As used herein, non-volatile conponents, or
r ea?lHdl%&d%E@ éaﬁemfli acdatif® o jERue Y gieQq 2k BRRerfee @@sdMne coker
a nom nal I'i ng poi nt- above 590C (HGOOF) as measur ed
bynapIEhN Ele@ﬁSQra@l&do nafibt128 8Atalyfiealy icracknd iraphthey kydroeragkate,

B FEPEm TS0 CHATA O] oreiRe 1T LR et FChIt TioRSeBr cases,

”}1% Jll%{ld aglslglggoga%aed vfr%g[l}%?%_‘ﬂ% 1519%0 pgk%g@msﬁ@%cuum

hﬁﬁpééﬁl]aktréaﬁﬁ; inthdifg tﬁmﬂomsprvedurtmlﬂ@ rmﬁgeChaﬂ’ftba to gas oil
| arge, condensabl e nol ecul es that condense in the

v @ondensaigs.t isey menrhirgsk By dipershon Hecagseremiragineries, vacuum gas
bR o B A b8 Bl B REERR e, heavy

CRRERAkeS € (@'shedidif p&frﬁﬂxﬁiﬂes SHaghtiSresia@t a@mktlres,aldiocarbon
50% of non-volatile conponents Such feedstock coul d

ccgarp/resghl,e agyniwmyesohydroger/ienidue admeserad| gas oilgeidue adrpixgures,
ate cracked gas oil and residues, gas oils,
, jet fuel, diesel, kerosene gasoline

b@%nap ht hehe I/dRQAITRAERIRANANR 2 &ﬁﬁlabwéddq;wmg point of
cracked nap htha hydrocrackate, reformate, raffinate

r eft deast mouﬂ XAEREr QGDOEE))S cdeneriabjyi gfeateanbwh elbofﬁr 6p&’€n (950°F),
gases, natural gasoline, disfjll virgi n napht ha o
at‘YrEi%‘ﬂWe%rF%te’b‘ihﬁ’é§ wt|5'3§c§i ﬁdﬁ@‘lﬂ) EE’ﬁﬁWIﬂF &1 than aboit 760°C

st [
E R PR g S AP AR vy
Streséues, dtmosphegiciragduadspaphdas dontgamaaid! with hedeyvay@as residue

oil, naphtha contami nated with crude, atnospheric
reaérr@ereresr?@é\ﬁyuc}ee@bdue ca' s/ resi due adni xt ures,

TR 2 45, AT PYBEPEDERORBUE 0L s
Oiihven€ish dyRlue@ated iUFES,1 comprises preheating a hydrocarbon feedstock by
a bank of exchanger tubes 2, with or without the presence of water 11 and sfeam
12 in the upper convection section 1 of a steam cracking furnace 3 to vaporize a
portion of the feedstock and to form a mist stream 13 comprising liquid droplets
comprising non-volatile hydrocarbons in volatile hydrocarbon/steam vapor. The
further preheating of the feedstock/water/steam mixture can be carried out through
a bank of heat exchange tubes 6. The mist stream upon leaving the convection
section 14 has a first flow velocity and a first flow direction. The process also
comprises treating the mist stream to coalesce the liquid droplets, separating at
least a portion of the liquid droplets from the hydrocarbon vapor in a

flash/separation vessel S to form a vapor phase 15 and a liquid phase 16, and

feeding the vapor phase 8 to the lower convection section 7 and thence by



and crude oil. | 0037] The hydrocarbon feedstock can

have a nom nal end boiling point of at |east about
W@1®817600F) , generally greater than about 51B0ZUS2005/017556

(950F), typically greater than about 5900C ( 1 1000F),

for exanple greater than about 760Q0C (1400F). The

economcally preferred feedstocks are generally | ow

sul fur waxy residues, atnospheric residues, naphthas

contam nated with crude, variigus resi due adm xtures,

and crude oils. [0038] A process for cracking a

hyeels6eriaping €8 €5 the¢ididdl sedtidnhe the aeiihg RitMARII. OFlu@gas from

illustrated In FIG 1 conprises preheating a

hyt*r welianb sertipaagistrogkcedyo theplankr ednvestitiasegeen 7 gbdgnace 3 via

gh or without the presence of water 11 and steam 12
t he upper convection section 1 of a steam cracking

