1 4 NOvV 2006 N-0 2004/005431 PCT/ US2003/ 020375 CONVERTI NG M ST FLOWN TO
ANNULAR FLOW I N THERVAL CRACKI NG APPLI CATI ON BACKGROUND OF THIE N(OYVEDT!I ON
Fiel d of sheadoanenti on The present invention relates to gavesibigosisst fl ow
to annular flow in a steam cracking application to enhance the flash drum
Tenmoval efficiency of non-volatile hydrocarbons. Description of Background.
and Rel ated Art Steam cracking has | ond been used to crack various

hydr ocarbon feedstocks into ol efins. Conventional steamcracking utilizes a

furnace whi ch has ,{@' 1;\jI NSELAW %&N?fbﬁ?%ﬁ&ﬁ’ and a radi ant
section. The hydr OCM{TM%EWM)nVECH on section
of the furnace as a |i qNTHERMAPICRAGKINGKPPEROUATPORS Which enter as a
vapor) wherein it is typically heated and vaporized by indirect contact
with hot flue gas fromthe radi ant section and by direct contact with
steam The vaporized feed I i W’“‘Eﬁ‘g}‘ o the radiant section
where the cracking takes %%%@ﬁémgguﬁrﬁng ol'e i|dr?\s] | eave the furnace for
further downstream processing, such as quenching. Conventional steam

cracki ng systens have been effective for cracking high-quality feedstocks
such as gadFisidofibginyspetha. However, steam cracki ng econoni cs soneti nes
favor cracking Iow co %e gfé%}é%ﬁ {?%851&)‘1101%%#%%87§vem nﬁ@ﬁﬂ&l{r th Waptaf L1 NG
exanpl es, crude oil an nospheric resid. Crude oIt an at nospheric resid
cont ai n hi glownin ectéhar cragiigh kpplitetion/@l ahihe the fashn &nins rentdvhl effieiehtyg poi nt's
in excess of | 100F (590C). The non-volatile, heavy ends of these

f eedst ocks UBPnak#Il8SYBEREDPRS-t he convection section of conventional
pyrolysis furnaces. Only very low | evels of non-volatiles can be tolerated
in{the convection section downstream of the point where the |lighter
conponent s Iheseepfioth by Basiapowridzead Refdeld Aronal | y, sonme naphthas are

contam nated with crude oil during i
' steam cracking has long been used to crack various hydrocarbon

feedstocks into olefins. Conventional steam cracking utilizes a 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 is then introduced into the
radiant section where the cracking takes place. The resulting olefins leave the

fumace for further downstream processing, such as guenching.

Conventional steam cracking systems have been effective for
cracking high-quality feedstocks such as gas oil and naphtha. However, steam
cracking economics sometnmes favor cracking low cost heavy feedstock such as,
by way of non-limiting examples, crude oil and atmospheric resid. Crude oil and
atmospheric resid contain high molecular weight, non-volatile components with
boiling points in excess of 1100°F (590°C). 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 are contaminated with crude oil during

transporl. Conventional pyrelysis furnaces do not have the flexibility to process



transport. Conventional pyrolysis furnaces do not have the flexibility to
process 1 4 NOV 2006 WO 2004/ 005431 PCT/ US2003/ 020375 2 resitlg NUVrMes

many resi qv@hodfouélg; cont ami nated gas oils or naphthas, V\Il’lj;.@-ﬂusﬁgglﬁ,ﬁbe,
| arge fraction of heavy non-vol atile hydrocarbons. To solve such coking

problem U.S. Patent 3,617,493, which i 5 incorporated herein by
reference, discloses the use of an external vaporization drumfor the crude
oil feed and discloses the use of a first flash to renpve napht ha as vapor

and a second f]ash to renove v pors boi. | b tvveen 450 and
1100F (230 %ﬁ?&isﬁ%‘éfs GTHBa%B’é%s PB%‘R’&W‘%"?F! 2013 %Pifgiﬂ?sf ce into

ol efins andebiinSARAIARAoh b ﬁf?rfoh%lith@h& Wchbash tanks are removed,
stripped 10 wth st'eam an as fuel. S. Patent 3,718, 709, which is .

i ncorporated herein by refer ence di scl oses a process to mnin ze coke
deposition. It provid reheatln of he e nsi or..ou S|de a

pyrol ysis furnace to \e/lg’pg}]}iéuﬁbfi ng(ﬁ%’@g\;’t H—ighgéwt 13%28 493, Wihigh ‘
super heat eduﬁfbmﬁﬁaﬂt@&‘ Getdd® byermptaheeOldidciRed @ dutabr bh Qhtidnai G\k@oﬁémfnl zed

hydrocarbons are subjected’to cracking. U S. Patent 5,190 which is
i ncor por at edrune fagithe blyadceflécmmei disdosss lthysess of a;ﬁretﬁfsb 6 mmmovﬁwwhthang coke

formationinafurn b ing the 20 f i.n the. ence f a

snal |, critfl%ﬁ?Poér?B # ‘Efﬁfh%g%ﬁeﬂq%"etwo%wg P?ﬂﬁnsé’ﬁ'ﬁﬁ) FWeER Y esence
of hydr ogengid TdRFGony &ed 601]@026%& %drgl&meb,ﬁ&ea ethe waagﬁg ﬁﬁﬁéde%or eaction
of the hydrocarbons thereb nhi bi ti ng coke formation Pat ent

5, 580, 443, Qhﬁuﬁ apd thmsmarmcmlemdhémm theova Shdy @nke are2sndived, | sispeda pr ocess
wherei n the_f. is fi rstd{{)hﬁhlgated and then withdrawn froma preheater in
the dnvect M e@@{.ﬂaﬂ“&’r yrolysis furnace. This preheated feedstock
isthen mxed with a predeterm ned anount of steam (the dilution steam and
is then introduced into a gas-liquid separator to separate and renove a
requi red proportion ofU.bhBateeini, @gﬁ 209, velicin gs mcqmoajatf:c?bmembysefgm@,or: The

discloses a process to minimize coke deposition. It provides preheating of heavy
feed inside or outside a pyrolysis furnace to vaporize about 50% of the heavy feed
15 with superheated steam and the removal of the residual liqmd. The vaporized

hydrocarbons are subjected to cracking.

