WO 205/1 1 3 7 15 PCT/US21111 5/0 1 7544 -1 VAPOR/ LI QUI D SEPARATI ON
APPARATUS FOR USE I N CRACKI NG HYDROCARBON FEEDSTOCK CONTAI NI NG RESI D

FI ELD OF T A0YEBFIsON [ 0001] The present invention relat ’t&'ﬁ -5
vapor/liquid separation apparatus which exhibits great effi g "é‘i} T

removi ng non-vol atile hydrocarbons from hydrocarbon feedstocks. BACKGROUND
OF THE | NVENTI ON [ 00021 Steam cracking, also referred to as pyrolysis, has

| ong been used to crack various hydrocarbon feedstocks into ol efins,
preferably light olefins such as ethylene, propylene, and butenes.
Conventional steamcracking utilizes a }5yr ol ysis furnace which has two nmain
sections: a convection section and a radiant__section. The dr ocar bon
f-eedst ock typi cal | YARQRAIQUD 553\4‘&@?!)@1\13‘&’:?453&]&55@ q‘ﬁﬁﬂﬁce as a
liquid (except CRACKING HE¥BROGARBON KEEBSTOCKRCONVAIOINGWRESEDN it is
typically heated and vaporized by indirect contact wwth hot flue gas from
tthe radiant section and by direct contact with steam The vaporized

f eedst ock an 4. xt n introduced into the radi ant section
where the crﬁl@faﬁu S llﬁfi%igc —Fhe resulting products, including ol efins,

| eave the py T' S fuﬁﬁﬁﬁﬁeéeﬁf 1nvEM‘i6rhl%'Iaté§Q%5¢absﬁmpBH%Gﬁa'?r%diﬂa paftbudi ng
quenchi ng. 1 0031 Conventional steam cracking systens have been effective
for cracki ngvHidtglexhibith i grgatf effdtdnogkm semdéviag masvatatile andirospidnsafrorowever ,
steam cr ackl n econom cs sonetimes favor cracking | ow cost heavy feedstock
such as, perbon 6 dptogks: | ng exanpl es, crude oil and atnospheric resid,
al so known as at nospheric pipestill bottom;. Crude oil and at nospheric
resid contain high nolecular weight, non-volatile conponents with boiling
points in exgasSeKeROPR® OF THROMNVENTAONN- Vol atile, heavy ends of these

f eedst ocks | ay downm as coOke T the convecti on section of conventi onal
pyrolysis fuiotegs. OniSyeawecmchkiog alsysdfaredad aspyrolydigthat &mgdseen msed 1l er at ed

in the convection section downstream of the fpO| nt )
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 coﬁtact with hot flue gas from the
radiant section and by direct contact with steam. The vaporized feedstock and
steamn mixture 1s then intreduced 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 0il 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 lay down as coke in
the convection section of conventional pyrolysis furnaces. Only very low levels
of non-volatiles can be tolerated in the convection section downstream of the point

where the lighter components have fully vaporized. Additionally, some naphthas



where the |lighter conponents have fully vaporized. Additionally, sone
napht has WO 20115/ 113715 PCT/ US20115/017544 -2 are contam nated with crude

oi | duri ngybraansparis. Conventional pyrolysis furnaces do ve the
flexibility to process resids, crudes, or nmany residue- Oy@@&x&%@ﬁn;“

contam nated gas oils or naphthas, which contain a |large fraction of heavy
non- vol atil e hydrocarbons. [0004] The present inventors have recognized
that in using a flash to separate heavy non-vol atil e hydrocarbons fromthe
| ighter volatile hydrocarbons which canzbe cracked in the pyrolysis
furnace, it is inportant to maxim ze the“ non-volatile hydrocarbon renova
efficiency. O herwi se, heavy, coke-farm ng non-volatile hydrocarbons could

be entr ai nedafhcaianipg rW‘Hthéea dupng frasporto\nyeaiionah pyrol s Rymacss e

creating coki;n r,aobl i D. n i S i . 1, Addj tionally,
during tr an588%l°?§’%ﬁﬁ?ﬁé;g it ngﬁg g)r Aé%%{ lggnﬁﬁaf?@gég&rtlﬂg]ﬁgge%du?? gﬂ%mgﬁ

cont ai ni ng neGayRliRhéd §a O8N RAHhasCURKANlneiRla RIPOfriSion off MaPRGes- do not
have the flexibility t0 process residues, crudes, or nmany residue- or

cr ude- cont anwvahtikedhygirscasbdrs. or napht has which are contani nated with non-
vol atil e conmponents. [0006] To address coking problens, U S Patent

3,617, 493, WM]i s i nlder pesent davendersi baveyrepegnizash that igi wing @eBashhte use of

N i S P R
vapors wi th gphai tdinge RARE] %&H@Fgo%%% e SAOC ifheRadind %Q@ﬁie e

vapors are cracked 1n the pyrolys ffurnace into ofefins a e separated

li qui ds fromdbmeolarite hydwbatbanksmava ¢ffivieued, Gthervipedheawy) bolet-fommingand used
as fuel. [0007] U.S. Patent 3,718,709, which_ is incorporated herein by
reference, wBEPlotles hydigcabens cowldnbsierirained drethgeyapor thhese and camigsk i bes

Dr e N0, ol ] BB Igs PP S B el e

removal of t(ype5psi dualagdSeRangt Qfring transport some naphthas are contaminated
with heavy crude oil containing non-volatile components. Conventional pyrolysis
furnaces do not have the flexibility to process residues, crudes, or many residue-
or crude-contaminated gas oils or naphthas which are contaminated with non-
volatile components.
[0006] To address coking problems, U.S. Patent 3,617,493, which is
incorporated herein by reference, discloses the use of an external vaporization
drum for the crude oil feed and discloses the use of a first flash to remove naphtha
as vapor and a second flash to remove vapors with a boiling point between 230
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.
[0007] 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
feedstc’nck with superheated steam and the removal of the residual, separated
liquid. The vaporized hydrocarbons, which contain mostly light volatile

hydrocarbons, are subjected to cracking.



i quid. The vaporized hydrocarbons, which contain nostly light volatile
hydr ocar bons, are subjected to cracking. WO 2005/113715 PCT/ US2005/ 017544

-3 100081.*b§mﬁﬁqgﬁgt 5,190, 634, which is incorporated herein b%_rejerence,
di scl oses a process for inhibiting coke formation in a fTA6RMWIBidheat i ng
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 polynerization reaction of the hydrocarbons thereby inhibiting
coke formation. [00091 U S. Patent 5,580,443, which is incorporated herein
by reference, discloses a process wheredn the feedstock is first preheated
and then withdrawn froma preheater in the convection section of the

pyrol ysis furlfé@s). Thi dJ.SpPeteatdd@06déawhizbkis iiscarpanterdiheesin iyt defesence,

predet er mi ned_anmount of steam (fhe dilufion stean) and s then introduced
into a gas- | idiFlores @gapesss o phibiing soke ﬁwatl%ﬁbaeﬁaﬂ%aﬁim@wa}ﬁv&a&mi on of
the non-vol atd | s_liauid fromthe, separator e, separat e apor from
the gas-1i quiflﬁfdgfg’ﬁgf%hg’r rFSs?n_%ee? rﬂ’é@’ cg%g%]l:anbci}rpgpggjfdﬁg%pﬁléecgonf\(rg 1(Hleati ng
and cracki ng.cedQA10] THORERNGF LhyRro AP GRE | QAveGiondkedion ARKiASARL filed
July 3, 2002, Patent plication Publication US 2004/0004022 Al, published
January 8, 2004Aneridiiahrdastiomeidhe hydivestbmey therebbynhikitiag esloefordesmt.i bes an

advant ageousl& controll ed process to optimze the cracking of volatile
hydr ocar bons [8f ai ned Y-8 Patgat ha8Q-g4hywhieh a4 heserpasalgd thereis bydaferanceeduce

and avoi d cokin roblens, Lt .provid nmethod ta intain a.relatively
Constant - rat oegety Agacery el B tekfitadk ol Preadwepmdhch Bitie
relatively C%ﬁ}]aan?raﬁa@ﬁiﬁtﬂieec&fve&m %@crtﬁ)%”b?%@ﬂjyﬂﬂysig NerddcashTnibr e
specifically, the constant tenperature of the flash’streamis maintained by
aut omat i cal | yrehdjted tieeugtdcRes aheuntixed wathf & pireHestrméeeh amhoad ofi stearh ehe heavy

hydr ocar bon feedstock prior to the flash. The fluid can be water. [0011]
U.S. Patent Appli¢wsiesshasbis hen pgroduerd gdo g1ms-lquideepmainr farsgpamate andoQs,

which i's 1ncor bt el Sirbpdion Hehe M58 volii& hPRGuid RA5R5ERE SepRhiof 2CKI N
The separated vapor from the gas-liquid separator is returned to the pyrolysis
furnace for heating and cracking.

[06010] Co-pending 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 advantageously
" controlled process to optimize the cracking of volatile hydrocarbons contained in
the heavy hydrocarbon feedstocks and to reduce and avoid coking problems. It
provides a method to maintain a relatively constant ratio of vapor to liquid leaving
the flash by maintaining a relatively constant temperature of the stream entering
the flash. More specifically, the constant temperature of the flash stream is
maintained by automatically adjusting the amount of a fluid stream mixed with the
heavy hydrocarbon feedstock prior to the flash. The fluid can be water.
[0011] 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



heavy hydrocarbon feedstock which m xes heavy hydrocarbon feedstock with a
fluid, e.g., hydrocarbon or water, to forma m xture streamwhich is flashed

to form aypapgyiiphase and a |iquid phase, the vapor phas SyTo H
subsequently cracked to provide olefins, and the pr oduct&ef’ﬁ%{t}gﬁ?”%*ol ed in

a transfer line WO 2005/113715 PCT/ US2005/ 017544 -4 exchanger, wherein the
anmount of fluid mxed with the feedstock is varied in accordance with a
sel ected operating paraneter of the process, e.g., tenperature of the

m xture stream before the m xture streamyi s flashed. 100121 Co-pending U. S
Application Serial No. 10/189,618 filed July 3, 2002, Patent Application

