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FI ELD OF THE | NVENTI ON 100011 The present invention relates to a

vapor/ | i qwel2@meperat i on apparatus which exhibits great eétiugb@Bgyrsidn
removi ng non-vol atile hydrocarbons from hydrocarbon feedstocks. BACKGROUND
OF THE | NVENTI ON 100021 Steam cracking, also referred to as pyrolysis, has

| ong been used to crack various hydrocarbon feedstocks into ol efins,
preferably Iight olefins such as ethylene, propylene, and butenes.
Conventional steam cracking utilizes a pyrolysis furnace which has two main
sections: a convection section and a radlant section. The hydrocarbon
feedstock typically enters the cong on of the furnace as a

I'i qui d (except for light feedstock as_a vapor) wherein it is
typically heated and vapori ze&Ed’Mﬁaﬁl%b@PBAMW with hot flue gas from
the radiant section and by direct contact with steam The vaporized
f'eedstock and steamm xture is then introduced into the radi ant section
where the cr EUWORFEE INVENTFION1e resul ting products, including ol efins,
| eave the pyrolrysis turnace for 1urther downstream processing, including
quenchi ng. 10008} Cbnvéﬁwnnﬂahtmveahmaﬁhukhug\spsdbmﬁdhamanhm&mpmhﬁmctive
for cracking high ity feedstocks such . as ? and napht ha, However,
st eam crackl"Y](gC}écf-'éﬁg%‘ﬁc%re% KCIeREY ‘Pa(RWOVd‘F%dP gy }E’éﬁcaﬂ@ﬂy r9i8edst ock
such as, i ng exanpl es, crude 0|I and at nospheric resid,
al so known ahv%%F%%QH&%¥¥%E%§pestlII bottons. Crude oil and atnospheric
resid contain high nolecular weight, non-volatile conponents with boiling
points in excess of 590C (1100F). The non-vol atile, heavy ends of these

f eedst ocks \MBAGK]@}}OGIMQ!%TH@OI&VENEM convection section of conventi onal
pyroly5|s furpaces as the lighter onent s r orized. Only very | ow
| evel s of nod®Blatile tﬁaéﬁcﬁéklm "‘i%? eriegiAg As P@Pﬁ 8‘65)@3@5@“56 d 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.
j0003) Conventional steam cracking systems have been effective for
cracking high-quality feedstocks such as gas o1l and naphtha. However, steam
cracking economics sometimes favor cracking low cost heavy feedstock such as,
by way of non-limiting examples, crude o1l 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 Jevels of non-volatiles can be



-2 tolerated in the convection section downstream of the point where the

| i ghter conponents have fully vaporized. 100041 Additionally, during
transport_sone. napht has are contam nated wth heavy crude oil containing
non- vol at MO2WYHEoent s. Conventional pyrolysis furnaceCHYSHBYON 3 e t he
flexibility to process residues, crudes, or many residue- or

crude-contam nated gas oils or naphthas which are contam nated with non-

vol atil e conponents. 100051 To address coking problens, U S. Patent
3,617,493, which is incorporated herein_by reference, discloses the use of
an external vaporization drumfor the cfude oil feed and discl oses the use
of a first flash to renove naphtha as_ vapor and a second flash to renove
vapors with tolgetedingthgotonvedomyeesiion spwigheans adahe 49mtawhere 1theHighterhe
vapors are cracked iqpfh P rolysis furnace into olefins, and the separated
li qui ds fronfPRBORERE V§§W3¥ '2€t-e renoved, stripped wth steam and used
as fuel. 100 . S. Pat 71 , ] hSel rate .1, 4by

r ef er ence, ﬁf@gtjoses 2(%?[%)083]&’ tﬁg&gggrﬁam demg(t))@g pg%gt%n&%lg’g{ségri bes

preheating ofyifhgrRYyy crfuﬂedﬂtc@ﬁi{aiﬂiﬁ%hdﬁv@fatiwﬂoﬁﬁpﬁﬁeﬁspﬂoﬁbmio&a]fWrﬂ@@ﬁ; to
vapori ze about 50% of the heav eedstock w th superheated steam and the

renoval of tRenzcesiddumt have hearidgxébility fogpriodess Termdueapuniiese dr medy gesidsens,
which contain nostly |light yolatile hydrocarhons, are sulgjﬂecte to
cracking. 100b¥Rdercantaplpaied 285 PYS GRAPIKS SHIFR arg, comtmanatec Wild: 8ot by
reference, disgl.o ocess for inhibiting coke formation in a furnace
by preheati n(f,Ol?ﬁ‘gC%ﬁ‘Z)é)ﬁE@%'ck in the presence of a small, critical anmount of

hydrogen in {dugsfonvectlicORddrefCtoldig ProBleRise18BC Pattht BT WhichhR
convection section inhibits the polynerization reaction of the hydrocarbons
t her eby i nhi bicbipogated herdiro byerefarence, d30B84s teSisePafi amtexttd O/apdGzationi ch i s

i ncor porated herein by reference,, ,discloses a_process wherein the feedstock
is first pr eﬁ@%&‘%ﬁ“ﬁ'ﬁ@ﬁ fogd ang- disiloses thenyiss Oﬁlaefﬁé‘ ash 19 FENE ‘@Bﬁ@‘@cti on

section of 1 he. ol obys] Secbil WGP 1o Bihive WoBRERHEY BRHS bAFK bR R0 xed

with a pr edeferined anount steam (
and 590°C (450 and 1100°F). The vapors are cracked in the pyrolysis furnace into

olefins, and the separated liquids from the two flash tanks are removed, stripped
with steam, and used as fuel.

10006) U.S. Patent 3,718,709, which is incorporated herein by reference,
discloses a process to minimize coke deposition. It describes preheating of heavy
feedstock inside or outside a pyrolysis furnace to vaporize about 50% of the heavy
feedstock with superheated steam and the removal of the residual, separated
liquid. The vaporized hydrocarbons, which contain mostly light volatile
hydrocarbons, are subjected to cracking.

[0007] U.S. Patent 5,190,634, which 1s 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.
j0008) 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



WD 20115/ 113717 PCT/ US2005/ 017556 -3 dilution steam) and is then introduced
into a gas-liquid separator to separate and renove a required proportion of
t he non- velemtw#/esTas |iquid fromthe separator. The sepeCHUSIN&ATSFs from
the gas-liquid separator is returned to the pyrolysis furnace for heating
and cracking. 100091 U.S. Application Serial No. 10/188461 filed July 3,
2002, Patent Application Publication US 2004/0004022 Al, published January
8, 2004, which is incorporated herein by reference, describes an

advant ageously controlled process to opjim ze the cracking of volatile

hydr ocar bons contained in the heavy hydrocarbon feedstocks and to reduce

and avoid cokl Eg?lp \rs/tgg%l?gﬁ% i+ IheR' igt\f{)éju%%d $hio gﬁe_gig?ﬂgfsaﬁséﬁ}a%r:ﬁor%gagaﬁ! a%ﬂi vely

constant rati 8 I qui eavi ng Vess nai ntai ni ng a

relatively consbanh rbQITRRY pldpbRidl of fhe rﬁ)hf\%@dﬁl@nﬁseﬁ?mﬂ frb@ the! Rphtateessel .
More specifically, the constant tenperature of the flash streamis

rfai'nt ai ned byhaueparatedcedpoy fadh ube igaglighid spaant 1efremrfidduicd tiet pyatysisi xed
with the heavy hydrocarbon feedstock prior to the flash vessel. The fluid
can be wat er furnagfpp heaying andgragkingappl i cati on Serial No. 11/068,615, filed

February 28, 5, whi IS hncorpgra (&) [ [ dgscribes a
process for d?‘ﬁ@’ i ng ﬁi \./yf\pr%lfa?tbogasgbaiﬂjoeggélgggﬁpmﬁ:cﬁﬁﬁ.{;@%egwm
hydrocarbon feegstaakpybiidaisn Ud 206hom4022 ARY BERIRREPR Mmaly BR3ds, %ghf orm a
m xture strearhwhich is flashed to forma vapor phase and a |iquid phase,

t he vapor phasédntiepmgtedubseipuait Irsfereacqcdacribed i cadvdrtagé@fsiynsonasitedt he
product effluent cooled in a transfer |ine exchanger, wherein the amount of
fluid mxed wredess Weontaeids ithe kracking f ivelatilenhydsecedhabarrontamadninghe deaot ed

operating paraneter of.t rocess .g.,,tenperature of t m xture stream
bofore. ¢ he miXBE R tdacks Aa. i seficd sl 1V ek nggpPems: Jh e o,

10/ 851, 434, Thhdich Mhaittain 20Q@fhtivily GRstanSalid 60 VAR ab S ultelegling e Ngdher ence,
and U.S. Provisional Application Serial No. 60/573,474, fil eé May 21, 2004,
whi ch is i ncoegel by adhifteingnga bsiathefl e carmsanl tengesataicld the pireme eateting ithecr ease
the non-volatile renpval efficiency in a flash drum used in_a steam

cracki ng systilash vesssl-r Mas specificallithey canstanhasmpsaiure shiphy Bpshygstream is

maintained by automatically adjusting the amount of a fluid stream mixed with the
heavy hydrocarbon feedstock prior to the flash vessel. The fluid can be water.
[0010] U.S. Patent Application Serial No. 11/068,615, filed February 28,
2005, 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, 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.