U.S. Patent 5,190,634, which is incorporated herein by reference,

discloses a process for inhibiting coke formation in a fumace by preheating the

20 feed in the presence of a small, cntical amount of hydrogen in the convection

( section. The presence of hydrogen in the convection section inhibits the

polymerization reaction of the hydr;)carbons thereby inlubiting coke formation.

U.S. Patent 5,580,443, which is incorporated herein by reference,
25 discloses a process wherein the feed is first preheated and then withdrawn from a
prebeater 1in the convection section of the pyrolysis furnace. This preheated
feedstock is then mixed with a predetermined amount of steam (the dilution

steam) and is then introduced into a gas-liquid separator to separate and remove a "
required proportion of the non-volatiles as hquid from the separator. The
30 separated vapor from the gas-liquid separator is returmed to the pyrolysis furnace

for super-heating and cracking.



30 separated vapor fromthe gas-liquid separator is returned to the
pyrolysis furnace for super-heating and cracking. 1 4 NOV 2006 N 2006

2004/ 00543dp R obi93903/ 020375 3 The present inventors haveusmengosmed t hat
inusing a flash to separate heavy non-wvpl atil e hydrocarbons fromthe
lighter volatile hydrocarbons which can be cracked in the pyrolysis
furnace, it is inportant to maxim ze the non-volatile hydrocarbon renoval
ef ficiency. Gt herw se, heavy, coke-formng 5 non-volatile hydrocarbons could

be entrained in the vapr,REasanddfors aavk dcogiaid and ihniend RefdHr hace
creating coking problens. It has been found that in the convection section

of a st eam sspacke hgavypyonivpkitile hydrecatens dror thenlightpasoldtdevhiydrocasbenisr ed i n
#he piping tQ.achi eve heat . tr nd.to maintain a.film

d, .1 f
t enper at ur eW?‘ ol ﬁp%’ je¢ éﬂ%&eepgé}%sﬁgf&%@%%’yﬁi 18 ARyrtant fﬁaﬂ’iﬂmﬁfga}gﬂ f1 ow
vel ocity of hahQutatilDBydroc8®6n (BRI ISERYichaS Q@@J@rwi%é’,uﬁkﬁiv&,o cBR-Resnidabl e.

Yhen using a flash drumto separate the lighter volatile 15 hydrocarbon as
vapor Sphasenérx-gmatile hiidroggrboon covldabd leatrimped coathbovepas phaguiand cptrissle, t he

flash stream enter.i t flash drum usual conprises a vapor phase wth
liquid (t heoﬁ%ﬁg@olf)gc??lleggﬂ%‘?gg%ﬁ%cr?hél&ﬁ%!ﬂ%m%) entrained as fine droplets.
Therefore, the flash streamis two-phase flow. At the flow velocities

required to mmintain_the required boundary |ayer filmtenperature in the
pi ping inside the 20 dulasdeen fmnddbatinpthe qomvectianosegher ef # Figamicsackinga " i st

flow' regine._ ln.thi igt - flow regine. fine droplets ¢ [:si.n

non-vol ati | Byrﬁblﬁefyﬁlﬁ@%f?b%é? %%m%ag%ogan rrg‘!r“huge 1innt!i)'f3 I%lﬁ Wag‘glg(:}ﬁ%}&%fo%i chis
the vel ati | pediytehinefarddang mecht-0pti Madldnyperatifanw Eheudhvy pliase caltifig. f1 ow
prgsents operational problens in the flash drum because at these high gas

f1ow vel oci TVRi§alihe FuHEIE: 8pY Bow ey iodisrgun il fisteatPP &/s%) hgdbes®ar bons do

not coal esc . e, cannot be efficiently renoved as |iquid phase
fromthe flgosuﬁﬁg? B%ﬂlag{ b&%s found that, at a gas flow of 100

When using a flash drum to separate the lighter. volatile
15 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 bydrocarbon 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
20 convection section, this two-phase flow is in a “mist flow” regime. In this mist
flow regime, fine droplets compnsing non-volatile heavy hydrocarbons are
(.- entrained in the vapor phase, which is the volatile hydrocarbons and optionally
steam. The two-phase mist flow presents operational problems in the flash drum
because at these high gas flow velocities the fine droplets comprising non-volatile
25 hydrocarbons do not coalesce and, therefore, cannot be efficiently removed as
liquid phase from the flash drum. Jt was found that, at a gas flow of 100
feet/second (30 m/s) velocity, the flash drum can only remove heavy non-volatile

' hydrocarbons at a Jow efficiency of about 73%.

30 The present invention provides a process for the effective removal
of non-volatile hydrocarbon liquid from the volatile hydrocarbon vapor in the

flash drum. The present invention provides a process that converts a “mist flow”



feet/second (30 m's) velocity, the flash drumcan only renove heav

non-vol atil e hydrocarbons at a | ow efficiency of about 73% 13[0N%é]!]ﬁ)resent

i nventi on vppowmis@essa process for the effective renoval obcnoRzwehatid e
hydrocarbon liquid fromthe volatile hydgocarbon vapor in the flash drum
The present invention provides a process that converts a "mst flow' 14 NOV
1006 WO 20041005431 PCT/ US2003/020375 4 reginme to an "annular flow' regine
and hence significantly enhances the separation of non-volatile and

vol at e hydeacar Bons, bt Hoash i SUMMBRY G FHENEFLEN 5 The

present invention provides a process for treating eavy hydrocarbon

f eedst ock wsepatoongl neewlgile hedidlagl e ihalrbeabons hy thedtah ldomn. f eedst ock,
optionally conprising steam in the convection section of a steam cracking
furnace to vaporize a portion of the feedstock and forma m st stream 10

conprising liquid droplets ﬁmqﬂ@pﬂ@mﬁfﬁmydr ocarbon in volatile

hydr ocar bon vapor, optionally wth steam the m st stream upon |eaving the
convecdtion section having a first flow velocity and a first flow direction,
treating the mst strgamto coal esce the . liquid drog}ets, the treating