Publ i cat i US ,2004/ 0004028, Al i J ) 2004,. which |

P o0 SRR SR e Bk SRS ARl B 55880k 1P V60 B 1
process to 'QEio?éa?Eet\Jﬂﬂm Dleva @ﬁerétﬁasgﬁmeﬂer &f fhle Dr&Rsy el t@mﬁéﬁﬁﬂe dpum in
the steam crac I ng system erel’n ga ow fromthe convéction section is

converted fr ¢h mixgtreldresmtbefore thel raixthleewsahed flasheént ering the flash drumto |
i ncrease the renoval efficiency b subkécti ng the gas flow first to an

expander and[0@12¢n to Kémpendingbch.ndpphentioncveriab Neh dfG 9 iBetited ohuly Bhi s
| fi ligquid droplets f t 1 St It, h f d that
T the. convedbob ek ArsHoRorD e L5 MA00G 28 s putkiddemany S i mum
£ ; ; L a > . C ;
T ntarn o f 200 R 8 HOGePRL Bkl 35 et dl Moo e tan' SEARGERORIY 1 ©

mini num gas EdaysINal i26édsy tdincrass theXbnsigtie rdD0viltdfiEencynmsa Be@ndrufpund to
be desirable. 100141 When using a vapor/liquid separation apparatus such as

a flash druim the gepuraeakingeystémhvhkereinopast flbw fguirtbe aobvertias seeppar iphase
[rom the heayy BoB oL Ll Y scarem s, L dphace L Thaeh st eam
o oL | DR SRS P et 598 S50 O
mai nt ai n t hethegabivends, Hottnsiathe flayeto éHanBe direction. This coalesces fine liquid
droplets from the mist.
[0013] It has been found that in the convection section of a steam cracking
pyrolysis furnace, a minimum gas flow 1s required in the piping to achieve good
heat transfer and to maintain a film temperature low enough to reduce coking.
Typically, 2 minimum gas flow velocity of about 30 m/sec (100 ft/sec} has been
found to be desirable.
[0014] When using a vapor/liquid separation apparatus such as a flash
drum to separate the lighter volatile hydrocarbon as vapor phase from the heavy
non-volatile hydrocarbon as liquid phase, the flash stream entering the flash drum
usually comprises a vapor phase with liquid (the non-volatile hydrocarbon
components) entrained as fine droplets. Therefore, the flash stream is two-phase
flow. At the flow velocities required to maintain the required boundary layer film
temperature in the piping inside the convection section, this two-phase flow is in a
"mist flow" regime. In this regime, fine droplets comprising non-volatile heavy
hydrocarbons are entrained in the vapor phase, which is the volatile hydrocarbons
and, optionally, steam. The two-phase mist flow presenis operational problems in
the flash drum because at these high gas flow velocities the fine droplets

comprising non-volatile hydrocarbons do not coalesce and, therefore, cannot be



tenperature in the piping inside the convection section, this two-phase flow
isina "mst flow regine. In this reginme, fine droplets conprising

non-vol at i hydr ocarbons are entrained in the vapor ase, which is
t he volatf#gzhy ﬁ%@érbons and, optionally, steam The t & ﬁ%@@mﬁﬂkﬂ f1 ow
presents operational problens in the flash drum because at these high gas
flow velocities the fine droplets conprising non-volatile hydrocarbons do
not coal esce and, therefore, cannot be WO 2005/ 113715 PCT/US211115/0 1 7544
-5 efficiently renoved as liquid phase fromthe flash drum It was found
that, at a gas flow of 30 nisec (100 fit/Sec) velocity, the flash drun1can
only renove heavy ~non-vol atil e hydrocarbons at a | ow efficiency,

about 73% [ effiesntlyemeved antignigvidiass érﬁnbﬂ]@\ﬂ&aééﬂaﬁ dbwépuad didd %raocess

f h ff f b d f
Lol atite ChyERonay sttt Ae: Clog PRt NeRichy pEueRaD i b tefiokf, B

provi des an RO asenhance the separation
of non-vol at ?ﬁgqgﬁgﬁg l'at | fm{ngﬁg?jrﬁjaﬁgﬁ{%ﬁ%gmé W%éh drum SUWARY OF THE

| NVENTI ON (OQupdF] | n onghagpeseht iveation @s@ndesi aayep;iarans agd aresest dorithe
vapor/liquid separation apparatus for treating a flow of vapor/liquid
m xtures of bifertivearemasal aid n§né’@iﬁtﬂ€r hbydippriben uliqeidmiramedhq ayolatile

bstanti al | d | rt h t
i ddl o sect i BHTVEDS '{%f%%ﬁ@ﬂaeﬁﬁ b PPESi S B B g (D) an
over head vangsy L&Al LASHEd e BRcU BRSEREARR SR Pl nPholfiast. one

substantially t gent posi one e C|rcu sai d

m ddl e secti pyrb@irboémitinh ekkashgireal d fl ow al ong said wall; (d) an annul ar
structure located in the mddle section, conprising i) an annular ceiling
section extending fromthe circular vvaI | and ii) an internal vertical side

wall to whic i 5 ﬂ% i ends, the side wall being positioned
subst anti al | U ﬁj—ﬁy——mamyfrom the circular wall, the
annul ar SUURREEE D1 OCH Me MpelipURE rcRP SAARIH foMfed 300K /VapBHichil xt ur es

al ong the ci ar wal the ¢
separation apparatus for treating a flow of vapor/liquid mixtures of hydrocarbons

and steam. The apparatus comprises (a) a substantially cylindrical vertical drum
having an upper cap section, a middie 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 substantially tangentially positioned inlet in the circular wall of
said middle section for introducing said flow along said wall; (d) an annular
structure located in the middle section, comprising i) an annular ceiling section
extending from the circular wall and ii) an internal vertical side wall to which the
ceiling section extends, the side wall being positioned substantially concentrically
to, but away from, the circular wall, the annular structure blocking the upward
passage of the vapor/liquid mixtures along the circular wall beyond the ceiling
section, and the annular structure surrounding an open core having sufficient
cross-sectional area to permit vapor velocity low enough to avoid significant
entrainment of liquid; and (e) 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 a liquid outlet
at its Jower end. In an embodiment, the apparatus further comprises (f) at least

one baffle located at a lower part of the middie section providing a surface



section, and the annular structure surrounding an open core having
sufficient cross-sectional area to permt vapor velocity | ow enough to

avoi d si gnghisadfiz»&Ntrai nment of liquid; and (e) a substantial l _
concentri (r}gh v poaitioned, substantially cylindrical booFCB’Ps?"QéQ”di”arret er

than the m ddl e section, the boot communicating with the | ower cap section,
and further conprising a liquid outlet at its |lower end. In an enbodi nent,

t he apparatus further conprises (f) at least one baffle |located at a | ower
part of the mddle section providing a surface WD 2005/ 113715

PCT/ US2005/ 017544 -6 slanting downwardly fromthe center of the drumtoward
the circular wall and providing a gap thmeen the baffle and the circular

wal | for dir&epiing dopgiapdly feem thecenighpt thiedpim dovard the qirquiar owadl pedher cap
section. 10017] .l.n _anot her aspec he esent, invention relates t,o an
appar atus oPeis ey Sryear B kel e RhE O’ DUTR AReriRe26RE 48T o1 ng
(a) a beating. 2Op@he &iRuldISFAIl A%t v bap Q&abRoN feedstock to provide heated
hydr ocar bon tfeedstock; (b) a mxing zone for mxing a primary dilution
st eam st r eanj0@17h t he feahether hypde dar frosent dedation telates po auiapparatuddfai ed

t wo- phase stratified open channel flow mxture stream which may be further
heat ed, e.g. srapking peashorpfaedstoglpcaptapingdysid qomprising {7ore/ haatjug @one

ti f t ti /Jigquid m hyd b d
team the cBpdiatne S BrREaER Teckls 19 P EILbERRE marrrRf rRER
vertical dr“{B) @H&Q&g%ﬂé%ﬁmiﬁ £ o2 ditfifh detlah Eﬁs %ﬂ?ﬁi@’ﬁéﬁéc{‘g a
circular wall; and a~l ower cap sectiron; (ii1) an overhead vapor outle

attached t o hjdi8catboe fecdamdck cpiovfite o hdated talbo-plags braiedsoeat chairek oy
tangentially positioned inlet in the wall of the mddle section for ‘
i ntroduci ng mirgure wreanl, syhdch may halfirther hogtedyre.g.ahn gpavecsion poiputostieea: ed in

e EIRS RN R NN
oL, TS S s ey S kbt oS RIgE ULl
bl ocki ng t he/limdwadidrepidas daen bhvihp en vpperchp iseption, aimdtidieasctidnagnpriséngei r cul ar
vall beyond ; (r:]i?cular wall, and a lower cap section; (ii) an overhead vapor outlet attached to

the upper cap section; (iii) at least one substantially tangentially positioned inlet in

the wall of the middle section for introducing the flow along the wall; (iv) an

annular structure located in the middle section comprising 1) an annular ceiling

section extending from the circular wall and 2) an internal vertical side wall to

which the ceiling section extends, the side wall being positioned substantially

concentrically to, but away from, the circular wall, the annular structure blocking

the upward passage of the vapor/liquid mixtures along the circuiar wall beyond the

ceiling section, and the annular structure circumscribing an open core having

sufficient cross-sectional area to permit vapor velocity low enough to avoid

significant entrainment of liquid; and (v) 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; (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



ceiling section, and the annul ar structure circunscribing an open core

havi ng sufficient cross-sectional area to permt vapor velocity | ow enough
to avoid glgghhdiGafat entrainment of liquid; and (v) a substantially
concentrically posSitioned, substantially cylindrical bodtCT¥SEEY THitanet er
than the m ddl e section, the boot communicating with the | ower cap section,
and further conprising an inlet for quench oil and a liquid outlet at its

| ower end; (d) a pyrolysis furnace conprising a convection section, and a
radi ant section for cracking the vapor phase fromthe overhead vapor outl et
to produce an effluent conprising ol efi nd; (e) a nmeans for WD 2005/113715
PCT/ US2005/ 017544 -7 quenching the effluent; and (f) a recovery train for
recovering crpekednptidelfivent modh (Hha reprorghtainefor Ireesrvering @eacRad prodpet

anot her aspect, the present_invention relates to a process for cracking a
hydr ocar bon e dhegt “gﬁl‘)t’%ﬂ?ﬁ%g resid, the process conprising (a) heating

e T

a primary di n steam’streamto m ase ied open

channel fl owdpcking 8 15FRaMon\ek&dlod@¥oRBinfrigl f3RY the dtRdss orflpridiig (a)
convection, prior to step (c); (c) directing the mxture streamio a

vapor/ | i qui d heatypey thiei hydrocagparfatdssocko (b) inasig deneatdddy droeaiannigedsigadr / | i qui d
m xtures of hydrocarbons_and steam the apparatus, conprisi ng,éﬁi& a
subst ant i al | YVl f iPREHETYE: Sluien steam) stgrmnto fREDiabeatgd (yhehase spatdied opsn. a

m ddl e sectigp_comprisin tapt.ial I I ], wer cap
section; (i )CH%HPBW r"'ﬁglé)gu%a%%?%c‘)u‘ﬁlg "E'li%’t g%ﬁ‘i@e? cp ef%ﬁe{’ %Bpgf%@‘.ééﬁgglécti on;
(iii) at | eaz?ioP'?&s%;bb ha)i ditdcking aRIamkhad sireRRSbtd QRSSIqUESepaatidae Wal |
of ;the mddle section for introducing the flow along the wall; "(iv) an

annul ar st r apparaies l(acBashdzdne) fdretreatiddvapselequid npixtoepoi Bydrgeathorsrendnnul ar

ceiling section extendi ngﬁf romthe circular wall and 2) an internal
vertical si déto@m |the FPRAPEN ¢HBPIERE | (hg SPeantube sy badical pweie dhugg) |

oet 19,2051 ) Sl SH IR AP R E SRS B okl B RALP IR,

vapor/ i qui dwEliXhsd 8 Fovidrd® skQieork i(fif tih averhedd vApRy hdett MR cKA tol tAE upper
cap section; (iif) at least one substantially tangentially positioned inlet in the wall
of the middle section for introducing the flow along the wall; (iv) an annular
structure located in the middle section, comprising 1) an annular ceiling section
extending from the circular wall and 2) an internal vertical side wall 1o which the
ceiling section extends, the side wall being positioned substantially concentrically
to, but away from, the circular wall, the annular structure blocking the upward
passage of the vapor/liquid mixtures along the circular wall beyond the ceiling
section, and the annular structure preferably circumscribing an open core having
sufficient cross-sectional area to permit vapor velocity low enough to avoid
significant entrainment of liquid; and (v) 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; (d) removing the liquid phase
through the liquid outlet of the vapor/liquid separation apparatus; (e) cracking the
vapor phase in a radiant section of a pyrolysis furnace to produce an effluent

comprising olefins, the pyrolysis furnace comprising a radiant section and a



section, and the annul ar structure preferably circunscribing an open core
havi ng sufficient cross-sectional area to permt vapor velocity | ow enough
to avoid [ProJa TR 1 entrainnent of liquid; and (v) a substantially
concentri cg‘{(?gu‘%{%gf’ Toned, substantially cylindrical booPCEUSRUSEIHanet er
than the m ddl e section, the boot communicating with the | ower cap section,
and further conprising an inlet for quench oil and a liquid outlet at its

| ower end; (d) renmoving the liquid phase through the liquid outlet of the
vapor/liquid separation apparatus; (e) cracking the vapor phase in a

radi ant section of a pyrolysis furnace f@‘produce an effluent conprising

ol efins, the pyrolysis furnace conprjsing a radiant section and a WO

2005/ 113715 RCWY&4SROCE¢ N7 314 (f) qgendnngteicdiuane end meovenn ¢mikeduwaduding t he
ef fl uent and gﬁggvering cracked product therefrom BRIEF DESCRI PTI ON OF THE