f jogsge 3 t oAYRABRKI AR ReRr ki RBcatbort k&a&@a@l s ?)?éhe@t@g in the

to forma mst stream 13 conprising |iquid drople

c aipper invectivarsestalnatfithesfulyede dc dihb dersistonk mlyalpllbea]ly be mixed

hydr ocar bon/ st eam vapor. _The Lurther prehe@%ln of the

{ SUHRTERR PRAT e PIEGE A O A ET PIENEAIEHE 20 A E el boater preheater 2

thy OAU%}G%:& nkTﬁ’é Rg%t@%lrﬁxgpﬁ{égﬁeatvgqg%r&arbwﬁi AJHhtSai(e any form

Sstrea [ eavi e convectlio

f ikingtvnf bpuhose! sfcordihagndkidl fri Kigt aft] ow @i prefetiednthatTtie heating
process al so corrprl ses treati ng the m st streamto
coampsises infieeqt refilpd ofithspredstockge thercenyergionseqtivasf the furnace
por h Pt Cﬂu & Egse%llf%{ndthgrﬁeia%{ eétl(fi)] %htﬁe r%gnagg ar ?Rls can be

vapor °n‘a /'separation v

phasindishadithyawhy 6fhéch-Phasf dampid) d>yf;ﬁes1hg1 fhet ﬂB@ds‘t’&RQhrough
phase 8 to the | ower convection section 7 and thence

bydrapk ©h\heat g¥changg tul®s 2olocaied madimthe uppen ¢Qme@font geetion 1 of

R RirP Bl dulRre 3, ae PR sivSlEe d veBRs B ech ) hem 17
f phoAeEnperdtiR bbBvednQBSR 3 16nAAbEE 510PE (6@%}95001?) Preferably,

hydr ocarbon feedstock is preheated in the upper
c dlrey Eotpeonusent thoheattd ftrsdstoak nadetween ﬁheutf E&dsndaeboutrehp0°C

onalé ége m xed. w th steam bef or eatln

R0 DR PIRE P PP i R OE B ARRC 4750 10

' B0@° Pé}{d%Bsti;}eferEB@ b‘e{@&‘ﬁ%ﬁob{ﬂmﬁanh'&%oﬁ@@\syc (810 to 890°F).

hydr ocar bon can také any form
10040] As a result of preheating, a portion of the feedstock is vaporized
and a mist stream is formed containing liquid droplets comprising non-volatile
hydrocarbon in volatile hydrocarbon vapor, with or without steam. At flow
velocities of greater than about 30 meters/second (100 feet/second), the liquid is
present as fine droplets comprising non-volatile hydrocarbons entrained in the
vapor phase. This two-phase mist flow is extremely difficult to separate into
liquid and vapor. It is preferable to coalesce the fine mist into large droplets or a
single continuous liquid phase before entering the flash drum. However, flow
velocities of about 30 m/sec (100 ft/sec) or greater are normally necessary to

practically effect the transfer of heat from the hot flue gases and reduce coking,

especially in lower convection section 7 and/or further downstream.



known by those of ordinary skill in the art. It is

preferred that the heating conprises indirect contact
we@booshes7iezedst ock in the convection section of P€ES2005/017556

furnace with hot flue gases fromthe radi ant section

of the furnace. This can be acconplished, by way of

non-limting exanple, by passing the feedstock through

a bank of heat exchange tubes 2 located within the

upper convection section 1 qQfjgt.he pyrolysis furnace 3.

The preheated feedstock 14 before the control system

12061@1? a_t enpes iy QiREbNeSnRbAUta3 b eife@RAUheatdfQf the

(600 to 950F). Preferably, the tenperature of the

hdameck 3 entigieodirected bethedlash divoud vai7lineghdinabeembbdifient, the

(700 to 92QF), .nore prefer %bl y bet ween about 400 and . .

atetied aecondary Ailytipn ssamsay be shdedsctly te ther tash drum S via line

bet u .