conprising first redudingHE MVERNIYLPERYIES RoPOEHEF b RHREA M5athe 1 ow

direction, $08RkAHLAY f@&listhek | RARE BoRBRbdsOPrdeatifle the Haty dhaRbEIBod FOM t he
vapor in a flfash drumto forma vapor phase and a |iquid phase, and feeding

t he vapor plesistoclk, theonadlyr ecmhprissngcidany hutheacmvettonosestienbefda reéeam of t he

present invention,.the vapor phase is fe 2 | ower convection section
Bnd radi ant CEBEREAITEe PRt oA A o reratedk o Frgns Rab ot ent . ¢ he
treatipng of chA@riBing!t LghRW deqRE | 8@ BpridiBEURMGoR hiv@WeMBbACIH Woldtild he i st
str(team The m st stream flow vel omtg can be reduced by at |east 40% The

m St st r eamhygfogaiboy vaper.beptiwdlly ewith ostéam.sthehgnst stream upon leaving the

convection section having a first flow velocity and a first flow direction, treating
the mist stream to coalesce the liquid droplets, the treating comprising first
reducing the flow velocity followed by changing the flow direction, separating at

15 least a portion of the liquid droplets from the vapor in a flash drum to form a
vapor phase and a liquid phase, and feeding the vapor phase to the thermal
cracking furnace.

In one embodiment of the present invention, the vapor phase is fed

20 to a Jower convection section and radiant section of the steamn cracking furnace.

.( In one embodiment, the treating of the nust flow comprises
reducing the flow velocity of the mist stream. The muist stream flow velocity can
be reduced by at least 40%. The mist stream velocity can be reduced to less than

25 60 feet/second (18 m/s).

According to another embodiment, the mist stream flow velocity is
reduced and then is subjecied to at least one centrifugal force, such that the liquid
droplets coalesce. The mist stream can be subjected to at least one change in its

30 flow direction.



25 60 feet/second (18 nm's). According to another enbodinent, the mst stream
flow velocity is reduced and then is subjected to at | east ond Mintdh f ugal
force, suototdaoetshe |iquid droplets coal esce. The m st BEYEsIMBERITHe
subjected to at | east one change in its 530 flow direction. 1 4 NOV 2006 WO
2004/ 005431 PCT/ US2003/ 020375 5 In yet another enbodi nent in accordance
with the present invention, the m st streamdroplets are coalesced in a

di stance of |ess than 25 pipe dianeters, preferably in less than 8 inside

pi pe diameters, and nust ypr ehethap| simbodimbes Snt hadrdhneaiswilk fiep@rademnet ers. 5
According to another enbodinment, the mst stream flows through_a . flow path
that conpri §@'§na@n,|tb%\§m@ﬁr@aw&ﬁwletméﬂ FRaRACRAIR élé‘r@nf?fij?filﬁé?thé%%ﬁ)i&ee at

IFeast one eé%p”q I gl;gga [ I gnds. The
bends can be a ea%ﬁfeigﬁgggrl%%éﬁag eg reglé B %fe%?zgém tééfg}caghgl nation
thereof.  1Qesk thapet ingjdetpey diemibeth. nent , the m st streamis converted into an

&nnul ar flow stream The flash efficiency can be increased to at |east 85%
preferably at |east 95% nore preferably at |east 99% and nost preferably

at least 99.8% The %E?%ﬁo?l?é?eﬁﬁ)oﬁﬂﬂé{ﬁrtbg t%aﬁql@gg%a fl ow

‘streamin | ess than 1 Iameters, preferably in ZaS pi pe
di anet ers, ﬂnnq:mhdiamamlpylsesnat ld¢astend brawd. & heifjrev dathroath dursher nohpriees at

preferably in | ess than 4 Al so accordi t he esent
i nvention, ¥ 8’&"e§§P"P351FTt 5’@%{% dhe ﬁ{?&f Belk o e Rt Bele ‘?F@Hﬁr e
preheating %eﬁ%%ﬁ%%ra?%stf @ﬁ%‘r&@@o@ QAN Yegredd, SOt AInh&GesR 1 N the

convection section of crackihg furnace to vaporize a portion of
t he f®edstock and forn1a m st streamconprising liquid C droplets

corfpri sing hydrocarbon in, hydgocarbon Vapor. 28! Lonal Ly il hes 18aT, the
annular flow stream. The flash efficiency can be increased to at least 85%,
preferably at least 95%, more preferably at Jeast 99%, and most preferably at least
99.8%. The mist stream:.can be converted 1pio an annular flow stream in less than
15 50 pipe diameters, preferably in less than 25 pipe diameters, more preferably in

less than 8 pipe diameters, and most preferably m less than 4 pipe diameters.

Also according to the present invention, a process for treating a

hydrocarbon feedstock comprises: preheating a hydrocarbon feedstock, optionally

20 including steam, in the convection section of a thermal cracking furnace to
vaporize a portion of the feedstock and form a mist stream comprising liquid

(. droplets comprising hydrocarbon in hydrocarbon vapor, optionally with steam, the
mist stream upon leaving the convection section having a first fiow velocity and a

first flow direction, treating the muist stream to coalesce the liquid droplets,

25 separating at least a portion of the liquid droplets from the vapor in a flash drum to
form a vapor phase and a liquid phase, and feeding the vapor phase to the steam

cracking furnace, wherein the flash comprises introducing the mist stream

' containing coalesced liquid droplets into a flash drum, removing the vapor phase
from at least one upper flash drum outlet and removing the liquid phase from at

30 least one lower flash drum outlet.