10011] 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



WD 2005/ 113717 PCT/ US2005/ 017556 -4 an inlet for introducing stripping
steam a ring distributor for recycle quench oil, anti-swirl baffles, and a
grate. 10012] The present inventors have recogni zed that in usi ng a

f1 ash/ sepW0NHH3VEssel to separate heavy non-vol atile hREFBEEWPHBITESE rom t he
|l ighter volatile hydrocarbons which can be cracked in the pyrolysis furnace,
it is inportant to maxim ze the non-volatile hydrocarbon renoval

efficiency. Oherw se, heavy, coke-form ng non-volatile hydrocarbons coul d
be entrained in the vapor phase and carried overhead into the furnace
creating coking problens in the convectjon section. 10013] In sinple flash
oper ati ons, noderate visbreaking of hydrocarbon Iliquid will occur upstream
of the drum 0, a r upstream
of the dr um & DB ARl S TpaRE Siebn” R aihhaios thiveckcle gRkithg, UER T PE
bot t om of t hgniflwirt baAes) adddpret t ons can contain significant amounts of

| i ght hydrocarbons, whi ch are lost as feed to the radiant section of the

st eam cr acki [@12pr naceThEhLmesanBl glmemtprsanha\@pp@mgmmedy thati sins wsang npr ove
process econom cs by reducing the ampunt of %’6‘5 t]wgroc rbons present in
the bottons Besh/separatipnsyesssl (jfh Sepgsia heane “}QF"EV@ EIGRIOORAS TN WEs an

apparatus an roc effe Lve t|| ydr ocar bon
liquid from ﬁ% ey, & gﬁe ]ydn{wﬁnrog%a? on%“a%%rgggk&{[ lrﬁ’etfh% Iqjggchysg% (ﬁa{ﬁ Yreats
the heated fgeehdm®Md NBaxitRRY Gk aen%ratuu@nwm@ar%ﬁmalckefﬂgleﬁw nace.

The present invention significantly enhances the separation of non-volatile

and vol ati | eOfiydwiseah&ys coke-fotrhmgficasyolatilarhydsocarbding yowld Hehmtdamedrinboot  of
the flash drumto pronote contact _between a stripping gas and |iquid
entering t he‘h?d@POf Eha@e a"‘f FTFd AeeThprsienta thgdirnaes erisrigie eekingsripblegts 1guenched

l'i quid, ther&b 1Y ﬁ dd| tional vaporization of |ight hydrocarbons
froma given §rﬁ8 n‘f iopt's stock. WO 2005/ 113717 PCT/ US2005/ 017556  5-
10013] In 51mple flash operations, moderate visbreaking of hydrocarbon

liquid will occur upstream of the drum and poor gas/liquid mass transfer exists in
the piping upstream of the drum, resulting in production of light hydrocarbons
which enter the bottom of the drum. Such drum bottoms can contain significant
amounts of light hydrocarbons, which are lost as feed to the radiant section of the
steam cracking furnace. Thus a significant opportunity exists to improve process
economics by reducing the amount of light hydrocarbons present in the bottoms of
the flash drum.

|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 hquid 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.



SUMVARY OF THE | NVENTI ON 100151 I n one aspect, the present invention rel ates
to a vapor/liquid separation apparatus conprising (a) a vertical drum

havi ng an wippes/iespr section, a mddle section conprisi ngcanghasshssewal |,
and a | ower cap section; (b) an overhead vapor outlet attached to said
upper cap section; (c) at least one inlet in the circular wall of said

m ddl e section; and (d) a boot of |less dianeter than said m ddle section,
sai d boot conprising (1) an upper portion comunicating with said |ower cap
section, (2) a mddle portion conprising.a gas-liquid contact surface, and
(3) a Iower portion for receiving liquid and holding it at a liquid Ilevel,

whi ch further, \ IA%F v leor renmoving said liquid and anlnlet
f'orr introdu ai d boot bel ow said gas-liquid
contact surfg 6615) (00164 bk %Q;S&hefhea?%%b iThRAGH FORAS foNUEDRIcRMGLR] at es to
a vapor/liqui d eparation apparatus for treating a flow of v por/ Iquid

M xtures of Ryghragar hgjmtusadmlﬁtse@ma)a@apfcalsdmgm ha(v&)g@@ﬁ&ﬁbzﬂj’lidcﬁbh)’a
cylindri-cal vertl cal drum having an wupper cap section, a m ddle section
conpri sing a middleusentiona¢dmpriing @ tiowwar cap. asdca ilewer cap saetionvefbheand vapor

CFt ot ar vl T S dBREY BB E T Yt e e oot et By '
At hE PRERRY WA B W Y 086G agt@g;gewdfwsscaﬁ&ma@ %ﬁﬂlsaﬁpm o

| ess di aneter e section rrsin an upper
portion commidblasdciign,daid bbdrecdnipi¥ing ap :&ﬁﬁp]ite@rponﬁcﬂ) c@nmueliihﬁn@%t}i on
conprising sufficient gas-liquid contact surface to provide at |east a
partial t heorseﬁl buyer Qﬁpsﬁﬁcllblat {Zom smlégb p@mn(@mmlsnrw\mgq@drqwéwoﬁ@m

rece|V|ngI| and it .at_.a |chfuther crrprlses
5 lower outld WP%E%O‘ T RRItPR &mraC%ﬂaa gt g g Honte
stripping gaSwmas } Furtie cgﬂﬁrns bed s 0BTl B thoCRMY Alia ol f&OOl?) I n
anot her aspect, e present i1nvention relates to an apparatus for cracking
a hydrocar bonmfr@ﬁﬁﬁigm:émppmggmnngseri@sb@k beldve saip pas-Hyuid conapy supfabg (a) a
heati ng zone for heating the hydrocarbon feedstock to provide heated

hydr ocar bon [0@dst ock;In(asether mispachgthe opresembanyeniapmdelateprip rravgpatiliquid on

steam streamw th.the WO 2005/ 113717 fFCT/ S2005/ 017556
separauon apparatus or treating a flow of vapor/liguid mixtures of hydrocarbons

and steam, comprising: (a) a substantially cylindrical vertical drum having an
upper cap section, a middle section comprising a circular wall, and a lower cap
section; (b) an overhead vapor outlet attached to the upper cap section; (c) at least
one inlet in the circular wall of the middle section for introducing the flow; and (d)
a substantially concentrically positioned, substantially cylindrical boot of less
diameter than the middle section, the boot comprising: (1) an upper portion
communicating 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 the hydrocarbon feedstock to provide heated hydrocarbon

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



-6 heated hydrocarbon feedstock to provide a heated two-phase stratified
open channel flow m xture stream (c) a vapor/liquid separation zone for
treating vapor/liquid m xtures of hydrocarbons and steam the separation
zone corrpWM'?ﬁjm'(ﬁ) a substantially cylindrical verticaPCHPBINFHBVFIg an
upper cap section, a mddle section conprising a circular wall, and a | ower
cap section; (2) an overhead vapor outlet attached to the upper cap
section; (3) at least one inlet in the circular wall of the mddle section;
and (4) a substantially concentrically positioned, substantially

cylindrical boot of |ess dianeter than .tdgre m ddle section, the boot
conprising (i) an upper portion conmmunicating with the | ower cap section,

(1) a m ddlg,daohliRabeRPe8ivdk 3! Trbhiien neaed | iwatbithse Ostfafifibd Sapehace to
provide at |east a"partial theoretical distillation stage, and (iii) a

| ower porti othahAel feseeimiktuee Isirgqatng (gnd vapoi/Hguid sepaation zdnqufod tremrap, which
further conprises a |ower outlet for renoving the liquid and an inlet for
i nt roduci ng eapor/higpidi mixteras obbydipcarhensyansl Sigaquithie sepsraion 2osa COBPESingd) a

R ok pgt nel 0 dsop Sl P rReAd el el P An uaR she sEsRonmiadEn ° "
ffl t i-Si .af i ne- o : it
L ecovery THiTh efmphifhg Birchl \ANTRRISINGT cH SREOh IR ehuEkad hor, P ent

100181 I n stadilet anadhbe o 8engpes cdphecore $B)dt 13y e inte i Headirelat ovall dfr ocess
for cracking a hydrocarbon feedstock containing resid. The process
conprises (thy nnddlei segtieniandy(d} a sabsiantiall e conceotrically ppsitiored gubstantiallat ed

ryd ocar bon heAsLoLk YA 0.8 LI Yol bR SLeR SheSaR LobaLma
(ELafh el Seflcbaity SEAach g A0 bl o ShEaEE' (01 SRR L2
conpri sing (dorian sorapkising isafficyent ghs-Nighid eahtaciwarfatewl previdenah Rust Agpattalupper
cap section, a mddle section conprising a circular wall, and a | ower cap
section; (2)theercticalrdisdipipapynge andetiian tiawpregortynt fae raptiving legd swdt i on;
()8 oot R el M5k el PR 6514 ShnChor BhePaic |19
ey 'rr;opidg; ﬁg' (tlh)@@igﬁr:ioﬁ{)nggéfr?%léi"f@x”ﬁﬁr%ﬁuéiﬁ@ﬂ skrfipinp g&' RIGE il SR-lidNE AR

surface; (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 (f) a

recovery train for recovering cracked product from the quenched effluent.