DS s 1A G ARG, bORRIIS e s

f eedsbatky hsomapal byres 2nd a nmist streamis formed
containing liquid droplets conprising non-volatile

hy@042¢ ar bon Flashingl istiorreally errcedpboin aj dgast onenflash dgam. In the

Wit hout st At flow velocities of Qgreater than

AT dingt e e R RS FotsF TRt SRR 3t Fhe' PG pprer ash
| Irith @888t 58mdfthdBqEd PRARPase MRbUS 1he bBOR3VAldablIb&s at a set
hydr ocar bons entrained in'the vapor phase. This

t Woep hasteippedliqditl battoms @&tat drechattogi 6f ihe thopt. t Distilpieratray 27

into liquid.,and vapor. Jt is preferabl.e to caoal esce
+ RS 7 PREOTAICS DOTARIoR eI A? G GSiE BDOuF S3d &R & downcomer 31

CoR Lkl df fb' Wi BRsRAiREbeo® S 85 ROthk TRuld BSAe bottom of
drum However, flow velocities of about 30 msec (100

f tHesbaot. dFhegdatcemeaisonauffialehtycroecsssan yo tuwsure that the liquid

practically effect the transfer_of heat fraomthe hat
f baBoRya dlowving, intp dydess %m?% It. e?gfewﬁﬁ%lsmﬁ Slugf?sé?m height to

c C ; r
SATSERISIRRE} biheln 30E Bpolil g METRILERAID ok shor
I Bndlph touhiniraize Jeddithct iedes dh niectiedildtiontthey thl ausdxteht yoffirient
via line 9. In one enbodi nent, the heated secondary.

dit® @veignuisyanisd eeringdeasdiany dihcebeqtyfuither ermprisgs pnginkeh for

VP8 A0 e S DI BRI, ey e

AR o ok G4 R sy
is provided which preferably introduces cooled liquid into the stripped liquid
bottoms 25, quenching them. Bottoms are removed from the boot through lower
flash drum outlet 16.
[0043] Assuming one theoretical distillation stage is provided within the
boot, 500 kg/hr of hydrogen or an equimolar amount of steam or other stripping
gas (about 1% on convection feed) can typically increase the overall vapor
provided by the atmospheric resid feed to the process, from about 66% to about
74%. The amount of liquid bottoms from the boot recovered as cracking feed is
(74-66)/(100-66) X 100%, or about 25%. Stripping the bottoms in accordance
with the present invention is preferred to simply adding 500 kg/hr of hydrogen to

the convection section feed or dilution steam, which would only increase the



flash drum5, the vapor phase streamis renoved from

at | east one upper flash drumoutlet 15 and the liquid
w@basaipasses t hrough the boot 23 and col | ect sPEL/US2088017556

| evel as stripped |liquid bottons 25 at the bottom of

the boot. Distillation tray 27 has a perforated

bottom a weir 29 extendi ng above said tray, and a

downcorer 31 (an extension of the weir) extending

bel ow said tray to the liquidyi_.n the bottom of the

boot. The downconer is of sufficient cross-section to

e%%‘xraﬁ £tlf}§>‘spﬁé?x‘% lekAUfedd Q@ttBQ"fﬁoéelsQ\ﬂoﬁg ab&\it064% t@oﬁﬁmt 70%.

not plug 1t. The weir 29 is of sufficient height

alMooxsr g@mdlamom abtdo Hetwabat 4009 kpfhir pyfi stgargasmapmyhmng one

liquid bottons, but short enough to m ni ze [ esi dence
| tldiﬁéléla'ilﬁn trw vethsa 9% stags 51! vrl%rgﬁytcana(ﬁpwegﬁ 096519 ltquaﬁfower
t ' Bofly QL g, W"‘@f%?&’tp%ggﬁéﬂﬁ rEsq@%eszﬂﬁen uzg,g ti?@g,teséwﬁd%ﬁaon

nmprises an in Stripping

i[‘ﬂ(ﬁﬂglh t he Grddgevpirdy ffay tnoe pbﬁ)@de @Euﬁﬁcieﬂv ﬁhmbeﬁ (VEl(hﬁoretlcal
the liquid level and below the distillation trge/
odistiadn stages of separation.e&16G| depicEmr @nmcbmieene thiilayention
t

b d d
Piisrempbin R Se ahuhamy 1k uals Srellsy B Pehst o
f hOIRYd 3%9@% S oA b ni QIVBRfiTe! ASthe MhAHAN{RALH Idﬂlm 16n FIG. 2 the