m st stream upon | eaving the convection section having a first flow velocity
and a first flow direction, treating the mst streamto coal ese80¥ ¥ i qui d
dropl et's, wab2mepersad i ng at | east a portion of the |iquid mropietseisem t he
vapor in a flash drumto forma vapor ghase and a |iquid phase, and feeding
the vapor phase to the steam cracking furnace, wherein the flash conprises
introducing the m st stream containing coalesced liquid droplets into a
flash drum renoving the vapor phase fromat |east one upper flash drum
outlet and renoving tirge bidetidnhaiee fidOdedbses3IBothePhbodfichowewhichash drum
outlet. 1 4 NOV 2006 WO 2004/ 005431 PCT/ US2003/ 0203 i5 6 The present

i nventi on athegnut grdapsisdangeotifer insiagveidyata therflashidomm threugh ot legstrasam i s
tangential ly introduced,into the flash drumthrough at | east one tangential
drum inl et . B8 “E%“BE% PTION OF THE FIGURE , Figure 1 illustrates a
schematic fl ow diagram of a steam cracking process. 10 Figure 2 illustrates
the design of expanders. Figure 3 illustrates the design of a flash drumin
accorélance with the pre§ﬂﬁgFﬂ%5%GBﬂ5H§»i@FﬁﬁfﬁﬁmﬁﬁR@ESCRlPTICN OF THE

| NVENTI ON Unl ess ot herwi se stated, all percentages, parts, ratios, etc. are
by weight. 20 Unless otherwi se stated, a reference to a conpound or
conponent includes tRRueOMPushdiedra SRBRNE Tlovbdiagtasebf a stamietabkiag in
conbination with other conpounds or conponents, such as m xtures of
conpounds. M¥f¢¥er, when an anmpbunt, concentration, or other value or 25
paranmeter, is given as a list of upper preferable values and | ower
preferable values, this is to be understood as specifically disclosing al
ranges formed from  Figure 2 illustrates the design of expanders.

€

~ Figure 3 illustrates the design of a flash drum in accordance with

the present invention.
15 o DETAILED DESCRIPTION OF THE INVENTION

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

weight.

20 Unless otherwise stated, a reference to a compound or component
includes the compound or component by itself, as well as in combination with

(, other compounds or components, such as mixtures of compounds.

Further, when an amount, concentration, or other value or

25 parameter, is given as a list of upper preferable values and lower preferable
values, this is to be understood as specifically disclosing all ranges formed from

any pair of an upper preferred value and z lower preferred value, regardless

whether ranges are separately disclosed.



any pair of an upper preferred value and a | ower preferred Va%ﬂﬁ @Egar dl ess
whet her ranges are separately disclosed. 1 4 N OV 2006 WO 20 \b@ 31

PCT/ US2003¥@2®3P843¥ Al so as used herein: Flow regines aRe/V$903H920815
qualitative properties of fluid flow There is no set velocity and no set
drop size. Mst flowrefers to a two-phase flow 5 where tiny droplets of
liquid are dispersed in the vapor phase flowi ng through a pipe. In clear

pi pe, mst flow looks |ike fast nmoving small rain droplets. Annular flow
refers to a’lsaspisadbereinow where liquid flows as streans on the inside
surface of a pipe and the vapor flows in the coré of the pipe. 10 The vapor
flow velocity of annular flow is about 20 feet/second (6 ms). In clear

di pe, a layer of fast F@vireginkdsOaredviiim) s@iatiediveRRopeitiopldt Buidf fidwqui d are
observed in _the core of the vapor flow. At the pipe exit, the liquid usually
drips out dAEFeanPy sel vslasitly andwarset §Ppaizet Mist Bowerfpedto aihe-RiMan#E™ r om ni st
to annular -.flo } . I ti1 .0 i ] nd

annal o 11 owels S BBl of REMHCER e EET e BT oh g AOEHE, it 20
conponent s: pitel &b tleer pipy.dniec AoWabsksANE faqQindeh@thhbe rdiy drggatsbons. The mi st
flow, in accordance with the present invention, conprises fine droplets of
non-vol atil e hydrocarbons 20 entrained in volatile hydrocarbon vapor. The
non-vol atil e renoval effi 'ﬂgy' I ek latile
Non-vol atiles in the \?&fﬂ%ﬁrp aseljefeésia;n{f‘/tlL (r‘;lj;ll\ ﬁ_gﬁsgﬁg?ﬂn%gs‘&%%nelﬁqug}g%é%m%al

Ef ficiency sirgdms od the inO@urfden of alpiid dmdsthe Rapdrdldwdihahacherofeld gipeng t he
flash (mass/tine) drocarbon is the sumof vapor (generally volatile) and

liquid (gendPaVEROTHEHY Velogky PEW%%‘&‘M%M“‘%@@%{B%@ gy e IhgsFur ed as
Lg | owe: bgg@g% ROk bP%aRALBYing B4k RYIIRERE. T P& AP REAHP HGuices | S
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 from mist to annular- - -
flow usually includes a transition period where mist and annular flow exist

15 together.

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 nomn-volatile hydrocarbons

20 entrained 1 volatile hydrocarbon vapor.
( The non-volatile removal efficiency is calculated as follows:
Non-volatile Non-volatiles in the vapor phase leaving flash (mass/time)
25 Removal Efficiency = [1 - 1% 100%

Nomn-volatiles in the hydrocarbon entering the flash (mass/time)

Hydrocarbon is the sum of vapor (generally volatile) and liquid

(generally non-volatile) hydrocarbon. Non-volatiles are measured as follows:

30 The boiling point distribution of the hydrocarbon feed is measured by Gas
Chromatograph Distillation (GCD) by ASTM D-6352-98. Non-volatijes are the

fraction of the hydrocarbon with a nominal boiling point above 1100°F (590°C) as



Chromat ograph Distillation (GCD) by ASTM D-6352-98. Non-volatiles are the

fraction of the hydrocarbon with a nom nal

boi | i ng poi nt abovel 440V 5900

as 1 4 NOW@AMRWQ32004/ 005431 PCT/ US2003/ 020375 8  neasupetiueyiodoaishs

D-6352-98. This invention works very wel

nom nal bo

1100 to 1400F (590 to 760C)

wi th non- volatiles having a

i1ing point above 1400F (760C). 4 The fraction of non-volatile

In the 5 whol e hydrocarbon to the furnace and a

sanple of the flash drum overhead after water is renoved are anal yzed by
ASTM D- 6352338 1,84 %Iﬁmfﬁrﬁs%bﬁ & iVAeR AL BRE {&F0stRakinl Qopf the
present i : ICHgggﬁ’i lustrate R ] V(e lﬁ i bo