[0018) In still another aspect, the present invention relates to a process for

cracking a hydrocarbon feedstock 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 cyhindrical

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



WO 2005/ 113717 PCT/ US2005/ 017556 -7 portion comunicating with the | ower
cap section, (ii) a mddle portion conprising sufficient gas-liquid contact
surface toyghosndsniat | east a partial theoretical distilplcghi®nsatage, and
(iii) a lower portion for receiving liquid and holding it at a liquid

| evel , which further conprises a liquid outlet for renoving the liquid and
an inlet for introducing a stripping gas bel ow the gas-I|iquid contact
surface; (d) renoving the liquid phase through the liquid outlet of the
vapor/liquid separation apparatus; (e) gracking t he vapor phase in a

radi ant section of a pyrolysis furnaceto produce an effluent conprising

lefins, th .0l ysis f i Si diant section and a.
convect | on seedigh; CURBVPITURR HEhi Wy [HET ot PERID 400 7 B i RHR acked

product. ¢ her of gt R G RESCHIATLAN halt SuRRANNGR AR ety

illustrates a’s _ amof a process in accordance wt
present i nvenkoraiieAlPdieBalion §thged aRM (@)Y 8 ilowrlpaiaiog for Gegdivihg NBuil and
vapor/li.qui d separation apparatus (‘:O”g]“ sing tangential inlets, perforated
coni cal baf f | mldimgdt labatliqmid level, sihiakl fardescanprises anliquidipudetdfonremening f or

quenched feed to the djstillation tray. 100201 Fi qQure illystrates an

el evat i onal vihehayrd %R‘EJ Wﬁ%ﬁfmg‘l‘m &és“‘ﬁ’PH@rﬁfaég’ﬁkP‘é%e(ﬂ?s‘g'ﬂHéf%"@t of the
present inventi CORDLL S i Wl a. - L

DarTrn. e Sl RS AR AIUR bk gholf B i PRIRPERIE oM G
distillation {ehadtioANshpardi@yele) drdeking! el Gipok Midse 1002 HditgtcBos dIT #Vi des a
det ai |l ed perspective view of a perforated 'conical baffle used in an

enbodi nent of pyrhlysisrfesexe té proelncé am effDEMAdnkfDisDESGRIFST tENp B yFISEutivENTI ON

100221 The present .invention relates to a highly effici enb] vapor./ i quid
separati on apfaRRHRE Rofadiant SE5URe and RoWIFCLPARYRCHPRqEd (i Risurkiae ghe

hydr ocar bons %t?lrﬁgntsa%%qge%v.—gnﬁggggﬁ]go?dﬁéucgw{ﬂo%s a vertical drum or vessel

havi ng an upp ap  section; onconprising a circular wall, a
| ower cap section, a side WO 2005/113717 PCT/ US2005/ 017556

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 illustrates a schematic flow diagram of a process in
accordance with the present invention employed with a pyrolysis fumace,
depicting a vapor/liquid separation apparatus comprising tangential inlets,
perforated conical baffle, and boot with a single distillation tray and an inlet for
quenched feed to the distillation tray.

{0020} Figure 2 illustrates an elevational view of an embodiment of the
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

|0022] 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



-8 inlet to introduce hydrocarbon/steam m xtures, an overhead vapor outlet,
and a |ower section in communication with a boot of |ess dianeter than the
drum the boot conprising sufficient gas-liquid contact surface (e.g., that
provi ded B WATIG717 nore sheds, baffles, and/or distill aPEHNSEMEPERS¢ o
provide at |east a partial theoretical distillation stage, a |ower portion
for receiving liquid fromthe drum a |lower outlet for renoving the |iquid,
and an inlet for introducing a stripping gas such as steam or hydrogen
bel ow the distillation tray and, preferably, above the Ilevel of liquid in
the boot. In one enbodinment, this vesselgis substantially cylindrical.
Optimally, the boot is substantially cylindrical and positioned

substanti al | X;Hgtggicﬁ%ordiugé"‘hgdro%&llgt@ﬁnvr’ﬁﬁﬁﬁjes,. COvéihiga VB dublkd bt Q. 1 S

uni npeded. e present 1 nvention provi or enhlanced stri pping of

the lower beiwém@cliysli®camhrnicaliowwithhe bbet sf0less diameted\thaethetitun, dal vapor
phase overhead. Such stripping is typically carried out with steam e.g.,
strippi ng st daot cmdpimingasufﬁcmaltgsflmvgr eandat gwifaosdeg., 1'sat tpeovidesliby ax0or kg/ hr

(40 to 8800 I bs/hr),. s a rate af .about 2000 kg/ hr. (4400 |bs/hr)..

Typical ly, sfMqrgps Sas?%g]r?ﬁ’i §“$}Hf r‘ﬁﬂﬂ?’é’&n Hay 'roag’éo‘ﬂﬁa Al oltasthaubariaby to
about 7 wt % .pr [ 0 t I.@Q? Wt %G r 2to
about 7 wt % tlﬁ@?{tﬁgﬁﬁ#ﬁﬁl}%é@%@, ? téoe‘gesrt@c @Ttrﬁgimgﬁlﬁg@gﬁoéuﬁgh@ﬁgppi ng
can al so be ¢axdr Qslled Wor 1ehichirpyde QeRS, afd Gn, infkt forRroGucify drstgspimagded at a
rate ranging from abou o abou g/ hr o s/'hr)’, “such as a

t f bout 2 t bout 1000 kg/hr (4 to 2200 | bs/hr) h

rate of aboutudD8s kgamror(Hytiogeendsidw the Jisollation way agd, hydfeoddy aboredtharot be

pure; for exanple, it .can 13:2 a hydrogen ri cfé hydr ogen/ net hane, m xt ure.

Typi cal |y, steveh@fnBaHg dnohenbacd i Hy PBE ferkpdipeny. (B ovessel 118 ovubaigauallo. 001
to about 1.5

.9 . pr ef fr . 7. 0f from
about 0.2 t&4 ac{l'f{yi'o. ?p% glybflﬁ‘%nhbgolaﬁ;%r%ggrahgﬂﬁggghg%%&%ﬁ Sﬁﬁﬁg?é;dzkabl e
hydr ocar bons sggftartlafl9 cBRcentridaily @dthathe StdskPdtich ¢had e, fliid flvaik&infthpeded. _
suppl ementing inert stripping gas such as steam and/ or hydrogen. Such |ight

crackabl e hy@#3¢ar bonsThevessht gaentian providesl éof cabanded, sinpming bbthedowdensat e,
or other nmaterjal S known to those skilled in.the arf, are especially
advant ageous OIIHISS%M&WC%@OP% {P'Br{jl\?i g%"%f“‘ét‘toi ﬁb‘?‘ﬂéﬁ r?élﬁ{tloé‘ﬁfi P1eBeL RN@S%f f ect
W thout wast ior\}grh%gcﬁcguch stripping is typically carried out with steam, e.g., stripping steam
added at a rate ranging from about 18 to about 4600 kg/hr (40 to 8800 lbs/hr), say,
a rate of about 2000 kg/hr (4400 Ibs/hr). Typically, strippiﬁg steam is introduced
at a rate of from about 0.01 to ab‘out 7 wit%, preferably from about 1 to about 7
wi%, say, from about 2 to about 7 wt%, of the hydrocarbon feedstock to the
furnace. Such stripping can also be carried out with hydrogen, e.g., stripping
hydrogen added at a rate ranging from about 2 to about 1000 kg/hr (4 to 2200
lbs/hr), such as a rate of about 500 kg/hr (1100 Ibs/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 w1%, such as from about
0.2 to about 0.8 wi%, 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
materiais as known to those skilled in the art, are especially advantageous