[ 0043] sum ng one theoretical distillation stage is
psednd eﬁbwﬂamed entes thofiash G0m w/thmgeoflalhy@r@@nrtamgenaai flash

equi mol ar u f steam or, ot her s
gﬂﬂﬁt‘nlfb/gﬁgoﬁ‘ghggctp F?fﬁrag?é’e&}e @H%e“ll’ﬂt) g{F'a legglr%ra%f slightly
t

o LY A

agpuiar H6wldlong thehiasitlofims dom twidl febthe nedaile veporgshase will
Ki f eed 74- 66 100- 66 100% b

Srst%alg gqrﬁgfm@hgm%rmq th‘r(g flow %\ﬁ%ﬁ@dﬁé@e BpdeRe. The figuid

ﬁ%s%'}) Féeg‘ég%'tﬂé‘ sité wBLl?ﬁrﬁB 1R dd? 266 MhY pastdid éégs?an upper

rogen to the convection section te

dldis'tillh@(ﬁh $ta@ 08 wmmiting pbidoratibys 218 e dsebdttvenvehihl collects
at nospheric resid feed to the process from about 66%
¢ daacRRssinB Ao wRcHe sids Al sl b dram $9d sbﬁew Thavppgyghstillation

BB OGO AP AP BRcPO A LR o o

| in@yiadd peferablyQdxtidingOintBiife Afquidhef dit msilbesn Gray ®8loth. When

feed when using the present invention.
the level of liquid in the upper distillation tray reaches the edge of the upper weir,
the liquid cascades down through the upper downcomer onto the lower distillation
tray 216. The lower distillation tray comprises perforations 218, a lower weir 220
and a lower downcomer 222 which extends below the lower distillation tray,
preferably extending to or into the stripped liquid 224 collecting in the bottom of
the boot which can be withdrawn from the boot via lower boot outlet 226. When
the level of liquid in the lower distillation tray reaches the edge of the lower weir,
the liquid cascades down through the lower downcomer into the stripped liquid
collecting in the boot. Stripping gas is introduced to the boot through stripping
gas inlet 228. Stripped vapor including stripping gas passes upwardly through the

perforations in the lower distillation tray and bubbles through the liquid collected



[0044] One sieve tray may not provide a sufficient
nunber of theoretical distillation stages of

waeepanszion. FI G 2 depicts an enbodi ment of tPET/US2005/017556
i nvention where nultiple sieve trays (two, in this
illustration) are installed in the boot. FIG 2 also
depicts an optional conical baffle in the main flash
drum In FIG 2 the streamto be flashed enters the
flash drum 200 tangential | y tjer.ough tangential fl ash
druminlet 202 and 204. Preferably, the tangenti al
| Nh fhS10ReR diseV8lioPfraPf Thince Md YapdP passey Ghrddg®Whe pBforations in
non-vol atil e hydrocarbon |iquid phase will Torm an
oubhe npparriidtidlatibn oay ahd tigougdhethe tigiidecofleeted indthempper distillation
and th voIatiL,e vapor phas i1l initially forman
i Ay sreranyhichescapes mgﬁg%wg p ﬂ"et‘f?é’ef ﬁ’ﬁ% AUATHFRY Passes
T LAyl S t ' W ,t
ol Sl A RRAREo Mihn ki oAl piRes Tl e i drum
t aougP BverbeRl Vadongudard30r at cerical bhffld 282 ¢@nfrisingoparforations

whi ch collects |iquid passing dowmn the sjde walls of

t R34centresrany sepned Tiguid ppseymsyihat entrams when thgyrising bubbles of
conpri.ses_an, upper ir. 212 Wi t.h upper,. oner

coav it gL UARP B o ol 5y i, SRS HBURIO TR, Moyt e

t R@nichObtife, Qhe tpRardintérhéntadhi Phd Erdaideal IRjid MBD pfopel it to the
| evel of liquid in the upper distillation tray reaches

t hep efithe dviimt Hehegopisal badtle can besupipgried by aglvahe or deagkets 236

th t .the |l .
RGBT 4P s (HBRENy=iD S R GRG0 e ¥ikning agspagpay be one
IC QIREdrS &5 sdRqh Ok # el tRd Bectdal P¥EIve W Boot 2 @lréié}qm? the baffle

ower downconer 222 whi ch extends bel ow t he | ower
dicetrprisest peyforsticang,in pisefugar abgigneatideisdiohd, t©, ckingtperforagions,
st,ri_Pped I ingi'd 224 collecting in the bottom ofpatﬂg.e
bABISWHRNEH SHCTHhErSRi q{d?"é‘mi’l?» FONRER £EBTBHY FegesRoRdng to the
b i b O I r
o bE e, WHETbridafos Bl e frfchyis rp labifor @388 mass

t heankfierdirthgcast@de deckdimp. t hr ough t he | ower downconer.
into the stripped liquid collecting in the hoot.