hydr ocar bon vbi¢itksthaeing ahninyalboblnk pafit shavkaagetr (t76b"€£é) 2, with or wthout

t he presence of water
steam cracki ng furnace 3 to

nventi on n Figure 1 conprises” pre

eating a

11 and steam 12 in the upper convection section 1 of a
vaporize a portion of the feedstock and to form

a mst stream 13 conpriygi fgtloh Windn-HiRRE 4160 FcPE‘MO"F'(@QO ROPsYRhahIthe

hydr ocarbons in vol atil e hydrocarbon/steam vapor. further preheatl ng of
t he féedstomﬂial@hﬁirbsarbrarncmmtfumceandtaesaumlfroéﬂle]ﬁasbuh'umm\@d@ﬁadaiftbank of

heat exchange tubes 6. . The 'st tre o) ving the convection section
FERLBRs58

14 has a fi PECTa} BRPQVER 385 T3P %ﬁa 2t

conprises treating the m st streamto coalesce the liquid droplets,

separating at

vapor in a

section of

feeding th : 8 th | f t
coti on of - EHERRHR FrifisERd ok F e 4 et PRGSect PR P HERBER:
hydr ogar bonpyAnyartky 8f e6Hahe wheedsthoGkoahd\d theFrisch@Nof Hatdri 11€amtBavy ends

ca
co

o7

advant
ri se,

15

20

25

20

irection. The process also

| east a portion of the liquid droplets fromthe hydrocarbon

flash 5 t o\ porcessafov apakiphadydiBadod faedsloghi ) phtbsepré®nt and

r adi ant
is a

ageous% be utilrzed in 25 the process. Such feedstock could

byteasly 1 Hfin dbs upper comgceomampitios, | of a steam cracking fumace 3 to

vaporize a portion of the feedstock and to form a mist stream 13 comprising hiquid
droplets comprising non-volatile hydrocarbons in volatile hydrocarbon/steam
vapor. The further preheating of the feedstock/water/steamn nixture 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 5 to form a vapor phase 15 and a liquid phase 16, and feeding the vapor
phase 8 to the lower convection section and the radiant section of the thermal

cracking furnace.

As noted, the feedstock is a hydrocarbon. Any hydrocarbon
feedstock having heavy non-volatile heavy ends can advantageously be utilized in
the process. 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, crude
oil, atmospheric pipestill bottoms, vacuum pipestill streams including bottoms,
wide boiling range naphtha 1o gas oil condensates, heavy non-virgin hydrocarbon

streams from refineries, vacuum gas oils, heavy gas oil. naphtha contaminated

¥

»



one or nore of steam cracked gas oil and residues, gas oils, heating oil,
jet fuel, diesel, kerosene, gasoline, coker naphtha, steam crackgsy mapht ha,
catal yti ca¥dgossmnmsked napht ha, hydrocrackate, reformte, PeEUSINHIEI?S

reformate, Fischer-Tropsch 1liquids, Fisgher-Tropsch gases, natural
gasoline, distillate, virgin naphtha, crude 30 oil, atnospheric pipestill
bottons, vacuum pipestill streans including bottons, w de boiling range

naphtha to gas oil condensates, heavy non-virgin hydrocarbon streanms from
refineries, wiaCgtidegasmoekpterichaaity gasy aekidivhapiliharesiond adiniivfugs dndd NOV
2006 WO 2004/ 0(1543]. PCT/ US2003/020375 9 w th crude, atnospheric resid,
heavy resi dingipiithaygsigue edpai@readni xt ure, and napht ha resi due adnmi xture. The
Weavy hydrocarbon feedstock has a nomnal end boiling point 5 of at |east
600F (310C). The preferred feedstocks are | ow sul fur waxy resids,

at nospheric resids, armheigahy hasroeabbaftadatoek hw b moatitk] end Bodlingogdintor ef er red
“I's "resid conprjsin 60- 80% conponents hayvi ng boi l i ng points bel ow 1100F
(590C7° for Oéﬁta’ﬁﬁ?‘eﬁ,%q BuP$01Gur Thtansplaried faedstorhs Axe iyt vffur Waonessids,

hydr ocar bon ] i I g C ect | t.on of the
furnace | FEpetorsich, MERSAEE cofobinod R glec THeRbu i BRe |

preheati ng e¢sidafcoapripiha@t§0%g (@nponensf hevingrieditag | pgnisnbelpwen@dd*er 2) in a
sparger 4. Tgﬁ)a&\eheati ng]; of the heavy hydrocarbon can take any form known
by those of { APyXAPIE. I0W LT WAXY 1681955 preferred that the heating 15
conprises indirect contact of the feedstock in the convection section of the
furnace with hot flue gases fromthe radi ant section of the furnace. This
can b® acconplished, As nomy. dfie honsy hydrocanigore featstoek byprpbemsadnin thee

fe@dstock through a bank of heat exchange tybe | gcat ed wi.thin . the upper
CO§Vecti on YBRY GEVECHm - seqhon o Hiey CPglrna#’& ?ﬁegﬁ*ﬂgk ﬁ‘?aé’hgﬁff‘g’&h}’ Yeeedst ock
14 before thay&PRIthYreaty Vel %raﬁa@?gsoﬁaﬁﬁrﬂ?%éﬁﬂéQe.lé?;ta‘fﬁ? rédftiang 950F
(310 and 510C). Preferably the tenperature of the héated feedstock is about

700 to 920Fptcdeder ) id30argemdr €l'he preheating of the heavy hydrocarbon can take any
form known by those of ordinary skill in the art. 1}t is preferred that the heating

15 comprises indirect contact of the feedstock in 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 located within the upper convection section 1 of

~ the pyrolysis furnace 3. The preheated.feedstock 14 before the control system 6

20 has a temperature between 600 and 950°F (310 and 510°C). Preferably the

. temperature of the heated feedstock is about 700 to 920°F (370 to 490°C), more
(-- preferably between 750 and 900°F (400 and 480°C) and most preferably between -
810 and 890°F (430 and 475°C).