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



WD 21105/ 113717 PCT/ US2005/ 017556 -9 in the furnace taken up by inert
stripping nedia and they crack to provide desirable prine olefins. Such

| i ght cr ask@blosiispdr ocar bons can be introduced as a strpppusgwgassat a rate
rangi ng from about 50 to about 10,000 kg/hr (110 to 22,000 |bs/hr), such as
a rate of about 2500 kg/ hr (5500 Ibs/hr). Typically, such |ight crackable
hydr ocarbons are introduced at a rate of fromabout 0.04 to about 15 w%
preferably fromabout 3 to about 15 wt% such as from about 6 to about 15
wt % of the hydrocarbon feedstock. In ong enbodi ment, the stripping gas
conpri ses nethane, such as that obtained”from pyrolysis, the use of which

woul d inprove gverall selecti vgty. for desi rabf[LCF olgfl' ns fr ,rr}the Jphocess of
the present Pn¥EMYHTE REThARePE ARTTHS T P dUEEY 28 %t‘:ﬁ‘%p TP ot a
rate ranging t t Q for
exanpl e a ratie@@%ﬁlgggg‘{é 0&%%8' CSI?S? ?;ilréhE %%bﬁéﬁoc&@%pﬁ%’&ﬁo@%ﬁ%&% IS
i'ntroduced atst@ppiak @avit & ra@fandiap froddn BBout 150 1albetit 17,000 Se/Mp efE@1ED2,900 r om
about | to about 7 W% such as fromabout 2 to about 7 wt% of the

hydr ocar bon flegtigt swdh. asi@oaa of Bheuy280¢ kedr 5 xW¥ntbatkr). stypiaally, puekilightl i n t he
boot can be suffjcient to provide sone part of thepretjical disti]]ation
stage, for e%ﬁ%ﬂableal?y%r‘?cé Sfﬁ%mfﬂ'cg‘f:‘céq ng)?atStOfIaf@é%tag%fﬁéﬁ‘gﬁ%ﬁ"bﬁgt | east
100% of a "t et isti i ‘o " i LSk i on
Stage " ol so Wvireioly oM Al 0 AnGheienns buch AR pit 6lbIbpLLFS ON,

"theoretical gt ef th®mydidteMonSic@dgock. i SIr0BRe entbio@iindiAs tHehetrippilg gas
phases/streans in thernodynam c equilibrium each phase/stream being
renoved from doneprsennethenc.rooh astiat abtaineg faony pyfolysis the wrerof wingh e¥aild eam

Thi;s val ue can be neasured for. ap individual_ boot usin co nti onal
t echni ques, i AUIEN ﬂ‘éergli)tsgﬁ?ﬁs‘”ﬁyi %i‘ﬁ%’éﬁ%l"?ﬂrﬁ@sf i g@ﬁaﬁ'g"ﬁ?ssa%ﬁ'et@@fﬁ'ﬁ que for
measuring th ne hi R MENE & as at i i ASTM
St andard D 2§§98{1&)802¥?m|a}r11é o%’eﬁe%o%qlﬁgntas gf‘@?#ﬁ?@%%ﬁ%%\%ﬁ?%%m% he
gas-liquid capshars iowbostdGGEC/ B (4030 B8OV iskad), Byr édaniphastat©ofatsfut 206ted, a
baffle, and a distillation tray. For exanple, sheds in a row or rows can be
arranged kg/hr (4400 lbs/hr). Typically, methane is introduced at a rate of from about 0.01

to about 7 wi%, preferably from about 1 to about 7 wt%, such as from about 2 to

about 7 wt%, of the hydrocarbon feedstock.

10024] The gas-liquid contact surface provided in the boot can be

sufficient to provide some part of a theoretical distillation stage, for example at

least 10%, preferably at least 20%, such as at least 100% of a "theoretical

distillation stage." A "theoretical distillation stage,” also known as an "ideal

HoM non

equilibrium stage,” "theoretical stage," "theoretical 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 liqud sampling followed by any
technique for measuring the bottoms boiling curve, e.g., the methods outlined in

. ASTM Standard D-2887.
10025] 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



substantially perpendicular to the Iength of the boot.

inverted WD

2005/ 113717 PCT/ US2005/017556 10 V cross-section which

to drain liquid fornmed fromthe surface downward off the sheds for _
cont acti n WPH'WPAY stripping gas or for collection as bBETGRENIIHIEG

gas-liquid c
row of shed
liquid fl ow
shed in the
be provided
FLEXIGRI D (r

ontact surface(s) can further conprise at |east one addit

The sheds have an

serves

i onal

s positioned beneath the first row of sheds and staggered so
ng fromthe upper row of sheds drips on or near the apex of a
| ower row. O her suitable |iquid/vapor contacting surfaces can

by ditsch Gid, e.g., FLEXIOGRID (r) -2, FLEXIGRID (r) -
)-4, and FLEXIGRID (r) -5, available from Koch-ditsch,
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I nc.,

Wchita, KS, Wehssaseiont Whichdesles td dtdimhquidofoenmedvifiden dipesurfaee kowgwatd026] | n

anot her enbo

di ment of the present invention, at |least a portion of t
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extending fr
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associ ated wi

spi |l ed over fidne mehpper t6\@ of GR8IR @RI onloy Be&aht ¥p&ebNd sireddia Wiy RIwkr @¥fvensi on
The downconer can extend to a level at or below the liquid

of the weir.
| evel in the
distillation
fromthe bot
perforations
100281 I n an
an upper dis
downconer as
upper disti
distillation
downconer as
the liquid I

Otbevesuifablet liquidatpdrheentesting surf@ee tan bheprivaded by dhlitsdheGrid,

e WERRBRI3EE £ aREoR I @ B Lenliinl 8 )M Ripa ™"

3 SR BETR KSR RRDLIRR KSTBSA, ol iR, s

her” e 5] on o

trbwerakiderbpkh pciangl a | ower distillation tray wherein a
sociated with the upper distillation tray extends bel ow t

1]0826] on t r dy, anathgr ambodimemtnef thespresdnitismcnipn hattlbast lpostion
tray ends bel ow the ] ower, di tillfi\qt:iontr Typi cal
t

bchd e aRd 1opiel PURREE & BOPIFA oA ag), opg | GHLEIOR A
ec%%'priisﬂgt(gfa b3S which comprises at least one passage for admitting vapor
upward to the tray and (b) a weir over which liquid can spill, extending from and
above the bottom. The distillation tray can be associated with a downcomer
extending beneath the tray for directing liquid spilled over the weir, the
downcomer typically being a downward extension of the weir. The downcomer
can extend to a level at or below the liquid level in the lower portion of the boot.
10027) The bottom of the distillation tray comprises a means - 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.

10028] 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 Jower 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 conprise

he
ly, the
bel ow



portion of the boot. In enbodinments conprising nultiple distillation trays,
the downconers are preferably staged or offset fromeach other so that the
l'iquid thayoWsa0es7 113717 PCT/ US2005/ 017556 carry wi | | ppaasois/0aeat ray
portion rather than the downconer portion of the distillation tray bel ow.
It is contenplated that nore than two distillation trays can be used, e.g.,
three, four, five, or even nore distillation trays, preferably about three.
100291 In yet another enbodinment, the m ddle portion of the boot conprises
a side inlet for introducing a feedstreamto the distillation stage. The
side inlet can be |ocated at a | evel above the weir of the distillation

tray. Alternately,..the si inlet for intrqduckng,a f streamt e

di stillation @Fay™il pa,s%j%glg% vy %)r{'%'bé?tﬂgl gﬁa E}'ﬁedo\)*él}cg(ﬁ’célpqﬂéér?gpﬁ lé‘? t he
weir that cany k% 5w 1ttifBontdhAMteAAPHGRER (Vi thd BeuliARMSIAS3M  The
feedstream i m’ggkg?ggg}%‘h%ghlttlheongirgllg%ei nl ett crgr% bet any éui tablag
f'eedstream epeQused; @qy,cihest, Badr] fivs,. oPeehanalkd §istilaionf eads prefemablysatlmugquenched

feedstream derived fromexternally cooled recycled bottons. In still
anot her enbodhreent of the present invention, the apparatus further

i t | t ffl | ted | t of .th 1 ddli ti
of "he ver (1 B2 um pr B8t OB R e iF n BT GUEARIER yoF 1B B6E cent or
of the drumé%ﬁ?fsgs'tﬁ@?&?egirn'icg.lf!)lafntwabéifn?@q'cﬁfsg}ééﬂ'thh@dQﬁﬂatﬁ’(ﬁ'}e YWeg fhe baffle