stP948i ng gdiefersing A FEdudedParepeeHEE 1ist is thhigkshot a perforated
trippi [ A . i ne '
SEPHRB! g, Bl 88 S P0SREY S SROEEARR BB prsen

| Bnddhgoh,oWaichdinshudes aeiforatibhapofirgd fubd) el$iptitu 0uvg Redtdiggular
liquid collectedin the |lower distillation tray. Thence
t Ishapeaheng iPedePAieugh the perforations in the upper

? h@é{ﬁ;lpgtr | 8[‘%’{11{1? l}/haeta}ir)]r?e)?]etnt] rinovlélzggoﬁ Hgs {)ciee%uéie%crqgeldl S ﬁlglstiraQed by

reference to particular embodiments, those of ordinary skill in the art will

appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



tray. The vapor which escapes fromthe liquid in the
upper distillation tray passes upwardly fromthe boot
wo od06/1131¢7 f | ash drum and passes from the fl ashpPdr/us005/017556
t hrough overhead vapor outlet 230. A conical baffle
232 conprising perforations 234 captures any stripped
liquid bottons that entrains when the rising bubbles
of stripping agent burst at the liquid level at the
upper distillation tray. Wthout the conical baffle,
t he upward nmomentum of the entrained liquid could
prapelMst to the top of the drum The conical baffle
can be supported by colums or brackets 236 attached
t dVhaids §daimedds:| . The upward vel ocity of the stripping

agent be one, ar re nisec (a few ft/sec) in the
f Hoebodh SoRBAT FRBBtt e ei i i e bartie
conpri ggp Pef Veriahll @t hBvihg SarOUpSdr EPUsRdn,2R0niddle section
solid, i.e., lacking perforations, in'its center
sect i orvompeiaingfacircelenwpll mndanlowereapgeniaoml | y
correspgndi ng to th(f di anet er of the bgot. The .
presend® of ARYERERT WPAE PUNE 2P dR saif YPPY S8R STREQE:
transf gp) dury E LA indErQikirean $0QAGhidRRS QEhiddIdnd
to FI GG(E)S, adt%g?t?ge??%ve V?EW&JI% provi 31;531“016 Ao
per f or gipd cobborlof bafsft IdeandAdr hizan Rgidamiddiexse3&n, usad boot
in an enbodi rent of the present invention, which -
i ncl udEeMPESMEr at i ons 305 of round, elliptical, or
rect angul ar ape_a 1 ts ou J: .l 0046]
Wil e the pr(zgen?mi k@%’étbéﬁoﬁag&gggﬁ{c {érgégﬁylélleds%gaﬁdower cap
i I lustrated sbptionef erence to particul ar enbodi nents,
those of ordinary skill in the art wll appreciate
that the in¥&hti @rimiddisporiiansedmprissng/agasaliquithsoment surface,
necessarily Lylustrated herein, For thi.g reason. .then. .
reference sf@hl d ad%‘”%&&g’%’bﬁ’é Irf/cefvdn% h%mgﬁﬁgﬁa@gigclﬁ E\ arr;l%qmd
for purposegewl, igéiLfutther ctnprises b laiferubPEfoPeniieng said
present invention. CLAIMS Wiat Is Clained Is: 1. A
vapor /| i qui digsslhadaniigat fop paraiuomg aotnrmisg gag: iniogpidsboot
vertical dr havi n _upper cap _section, a mddle
section con‘E’Hog‘f Wb‘{]gasgfqué‘ﬁ?%ﬂla‘i}\é&if?ceand a | ower cap
section;

2. The apparatus of claim 1, wherein said gas-liquid contact surface is

sufficient to provide at least 10% of a theoretical distillation stage.

3. The apparatus of claim 2, wherein said gas-liquid contact surface is

sufficient to provide at least 20% of a theoretical distillation stage.

4. The apparatus of claim 1, 2, or 3, wherein at least a portion of said gas-
liquid contact surface is provided by at least one of a shed, a baffle, and a

distillation tray.