3%
Lh

As a result of preheating, a portion of the feedstock is vaponzed
and a mist stream is formed comprising liquid droplets comprising non-volatile
hydrocarbon in volatile hydrocarbon vapor, with or without steam. At flow
. ~ velocities of greater than 100 feet/second, the liquid is present as fine droplets

comprising non-volatile hydrocarbons entrained in the vapor phase. This two-
30 phase mist flow is extremely difficult to separate into liguid and vapor. It is
necessary to coalesce the fine mist into large droplets before entering the flash

drum. However, flow velocities of 100 ft/sec or greater are normally necessary to



~- preferably between 750 and 900F (400 and 480C) and nost preferably
between 810 and 890F (430 and 475C). 25 As a result of preheatipgNmamﬁ

portion- ofwhhgeffedst ock is vaporized and a mi st streamigs.f <
conprising liquid droplets conprising n ra-vol atile hydr O(}:’g%l%a%mﬁﬂu@sgr atile

hydr ocar bon vapor, with or wthout steam” At flow velocities of greater
than 100 feet/second, the liquid is present as fine droplets conprising
non-vol atil e hydrocarbons entrained in the vapor phase. This two 30 phase

ist fl [ t ifficult te into |liquid and Lot
necessary (Betba ettt s TP i b BRBG Ry hopte P R SRR, ng the

flash dr ungopvem&ectibhow vel ocities of 100 ft/sec or greater are nornally
necessary to 1 4 NOV 2006 WD 2004/ 005431 PCT/ US2003/ 020375 10 practically
effect the transfer of heat fromthe hot flue gases and reduce coking in

ti tion. | d th the. t..invention,.th 1 St
Streamis treated 5 UbAUOMBEESTPHC PIET b URBPotE TR Had Bii5tent i n

accor gance i dohiebdtethRNRBANEropiclY &R ton@ Rmbbifnddt @R héddedmRE R ILSAS pF@etci ng t he
velocity of the mst stream It is found that reducing the velocity of the

m st st r eaninvestiong dhe Fastang conprsss rédnsimpdtbe nefenity ofhtbe frhigk bir@ny.| dcistion 9 in

Figure 1) hgl coal esce the m st ream, It i referred to reduce the
ot st reantUan BB TSRy e eRa Y A3 FR sl e T EREF i e ) Ty e
preferably wifoleadstilRA% (180HioNDB in Bigafel phkps 888fesdel tht Snidl Stfealf efiefsred to
reduce the velocity of the m st flow stream | eaving the convection section

from at | eprsferredgofredugesibiednist cBGmvelpcity by apdpast i40%. oreferbly ehlgaste0
et 9o0 O b 5 P s OB R0 o SohbaeR>” L °
Annul ar {1 oy rediveliBe aehicy eftHeymiseflowishgarhl1oavivg tHeCdohyedidn st@ionf frdr@t | on in
| arge A AT GEasP 186 Toctsecond (30 mis) to s veloeity of Tess tham 60 Jeet/seabnd 18 1),

more preferably:to-less thaz; 30 fe:et/sccond (27 to 9 m/s), and most preferably to

less than 15 feet/second (27 to-5 m/s).
15

Annuilar flow can be achieved by reducing flow velocity due to

friction in large diameter pipes. In order to achieve the required reduction to

convert mist flow mmto annular flow, a substantial length of piping is necessary.

The required length of piping is defined in terms of the number of inside pipe
20 diameters. Engineering practices require that after reducing the mist flow velocity

to 60 feet/second (18 m/s), the friction from 50 to 150 pipe diameters of straight

pipe (for instance 24 inches x 100 = 200 feet or 0.6 meters x 100 = 60 meters) is

needed to establish annular flow.

25 The reduction of velocity of the mist flow stream is accomplished
by including in the piping outside the convection section one or more expanders.
In a close system, at least one expander is believed necessary to achieve the
preferred reduction of velocity. By way of nopn-limiting examples, the expander
can be a simple cone shape 101 or marsfolds 102 as illustrated in Figure 2. 'With
30 the cross section area of the outlet end greater than the cross section area of the
sum of all the inlets. In a preferred embodiment in accordance with this invention,

the mist flow is subject to at least one expander first and then to at least one bend,



convert mst flowinto annular flow, a substantial |length of piping is
necessary. The required length of piping is defined in terns of ﬂ@zmmnber
of insi-dewy RM4ER46H ameters. Engi neering practices requi ieriabosahbes
reducing the mst flow velocity to 60 figet/second (18 m's), the friction
from50 to 150 pipe dianmeters of straight pipe (for instance 24 inches x
100 = 200 feet or 0.6 neters x 100 = 60 neters) is needed to establish
annul ar flow. 25 The reduction of velocity of the mst flow streamis

accomp! i shagerchibr BEENINAN W% AL Aol 6 $0GEOMKPELLAD aBGE! i on one
or nore expanders. Inm a clode system at least one expander i1s believed
necessary ttaraghitey expidnder(pr gfarioety mal deticase. dFhevinalsdr oy exindemsycan f
pon-limting exanples, the expan .can be a sinple cone shagpe 101 or

er pl e
mani f ol ds 1¥8Y ACHFINgde #ae[aéjaoqnhogvﬂa%/ rsdughanegyTh et h BERTHERMSRA area of
the outl et - LLRRan, t; ohnal | the
inlets. In rgf%rﬁxgﬁxﬁlngﬁggé%%mﬁc?ﬁ?g ordlggltt:%l rgm@t%cﬁg?ﬁpge?%g]nt% , the
m st §1 ow iexpandredor &xangile] aasiifddeanbpanekm the pedsedtridvdnlien. t 0 at | east one
bend, 1 4 NOV 2006 WD 2004/ 005431 PCTI US2003/020375 11 preferably multiple
bends, with various degrees. When the mst flow streamflows through the

expander (s), the vel oyl dupsiRRieartie The RMIBEMOTyRIRINURES argn vary

according to the anmobunt of velocity reduction required. As"a general
practice rarnelar finve velipbn detrklishad, 1hds psefdired fthati ghlewst| aei bepdrisdusedi on i s
required. 5. expanders, f.or exanplg, ,a nifal d, can.be ed.in.the
present i nc*léﬁf"f"&ﬂ% 8’E{G{I‘: WAPgHR % éﬁﬁ'er@e£68ﬁgacﬁ ll(ﬁfe ? SERIBSERe g*“ﬁﬂflty such
that 19 annul @bpfetOMbwhé thelRi@St AA1BOBEhA Wherk Shddf @hRbERELEL hat at | east one
bepd is used "follow ng the reduction in veloci'ty. The bend acts like a

centrifuge. The liquid 10 droplets flow to the outer wall -of the bend where

th I . Th N ti I t he. f mst fl
to annul ar f1owin STBRITFEANdE BB BF nBe GeReRiThg! cost Avbrecent

i nvention; drh@lar flowt irb §iE8FHEORELhBirA AEQRMREGE8Ghd Preb@fi Sndedifibn,2he NOre--
preferably 1ess than 8, and ]
mist stream droplets are coalesced in less than 25, more preferably less than 8, and

15 most preferably less than 4 inside pipe diameters.