DRAW NGS [ 001 PBure | illustrates a schematic flow di agram of a process
in accordance with the present invention enployed with a pyrolysis furnace.
[0020] Figure 2 illustrates an el evational view of an enbodi ment of the )

fl ash/ separ atg RIERPESCRIBIION O THE PRAWINGSt i on conpri sing tangenti al
inlets, annalar, inverted-L baifle, perforated conical baffle, manway, boot

with anti-swi[#019]baf f | ddgamed] rillngraies tar sahematic loo2AidgrRigul e Prgpeswiinles a
perspective detailed view of a bhoot for an enbodi nent of the present

i nvention, depFaEdansg vuth thgpsssentgpventionemripyedawiah a Rreodysinfuspace ng

di stri butor, Hnlet for fl i rajn,. an nt.| i rl baffles.
100221 Fi gur é@%r ovi de@glélfep%)ﬁ(]gdéé% e?vaz1 é\:/i?‘éa\?\}.og%ﬂ ge%r%‘s% § ::bf% &fghenéfo?tth%
appar at us t akggy/sdpatdiRnl Hataref of IR pREGR AT oh oRlpritnT? tagefPWhee, t he
details of the annular, ‘inverted-L baffle. j0023) Figure 5 provides a
per specti ve wimavaninwrteeilf taffie gubrfooated abnibalftalfte, mmwdyi hoatrwitimhadswirht of

the present | nventié)n_. DETAlI LED DESCRI PTI ON OF THE | NVENTI ON
baffles and ring distributor.

[6021] Figure 3 provides a perspective detailed view of a boot for an

embodiment of the present invention, depicting an imnlet for quench oil and
associated ring distributor, an inlet for fluxant, a side drain, and anti-swirl baffles.
[0022] Figure 4 provides a perspective view of a cross-section of the
apparatus taken at the level of the tangential inlet nozzles showing the details of
the annular, inverted-L baffle.

[0023) Figure 5 provides a perspective view of a perforated conical baffle

used in an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024) 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 substantially cylindrical vertical drum or
vessel having an upper cap section, a middle section comﬁrising a circular wall, a
lower cap section, a tangential inlet to introduce hydrocarbon/steam mixtures, an
overhead vapor outlet, and a bottom outlet for liquid. The vessel also comprises
an annular structure located in the middle section, comprising (i) an annular '
ceiling section extending from the circular wall and (ii) a concentric internal

vertical side wall, to which the ceiling section extends. The annular structure



10024] The present invention relates to a highly efficient vapor/liquid
separation apparatus for treating a flow of vapor/liquid m xtures of

hydr ocar b £am The apparatus conprises a substantially cylindrical
vertical ggﬁ)rrzl‘}g“{r}ﬁsiiehssel havi ng an upper cap section, a n'i"aﬂp&“é%‘%{’?ﬁn
conprising a circular wall, a |ower cap section, a tangential inlet to

i ntroduce hydrocarbon/steam m xtures, an overhead vapor outlet, and a
bottomoutlet for liquid. The vessel also conprises an annular structure

| ocated in the mddle section, conprising (i) an annular ceiling section
extending fromthe circular wall and (iry-a concentric internal vertical
side wall, to which the ceiling section extends. The annul ar structure WD

2005/ 113715 PGkdSpOab] PEiddb! vagorlliquik mixtpwa rtbngabs agentaf walh peyrohitipi d

m xtures along_the circular wall beyond the ceiling section, and surrounds
an open cor e CRHRTGCULR: fand iSEHpuUnds A<apsa Corobaing fefiicient croes-rectiopal assa

vel ocity | ow,enou t o _avpi ignificant entrainnent of |iquid. ..(0025] In
oneenbodi mert BT Ketp ERshY N Dismeha v PR DUATR e Hgpides o pi pe
extendi ng abqygysynd beligveddienispaRtent ¥ BRChieSsht OfhvEmtorr e vapdh gk a
skirt extends circunferentially dowwardly and outwardly froma section of
the pi pe ext eogiphigesoe pipy ddtenditippsiove apd detiw die gipet kep dedtion ¢fOB2@urhn

anot her enbodi nent, the apparatus conprises an upper and a |ower cap

wher ei n t he odgseiara skt exigads sHeurnfergntiplly (dosynwariy pyd Haviveighe diosmla and
(i1) substantially liptical .in longitudinal section. 100271 In yet another
enbodi nent , ls?ﬁmlnéﬁ?é IB&F*V“‘E)‘B%PF@&%@E“PB?@?" %cglé’gé)?ﬂf% Hh the circul ar
wal | and openpgpight 0 th r el p 3 r r
compri se an Z@mG?i onal qIslu gtﬂgﬁtef]%}i)?y tdnglgna}z?gﬁaﬁ{% ‘g%@‘?%%ﬁa@guﬁﬁr? g%,@%

subst anti al | Yovegrapi wigeréinahe té8 dré esleastamgeit(i)aubyapimiyt hemephedrichleand or one

or nore such inlets equally spaced from one another along the vessel

ci r cunf er enc &) sphetantiallygdhiptice] indepgijudinal sedionhe | i quid in the two-phase flow
to 2 g's of

(2,00m ViR 1 U eP AN SRS e Sy AR ARk BT .

smoot hly fal kpb@oet e SRl WalifankiRpeNEnkd @Rl annular structure. The apparatus can
further comprise an additional substantially tangentially positioned inlet
substantially opposite from the first tangentially positioned inlet, or one or more
such inlets equally spaced from one another along the vessel circumference. The
tangential entry causes the liquid in the two-phase flow to contact the wall with
significant force, e.g., from about 1 to 2 g's of centrifugal force. This permits hot
liquid hydrocarbon to wet the wall and smoothly fall to the bottom of the vertical
drum without being entrained by the gas flow in the core of the drum.
Advantageously, the tangentially positioned inlet can be flush to an interior side of
the circular wall, in order to reduce disruption of flow, the flush entry serving to
reduce or eliminate formation of mist within the vessel. The resulting smooth,
near vertical flow of the liquid to the bottom of the drum minimizes its residence
time before quenching in the boot. Thus, the tangential inlet or inlets can serve to
completely coalesce the liquid phase.
[0028]) The apparatus of the present invention includes an open core
defined by the annular structure. In one embodiment, the open core has sufficient
cross-sectional area to permit vapor velocity of no greater than about one-third of

the maximum vapor velocity, which avoids significant entrainment of liquid in the



drum wi t hout being entrained by the gas flowin the core of the drum
Advant ageously, the tangentially positioned inlet can be flush to an
interior s{exefqisbpe circular wall, in order to reduce disruption of flow,
the flush entry serving to reduce or eliminate formati onP6F USROG Hin the
vessel . The resulting snmooth, near vertical flow of the liquid to the
bottom of the drummnimzes its residence tine before quenching in the
boot. Thus, the tangential inlet or inlets can serve to conpletely coal esce
the liquid phase. (0028] The apparatus of the present invention includes an
open core defined by the annul ar structlére. In one enbodi ment, the open

core has sufficient cross-sectional area to permt vapor velocity of no
great er thanvapaut Tepealishithel opén cbtechamsiffivieny apmss-seaional anea tofpeahitayoi ds )
significant entrainnent of liquid in the WO 21105/113715 PCT/U 5 2 0115 /111
7 5 1; -10 vapurvelopjiyiafdio greatenibamnpleant 68 cavpees(Zilseq) csayniropyabedt b2 i onal

area to permt a  .vapor y i f no greater than about 60 cnisec (2

ft/sec), say?qué%cg%?ﬁ(;iéoﬁ%%%ﬁ@out 45 cmsec ('L to 1'/2 ft/sec). 100291
I n an enbodi of thg,pPLEeSEMod N, h&ediak hal L& haned
inlet is ori Lﬂnﬁtﬁé’b to p?gvi&ge tr?gh??lgw F(rjlmfh s%r;e%%??{é@tﬂi E)ﬁr? atts httééanCori olis

force actingpeditibhed ehlerms Whenel m®peotidanherfiow Uahthe ndagle diedioasanthe al |
inlets are advqnt'agﬁousl y oriented to provide the flow in the sane direction
as the Cori Gbrigli§ force aetorgi engthedruthe Whermm§e0Ba) onsuphanlketrivoptesenhtall i t has

been found useful to, provide an. apparatu ccqrdi.ng to the invention, which
further corrpm?%tégreaa fagequsly orey tBIHr?WaezlﬁﬁPWHﬁ%Eﬁsap?Fe& GeHor @ B¢ ¢ he
vapor /| i qui d~pi; Xt i i pling can be unlimted in the present

i nvention, t§§%‘§%¥f°§?e é‘y&f\jvlnkI%lnfln\éjg J|i]lsuh{c?ontrol led to the extent that the liquid

is swrled tp)oso]fgr eat @i drzaBmbbditiengn- bl Mdedf foand evefullt ioPprévigiing the
drum The neans for controlling swirling of the liquidis typically selected
from at | eastpparaubfac¢onling i thehgnveapon/ Mhach dugibeo cpmyprisgst er meapst Ky drum

and (1) Providing &, sptt behentods Mhd\anst otia TS VP! S Glhoct U
be unlimited in the present invention, typically, swirling is controlled to the extent
that the liquid is swirled to no greater than about one-third of a revolution around
the drum. The means for controlling swirling of the liquid is typically selected
from at least one of (i) limiting vapor/liquid velocity entering the drum and (ii)
providing a sufficient drum diameter. The vapor/liquid velocity entering the drum
can be less than about 9 m/sec (30 ft/sec), preferably less than about 6 m/sec (20
ft/sec), preferably ranging from about 3 to about 6 m/sec (10 to 20 ft/sec).
Sufficient drum diameters are typically greater than about 1 meter, such as greater
than about 2 meters, e.g., about 4 meters.
[0031] In another embodiment of the present invention, a wear plate is
attached to the circular wall adjacent the annular structure. The wear plate
protects against erosion, particularly during decoking operations with air and
stearmn in which coke can otherwise erode the interior wail of the flash vessel.
[0032] The apparatus of the present invention comprises an annular .
structure which serves to prevent trace mists from creeping up the drum walls.
Inasmuch as a flat horizontal ring alone permits some mist to still creep up the

walls and around the ring, the ring structure comprises a vertical element secured

to the inner edge of the horizontal ning, providing an inverted L-shaped cross-



can be |l ess than about 9 nisec (30 ft/sec), preferably |l ess than about 6
msec (20 ft/sec), preferably ranging fromabout 3 to about 6 nisec (10 to
20 ft/sechyg sdfiiigtent drumdiameters are typically greater than about 1
nmeter, such as greater than about 2 neters, e.g., about PATAERENS173031] In
anot her enbodi nent of the present invention, a wear plate is attached to
the circular wall adjacent the annular structure. The wear plate protects
agai nst erosion, particularly during decoking operations with air and steam
in which coke can otherwi se erode the interior wall of the flash vessel.