5. The apparatus of claim 4, wherein at least a portion of said gas-liquid

contact surface is provided by at least one shed.



(b) an overhead vapor outlet attached to said upper

cap section; (c) at least one inlet in the circular
wowrdos/1ef71sai d m ddl e section; and (d) a boot OPCT/ES®05/017556

di anmeter than said mddle section, said boot

conprising: (1) an upper portion comunicating with

said | ower cap section, (2) a mddle portion

conprising a gas-liquid contact surface, (3) a | ower

portion for receiving |liquidpgnd holding it at a

liquid | evel, which further conprises a | ower outl et

far renpyifppastistof tlaih d, akran dt Nkt af gortidm lof GeidC gidliquid

a stripping gas into said boot below said gas-liquid

cont accostaetfsafece i2 provdedanpatdeastignedfafd¢.ai m 1, wherein

said gas-liquid contact surface is sufficient to

provi de. at | east % of a theoreti,cal distillatiaon -
DG 98 k35l L 0PGRS b LR e tiqui
gas- | i gquidcGARhAGE pRdid RS dtJeadtidld GARtioh GapPtOMbHSnAL

| east 20% of a theoretical distillation stage. 4. The

appar afa)s ofa boktamnwhich 2pmrisc, at Wkast enanpaasage éasadrﬁitting vapor
portion of said gasliquid contact surface is provided
by at Mewapd tgdhe &3y 3dshed, a baffle, and a

di sti | l@)t i og @Ji?%verawhiglyﬁﬁefgfﬁgxasﬁ)gﬁ leenﬁfngLflpa and above said

wherein‘at l[east a portio a gas- 1 cont act

sur f ac®oitesmpr ovi ded by at | east one shed. 6. The
apparatus of claim4, wherein at |east a portion of

said gas-liquid ant act surface js provided by at. )

| Bast dMe apeATatLg of elainyhewhersysaid disyiiatiop diasnis asspiated;vith 2
at lea t ' L qud ctt: r

s pr ooy RS ofhole, Balcd 8Ra o tofl SRRIR ko ShAR over
conpri said@veirl a) a bottom whi ch conpri ses at | east one
passage for admtting vapor upward to the tray and (b)

a weir _over which liquid can spill, extending from and
aBove dJ&e @pparatus of claim 8, wherein said downcomer extends to a level at or

below said liquid level in said lower portion of the boot.

10.  The apparatus of claim 8, wherein said middle portion comprises an upper
distillation tray and a lower distillation tray wherein a- downcomer
associated with said upper distillation tray extends below said upper
distillation tray, and a downcomer associated with said lower distillation

tray extends below said lower distillation tray.

11.  The apparatus of claim 10, wherein said downcomer associated with said
lower distillation tray extends to or below the liquid level in the lower

portion of said boot.

12. The apparatus of claim 1, wherein said bottom portion comprises a side

inlet for introducing a feedstream below said distillation stage.



bottom 8. The apparatus of claim7, wherein said

distillation tray is associated with a downconer
wexdsndi’ng beneath said tray for directing |i qgeeTUS2005/017556

spilled over said weir. 9. The apparatus of claim8,

wherei n sai d downconer extends to a |evel at or bel ow

said liquid level in said | ower portion of the boot.

10. The apparatus of claim8, wherein said mddle

portion conprises an upper dpstillation tray and a

| ower distillation tray wherein a downconer associ ated

wish sgihd dppedudiott thindtizonwhéram 6xlefdasthamous Saaié]denched

upper distillation tray, and a downconer associ ate

w t h sé¢adstreamer distillation tray extends bel ow said

lower distillation tray. 11. The apparatus of claim

19 wherein sai d gomnco [ aﬁsoci ted.wi,th said | onwer
ait i | HEEPBRER ST it BRHE B By SR TR Faba one
in the L oueGledRRifid RRaRE aBRIEVE M- of k8id nhida1ARPASRPTiding a

of cIaPn11, wherein said bottom portion conprises a
si de i sudicef gantingt doeowandly &rofre dus tereanvbehidvdreal tbward the

distillation stage.13,  The apparat us, laim 12,

wher ei RIrSHAWRl arrprodishng &8ap m@ﬁ%@@o @%f@a apd é%lﬁf“i‘li?f wall
The ap . af . [ aj ' ULt

compr | 00 At E AN AEREEE vRe: BPpu VRl K e bwer cap
| oner peédtionof said m ddl e section providing a surface

sl anting downwardly fromthe center of said drum

toward the circular wall and provldi%% a gap. bet ween
sdpd bAbe|appaams o iy Fouvhireaiard paffleds msefpratggl in 1ts outer