In accordance with the present invention, treating of the mist
streamn comprises subjecting the mist stream to at least one expander and one
centrifugal force downstream of the expander such that the liquid droplets will

20 coalesce. This can be accomplished by subjecting the mist stream to at least one
change in its flow direction. The piping outside the convection section is designed

(- to iclude at least one bend in order to convert a mist flow stream into an annular
flow stream. The bends can be located throughout the piping downstream of the

expander between the control system 17 and just before the flash drum.

25
Different angle bends can be used. For example, 45 degree, 90
degree, and/or 180 degree bends can be used in the present invention. After an
1 expander, the 180 degree bend provides the most vapor core velocity reduction.
In one embodiment of the present invention, the process includes at least one bend
i a0 of at Jeast 45 degrees. In another embodiment, the process includes at least one

bend of 90 degrees. In yet another embodiment, the process includes at least one

bend of 180 degrees.



15 nost preferably I ess than 4 inside pipe dianeters. In accordance with the
present invention, treating of the mst stream conprises subjeqtijygy Wit

m st streanotzooﬂm\lﬁast one expander and one centrifugal pfgf fream
of the expander such that the liquid drgglets will 20 coa esclfe\sg‘“%ﬁl%;scan be

acconpl i shed by subjecting the mst streamto at |east one change inits
flow direction. The piping outside the convection section is designed to
i nclude at | east one bend in order to convert a mst flow streami nto an

annul ar flow stream 10 Oun%ﬂ,ﬂ NoLsiIN {%ﬁen‘?&ﬁto%g dﬁs@fo%?ggg%lp a?%iSB

downstream of the expander weer? control bef ore

the flash %ﬁf@vaﬁéffﬂléﬁo[&rWhi mgﬂ g5%eogs héamcd@mpmﬁéﬂ For refeﬁﬁalﬁash%
degree, 90 degree, and 180 degree bends can be used |n t he present

i nventi on. @fﬁ@@ﬂchﬁf alelrpd A6 & anﬁfﬁé rraorek fageeileiracy pb el lges Hhe apdat vapor
core vel 00'@4%} (—:Pgrg ?Itef.i%as eff'mgrgcg %89& t8‘ﬁfca£[11?sz?5 eeﬁﬁﬂévedqlvﬁﬂ;t fpgn. the

process inc eas oné ’eds anot her
enbods ment , pre&gt pivesass. | ncl udes at | east one bend of 90 degrees. In yet
anot her enbodi ment, the process includes at |east one bend of 180 degrees.
1 4 NOV 2006 WO 2004/ 005431 PCT/ US2003/ 020375 12 It is found that using

t he inventions disclo f f at | east
85% can be acconpl i sh%gg ﬁ%[) %?Ofregh?l?%sﬁfgggofﬁgoélgcﬁ%féog‘{bﬁp%ég?o 95% a
nor e pref erexgdnddrasthe dinki ol yn e mist oas tr&Yovidnrdal@scenbsine pr eh@er ed fl ash

efficiency of at |east 99.8% can al so be achieved using . the .5 present
i nvention. beodeand Hémraé%]G‘isﬂlé‘del?aé@iﬁétﬁloﬁhﬂ@f"a@@' Bbaseytrean an the; flash dggRbi nat i on

gxpandey s lfes Bbié‘ﬁ%lﬁ{]&%@é Sutl i, gé‘as{noﬁé kP Om‘ﬁ? e"‘f]z{sh gl €sce in

ong or nore bends an <are easi] Separ at ed € vapor phdse stream
i n-the fl asthedapon fithsb strédmshrensoved fromh b leaatr driectbper fiasindaim bethgtandne f 1 ash
: drum Int h%efhlqgis pl?arsg ?g r%moved from at least one lower flash drum outlet. Preferably,
two or more lower flash drum outlets are present in the flash for liquid phase
removal.
15
Also according to the present invention, a process for treating a
hydrocarbon feedstock comprises: heating a liqmid hydrocarbon feedstock in the
convection section of a thermal cracking furnace to vaporize a portion of the
feedstock and form a mist stream comprising liquid droplets comprising
20 hydrocarbon in hydrocarbon vapor, with or without steam, the mist stream upon
leaving the convection section having a first flow velocity and a first flow
( direction, 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 drom to
form a vapor phase and a liquid phase, and feeding the vapor phase to the radiant
25 section of the steam cracking furnace, wherein the flash comprises introducing the
stream containing coalesced liquid droplets into a flash drum, removing the vapor

phase from at least one upper flash drum outlet and removing the liquid phase

from at least one lower flash drum outlet.