[ 00321 The apparatus of the present invdadtion conprises an annul ar

structure which serves to prevent trace msts fromcreeping up the drum

wal | s. | naspaedhnasSueh flsabctnor hasoreenlshowngo arorst the mist fosomevendisg theo sti | |
creep up the walls and arqound the ring, the ring.structure conprises a
vertical el ektitalselsmenty withgut gealpseing g gde opulk ﬂ&%rﬂhﬁ%t alhey ppggplar
providing an_inverted,l-shaped cross 00/ 113715 PCT/US2005/,017544 -11
section. Sucﬁ“%fY‘gF mg@&pi@gg@t&ﬂ%%@yogﬁm%}a@%ﬁ ge%ﬁ?net%:;aebor‘{?squ?l} l('f‘mj‘if‘?isaver si ng
the wverti Cabrclgrl:@emyébsmw&%fﬂﬁalmmhle@ﬁecth&% sippdstihl fnthepase. The
annul ar structure 1s advantageously supported by hangers positioned above
whi ch reducefi03s) prevantamodiest emboddiarengf tid wpgarbhewsolpritdie ashianolayr e’ s
supporting nenbers. 10Q33¥ | n_anot her enbodi ment, the apparatus conprises a
manway pr ovpigeided an theecizsutas wadls farghe puspese pheropdippansessstogheiitetimgfaccess
to the interpor,of ., the fl.ash drumfor cleaning, naintenapce, and ot her
Servici ng.  THE TASh AaY dont S nGy PRE R apie gL S SPRIERG T HE TURRE CBF e
circular val Lo fi@uphihiGliobed B8 Shapd 8P cfiSulBAWdICTrfiRlte dhichnR
apparatus of the prese Invention can further conprise at 1east one baffle
| ocated at apdsesser part of the middle section providing a surface slanting
downwardly fromthe center of the drumtoward the circular, wall and

provi di ng a W4pdbet weefts epdicp apterethg fapamatis Gif the prgsenianyention can fisther ng

Llnglcj):jldrrg :,]? ?gco%prlnsgaag ]e%g}eon%ibraffj]lel laorcat\é\@la{ a Eo%vetrrf)%rtlo?\ﬁaeer middle Se¢ 1%}1 %rndvi ilrllg one
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. In one embodiment,
the baffle is perforated. 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. The
baffle advantageously is shaped, e.g., by having sufficient pitch where conical, to
prevent pooling of liquid thereon. The baffle may also comprise perforations
which improve mass transfer during decoking, e.g., by permitting passage of air
and steam through the baffle. By properly selecting the number and size of the
perforations, during normal operation, minimal hot vapor diffuses into the bottom
of the drum. Yet, during decoking, the fraction of the steam/air mixtures flowing
out the bottom of the boot can effectively contact the entire drum. Without
perforations, a thick layer of coke can build on the lower part of the drum and on
the baffle. Thus, the perforations are advantageously sufficient in size to prevent

coke from plugging them. In one embodiment, the baffle is perforated with at

least one of substantially cirenlar perforations and substantially rectangular



the baffle is perforated. This baffle, which can be substantially conical in
shape, partially isolates the bottomof the flash drum and boot fromthe

upper pariy@hosdg374{d ash drum but prevents hot swirling Qm causi ng
liquid to swrl, anc? prevents the colder liquid in the b%@%i’fﬁ%'&é%ensi ng

the hotter vapor. The baffle advantageously is shaped, e.g., by having
sufficient pitch where conical, to prevent pooling of |iquid thereon. The
baffl e nay al so conprise perforations which inprove nass transfer during
decoking, e.g., by permtting passage of ,air and steamthrough the baffle.
By properly selecting the nunmber and siz& of the perforations, during

nor mal operation, mninal hft vapor diffuses intg?the bottom, of the drum
Yet, during sedeiategs. tlhe baHisceancbe erfarpled SYIBRRFEATAIGHS JRNEIBE 1B SERITFRIN out

t he bottom of, t he ot, ¢ ffectd vely.con t entire,dru W t hout
perforati ons?b%&%{?g? a‘)%@«?r()%ocf"?g@kté) %%/. guﬁﬁ% P 8#8 %Hgn% 8%%;]9‘;5%?%“%“ e drum
and on the - 1 t0R1pBdf MO SCh RV ARS ougl; blekent in
size to prevg%%&leg&o-el:ﬂ:‘ﬂ%o%gopﬁﬁg%{ing gf(%}f‘e%? In glne enbo%?i??ent ,lﬂ)t%g{a%g%?l eis
perforated wahidhaBdut 10e@stS and4ad ésinp diaantdralitciesciAdvahageqmedy, shabaffless and

substantially rectangul ar WO 2005/ 113715 PCT/ US200. 5/ 017544 -12
per f or at i onsperforatasbiiofaneextent ringing fror ahout! 1 ¥ torebeer 3Gp afiisrsurfeematengsi n si ze

f bout 50 t bout 200 . (8 to, 31 i.n2 Th f t h

i mons ons. SOPBRERGOr SHTCROMIPSIBPEEIEIS TG Py oot SEeEhPRBSIEA (2 1 n
g i " . j ) .

Adi/gzlt ;Sgoﬁgwf?&tsﬁgﬁg???@gh}%q}%gr%‘gr ggal{?%%gga Ieé;g%entﬁ‘r angt:hﬁegcgldf'sg%%ﬁgbout 1

% to about 288%ckingd.t Aldvukhcesiapkabafile i€ appralty usal in der i@8@Opatt g the
unperforated baffle, say, to an extent sufficient to increase nmass transfer
from t he appamddlaseaionfdbedmmimuliiplethafitesunaobe wied agaelki ng. Al t hough a
single baffle is. typically used in_.the |ower m ddl e section of

the drum nu|0t0:3§] e baf 158 lr‘Fé)Po_Beg’ H?ea@pégt%qfﬁgg tgﬁgég]w\%’ﬁgﬁtcpwps%‘l‘ ed, the
oSt foned, SSEPEREF AiRsbl Py HRSERTRL SRS sty SARILA, B SRR i Gl &
section, thediapeterchamuné edtdlegsesiibh thhebdoowemnmaficating 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 before and during quenching, which prevents coke

formation and provides a sufficient liquid level to be controllable. The liquid

level also provides NPSH or Net Positive Suction Pressure 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

Jiquid. Liquid vortices make the liquid level difficult to control and can allow gas

to flow with the liquid into the pumps.

[0036] In one embodiment, the present invention relates to an apparatus

wherein the boot further comprises an inlet for recycle quench oil. While quench

can flow directly into the boot, this may cause liquid vortexing and a wavy

gas/liquid interface.

[0037] In an embodiment of the present invention, it is especially desirable

to provide the boot with a ring distributor for recycle quench oil, located at about



section, and further conprising an inlet for quench oil and a |iquid outlet
at its |ower end. The boot is the location at which hot liquid can be

guenched of externally cooled Iiquid. The boot is advant ageously
.sized to 3?8&?'@?“%@ igible liquid residence time befor &GRSR+
guenchi ng, which prevents coke formation and provides a sufficient liquid

| evel to be controllable. The liquid |evel also provides NPSH or Net
Positive Suction Pressure to prevent cavitation in the punps which serve to
transfer liquid bottons fromthe drum The boot may conprise additional

i nternal conponents to ensure that recydPe guench is thoroughly and rapidly
m xed with the hot liquid wthout causing vortexing of the |liquid. Liquid
vortices makéhe imemal gpératinglighiddevel immimtained irc thet basit. divd rogrdistribower ders  to
floww th the liquid intg t he ungs. 00361. I n one embodi nent, the present

i nvention refeyek qugnaol 5%%‘4&{‘2‘8@ eohsbr mprish slopeaerdly dinseted @BFHFS@s an
tbnlet for re e I 1 . I k j .1 he boot,
thi e mmy cauShor et duonr s iekd S0 infBfler, SEIGE bmbel B2 T

an enbodi mengf afe K18 B @S GMg didRMdr QRsurk tgob8 RSP Afst@biltiondRRilé nggingt 0
provi de the boot with a ring distributor for recycle quench oil, TocCated at

about WO 201&5hkdBa.15 PCT/ US2005/ 017544 -13 the normal operating liquid

| evel maintained in the boot. The ring distributor for recycle quench oil
can advant agE¥38] y conpir i e sEheRERenty the raparius pdr they gyesest iavendion r api d

guenching and _a l.evel siliguid interface.. Sufficient Au (, and_size of
the hol es i n"“TREST ﬁgb@[&@?f‘ ﬁ"lﬂh%: C%é\lg Pe & (tjlésiwll g;\%ﬂ gstf}ip{g‘%ﬁ?’bﬂleﬂi'e
pluggi ng Wi i oleflesl AQ3Jrisk N vame ailRei Mritudinbie &R aleUSubdtadth@yPr esent
invention conprises a boot that further conprises anti-swirl baffles.

Typi cal | y, tpepanticularsti an iftaffal esilicohiei bety ales:ghhase effenyet dedipgnals edges
are substantially erpendicular to an internal wall of the boot, although
any ef f ect i vaulH@ISNGRr PEse PUFRASESnt for present purposes.

10039} In an embodiment, the apparatus contains a boot that further
comprises at least one grate above and proximal to the liquid outlet. Such grate(s)
prevent or minimize vortexing while liquid drains from the boot.

[0040} In still another embodiment, the present invention comprises an
apparatus whose boot can comprise one or more additional drains for removing
liquid, e.g., a side outlet above the liquid outlet. This can further prevent liguid
from vortexing.

[0041) In an embodiment, the apparatus of the invention contains a boot
that further comprises a side inlet for introducing fluxant. This is of particular
utility because the liquid in the boot typically exhibits high viscosity as a result of
high molecular weight or being partially visbroken. To promote flow of liquid
hydrocarbon, the boot can be equipped with one or more nozzles for fluxant
addition. Advantageously, the fluxant nozzle or nozzles can be located below the
normal liquid level in the boot. Thus, fluxant can enter below the quench point,
thereby preventing the fluxant from boiling.