and the circu wal | irecting qui ong or near crrcular wall

to the | ower g@p inleechhobe 1ddated Makfleee! whivehihgaweheos uhs tdigtillatibh Wra0ni cal
in shape, partially isolates the bottomof the flash drum and boot fromthe
upper part ofAl¢watehaghe gidgnnlebifier ingoduawrg 8 fhesdstrsainripithg distiblenien tnapns causi ng

liquid to swirl and events the colder liquid in the boot from copdensing
the ot t ar velgEHed Rbb lgEAong e Siite! Enete! i Botlhat cha el oy brETAS Ao
entraining i L RP g Lch : fl:ash
vessel . The &5#4]?%&%@\5/2%}281&%2?%?@' sﬁgﬁgﬁd%%gﬁt]ggo%ﬁg%é@i&ﬁ%ﬁ.‘%seu%l??ci ent
pitch where cpdCan, bé anpravable feeddicam, ofg.| irelyicibdt be@ns). Prlaferdtdy fthe 1S
typically perforated, conprising perforations which inprove mass transfer
during decokfendstreamgis, apjrepehed feedsigamaderingd Gomapxtemnally swoolath reydedh t he

baf fl e In ong enbodh ment (e, MRt nando ek, Lot N8 BSIHOTAL LBNSa L

further comprises at least one baffle located at a lower part of the middle section
of the vertical drum providing a surface slanting downwardly from the center of
the drum toward the circular wall and providing a gap between the baffle and the
circular wall for directing liquid along or near the circular wall to the lower cap
section. This baffle, which can be substantially conical in shape, partially isolates
the bottomn of the flash drum and boot from the upper part of the flash drum, but
prevents hot swirling vapors from causing hiquid 1o 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 inio the bottom of the drum during normal operation. Yet, during

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



vapor diffusion into the bottom of the drum during normal operation. Yet,
during decoking, the perforations increase the fraction of the steanfair

m xtures flow ng WO 2005/113717 PCT/ US2005/017556 -12 out the bottom of the
boot to eME¥FAEY contact the entire drum Wthout peP¥HUSRMFHESSG ¢ hi ck
| ayer of coke can build on the |ower part of the drumand on the baffle.
Thus, the perforations are advantageously sufficient in size to prevent

coke from plugging them In one enbodinent, the baffle is perforated with at
| east one of substantially circular perforations and/or substantially
rectangul ar perforations. The baffle carp be perforated with perforations
ranging in size from about 50 to about 200 cmi (8 to 31 in); for exanple,

the perforat i,gnShC HdbAY 81 tHE HRBE L& FHetivdly aoniieP e BnGfd drugd CWithdui n x 8
in) rectangles and/or about 10 to 15 cm (4 to 6 in) dianeter circles.

Advant ageous pysfoidtienbaf thick lagerpdcbbe asrebuildomthe leweepart pfithgi drgmf andrombout 1%
to about 20% of its surface area as conpared to a correspondi ng .
unper f or at ed thabafile, Fhys, G perfpetipns ang adyerpgeonslyfsubficaent ip sizede Peeredl mass

transfer fromjthe a ratus.of a,steant air. m xtur ed for decoking,

Al though a o FRER SroBb PR e ey 1h pre cobatinmart e Betlies petforatGd b ai aa e
section of i :

earlier not egg}%%@%%ﬂ%gﬂ#%gﬁ%t%? ﬁ{:ﬂéieiggg%gtg ﬁss ldﬁ?/g{ %gb%@edsaielﬁﬁg Qﬁﬂ%ﬁﬁfl on
conpri ses a guistatidhi.aThy bafflecaantbel majorated odiht pevfoestions whbstimnin siké¢ from
cylindrical boot of less dianmeter than the mddle section, the boot

comuni cat i ngbowii $thta Aeout dRBrenE A8 teetlt inoh, fompxpmple.t the rperforations car have i nl et
for quench oil and a ljquid outlet .at its.|ower end. .The hoot is. the

| ocatton a _simersemuh g pp Sirnbk el Zinat ) FResertTrabont Ky
cool ed |i qui - ; o] ' j [ g hble
liquid r;g?hg?\ccy?? pn(gggﬁr(lﬁ?\'ggléﬁgﬁgﬁfnéab%m?éceﬁﬁgy’e{\?gr?tg g&\éfgﬂ%rﬁ&g‘%dn% é|Hon and

provi des a suekfehti@iping fromi abolbieVsl totabobe2@%nifiied suafake arebhie donfpaied tol £Vvel
al so provides net positive suction pressure (generally referred to as NPSH)
to prevent cewesrandng unperfpratedibatBe.far example Je ap extenhpeffieient loagimcreabot t ons

fromthe drum Th i se additional internal £st
encur o that ey B S EREn SSRGS gRI § S P 5P e e SHORRE: ot

l'iquid w t howhough a singie baffle is typically used in the lower part of the middle section of
the drum, muitiple baffles may be used as well.
10030) As earlier noted, one embodiment of the apparatus of the present
invention comprises a substantially concentrically positioned, substantially
cylindrical boot of less diameter than the middle section, the boot communicating
with the lower cap section, and further comprising an inlet for quench oil and a
liquid outlet at its lower end. The boot is the location at which hot liquid can be
quenched by recycle of externally cooled liquid. The boot is advantageously sized
to provide negligible liquid residence time during quenching, which prevents coke
formation and provides a sufficient liquid level to be controllable. The liguid
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.



causing vortexing of the liquid. Liquid vortices nmake the liquid |evel
difficult to control and can allow gas to flowwth the liquid into the

punps. VOwW®eREA13717 PCT/ US2005/ 017556 -13 10031] | n operesbmdormsss, the
present invention relates to an apparatus wherein the boot further

conprises an inlet for recycle quench oil. 10032] In applying this

i nvention, hydrocarbon feedstock containing resid may be heated by indirect
contact with flue gas in a first convection section tube bank of the

pyrol ysis furnace before mxing with thg,fluid. Preferably, the tenperature
of the hydrocarbon feedstock is from abddt 150 to about 290C (300 to 550F)

bef 1 Xi ith the fluid A Th I ti 1 xt f
Feedstock andOIhid' mayisersamaauner), SHoBESH TRIeORER SHOES than SRERRISe dr um
100331 Unl esm%}%}ﬁﬁmo%t h afg%inﬁ%ééesa riﬁl@%?géigclgﬂﬁéﬁéﬁ’oi[at' os, etc., are by

wei ght. Unl ess otherw se reference t conmpound or conponent

i‘ncl udes the [ggagpound Qh 2pPRRARNER ink¥ntidns @Y roc&BonvBlddstask contaididy f8id on with
ot her conpounds or conponents, such as m xtures of conmpounds. 100341

Furt her, whemanbeaheatew by vulirceintangact svith e gashinra firal canveetiopsactinetwe i s
given as a list of. upper preferable val ues and |ower preferahle val ues,
this is to b@a%dgr'ileHdoﬁé’ss cej befpie, miing | With Y\Eﬂ zﬂ%l“fr a%'@g’s‘aeqlﬁsr Hed from
any pair of fier I Al

Fogar dl ess wiGTRERRRGEHESHI LR HERRE ol Boull 54 SLARD S0NC00 o1 1,
non-vol ati | e (5 GRPEERiSre RIxife NithSthe IMAd AE/of el OThe pésulthfy RyduRCcs bon
feed with a nom nal boiling point above 590C (1100F) as neasured by ASTM

D- 6352- 98 or ferd2@8K and flusl may ba further wehkaed befgresmidringi thé flashodrunol at i | es

havi ng a nom nal_boiling point ahove 760C (1400F). The boilin poi nt
di stribution (8933 he hyd?’ﬂﬁsér%B?f“f‘%ﬁaﬁegv %\EQEHEF@Eé%yP% r@‘n‘?r?g%o%ﬂzahih

Di stil1at i on (GER) BASTINEL5%,98 of uRB87 1o NPRoaLatd Lescaiehile coke

precursors, are large, condensa Dl ecul es 1l condens he
vapor and thgiludeRrhe cokPoldlor chPofdift Bt itsRer, 9 Relll AORS cOMBRERGERES | N the

present process of the invention.
other compounds or components, such as mixtures of compounds.
|0034] Further, when an amount, conceniration, or other value or
parameter is given as a list of upper preferable values and lower preferable values,
this is to be understood as spectfically disclosing all ranges formed from any pair
of an upper preferred value and a lower preferred value, regardless whether ranges
are separately disclosed.
|0035] As used herein, non-volatile components, or resids, are the fraction
of the hydrocarbon feed with a 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.