-quuidS LQRY or near the circular wall to said | ower
cap secCtion. 15. The apparatus of claim 14, wherein
said baffle is perforated in its outer section. 16.
The. ap@he adpparaofs of alaim1¥ of 155, widienedaid daffit bakibsentially

is substantially
conical.

17. The apparatus of claim 7, wherein said bottom of the distillation tray

comprises perforations.

18. The apparatus of claim 7, wherein said bottom of the distillation tray

comprises bubble caps.

19. - The apparatus of any preceding claim, wherein said vertical drum is

substantially cylindrical.

20. The apparatus of any preceding claim, wherein said boot is substantially
cylindrical.
21. The apparatus of any preceding claim, wherein said boot is positioned

substantially concentrically with respect to said vertical drum.



conical. 17. The apparatus of claim7, wherein said
bottom of the distillation tray conprises

w@ersorHl7 ons. 18. The apparatus of claim7, Wer/Es1mw05/017556
said bottomof the distillation tray conprises bubble
caps. 19. The apparatus of any preceding claim
wherein said vertical drumis substantially
cylindrical. 20. The apparatus of any preceding claim
wherein said boot is substantpally cylindrical. 2 1.
The apparatus of any preceding claim wherein said
boot | sAbaspdratanest Gatksignhidlobarbee fieedblotk camthiving febid, said
respect to said vertical drum 22. An apparatus for
CraCklﬁQP@ah§Gp@@HNBEH f eedst ock containing resid,
sai d a aratqg?go rising: (a) a heating zone; (b) a
m Xxi ng ‘zone g and mxing a primary dilution

st eam gpy eam Wikilg SB3hé fBﬁ/Q&d}ﬁg"raQQnmfﬁﬁgj%t fekary( GlutfoResteam
vapor/li‘quid separation apparatus of any preceéding _

cl ai m sfrégm avighysaa bosirecafbunrfacxh:tcmkn'prl sing a convection
sectlon and a radl?nt section;
1

ans fo
quenchi(Ply efth vaRerliauidgepargtion qp@e@wr%}e awareﬁ6418$ claim: .
SRR ;@ﬁkﬁgs%&qw horhp Bt DcRYRREN L R A ciant

23. An or crac stoc
cont ai Redipnt esi d, sai d apparatus conpri si ng: (a) a
heating zone for heating said hydrocarbon feedstock to
provi d eheataéaew&rdblanabw ¢ffluets akd; (b) a mixing

zone f ?f) m X r@gm%r}p frhiTRGY regbvel'ﬂ}rllgo(‘gaé(teg ?)%cﬁltc{ f3M b tqnenched

sai d
effluent.

23. An apparatus for cracking a hydrocarbon feedstock containing resid, said
apparatus comprising:
(a) a heating zone for heating said hydrocarbon feedstock to provide
heated hydrocarbon feedstock; |
(b) a mixing zone for mixing a primary dilution steam stream with satd
heated hydrocarbon feedstock to provide a heated two-phase stratified
open channel ﬂow mixture stream;
(c) the vapor/liquid separation apparatus of any of claims 1 through
21;
(d) a pyrolysis furnace comprising a convection section and a radiant
section for cracking the vapor phase from the overhead vapor outlet to
produce an effluent comprising olefins;
(e) a means for quenching the effluent; and
® a recovery train for recovering cracked product from the quenched

effluent.