[0042] In applying this invention, hydrocarbon feedstock containing resid
may be heated by indirect contact with flue gas in a first convection section tube

bank of the pyrolysis furmace before mixing with the fluid. Preferably, the



100391 In an enbodi nent, the apparatus contains a boot that further
conprises at | east one grate above and proximal to the liquid outlet. Such
grate(s) weEMeRlIXEs M nimze vortexing while liquid drai om t he boot.
(0040] In still another embodiment, the present inventiongia FHISOLTS44,

appar atus whose boot can conprise one or nore additional drains for renoving
liquid, e.g., a side outlet above the liquid outlet. This can further
prevent liquid fromvortexing. 100411 In an enbodi nent, the apparatus of
the invention contains a boot that further conprises a side inlet for
introducing fluxant. This is of partlcu15§ utility because the liquidin

t he boot typically exhibits high viscosity as a result of gh nol ecul ar

wei ght or beitergpraivre af the Widssedieanfeedstogr isrfane 3b4>llivll58ftolﬂ|bquii 2ﬁ0°ﬁy(a%car bon,
t he boot can bg i,pped with 013] or, riﬁre nozzles for fluxant addition.
Advant ageouskt9; Oﬁﬂﬁbﬁfmmﬁmﬁa‘? thefind o271 es can be | ocated bel ow t he
normal |i qui el in e . ];QHIS ench
poi nt, theri%dﬁgrevent?%g ?ﬂ fﬁtuxan{m& %ﬁﬁ%lﬁ%&e@ g@i@? %ﬁt%%p @filjng this

invention, hygdeQaasbe firfteefedcask seivhaiMhe gyloBsidfuriiRy bBford Bahedlahed. ndi r ect
cont act W|th flue gas in a first convection section tube bank of the

pyrol ysis fuPrdembheflur Brshtoivagtion sdetiphes frrariged tPadd thedblig, artdheptid@ally
24) 15/ 113715 PCT/ US24)15/0 1 7 54 4 -14 tenperature of the hydrocarbon
f eedst ock i sPHAEMY dHBUAN §i5em betysem Pasen el (f@@eecttoa syel Hyat gl Brdrogarkomg wi t h

the Tlurd.  10aSholig, BLSLHLE voRFE AR MR, BEASALGH b St Lagont act

with flue rst™ " convec ctl on he pyfolrysis

bei ng flashege fmﬁgeﬂlgﬁa@byfm&t};wnéﬂg.g{edconvect| on section is arranged to add
the fluid, and optionally primary dilution steam between passes of that

section such[(l(lddi] the Hiertopperbtore oﬂtehedhle(gakemnn@&lerfeat@:dwbafomrﬁcnmn(l ng
with the fluid and the m xture stream can urt her heated before being

fl ashed. 100Wbe bank scgserally Jews tangahout Ble” %ééS%FbrfphgxmBlef igsg tthan
convecti on SESSd It Yo-c (1300°F), such as less than about 620°C (1150°F), and preferably less

than about 540°C (1000°F). Dilution steam may be added at any point in the
process, for example, it may be added to the hydrocarbon feedstock containing
resid before or after heating, to the mixture stream, and/or to the vapor phase.
Any dilution steam stream may comprise sour steam or process steam.

[0045] Any dilution steam stream may be heated or superheated in a
convection section tube bank located anywhere within the convection section of
the furnace, preferably in the first or second tube bank.

[0046] The mixture stream may be at about 315 to about 540°C (600°F to
1000°F) before the flash step, and the flash pressure may be about 275 to about
1375 kPa (40 to 200 psia). Following the flash, 50 to 98% of the mixture stream
may be in the vapor phase. An additional separator such as a centrifugal separator
located downstream of the vapor outlet from the drum may be used to remove
trace amounts of liquid from the vapor phase. The vapor phase may be heated to
above the flash temperature before entering the radiant section of the furnace, for
example, to between about 425 and about 705°C (800 to 1300°F). This heating
may occur in a convection section tube bank, preferably the tube bank nearest the

radiant section of the furnace.



tube bank is generally | ess than about 815C (1500F), for exanple, |less than
about 700C (1300F), such as less than about 620C (] 150F), and preferably

|l ess tha C (]O00F). Dilution steam may be added at any point in
the pr ocggg%?%lrlgégarrpl e, it may be added to the hydrocdif/oUSHEEYLtdck
containing resid before or after heating, to the mxture stream and/or to
t he vapor phase. Any dilution steam stream nmay conpri se sour steam or
process steam 10045] Any dilution steam stream nmay be heated or superheated
in a convection section tube bank | ocated anywhere within the convection
section of the furnace, preferably in tHe first or second tube bank. 100461
The m xture stream nay be at about 315 to about 540C (600F to 1000F) before
the flash std@04Tdnd t hd/nlpsssethpmesssipednal ppeentgnest pans rmEoabbut arelly75 kPa
(40 to 200 psia&. Fi@llowi ntg t he flgqsah, S%to 98% of the m xture stream nmay
be in the vapBr&ihadtleSAnOtieRys S b paFBPET 1€t IFORPOUNY &t FOrRRRRSIT
separator | r- I e used
Co remve P BE B ERToE ol Rn A L o el A e D ey

be heated t o otiebev@pbhirisidr asipbssies sadhdsanfrafres 6f @Miingg the radi ant
section of the furnace, for exanple, to between about 425 and about 705C

(800 to 1300048Thi s hdarthey whey accamount, soposnRbbomrseteer ovleaba bank,

preferably the tube bank nearest_the radiant section of the furnace. WD
2005/ 113715 PEIPMIIAdnEIveR 752 Jist Qfl‘B’PFbBri%ralﬁﬁ valbes gnchlonir %er}%l? d@lueg) |

percent ages, 4fatd & b vﬂ{éfe%?oodeéscsgeciﬂEﬁ])pgis?lé\%ég Qp H%&éfc%'s ?éﬁne%dﬂgrﬁm"ﬁégfggﬁt ated, a

reference to a conpoun conponent” i nc onpoun onent by

itself, as wefhn 8fperprefontd Bahé ond Mdver péfBREd 0SINRGEEHE1eS whORBORRKES, such
as;m xtures of conmpounds. [0048] Further, when an anbunt, concentration, or

ot her val ue are sepamiwediscloses. gi ven as a |ist of upper preferable val ues and
| oner preferabl e val ues H%’gi S i.s to be _underst,oo? as specifically
di scl osi ng all%4Phnges fof WF%%M‘"%‘F]FS g VI3l iRt VEREPREEESS| ue and

a |over pref ghiedonal Hire fseg@gglx%?écit%tdh%r st UGF Size. Mist flow refers to a
two-phase flow where tiny droplets of liquid are dispersed in the vapor phase
flowing through a pipe. In clear pipe, mist flow looks like fast moving small rain
droplets.

[0050] Annular flow refers to a two-phase flow where liquid flows as
streams on the inside surface of a pipe and the vapor flows in the core of the pipe.
The vapor flow velocity of annular flow is about 6 m/sec (20 ft/sec). In clear pipe,
a layer of fast moving liquid is observed. Few droplets of liquid are observed in
the core of the vapor flow. At the pipe exit, the liquid usually drips out and only a
small amount of mist is observed. The change fror'n mist to annular flow usually
includes a transition period where mist and annular flow exist together.

[0051] The feedstock comprises at least two components: volatile
hydrocarbons and non-volatile hydrocarbons. The mist flow, in accordance with
the present invention, comprises fine droplets of non-volatile hydrocarbons
entrained in volatile hydrocarbon vapor.

[0052) 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 1 of a steam cracking furnace 3 to vaporize a



are separately disclosed. [0049] As used herein, flow regines are visual or
qualitative properties of fluid flow There is no set velocity and no set
drop size.“ggf(;(ﬁjfll‘ﬁ\‘\grefers to a two-phase flow where tiny droplets of
liquid are dispersed in the vapor phase flow ng through BCHIY52005/0875¢% ear
pi pe, mst flow |l ooks like fast noving small rain droplets. [0050] Annul ar
flowrefers to a tw-phase flow where liquid flows as streans on the inside
surface of a pipe and the vapor flows in the core of the pipe. The vapor
flow velocity of annular flowis about 6 m/sec (20 ft/sec). In clear pipe,
a layer of fast noving liquidis obser vell - Few droplets of liquid are
observed in the core of the vapor flow At the pipe exit, the liquid
usual |y dri ppodinn afthedaedsteck andetol fosmmumist stream 48 dompsising liguid dvpdetshange
frommst to annu] ar flowusull¥ i.ncl udes Sit] eriod where m st
dpitecs

and annul ar _CPBRTSEIOT YR Rap eats e Trielake hEFOEbOU SR Po@eoR: Theast tvo
component s: ghatishfreaS6P R ORRAR ABeA bkl QEALPAT TR o1

flow, in acc e present 1 nven conprises f1ne droplets of

non-vol at i | e ;hykosraldap Bschafpé tilieB & THe Yifibtadtich® TyEH REMBARe CaR@ctioh 0052] A
process for cracking a hydrocarbon feedstock 10 of° the présent invention as

i |lustrated isectlin@4 hacerfpst 8ew ity sdnidng fisst Hicdy doecthhmn The gedoeskalby a
bank of exchanger. tubes, 2, with or w thout the pr,es,enceqp&f water 11 and
steam 12 i nCompriggpBeatngnihedpishstreak o GRalescsrthy ligudh dropletexsenarating fhce 3 to

vaporize a 2005/ 1137 PGT/ U 4 Il gn_of. th egdst ock
and to form Cafy 4 O%Ifor eéﬁ\th.fghr @6‘%?‘8@%@317% é’uel %}Gg?gagééeq gap Ogolﬂﬁi r ﬁ%ﬁﬁlng%

hon-vol ati | e fhyds Qea61IMASe 19 aN®h HghldepHane 19 CAIITesH S BRI APBP Bhase BB thé Ur t her
preheating of the feedstock/water/steam m xture can be carried out through
a bank of hepiwexchaegtort wbe®mn67 didethenst bgtaresoverppipinged8i togthehmdmnvect i on
section 14 has a first flow velocity and a first flow direction. The process

al so conpri sesionrdabs prgeking femaee 3t Flumeasdras dberdiant pectiangaiinrefused et s,

separating af, ;e jower convection section 7 of furnace 3 via 19.
{0053]) 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 extended by extrapolation for
materials boiling above 700°C (1292°F). Non-volatiles include coke precursors,
which are large, condensable molecules that condense in the vapor and then form
coke under the operating conditions encountered in the present process of the
invention.
[0054] 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
and residues, gas oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker
naphtha, steam cracked naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases,
natural gasoline, distillate, virgin naphtha, atmospheric pipestill bottoms, vacuum

pipestill streams including bottoms, wide boiling range naphtha to gas oil



| east a portion of the liquid droplets fromthe hydrocarbon vapor in a flash
5to forma vapor phase 15 and a |iquid phase 16, and feedi ng the vapor
phase 8 t - r convection section 7 and thence by crassover_piping 18
to the ra&%g‘?hng‘gﬁ?i on of the cracking furnace 3. Flue d’iﬁ% ERi% e r adi ant
section is introduced to the |ower convection section 7 of furnace 3 via
19. [0053] As used herein, non-vol atile conponents, or resids, are the
fraction of the hydrocarbon feed with a nom nal boiling point above 590C
(1100F) as neasured by ASTM D-6352-98 or_ D-2887. This invention works very
well with non-volatiles having a nom nal7 boi | | ng poi nt above 760C (1400F).
The boiling point distribution of the hydrocarbon feed is neasured by Gas
Chr omat ogr apreondinsates] htavyrnopadmin bydm DsEe8as d@nprefhenied vaexunegded by

t | ation. f teri.als boili b 700C (1292F). Non-vol ati |
el bl coke HPoBEPEoHE Oil ARPRIR AR il Aokhs AP AG GRS BS HAAY
ncountor et TG pee BN adkBie TR MBASAud BB L. M0 ocar bon

f eedst ock canagarmesidse aadndk@ifesPOHytfipendeiiducas adip@ifes0. Zad 0 clieYHud0% of
non-vol atil e conponents. Such feedstock could conprise, by way of

non- i m ti ng admaxtptess anderedooilnore of steam cracked gas oil and residues,
gas oils, heating oil, jet fuel, diesel, kerosene, gasoline,, coker naphtha,
st eam cr acked?¥¥ht ha, J@éft}é}fd}‘?‘iaﬁboﬂnlf9eq§Fo&5I€éﬂ A¥pR PABIN, Got BeiHng Ranbof

reformate, raffi % gt J8f Prsamt OOEIiQtS ggf%%faﬁgioglsegfér L{]l%}jli A Fﬂg@ﬁg?@g&gﬁpsc h

gases, nat ufal soline, drstill vVir nap a, atno rpestill

bottons, vacwiRaip Aeatkt tHan ab6i8398°E (1QloudhNEhr RQk ARk @bdut NGoANge
napht ha to gas oﬂy% 200531/1113715 PC(I!/ U820)051rOl75§£EBgr-el7 condensat es, heavy

non-vi r gi n hytM0@EEy. bdhe stomammsalfy prfaredi feedstaks araganeralipbow culfis, wigavy gas
oil, naphtha contam nated with_crude, atnospheric_residue, heavy _residue,
C,' s/ resi dueTesiiHest AmosPheaisHeRdyes craplithes sepewinated Withsredea v aenys Tesidue

gases/ resi dugdl%gx%étsu‘?{n%sauéyafspgen/ resi due adm xtures, gas oil/residue

[0056] As noted, the heavy hydrocarbon feedstock is preheated in the
upper convection section of the furnace 1. The feedstock may optionally be mixed
with steam before preheating or after preheating (e.g., preferably after preheater 2
in a sparger 4). The preheating of the heavy hydrocarbon can take any form
known by those of ordinary skill in the art. It is preferred that the heating
comprises indirect contact of the feedstock n the convection section of the furnace
with hot flue gases from the radiant section of the furnace. This can be
accomplished, by way of non-limiting example, by passing the feedstock through
a bank of heat exchange tubes 2 Jocated within the upper convection section 1 of
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).