t [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



100361 The hydrocarbon feedstock can conprise a | arge portion, such as
about 0.3 to about 50% of non-volatile conponents. Such feedstock could

conpri se, non-limting exanples, one or nore o cked gas
oi | WO 208@/21‘@};‘f2‘f7pcw US20051017556 - 14 and resi dues, ‘5%@55?‘[5%’?“%%% ng

oil, jet fuel, diesel, kerosene, gasoline, coker naphtha, steam cracked
napht ha, catalytically cracked naphtha, hydrocrackate, reformate, raffinate
reformate, Fischer-Tropsch |iquids, Fischer-Tropsch gases, natural

gasoline, distillate, virgin naphtha, atnospheric pipestill bottons, vacuum
pi pestill streans including bottons, w-déd-boiling range naphtha to gas oil
condensat es, heavy non-virgin hydrocarbon streans fromrefineries, vacuum
gas o0ils, haavyegidsespidas sibsplitehgng ot geri fuml, ediestl kemserds, gaaolmes woken ¢

resi due, heavy residue, C, 's/residue adn xtures, naphthal/residue

adni xt ures, R9RbRastBER crader: Baghthse caiueelly sgackeg drphihas hydiageaskate,

adm xt ures, oil/regi due adm xtur.e and .cr.ude oid . 100371 .The

nydr ocar bon {EBESY Sl ARC HETAn drener TR R g FHSPRT TP Etegasy

about 315C ( GOQRN 0288 8lstiYa@! 6R8i8mabhas a%%@kﬁheﬁégnﬁye@ﬁﬁq}:&tomst yRuga | Y
greater than about- 590C (1100F), Tfor example dgreatér than about 760C
(1400F) . The pirestild nsteahisy ighefisg rtedoimee dgdo dostiny eaggneaphthy {oogas Whilf ur waxy
resi dues, at nos(fgtl]eri c residues, naphthas contam nated with crude, various
resi due adnicsndensaies, hedvy porergin kydragoEssigaps Jeems sefiberiasy aquumygas

hydr ocar bon feedstock 10.,of e present .invention as ill.ustrated in FIG |
cgrrpri ses pr@ﬁ% CaKY 88 ﬂ&}d’?‘?&' 3myngfed IEf’d %933,£1188§ﬁbe8$ r@@%ﬁ‘ﬁ’%‘fy t ubes

2 With O WSB! E0ERSARCIRROhrAR! ok @0HuS ! SAFxdRs] MhdiGeabiReT

convection sectioh a steam crackin rnace 3 to vapori a portion of

t he feedst oclgasiirdidue atipiixmugesthgdrogdn/iegidud 3dmixmues,sgas dil/feqidud adfiphRbSs
conprising non-vol atil e hydrocarbons in volatile hydrocarbon/steam vapor.
The further apd emdaPiing of the feedstock/water/steam m xture can be carried

out Lhroush, (AR, o BRI SR Py LSRR 6
direction. The QPcReat 31SEC (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.
[0038] A process for cracking a hydrocarbon feedstock 10 of the present
invention as illustrated in FIG. 1 comprises preheating a hydrocarbon feedstock by
a bank of exchanger tubes 2, with or without the presence of water 11 and steam
12 in the upper convection section I 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 5 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



conprises treating the m st streamto coalesce the liquid droplets,
separating at least a portion of the liquid droplets fromthe hydrocarbon
vapor in avoteaany7separati on vessel 5 to forma vapor ph&€EUBBM&MESE6 |1 qui d
phase 16, and feeding the vapor phase 8 to the | ower convection section 7
and thence by WO 201h/ 113717 PCT/ US2005/ 017556 - 15 crossover piping 18 to
the radi ant section of the cracking furnace 3. Flue gas from the radi ant
section is introduced to the | ower convection section 7 of furnace 3 via
19. 100391 As noted, the heavy hydrocarbpn feedstock is preheated in the
upper convection section of the furnace 1. The feedstock nmay optionally be

mxed W th S&S&gbé}?ﬁiﬁfng 186 RRahaRm é&lﬁti@rt bthe RFRRRBULAGCS 8. Tlue JAE BRI abl Y

af ter preheater i'n"a“sparger 4). The preheating of the heavy hydrocarbon
can take any theradiatsesiondy inthdaeedab the hiweacynedciibh sedanohliVeofdfutnact B vis

preferred that the heating conprises indirect contact of the feedstock in
the convectiolP.section of the furnace wth hot flue gases fromthe radiant

xamp e, by, HOSHHG°C henf il 3k PEmpO RO bR ROtk o PRbeAEhiE Bbes 2
examl e, by | _ _ _ X
The pr ehoat el PEbaT e my T ol oy o THARE Ay s oGl tod g Uh iy e el r e

bet ween aboutwigd Greamcbedbie retedilg G104 r ipPeHRAGIY (e. & g.fe&naﬂyyiﬁer preRedigrgoer at ure
of the heated feedstock is between about 370 and about 490C (700 to 920F),

nor e pref er abhya ispargered). addatprdgatiog @f 4he heavrgdpirergbon gan 3a@igFyny ot nost
preferably between about 430 and a t. 475C (810.to OF)., 100401 As a
result of prefo3m Ry, ﬁsepBEPf‘ﬁPFrlﬂfsl?‘ﬁﬁé"f%Eﬁ'ro k' é’“%g%f)‘i iﬂ?écfge jﬁan%s m st

stream | s for%‘?x\?}gﬁggpﬁg@h ntab4f e fleBBLAL & tﬁQ@Px{\jeE{i&g?]eQﬂBﬁ %Plll%tfhllngfe Tow

hydr ocar bon i ydrocar bon vapor, wth or wthout steam

vel oci ties ofwighaaiteflué hasesafomt R0 radidmr sdcties oo tHel Démbaeet /Hde aad) be t he
liquid is present as fine droplets conprising non-volatile hydrocarbons
entrai ned i n ackemplishsdr bpmay of noniligniting eptmple. hy pessingahe ifecdstock hretigh

? ih];f :c iCEIet mt gtas g%takgc?if lgﬁalb g)t(cglfu&éﬂl @Ei%sd%?oncgte\éa\gﬁﬂih lLé uijgerezro%{feecrti%glsgct}o% ]C 8f3 lesce
the pyrolysis furnace 3. The preheated feedstock 14 before the control system 17
has a temperature between about 310 and about 510°C (600 to 950°F). Preferably,
the temperature of the heated feedstock is between about 370 and about 490°C
(700 to 920°F), more preferably between about 400 and about 480°C (750 to
900°F), and most preferably between about 430 and about 475°C (810 to 890°F).
10040] As a resull 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 liguid 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.



single continuous liquid phase before entering the flash drum However, flow
velocities of about 30 msec (100 ft/sec) or greater are nornmally necessary
to practically effect the transfer of heat fromthe hot‘;lue ases_and
reduce coROy"¥d&decially in | ower convection section 7P'HH?%ﬁﬁ?UF¥her
downstream WO 2005/113717 PCT/US2005/017556 -16 100411 Secondary dilution
steam 20 can be convection heated in the furnace 3 and then directed to the
flash drum5 via line 9. In one enbodi ment, the heated secondary dilution
steam can be added directly to the flash drum5 via line 9. Aternately,
the heated secondary dilution steam carlbe added to the flash drum overhead
by an optional bypass 22. 100421 Flashing is normally carried out in at

| east one fl poAalprum Becdndery Gilasén dieam 20 tde be aawe@ims bestbd epmhies
removed from at | east one upper flash drumoutlet 15 and the |iquid phase

passes t hr oufimackd dndoherpdireans! todhe Hestsdrmim 3 visdine 9. elnedneaembndimppethel i quid

not o & wahea b aRh R o 5o i nP R ST I st i oot o

extensi on of gt %ﬁae}qﬁk% GEhERH &@?.‘P&'Lrjfpﬁlﬁﬁdrﬂgéa[n%& Be Adifedld ﬂk&' flashrhije ot tom
e do S |

of the boot: CONer 1s O cient Cross-section to ensure that

the liquid Barh@doy droptiddal tipass 32.does not plug it. The weir 29 is of
sufficient height to allow good contact between the stripping gas and the

| i qui d bottoff42but shbiashingnsugimally camedrpateinrat déadeome flashndram. nln the
distillation _tray to_an extent sufficient to avoid unwanted cokng
reactions. THash Futhenwapor phpse Sesaimy s emaved deym ag deast e, yppeistiash passi ng

t hrough the gj I . (e [0 el and
bel ow't he di SR i 45 Bha IIiGIRPBRe slsoeS HipuhEBOR 21y Gl B 451°;
provi ded whi pRepiseft@ppal Nguidbo@sHS 25 a€ ARl ikl aihe Hobt. ODisiRafibA tlaped | i qui d
bottonms 25, quenching them Bottons are renoved fromthe boot through | ower
f1 ash drum obad ®perfkBated DdBdm Ax vairi 29 xtemddinigwborve said say dargl 4 dowendonrerSflage i s
provided within the. bagot, 500 k en or an egui nmol ar anmount of