heat ed hydrocarbon feedstock to provide a heated
two- phase stratified open channel flow m xture stream

w@ egostisgivapor/liquid separation apparatus of BemUS£005/017556
claims 1 through 2 1; (d) a pyrolysis furnace
conprising a convection section and a radi ant section
for cracking the vapor phase fromthe overhead vapor
outlet to produce an effluent conprising olefins; (e)
a nmeans for quenching the effdsuent; and (f) a recovery
train for recovering cracked product fromthe quenched
eff4 uenh. gdcesd BF RERRMgf thy@Fc%ﬁmoﬂgfe@dﬁN&r e&RAIRAMB resid, said
f eedst ock containing resid,” said process conpri sing:
( @rotesatomgrisiag:d hydrocarbon feedstock; (b) m xing the
heat ed hydrocarbon f sto prinary di lution
st eam s@ ean?§efng & é Rf gﬁ’? gegftPg‘am (c) directing

said mphure, rati o
ppar at( o MEGE BF AR fARR IRy e GRA bt By, dflution
gaS'|iQﬂéﬁhQ@@mﬁﬁhbﬁﬂﬁhﬁaanégn&nfficient to provide at

| east a partial distillation stage; % removi ng the
liquid (s asedltqfiﬂ@&gwldsama(tllreq@ir%utq dhe o‘fappf(équ‘d separation

vapor gt SRR ARrRCE BRI 21 s Rl B-1atRa contact

furnac esutrﬁc@fs%qﬁf&erﬁfb Sl dé@nteasQrpui A idngilialied §t8§e
said pyrolysis furnace conprising a radi ant section

and a ddhvectinoningedhe diquidampliagef thrqugnclaichdiquitk outlet of the
ef fl uent agp coverln% cracked product therefrom 25.
The pr otASYNgyid seRaraios APPYHAMSEI n t he hydr ocar bon

feedst qgk confaify g v%ﬁ&* ag@m’aﬂa?l%t%’&%omof ?ol is furnace
steam cracked gas oi | resi dues, gas oil ating

oil, jeb fualuce daresdﬂpeMe rcompnemggahsdﬂns n@,eudc qiyemlysxs furnace
naphtha, st eam ) . . .
comprising a radiant section and a convection section; and

® quenching the effluent and recovering cracked product therefrom.

25. The process of claim 24, wherein the hydrocarbon feedstock containing
resid comprises one or more of steam cracked gas oil and residues, gas
oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker naphtha, steam
cracked naphtha, catalyticai]y cracked naphtha, hydrocrackate, reformate,
raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases,
natural gasoline, distillate, virgin naphtha, crude .oil, atmospheric pipestill
bottoms, vacuum pipestill streams including bottoms, wide boiling range
naphtha to gas oil condensates, heavy non-virgin hydrocarbon streams
from refineries, vacuum gas oils, heavy gas oil, naphtha contaminated with
crude, atmospheric residue, heavy residue, hydrocarbon gas/residue
admixtures, hydrogen/residue admixtures, C,'s/residue admixtures,

naphtha/residue admixtures, and gas oil/residue admixtures.



cracked naphtha, catalytically cracked naphtha,

hydr ocrackate, reformate, raffinate reformate,
wo-e@she&74r opsch i quids, Fischer-Tropsch gaseBCT/US2005/017556

natural gasoline, distillate, virgin naphtha, crude

oi |, atnospheric pipestill bottons, vacuum pipestil

streans including bottons, w de boiling range napht ha

to gas oil condensates, heavy non-virgin hydrocarbon

streans fromrefineries, vacyymgas oils, heavy gas

oi |, naphtha contam nated with crude, atnospheric

regl duerheNGaVess TaTSISMR 24 YA B avRQEn dar 'ét@i%pﬂn%egas. comprises

adm xt ures, hydrogen/resi due adm xtures, C 's/residue

adm xt dnydmgemapht ha/ r esi due adm xtures, and gas

oi | /residue adm xtures.26. The process of clainms 24 or

25, Whghel 1,2 4 SLeLog! 0. 8%, CORE S5 IMILCOSD o e

stri ppispggas conprises steam 28. The process of
clain154, 25, 26, or 27, wherein said stripping gas
conprises |ight crackabl e hydrocarbons. 29. The
pR28cesdhef pobessm28laimh24,eRh 36 dr 127ghthergincieab|seripping gas’

hydr ocarbons are selected from LPG naphtha, and
conden§8'ﬂ’8?‘5€i§d!g%ﬁ'ﬁré°‘§?§’ifc®§£°@fb°éﬁy of clains 24

t hrough 29, wherein said stripping gas conprises
mphangye process of claim 28, wherein said light crackable hydrocarbons are

selected from LPG, naphtha, and condensate.

30.  The process of any of claims 24 through 29, wherein said stripping gas

comprises methane.