[0057] As a result of preheating, a portion of the feedstock 1s 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 m/sec {100 ft/sec), the liquid is present as fine



adm xtures, and crude oils. (00551 The hydrocarbon feedstock can have a
nom nal end boiling point of at |east about 315C (600F), generally greater
t han about < ), typically greater than about 590C (1100F), for
exanpl e gr‘e‘g%fe}&é a%Fabout 760C (1400F). The econoni cal | yciﬁfrﬂé?‘glf‘%%ﬁ“
feedstocks are generally | ow sul fur waxy residues, atnospheric residues,
napht has contam nated with crude, various residue adm xtures, and crude
oils. 100561 As noted, the heavy hydrocarbon feedstock is preheated in the
upper convection section of the furnace 1. The feedstock may optionally be
m xed w th steam before preheating or aftfer preheating (e.g., preferably
after preheater 2 in a sparger 4). The preheating of the heavy hydrocarbon
can take any droplets dompwisiigynanhvgatilethydratiartemy estrdin¢d inrthe vapanphasé.t This

preferred that the heati .conprises,.indjirect contact, of the feedstock in

t he convecti dWo ‘FHHStc#‘%Y h%e’?tlﬁ"?ﬁjﬁé"f%wfﬂﬁo ReRarate into diquidsand waporndt sadi ant
section of th . i AL G | § , . . - 1.1 m,ting
exanpl e, by ﬁ%&éﬁ%@% %8311’-]%;&53%‘?%@%9?%@%9@%51 r@@ﬁ o(r)? %hnﬁ%/‘:@}a%gﬁsgiéhﬁgbes 2

| ocat ed Wi t highakdBefUitRSkerfiRNYe il Brune C HoRRvdr, Bbw Vellims ¢l absiis3d pyseace 3.
The preheated feedstock 14 before the control system 17 has a tenperature
bet ween about(13016t/sodoaprater 2i0Mi0E0N nawe@sHR)0. prectefally adbfegt thet tramsfeergfer at ur e

of the heated feedstock is_ between about 370 and about 490C (700 to 920F),
nore pref er abiegt FamdsrholdBis 22609 2pé dediss rokingp esperdlyt 19 Towsp EpnvesHign nost

preferably bggée&%wné?ﬁu}%‘gtﬁ%%%n%bout 475C (810 to 890F). (0057] As a

result of pr “MMe feedstock is vapori zed and a m st

streamis for ACO“F aimi A9 ehitvdbidedr OPHRL BresQIPVSHRGS, ROl 3irbdrf is
hydrocarbon i'n vol atil e hydrocarbon vapor, with or wthout steam At flow

vel oci ti es oftregteddh accdrianteabitlu the3thethod etisdldde0 if ehdier hotetdHES200H04 028
present as fine WO 2005/ 113715 PCT/ US2005/017544  -18 dropl ets conprising
non-vol ati | e thgeecatbohaud drondsthedn pae embodigiset inpsserdancehyvish theprepgise mi st
flowis extr ?Igrv%ln}/iog,it Litrce%li;[ig tcgm%lelgx%r %E:lgciingttﬁe lv!?]%(lilllt}g of rﬁge Vm?ﬁosrtfeatll{ hSlS
found that reducing the velocity of the mist stream leaving convection section 14
before the flash 5 (location 9 in FIG. 1) helps coalesce the mist stream. It is
preferred to reduce the mist stream velocity by at least about 40%, preferably at
least about 70%, more preferably at least about 80%, and most preferably about
85%. It 1s also preferred to reduce the velocity of the mist flow stream leaving the
convection section from at least about 30 m/sec (100 ft/sec) to a velocity of less
than about 18 m/sec (60 ft/sec), more preferably to less than about 9 m/sec (30
ft/sec), and most preferably to less than about 6 m/sec (20 ft/sec).
[0059] It is found that using the invention disclosed herein, a flash drum
removal efficiency of at least about 95% can be accomplished. A preferred flash
efficiency of at least about 98%, a more preferred flash efficiency of at least about
99%, and a most preferred flash efficiency of at least about 99.9% can also be
achieved using the present invention. Removal or flash efficiency as used herein,
is 100% less the percentage of liquid hydrocarbon entering the drum that is
entrained in the overhead vapor phase leaving the flash drum.
[0060] After the desirable reduction of velocity, e.g., in a combination of

expanders, the fine droplets in the mist flow stream can advantageously coalesce

in one or more bends and thus are easily separated from the vapor phase stream in



necessary to coal esce the fine mst into |large droplets or a single
continuous liquid phase before entering the flash drum However, flow
vel oci ti egy8he@A .30 msec (100 ft/sec) or greater are nornmally necessary

is

to practically effect the transfer of heat fromthe hot POT(RSZYEEI 4N
reduce coking, especially in |ower convection section 7 and/or further
downstream 100581 In an enbodi nent of the present invention, the m st
streamis treated in accordance with the method disclosed in earlier noted
US2004/ 004028 to coalesce the liquid droplets. In one enbodi nent in
accordance with the present invention,-1he treating conprises reducing the
vel ocity of the mst stream It is found that reducing the velocity of the
m st stream kigaflashodramns, eBlaslp is weaiallreatied defiobelcaficor! fish duhl daakdé on 9 in
FIG 1) helps coal esce the mst stream It is preferred to reduce the m st
st r eam vel ociflagh dyumat5, [tk zapainhase 40eam ps efroevddl fromtat leeshsmeaumper lagy, nore

referably at, | eas out, 80% .and nost preferably.about , 85%. It .is al so
P ot or rod 1 o CruBoRle AR v Thes RaeRpLed hPmt L30i oy Nadh dmen

conveotion Sei:aR. okl 3R nRRONN 1 S8 bAPA: hiciBEEh: e ngl oc! LY

of less than about nore preferably to [ess n about

9 msec (30 dhin $&QiquidpithsBRshot.eferably to I ess than about 6 nmisec (20
ft/sec). 100591 It is found that using the invention disclosed herein, a

flash drum [@6dyal ef Sechwlagy difition diesmst20alsantbedsosveanomdieatedompttieshed. A

preferred flash efficiency of at |east aboyt 98% a_nore ef.erred flash
efficiency Ofurgixcq?eagi(thglbgggctecbgbﬁ)eglﬁgh drum Stvighing 2y fn.ong ‘Frgé?fLE‘F% gleency of

ol aboﬁéast%ogs%%%f)&a d@)l}ﬁ(?ﬂ Bgam%ﬁﬂ%@‘éﬂﬂe&&iﬁé@lﬁg%ﬁofﬁﬁe nl §YENON-

Renoval or f e cren as” use erern, ess the percentage of

nd i , . . .
l'iquid hydr 09@@@&#&1%&5& ReatédecEhdEFy dation StearfiRhii Bk AL 16 thBadv@ e ad
vapor phase |eaving the flash drum 10060] After the desirable reduction of

vel ocity, e. gverhead by ayoordionak iypaso?2. expanders, the fine droplets in the
o casil'y SUBREhL cd 1 ABnITIE JAEN<p s Erer 1A iR ROD oS0RS) ATGTBIE |
PCT/ 1J52005/ R}thriéef}boﬁsl% the flash drum (or vapor/liquid separation apparatus), it is
preferred that the flash stream 9 of FIG. 1 enters the flash drum tangentially
through tangential flash drum inlet 201 and 202 as shown in FIG. 2. Preferably,
the tangential inlets are level or of slightly downward flow. The non-volatile
hydrocarbon liquid phase will form an outer annular flow along the inside flash
drum wall and the volatile vapor phase will initially form an inner core and then
flow upwardly in the flash drum. In one preferred embodiment, the tangential
entries should be of the same direction as the Coriolis effect.
[0063] The liquid phase is removed from botiom flash drum outlet 203
attached to boot 205. Optionally, a side flash drum outlet 231 or a vortex breaker
comprising anti-swirl baffles or vanes 207 can be added to prevent a vortex
forming in the outlet. The upward inner core flow of vapor phase 1s diverted in
the middle section 208 around an annular structure or baffle 209 inside the flash
drum and is removed from at least one upper flash drum outlet or overhead vapor
outlet 211 which can comprise a pipe 213 extending above and below the upper
cap portion 215 of the ‘drum which is typically semi-elliptical in longitudinal
section. The baffle or annular structure 209 is installed inside the flash drum to

further avoid and reduce any portion of the separated liquid phase, flowing



the flash drum5. Flash is normally carried out in at |east one flash drum
In the flash drumb5, the vapor phase streamis renoved fromat |east one

upper fl . tlet 15 and the liquid phase is renov om at__| east
one Iome?aﬁ%@ﬁ}*c‘??ﬁ% outlet 16. Preferably, two or nore f&V/&E”WT’%@H“dr um
outlets are present in the flash drumfor |liquid phase renoval. [0061]
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 nent, the heated
secondary dilution steam can be added difgectly to the flash drum5 via line

9. Alternately, the heated secondary dilTUtion steam can be added to the

flash drum overhead by an qption bypass 22, [0062] T further ingrease
the .-removal @IWRWREHG) the %%dﬂ@h?mﬁvmgeentwmde& bYREOWVapAEPRISEdR dr um

/11 qui i it f h he..f h
(or vanor | G SR RADEL 1 RPN i e A7 S0, M ST
flash drum idH»gxlt. and@ buBREmMADR WA s liond s i ]ﬁ)z(g)iWA?s_tljrt;i%ﬁﬁ]%%{@iw is altiheliapgent i al

inlets are lev or of slightly downward e non-vol atile hydrocarbon

li qui d phasanwildwef imemanpative of dremariniarfstroved 208 fdrheiniforsemient | Asfear dr um
wal | and the volatile vapor phase will initjially forman inner core and then
f1 ow upwar diplater22Ihis entipaplly pravidadnargped gheemigrpddrambwall martiallytanslasedhgent i al
entries shoyl d be of the sane.di,rection the .Coriolis fect. 063] The
Ui - phasd Ge B JTPRO ol It R\ R DR erBtoroelhe Fteizeh 887 b boor