/ f. hydr |
steam or ot hén &{ssipi i ghe ysie) f’ﬁ%&fm‘g %%Oﬁ#ag‘gﬁ%&1h6r¥'q1"§bﬂ')th€$’ﬁ“9?‘d?fcal ly

Increase the el @l Y aR%hcomer is of sufficient cross-section to ensure that the liquid

bottoms flowing into it does not plug it. The weir 29 is of sufficient height to
allow good contact between the stripping gas and the liquid bottoms, but short
enough to minimize residence times in the distillation tray to an extent sufficient
to avoid unwanted coking reactions. The boot further comprises an inlet for
stripping gas 33 passing through the side wall of the boot at a level between the
liquid level and below the distillation tray. An optional inlet for cooled liquid 35
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 1o 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%. Stnpping 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



provi ded by the atnospheric resid feed to the process, from about 66%to
about 74% The anount of liquid bottons fromthe boot recovered as cracking
feed is (W@206)1137100- 66) X 100% or about 25% Stri ppi n§CrAS2GI00TRFE | N
accordance wth the present invention is preferred to sinply adding 500

kg/ hr of hydrogen to the convection section feed or dilution steam which
woul d only increase the WO 2005/ 1 13717 PCT/ US2005/ 017556 17 _ overall

at nospheric resid feed to the process from about 66%to about 70% Tower
simul ations al so show that 4000 kg/hr ofysteam stripping using one
distillation tray with a 70% st age eff|C| ency can vaporize 25%of the liquid

tower Dottofm.of SHBAPhERC rAidIANGS ik hBeld f&RhoMIPREYS IO Apbier@esent

i nvention. e 'sleve tray may provi a sufficient nunber of

theoretical Thvedrl !;lhﬁﬂaxmmssmgcsﬁo@fthaemoatug@m ofIsGam? sdﬁﬁhﬂ% ssig erpodi ment
of the invention where multiple sieve trays (two, in this illustration) are

installed in dmdlabmottrayl-‘\mh a 70%aitage efﬁplemt}scmwampnz@%\% afahe dighidoafvkt e i n

the. min flash drum A E 2 the strear‘a g be .fl ashed enters. the flash
drum 200 tangmpmqrﬁ/eﬂ b gHnesRRgrantcs fegq when ugng,theiprgsent wyentigng 204

Preferably, t[Bﬁ%&]ﬁngent bg%(s)feotf ?rtai gﬂ'y nAtevgwdf?l s?xﬁ"ﬁc%nt% er O?QH%V\Qr g,, f :c IC)\(,)VW

The non-vol a ydr ocar hase w orman ou annu

al ong the i nsjigftaibashagds @M}ﬁlrduoanchtm ¥ bh @mbaemﬁermaﬁ&ﬁe Wvehtion
initially forman inner core and then flow upwardly in the flash drum The

l'i quid phasavlmeaaﬂnpiemvt lraysitde, mhissllumtmonhwcbmalleﬁdﬁ thelbeotb d0G.
conpri ses an Ig distillation tra % conpri si ng perforatlons 210 inits
bottom whi cr? alspidspicts an pRenal ﬁﬁ%@‘i‘lr@ e thenwaws Hashgms B He2 dbeim and

boot. The upper di 3 [ n 4,212 W upper
downcorrer 214S SR g’erﬂﬁ% g ter% {%}%ﬁa@?g& a?\@ﬁ‘a% rg[r%lgglﬁ;l/rmg% shar Wbalﬁ]ﬁflb t he
liquid of theinSiidt!2akima mayprgﬁ}m %@%hgehm ihR%e4re Qével 'dﬂldif@hFE‘ll)t he
upper distillation tray reaches the edge of the upper weir, I quid
cascades dowdavmvend Hiavhe Thppen-videairie bydrocanbon Hgoet bhﬂ&erw:ﬂl Bl drabuten  tray
216. The | ower di stillation tray, c rises p rforations 218, a lower weir
220 and a | Gneplagdigvcaions e wsik; %e‘i&’@nﬂé B@ﬁdﬁ? paiatileovanor ghase Witht i on

tray, preferably qxtendin: toreOhd RSN GpRLFdPREthe A FuR24rHeSldust i g 11

t he bottom of
phase passes down the side walls into the boot 206. The boot comprises an upper

distillation tray 208 comprising perforations 210 in its bottom, which collects
liquid passing down the side walls of the drum and boot. The upper distillation
tray comprises an upper weir 212 with upper downcomer 214 extending below the
tray and preferably extending into the liquid of the distillation tray below. When
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



t he boot which can be withdrawn fromthe boot via | ower boot outlet 226.
When the level of liquid in the lower distillation tray reaches the edge of
t he | ower ' .the liquid cascades down through the lo into
the strip di"F'?/ 13?@ collecting in the boot. Stripping gggflpg%ﬁ)ﬁ’ﬁ%%ced to
the boot through stripping gas inlet 228. Stripped vapor including
stripping gas passes upwardly through the perforations in the |ower
distillation tray and bubbles through the liquid collected WO 2005/ 113717
PCT/US2 0 05/01 7 5 56 - 18 in the lower distillation tray. Thence the
vapor passes through the perforations i-d8-the upper distillation tray and
through the liquid collected in the upper distillation tray. The vapor

whi ch escapesn thedomwehdistillaiondrayn Thence Ppeyapdi passes durough the ppripationsin
upwardly fromthe bqgot _into the flash drum and passes fromthe f]ash drum
t hrough™ over MegadPreaditillauen eay sndthroughdhe c.‘:'SF‘IEi lF?‘ES?&Q’ec‘B?PSP ﬁ'él‘h%}‘on

perforations, 234.captures. SLI} L qui. 0 -fhat e ai ns. when
the rising bltf%! é.g' CofP °’s?$‘f§%¥°ﬁ8£%fg'§’ﬁﬁ H%h}r;@? lggipet#é)%ﬁlqshp%l ne{\;%?[ p?’fﬁgﬁi he
upper di sti | laiaRily tFa - th¥WidaPYhto! e NARANAGA ahdfphéRs fkdif MBVRIH dragent um of
the entrained liquid could propel it to the top of the drum The coni cal

baf fl e can behrsugipovdrbehdoyapoobuniet230r Acaoka tbaffR3Z532 etrmpisieg perdoratiendr um

wal | . The upward velocity of the _stb(jg{)pi nl% agent may be one nore_ m sec

¢ . ne or
(a few ft/sedP4icAPires any stnsA didabbetanpethgbentrains whes the gsieg bubiles ok
conprises perforations.in jts.outer, reqgions and i,s .sol.id, i.e&,. |lacking
perforati ons,SI"Rphng Qgsen&h%rls@t tggg'flfl{glnleggeag?}wf %Peé%}%g?‘é‘?" gﬁy‘a%g’(ﬁ’gﬁ?ﬁ ally
cor respondi ngohiRaltthne, he i AH MmiMEmRA e cnlhifndd IRRANESuIRprideitRg iOr at i ons
provi des forgg]o]o%i] rras%’ tme;nsf er rguri ng stee%nm al r decoki ng.pr1d801451 ﬁl'ge)f erring
to FIG 3, ai@geotShedrine Theawnical bafflvicatetle sdppartpé bl aohinets ordaadkesd 236 f | e
301 having an apex 303 used in an enbodi nent of the present invention,
whi ch i ncl ud@yaghed e therdrumswald 5 The upward yelosity jof thecBrppipe ageteayen ere shape

2010, L% O ST DAL B SRR A AR 1380 o
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in its center section area, for example, an area generally corresponding to the
diameter of the boot. The presence of the perforations provides for good mass
transfer during steam/air decoking.
|0045] Referring to FIG. 3, a perspective view is provided of a perforated
conical baffle 301 having an apex 303 used in an embodiment of the present
invention, which includes perforations 305 of round, elliptical, or rectangular
shape along its outer portions.
[0046] While the present invention has been described and illustrated by
reference 1o 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.