205. Opti On%%lly by \?\‘Zor%i: qggﬁ laéébk‘ﬂ{gj "‘A%Eb% s@@é‘rm%lr)zeﬁ Pc{}gjé E)g)ilsp(f RAKBIch the

conprising an es or vane 7/ can a to prevent a vortex

forming in tdguRetdtAicturd EOUmNETed divnnefors aabeve) oamobpticaadmaivase22s idi vert ed
in the mddle section 208 around an annular structure or baffle 209 inside
the flash dravidaddnitbe dewrpveal e prowde [asesss tortbe wowarintgraalh dh wentsat | et or

bel ow e oBte SERSRIE R oA IER o kB BPL ARG BProol g iy griade 0" C A1
200 1 i not SPRBAR, J0GA HEUGRIONEERRHRE of M ARAP Sl R BB e
portion of thhavespar@smscall baffle 22¥hasme bef fupported by columns or brackets 229
attached to the drum wall. A baffle manway 228 optionally provides access
through the conical baffle. Boot 205 may optionally comprise a side outlet 231
that permits withdrawal of liquid bottoms while avoiding the swirling flow
problems associated with using only the bottom liquid outlet 203. The boot 205
may further comprise an inlet 233 for liquid fluxant added to control viscosity, as
well as an inlet for quench oil 235 in communication with ring distributor 237.
The boot may also comprise anti-vortex subway grating 239. The vapor phase,
preferably, flows to the lower convection section 7 of FIG. 1 and through
crossover pipes 18 to the radiant section of the pyrolysis furnace.
[0064] Referring to FIG. 3, a perspective detailed view of a boot 305
shows a bottom resid liquid outlet 303, anti-swirl baffles 307, a side drain 331, a
fluxant inlet 333, a quench oil inlet 335 attached to ring distributor 337 having
downwardly pointed holes 338, and anti-vortex subway grating 339.
[0065] Referring to FIG. 4, a perspective detailed view, inchuding a cut-
away, of a cross-section of the vapor/liquid separation apparatus or flash drum 405

taken at the level of the tangential inlet nozzles 401 and 402 shows the details of

the annular structure 409, comprising a horizontal annular ring component or



WD 2005/ 113715 PCT/ US200 5/01 754 4 -20 downwards in the flash drum from
being entrained in the upflow vapor phase in the flash drum The pipe 213
may have QN?I&';";%“%Z extending circunferentially down and out froma | ower
section of the pipe. A stiffening ring 219 is attached t&CHH2UHUBTH
internal portion of the annular structure 209 for reinforcenent. A wear
plate 221 is optionally provided around the internal drumwall partially
encl osed by the annular structure for the purpose of preventing erosion of
the internal drum wall by coke during decoking. A support structure 223 may
be used to attach the annular structuré@l209 to the drum from above. An
optional manway 225 is provided in the drumwall to provide access to the
drum i nt er nahmnuldy eedimgesebtiotbdfIf d>aerRi2ng frami thg caudlid waléof theiflash dtum gogyvent
liquid frompooling on its surface_is_optionally |ocated in the | ower
portion of t#rd apanierak yerticaleside waleHdaprovidiag apanviried-loshiped profilerase 227
can be suppor.t ed col yms_or, brackets 229, . .attached tothe umwal . A
bat f e manaedorsno g5 ARy b ORReETe aka s BIPG BRd Bocal B et o
Boot 205 ey ofhd Il dErifcQdBE ar Byt 3a1QHbhAtiy RS, 2.t AL perm (S wit hdr aval
of liquid boIt)toms ile avoiding the swrling ? ow problens associated with
usi ng only tjo@ekptt om Riefmiae aUFIGLS, 20%rspEbgvdiviety i2 @oovidey of alpédieatedonpri se
an inlet 233 for liquid fluxant added to control viscosity, as well as an
inlet for quemd¢nldiatile$81ihavingnanuapeadPdrused tin ani egbellimeni bfithyr p8ant  The
boot may al so conpri se. antj-vortex sub ratin 39. The vapor phase,
preferably, PVEWOH G Pe&ﬁ’ﬁf\‘}%’tﬁg@ﬁ Ogé‘?}’ﬂdd%eﬁ‘p@f:a]ﬁh@’e'l and t hrough
crossover pi 8 to radi J S| 100641
Refierring to@? 3, an?g!res%g tl\%glsg‘g%gt? eggsvp%\?)v %%EIZA%O%@ g%éﬁﬁg‘ﬁg a

bot't om r esi drefféramided te Waktiinlad Odnb@diiensithdsebaf fdréinad0dkillaisithle adlr aiin 331, a
fluxant inlet 333, a quench oil inlet 335 attached to ring distributor 337
havi ng downapmrefiigie phitrthe dnveptien 1g88, itsgHdtoayariatipny neknesgbsasly ghuatrated 339.
100651 Referring tQ FIG 4, a perspective, d iled,view includin cut -
avay. of a cheER. B M regtons (R, SHGHTFY QUGN Q6pRrdR FONY ABpar 2PPERSR 11 ash
drum 405 claims for purposes of determining the true scope of the present invention.



taken at the level of the tangential inlet nozzles 401 and 402 shows the
details of the annular structure 409, conprising a horizontal annular ring
conmponent or WD 2005/113715 PCT/ US2005/017544 -21 annular ceiling section
411 extending fromthe circular wall of the flash drum 405, and an internal
vertical side wall 413, providing an inverted-L shaped profile as shown by
the cut-away. An open core area 415 ald2ows upward flow of the vapor phase
to the overhead or vapor outlet 211 shown in FIG 2. 100661 Referring to
FIG 5, a perspective viewis provided of a perforated conical baffle 501
havi ng an apex 503 used in an enbodi rent of the present invention, which

i ncl udes EBAIMERati ons 505 of round or elliptical shape. 10067] Wiile the

pr esent iﬁ%eﬂ%i n_h%?_been described and illustrated by reference to
particul af"é '"WEALS, those of ordinary skill in the art will appreciate
that the invention Jends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be nmade solely to the
appended lcl ai Avapasfigpisd sparedonppdestusring meatins e ilow ofyepedépd wixteeeohr esent

i nvention 2 LCLA| t Ils Clajnmed Is: 1. A vapor/liquid separation
apparatush¥%#c%ﬁqga?gﬁgggﬁaﬁQ%ﬁngkgvapor/Iiquid m xtures of hydrocarbons and
steam conpri Siang substuhtisilysebintacd ivatticyl deyhihadng aalippee thp s@tion]awmdtiavi ng an
upper cap section, a mddle section conprising a circular wall, and a | ower
cap sect i H§tioq gompgisingasifrala Kallpdd dlgPeretaraettitthed to sai d upper cap

section; (c) a%?5§g§%%&ﬁ$gg i ﬁg&d&ﬁ@dxoggﬁgﬁg%hﬁég%ﬁggsitioned inlet in the

circul ar wall sal section for ing Said flow al ong said
wal | ; (d) an afehatlleast sha mbstantiallydaegeadhilyrpositiened idbk & the cir¢udar, watloofpr i sing (1)

an annul ar .ceiljn ﬁec%ion() Lendh 0fr?mthe circular wall and (ii) an
i nt er nal %‘fﬂ‘ & SCET O IR ed)ff‘f)mﬁﬁ? 5%‘ g %chSéidi‘iV?l[; section extends, said
(d) an annular structure located in the middle section, comprising
(1) an annular ceiling section extending from the circular wall and
(i1) an internal vertical side wall to which said ceiling section extends, said
side wall being positioned substantially concentrically to, but away from, said
circular wall, said annular structure blocking the upward passage of said
vapor/liquid mixtures along the circular wall beyond said ceiling section, and said
annular structure surrounding an open core having sufficient cross-sectional area
to permit vapor velocity of no greater than 60 cnmy/sec to avoid significant
entrainment of liquid; and
(e} a substantially concentrically positioned, substantially cylindrical boot of less
diameter than said middle section, said boot communicating with said lower cap section,
and further comprising an inlet for introducing quench oil and a liquid outlet at a lower

end of the boot.

2. The apparatus of claim 1, which further comprises:
() at least one baftle 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



side wall being positioned substantially concentrically to, but away from
said circular wall, said annular structure bl ocking the upward passage of

sai d vap&&élzé(gﬁh%]gi xtures along the circular wall beyogggﬁgizﬁ)g@?jﬁ_\lé_i‘ ng

secti on, annul ar structure surroundi ng an open

~sufficient cross-sectional area to permt vapor velocity of no greater than
60 cnisec to avoid significant entrainnment of liquid; and (e) a
substantially concentrically positioned, substantially cylindrical boot of

| ess dianeter than said mddle section, said boot comrunicating with said

| ower cap section, and further conprisi'd§-an inlet for introducing quench
oil and a liquid outlet at a lower end of the boot. 2. The apparatus of
claim 1, which fur tckrevlac ovaplr fos akirecting ligpid| dang oomeabtfef ¢ieculascarlbto asida | ower
part of said niddl? section providing a surface slanting dowwardly from
the center of saidleWdFEPSHEIH the circular wall and providing a gap
between said baffle and said WD 2005/ 113715 PCT/ US2005/ 017544 -23 circul ar

val | for "di regti ng bl i d.aLapoi i 1585, JASHIAEN Al WAL LBeoRLO, chaver cap

section. 3. The apparatus of clarml erein vapo u

conprises a pipe exfefdid} 2BoRdMEEHINT shighp _ﬁ@%@e&ﬂﬁ%fs@ﬁ%ﬁxﬁﬁ&@f@f&i@% sai d
drum wherein a skirt extends circunferentially dowwardly and outwardly

froma section of skidi ektgidseirenméareitradly sovowardiz andpexwadly oot a sactioh sai d
drum 4. The appara’tus of claiir;pl, ? or 3, wherein said caps are at | east
one of substanti aPf {PhRiReSyifatngdelomthesmpst Arsrdionolspid diimeal in

| ongi tudi nal section. 5. The apparatus of any preceding claim wherein said

tangentially positi Wl S¢Syt hr-pugh id.circular opens
into said ann{ij‘l ar @?%gg?rh{rﬁé%tfé’? B%ng’ %ﬁgaﬁat ugagfﬂédr:nh/é%r %rgea&;q%& 8ﬁ§i%r%
further conprisi Ny sisdtaaeldily i RdAbpherical and substantially elliptical in longitudinal

section.

5. The apparatus of any preceding claim, wherein said tangentially positioned
inlet passes through said circular wall and opens into said annular

structure.

6. The apparatus of any preceding claim, further comprising an additional
tangentially positioned inlet substantially opposite from the first

tangentially positioned inlet.

7. The apparatus of claim 5 or 6, wherein said tangentially positioned inlet is

flush to an interior side of said circular wall.

8. The apparatus of any preceding claim, which further comprises a means
for controlling swirling of the liquid of said vapor/liquid mixture to no

greater than about one-third of a revolution around said drum.

9. The apparatus of claim 8, wherein said means for controlling swirling of
the liquid is selected from (i) limiting vapor/liquid velocity entering the

drum and (ii) providing a sufficient drum diameter.