herein. For this reason, then, reference should be nade solely to the
appended clains for purposes of determning the true scope of the present

i nvention. -19- CLAIMS A vapor/liquid separation apparatus conprising: (a) a
vertical drum having an upper cap section, a mddle section conprising a
circular wall, and a | ower cap section; (b) an overhead vapor outl et
attached to said upper cap section; (%@ at |l east one tangential inlet for a
feedstreamin the circular wall of sa@- m ddle section providing an annul ar

flow along the inside of the wall; and (d) a boot of |ess dianmeter than
said mddle section, said boot conprising: (1) an upper portion

conmmuni cating with said |ower cap sggt (2) a mddle portion conprising a
gas-liquid cont act surface wherein as-liquid contact surface is

sufficien to ?,I?l} g{ﬁj §n 10% ttgenoretlcal distillation stage, and
a side inlet VaP %ﬁpﬁréug a?peaéﬁ%stcrog’a’rﬂltg said distillation stage, (3) a
| ower porti on fay r@@ﬁh&'&l@l@lﬂllhﬁﬂhgaﬁﬁpbehedﬂeﬂﬁoﬁ b nitldla sédti@HicOmpasigga  Whi ch
further conprises a |ower outlet for renmoving said liquid and an inlet for

i ntroduci ng a st ri pprudar yepdl, ansk plowsr epPEEHONHel ow  sai d gas-liquid contact

surf ace. &ﬁporHb&%ﬁd%ﬁﬁ&ﬁ%ﬂh&oﬁaﬂﬁp%%djﬁ EECH deetigg: (a) a vertical

drum havi ng an  upper cap sect e sec onprising a circular
wal I, and a | oq@r catplemamemmgemﬂn)l ialat ﬁ)tmrfeedmtemapnrth@uirhéar mlt aﬁbaﬁdl to said
upper cap section; at | east one tan entﬁ? Ogg amin the

circular wall of sa dl?ﬁ‘-‘aH‘i’féP@&@P}gcﬁ’il fl%le(}l ng the
inside of the wpll: .85 offcd) dﬁmtéféﬂhaﬁfsalh%ﬁﬁdlg'sé’d?i'%ﬁesrauf%?c&ﬂﬁl‘ijslﬁg ddl e

section, said boot conprising: (1) an upper portion comunicating with said
| oner cap section, (12) aamuppét Eorpom toromunioating veithngpidlogss cap sgefiiah, cont act
surface, "vherein sgd gag;khould;contactsur [ 258 i Po Sl LGSR whQeiRr OV de
said gas-liquid contact surface is sufficient to provide at least 10%
of a theoretical distillation stage, and a side inlet for introducing a
feedstream to said distillation stage,

(3)  alower portion for receiving liquid and holding it at a liquid level,
which further comprises a lower outlet for removing said liquid
and an inlet for introducing a stripping gas into said boot below
said gas-liquid contact surface.

2. A vapor/liquid separation apparatus comprising:
(a)  avertical drum having an upper cap section, a middle section comprising a
circular wall, and a lower cap section;
(b)  anoverhead vapor outlet attached to said upper cap section;
(c) at least one tangential inlet for a feedstream in the circular wall of said
middle section providing an annular flow along the inside of the wall; and
(d)  aboot of less diameter than said middle section, said boot comprising:

(1) an upper portion communicating with said lower cap section,

2 a middle portion comprising a gas-liquid contact surface, wherein
said gas-liquid contact surface is sufficient to provide at least 20%
of a theoretical distillation stage and wherein at least a portion of

said gas-liquid contact surface is provided by at least one

distillation tray comprising i) a bottom which comprises at least



of a theoretical distillation stage and wherein at |east a portion of said
gas-liquid contact surface is provided by at |least one distillation tray
conprising i) a bottom which conprises at |east -20- one passage for

adm tting vapor upward to the tray, and ii) a weir over which |liquid can
spill, extending fromand above said bottom and wherein said mddle
portion conprises a side inlet for intyroducing a feedstreamto said

distillation tray, located at a | evel” Oibove the weir of said distillation

tray, (3) a lower portion for receiving liquid and holding it at a liquid
| evel, which further conprises a |lower outlet for renoving said liquid and

an inlet for introduci Ngork festdgp Por@infaingivapst Wpalatd ROGE tRG] M4 ii)SRiveir
gas-liquid contact surface. 3., The apparatus of claim2 erein said side
inlet for introducing a ¢wE¥dichdigyid ¢an spidl, gxtending fromtand gbeyespid bottosk at ed at

a level along the vertic I : i L. 4 p t of._claim3
wherein said feedstream ?Hsd ﬁ%%gﬁ]ncsﬁ%ldmg&elg\sﬁrg%%con@?ﬁsfl\%ag@r@/ F&uf"é
separati on apparat us conjatroducigg a (@isteeametvtshidalistiliation tray,ilogtainatudped cap
section, a mddle secti ork?co risin ,ci]rélcul ar wall, and a | ower cap
section; (b) an over head®XpHie it PlopidfistlBHeRteYy sai d upper cap secti on;

(c) at least one tangent} fhyd Bbffon ol refkilifg HEhiIAThbRIAGTE of4 gl Rvetta! | Of
said mddle section providing an annular Tlow along the inside of the wall;

and (d) a boot of |ess whizhgfughertdoamprises & lowetdiutles éut ieowyingasail baod
conprising: (1) an upper rti 0 icating.wi.th said | oywer cap section,
(2) a niddle portion con’ﬂﬁozg} Qﬁb%}f}a“ﬂﬁa S %gassﬂqﬁ%‘i,%o‘ft’ﬁéf%wl ower
portion for receiving |igid gasanfhid\@nthichairfake.at a liquid |evel, which
further conprises a lower outlet for renoving said liquid and an inlet for

i ntroduci Ag a $he pppsrates ghelainy 2 ovhesgin syd siderialebipr intsedycmgs fepdpticamdont act
surface, the apPRGALiHSidhHF1ElocHRERY d RIAYIRE teiAfhicalMieRTt AL YHd balfle
4. The apparatus of claim 3 wherein said feedstream is a quenched feedstream.
5. A vapor/liquid separation apparatus comprising;
(a)  avertical drum having an upper cap section, a middle section comprising a
circular wall, and a lower cap section;
(b}  anoverhead vapor outlet attached to said upper cap section;
(c) at least one tangential inlet for a feedstream in the circular wall of said
middle section providing an annular flow along the inside of the wall; and
(d) a boot of less diameter than said middle section, said boot comprising:
(1}  anupper portion communicating with said lower cap section,
(2)  amiddle portion comprising a gas-liquid contact surface,
3) a lower portion for receiving liquid and holding it at a liquid level,
which further comprises a lower outlet for removing said liquid
and an inlet for introducing a stripping gas into said boot below
said gas-liquid contact surface,
the apparatus further comprising at least one perforated baffle
lacking perforations in its center section area, located at a lower
part of said middle section providing a surface slanting
downwardly from the center of said drum toward the circular wall

and providing a gap between said baffle and said circular wall for



| acki ng perforations in its center section area, |ocated at a |ower part of
said mddle section providing a surface slanting downwardly fromthe center
of said drumtoward the circular wall and providing a gap between said
baffl e and said circular wall for -21- directing |iquid drops along or near
the circular wall to said |lower cap section. 6. The apparatus of claim5
wherein said baffle is perforated in its outer section and | acks
perforations in its center section aréa'generally corresponding to the

di aneter of the boot. 7. The apparatus of claim5 wherein said baffle is

substantially conical. 8. A vapor/liquid separation apparatus conprising:
(a) a vertical drum havigig:cBig HRRE dréRRIHRT: Inhk the cliteld Ralf F$diPRHwe@NPr i Si ng
a circular wall, and a | ower cap section; (b) an overhead vapor outl et

attached to said upper cpse@d®nion; (c) at |east one tangential inlet for a
feedstreapmin i I J h ddl I i.di annul ar
flow a ong. t he e uraill Sl 4 pRbrelyft vl €5 xR B MO 48, P20

sai d m ddl e sehitkperfomtiohsh@ntitsCoanri sictigh afeh) gaeraliyp eorrgpomdinn to the

comuni cating with sai% | ower cap section, (2) a mddle portion conprising
a gas-liquid conmaler okiedaele, (3) a | ower portion for receiving liquid and

o L8 7,7, DAL s LS RS L (O
| i quid and. an Anlapdr/liquid sepatation egparguscosiprisimgi ng gas i nto said boot bel ow
said gas-liqui ?a) COQ Ergrﬁgalsﬂlx%rg %g\%hg an upper cap section, a middle section comprising a
circular wall, and a lower cap section;
(b)  an overhead vapor outlet attached to said upper cap section;
(c) at least one tangential inlet for a feedstream in the circular wall of said
middle section providing an annular flow along the inside of the wall; and
(d)  aboot of less diameter than said middle section, said boot comprising:
(N an upper portion communicating with said lower cap section,
(2) a middle portion comprising a gas-liquid contact surface,
(3) a lower portion for receiving liquid and holding it at a liquid level,
which further comprises an inlet for introducing a cooled liquid for
quenching, a lower outlet for removing said liquid and an inlet for

introducing a stripping gas into said boot below said gas-liquid

contact surface.