10.  The apparatus of any preceding claim, wherein said tangentially positioned

inlet 1s oriented to provide said flow in the same direction as the Coriolis



tangentially positioned inlet substantially opposite fromthe first
tangentially positioned inlet. 7. The apparatus of claim5 or 6, wherein

sai d tangegly itioned inlet is flush to an interior side of said
circul ar \;\eyg}o:ﬁb}g}’um apparatus of any preceding claim wRfENSPYFPHEH

conprises a nmeans for controlling swirling of the liquid of said
vapor/liquid mxture to no greater than about one-third of a revolution
around said drum 9. The apparatus of claim8, wherein said neans for
controlling swirling of the liquidis se‘Lected from (i) limting
vapor/liquid velocity entering the drumand (ii) providing a sufficient
drum di aneter. 10. The apparatus of any preceding claim wherein said
tangenti al |y posi tfomsegting an gaididsumr i ented to provide said flow in the same
direction as the Coriolis WD 2005/113715 PCT/ US200S/ 017544 -24- force

acting on said dr 11. The aratus of any precedin | ai.m wherein a
wear plate i éqatt;@‘?e@m@tust?faeﬁ&iﬂrﬁ‘i?ﬁa}g A r%“Bé?‘nWe%aRﬁﬂtea‘ﬁﬁﬁ?@Fd fo
structure. 12. Th . | rkg ghatm wherein said annul ar
structure is supg%gﬁg%jl%‘yﬂg%ae%@%agé?%lﬁgne gtug%ie sai d annul ar structure.
13. The apparatus of claim1, wherein a manway is provided in the circular

wal | . 14. Thezappamat sffpaftirusCbfhi® precediRg @i, SthedeiiBRANBNNEAIDEthafe 3s P! UY
contoured to the shape of the circular wall through which it passes. 15. The
appar at us of cl ai supportdddrydiangeraipdsitiefdd abovs spidranpulat stidictr®. The appar at us
of claim 15, wherein said baffle is perforated with at |east one of

substantially_cirgular perforati.ong and substantially rectangul ar.
per f or ati ons1317. TPRAPRAGHISHT Laigt ﬁclwzli’ﬂﬁ“lg BRI %Y lﬁ/\%’éﬁ”'é“%ﬁ lgatr‘ﬁl cHs¥ler e i s
perforated with Q\%rllf orations ranging in size fromabout 50 to about 200 un®
(8 to 31in"). '

14,  The apparatus of claim 13, wherein said manway comprises a plug

contoured to the shape of the circular wall through which it passes.
15.  The apparatus of claim 2, wherein said baffle is perforated.

16.  The apparatus of claim 15, wherein said baffle is perforated with at least
one of substantially circular perforations and substantially rectangular

perforations.

17.  The apparatus of claim 15 or 16, wherein said baffle is perforated with

perforations ranging in size from about 50 to about 200 cm? (8 to 31 in?).

18. The apparatus of claim 15, 16 or 17, wherein said perforations can have
dimensions selected from the group consisting of about 5 cm x 20 cm (2 in

x 8 in) rectangles and about 10 to 15 cm (4 to 6 in) diameter circles.

19.  The apparatus of any of claims 15 through 18, wherein said baffle is
- perforated to an extent ranging from about 1% to about 20% of its surface

area as compared to a corresponding unperforated baffle.

20.  The apparatus of any of claims 15 through 19, wherein said baffle is
perforated to an extent sufficient to increase mass transfer from said

apparatus of a steam/air mixture used for decoking.



18. The apparatus of claim 15, 16 or 17, wherein said perforations can have
di mensi ons selected fromthe group consisting of about 5 cmx 20 cm (2 in X
8 in) rectangles and about 10 to 15 cm (4 to 6 in) dianeter circles. 19. The
apparatus of any of clainms 15 through 18, wherein said baffle is perforated
10 an extent ranging fromabout 1%to about 20% of its surface area as
conpared to a correspondi ng unperforal®d baffle. 20. The apparatus of any of
claims 15 through 19, wherein said baffle is perforated to an extent
sufficient to increase nass transfer fromsaid apparatus of a steamair

m xture used for decoking. 25 21. The apparatus of any of clainms 2 or 15
through 29, wTheepparsas 6f mgfdflchims? os Ubtir@ighi20] Whereinbi@ddaffleld. The appar at us
of any of clains 2 or 15 through 20, wherein said baffle is pitched to an
extent sgEbstantialy cemicgdy event |iqui d from pooling thereon during operation of
said apparatus. 23. The apparatus of any claim depending fromclaim?2
conprising two or nore of said baffles. 24. The apparatus of any preceding
claim wedr ei Thelhppayatenchanyidf ciasms 2oyt thrapgh2Ohwhekin.saidShafflhie pagrdr at us of

cl aim 24, wherein ﬁald boot quthgr co Eis S a r'nﬂ distributor for

recycl e do&nEHeHispiliciet i wavent gy from proling f qondfﬁé‘ &PPHaH %nﬁa‘& | evel
mai nt ai ne@dnirfus.sai d boot. 26. The apparatus of claim 25, wherein said ring
distributor for recycle quench oil conprises dowwardly directed apertures.
27. The apparatus of any preceding claim wherein said boot further

conpri sesy,anti i1l |l es.. 28 The ar of an recedi ng.cl aim

wher ei n ?z;i d z;%lf' ?‘ %at}lgg%g}yﬁ?%gl’ %?%rlﬁggle%v%%}é’? %Hé%nes"?/%tﬁ“gal c%rlﬁnaqrﬁgf edges are

subst ant isaidibaffeer pendi cul ar to an internal wall of the boot.

24.  The apparatus of any preceding claim, wherein the quench oil is recycle quench

oil.

25.  The apparatus of claim 24, wherein said boot further comprises a ring distributor
for recycle quench oil, located at about the normal operating liquid level maintained in

said boot.

26.  The apparatus of claim 25, wherein said ring distributor for recycle quench oil

comprises downwardly directed apertures.

27.  The apparatus of any preceding claim, wherein said boot further comprises anti-

swirl baffles.

28. The apparatus of any preceding claim, wherein said anti-swirl baffles comprise
vanes whose longitudinal edges are substantially perpendicular to an internal wall of the

boot.

29.  The apparatus of any preceding claim, wherein said boot further comprises at

least one grate above and proximal to said liquid outlet.



29. The apparatus of any preceding claim wherein said boot further
conprises at |east one grate above and proxinmal to said liquid outlet. 26
30. The apparatus of any preceding claim wherein said boot further
conprises a side outlet above said liquid outlet. 31. The apparatus of any
preceding claim wherein said boot further conprises a side inlet for

i ntroducing fluxant. 32. The apparatus?®f claim 31, wherein said side inlet
is located below the normal [liquid |evel maintained in the boot during
operation. 33. The apparatus of any preceding claim wherein said open core
has sufficient cross-sectional area to permt vapor velocity of no greater
t han abouB0oneThhappararis dffaey preezdingiolaina pdrerane kod bogt fudtharvomposed s sglegni f i cant
entrainment _of liquid. 34. An apparatus for cracking a hydrocarbon feedstock
cont ai ni n§uiigebeye EWﬂﬁPﬁ‘ds?‘HG.t' (a) a heating zone for heating said

hydr ocar bon feedstock to provide heated hydrocarbon feedstock; (b) a m xing
zone for mxing a primary dilution steamstreamw th said heated

hydr ocar bdh. f edle epnakatesoofmny prageding blenn.eehersin saé heet futthartcomprses@péde channel
flow m xtyre. stream. e apparatus of any preceding claim (d) a

pyr ol ysi slqﬁtff %‘(I:]«E:\ro‘?ﬁcg?%étﬁ%’?aﬁﬁg a convection section and a radi ant section for
cracki ng the vapor phase fromthe overhead vapor outlet to produce an

ef fluent _conprising olefins; (e).a neans for quenching the effluent; and

(f) a recd¥eryThe apnsrateyoficdkaimny hgrenysatdaids iplebisdeqated sty He ngiesiched
effluent. ﬁﬁﬁi‘i lém’?nﬁﬂﬂﬁﬁéﬂgﬁh oogh?gri]rg%;éﬁﬁ%_i ch further conprises an

addi tional 'heating zone f eat uent fromsaid m xing zone. 27 36.

A process for cracking a hydrocarbon feedstock containing resid, said
rocess rising: . . . :

P %grrp 'Tﬁe a;gparatus of any preceding claim, wherein said open core has sufficient

cross-sectional area to permit vapor velocity of no greater than about one-third of the

maximum vapor velocity which avoids significant entrainment of liquid.

34, An apparatus for cracking a hydrocarbon feedstock containing resid, 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 said heated
hydrocarbon feedstock to provide a heated two-phase stratified open channel flow
mixture stream;

(¢) the apparatus of any preceding claim;

(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.

35.  The apparatus of claim 34, which further comprises an additional heating zone for

heating effluent from said mixing zone.



(a) heating said hydrocarbon feedstock; (b) m xing the heated hydrocarbon
feedstock with a primary dilution steamstream to forma heated two-phase
stratified open channel flow m xture stream (c) directing said m xture
streamto the apparatus of any of clainms 1 through 33; (d) renoving the

| i quid phase through said liquid outlet of the vapor/liquid separation
apparatus; (e) cracking the vapor pha§€ in a radiant section of a pyrolysis
furnace to produce an effluent conprising olefins, said pyrolysis furnace
conprising a radiant section and a convection section; and (f) quenching
the effluent and recovering cracked product therefrom 37. The process of

cl ai m 36, 3&her Aiprodekefohyrickiog e bhpdrof abaltsfeodstooki cohtaingsg wtsidosuat preesss one or
nmore of steam cracked gas oil and residues, gas oils, heating oil, jet fuel,
di esel, KEPRIEH®e, gasoline, coker naphtha, steam cracked napht ha,

catal ytically @%ﬁ&*@gsﬁam dhdarbodvdagsdkackat e, reformate, raffinate
reformate, Fischer-Tropsch |iquids, Fischer-Tropsch gases, natural

gasol i ne, di st(b) maxing the hegied hydionarhen feadstenkphigh 2 pripppyeditutiph stson e vacuum
pi pesti ||y 5t & TR LARLAHNG A ATen WoAS1000 hNG,EaRgE PNt ha o gas o
condensat €s, eavy non=Vvirgin hydrocarpbon streans from’refineries, vacuum
gas oils, heavf)gasctinglsaid nniafhd fireamiao tiedppaiard ofkihoftulaiae ] thdongispher i c
resi due, heavy residue, C4's/residue adm xture, naphthal/residue adm xture,
hydr ocar bon gaéie&meydngithe ligwdiphessriarough payd hayd erieof threvameniioiidir es, gas
oil/resid ] . and crude oil. 38. The process of claim 36, which
further cﬁp@%?%&gﬁ’ng said m xture stream prior to (c).

(e) cracking the vapor phase in a radiant section of a pyrolysis furnace to produce

an effluent comprising olefins, said pyrolysis furnace comprising a radiant section and a
convection section; and

(f) quenching the effluent and recovering cracked product therefrom.

37.  The process of claim 36, wherein the hydrocarbon feedstock with 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, catalytically cracked naphtha,
hydrocrackate, reformate, raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch
gases, natural gasoline, distillate, virgin naphtha, atmospheric pipestill bottoms, vacuum
pipestill streams including bottoms, wide boiling range naphtha to gas oil condensates,
heavy non-virgin hydrocarbon streams from refineries, vacuum gas oils, heavy gas oil,
naphtha contaminated with crude, atmospheric residue, heavy residue, C4's/residue
admixture, naphtha/residue admixture, hydrocarbon gases/residue admixtures,

hydrogen/residue admixtures, gas oil/residue admixtures, and crude oil.

38.  The process of claim 36, which further comprises heating said mixture stream

prior to (c).