30 A flash drum in accordance to the present invention is illustrated in
Figure 3. The removal efficiency of the flash drum decreases as liquid droplet

size entering the flash drum decreases. The droplet size decreases with increasing



t he vapor phase streamis renoved fromat |east one upper flash drum outl et
and - the liquid phase is renoved fromat |east one |ower flashidNOmidt] et .
Pr ef er abl yWO 26040908131 nore | ower flash drum outl ets are preR@nUStoNs010875 | ash
for liquid phase renoval. 15 Also accddding to the present invention, a
process for treating a hydrocarbon feedstock conprises: heating a liquid
hydr ocarbon feedstock in the convection section of a thermal cracking
furnace to vaporize a portion of the feedstock and forma m st stream
conpri si ng tasqueldcidy.opllet scieasnpsemratpn? Offieycico.car dficiemt hengttoodrgips) vapor,
with or without steam the m st streamupon |eaving the convection section
havi ng a fi FdEnggrn bergst 3¢ drapiEeds for %Sttﬁ‘rhsgv@ sigblgi fraplet dytger $128¢f Ag t he

M st st reanjoéhgrggl%l:ﬁ?_ce the liquid droplets, separating at |east a-portion
of the liquid droplets fromthe hydrocarbon vapor in a flash drumto forma
- vapor phase and a liquid phase, and feeding the vapor phase to the .radiant

25 section of the ste racki,ng furpnace, wherein the flash conprises

i ntroduci ng the streasﬁrgcg"rﬁ%ﬁ HF%S*IS(?O eeé%’é?i’afi%!{']i”an‘&’r 8b1 Ve suhygatdles | ash
drum renovj : g}pgﬁﬁp r; Sfigﬁ,y out | et
and renovi njéyqtﬂﬂ(téﬁﬁ?ﬁésﬁiﬁghﬁﬁgse r’cl)fr)nﬁ]é{:{'il Eﬁelgggfﬁaéglg?{l%%feﬁd agﬁ)? r ménéutlet. 30
A fl ash druentem the floshd dnme tangenthadl yghesightat iaasteortd tangansial flhshsdmat mdeti n

Figure 3. The r val _efficiency of the.flash drum decreases.as liquid

ropl ot 5138 BhFETRg” vheEEIG i amsraia racase L SErEIRE aimdec cases
i th i ncr eaghg ThehdiWi2008,H0:2804 1AM PGTH F4SPR0 3L ARTSTar Adhy 0B

vel ocity. To increase separation efficiency, a sufficient I ength of pipe,

exparder s, sndg bendsidaflesh dmyui weld and thestaddsiie shpar pdiesdows! tntsgdlydforthanger si ze
at fa lower.velocity. .5.To further incr.eage the renoval. efficiepcy.of the
non- vol at i |1ém_"*rh>98¥eod"§‘9b8}?§-{7ﬁwt ngﬁdi%ﬁndﬁﬁnﬁ]afﬁ? ) HPePPEPERGE he 1 ash
stream 9 of ehbh&dkRni the tangential entries should be the same direction as the Coriolis

effect.

15 The liquid phase is removed from one bottom flash drum outlet.
Optionally, a side flash drum outlet (203) or a vortex breaker can be added to
prevent a vortex forming in the outlet. The upward inner core flow of vapor phase
1s diverted around an annular baffle 202 inside the flash drum and removed from
at least one upper flash drum outlet 204. The baffle is installed inside the flash

20 drum to further avoid and reduce any portion of the separated liquid phase,

‘ flowing downwards in the flash drum, from being entrained in the upflow vapor
(,_ phase in the flash drum. The vapor phase, preferably, flows to the lower
convection section 7 of Figure 1 and through crossover pipes 8 to the radiant

section of the pyrolysis furnace.

25

The invention is illustrated by the following Example, which is

provided for the purpose of representation, and is not to be construed as limiting

s the scope of the invention. Unless stated otherwise, all percentages, parts, etc., are
by weight.

30



enters the flash drumtangentially through at |east one tangenti aj 4fN|U@‘?Pl]B
druminlet 201 of Figure 3. Preferably, the tangential inlets are level or
slightly deonrwer@sszil ow. The non-vol atil e hydrocarbon |iqecdasbase2og:kl form
an outer annular flow 10 along the insidg flash drumwall and the volatile
vapor phase will initially forman C inner core and then flow upwardly in
the flash drum In one preferred enbodinent, the tangential entries should
be the sane direction as the Coriolis effect. 15 The liquid phase is
removed fropygpgidbpttom flash drumoutlet. Optionally, a side flash drum
outlet (203) or a vortex breaker can be added to prevent a vortex form ng
in the outlet. The upwdedapemlequi¢eepmritianvefotienapel a Padisdum sepaiaiented ar ound

| ffle 202 insi he flash.d d f |
Spper 1 aon M BHBTEY DA bar R [ 1 Atten PO frenbT B 885 20

drum to furgheep 8y Qipdriandisis oAfYio BRI dihPBtePbqiah&. SERAda i vhdyaied phase,

flowi ng downwards in the fllash drum from being entrained in thé upflow
vapor 5 phassustrentére afflagls Aruae.uhe uferdvgasorelqshtavall beraeaterabhy thef teommak o t he

| i ion_7 of .Fi 1 h h ' 8 h
Fadi ant  segtlogtt of B syt Hiined Bl RGeS RIS R aced
by the fol | euinisr frapRId@ceNYre lhrg® dropledy wiRH sfeﬁ%amgsiwwﬁh%.

|

representation, and is not to be construed as mting the scope of the
invention. Unless stated otherw se, all percentages, parts, etc., are by

el ght. 30 1'4 NOV 200, W3, 2004/ 003434 PCH 1152003020315y, Hd. FAagm) e 1 The

vapor/liquid separatio i'Cl ency anrFsep ion | ghly
de?_endent oand eRPI il saff%fent Bhik@idSricawn fachrscitdal dioprtd. eAfEN@L bull ocity of

f velocity is reduced, roughly 100 pipe flow diameters are required to coalesce .
drops. Air/water flow tests were conducted to determine how to produce annular
flow in less than 100 pipe diameters. Two 6 HP blowers produced a high velocity
gas in 2" ID pipe. The air from the two blowers combine in a Y-fitting and flow

15 into the 2" ID clear pipe. Just before the clear pipe 1s a T-fitting where water is
added to produce the mist flow. An anemometer at the end of the piping system

measures the flud velocity.

Various piping bends, for example 45 degrees, elbows, and return
20 bends, and expanders were tested to observe whether the fine droplet in the mist

flow stream coalesced. They are summarized below in Table 1.



a drop or a particle is proportional to its dianeter squared. Hence, if a
very fine 5 mist enters a flash drum the upward gas vel ocity (WINOY&36

great er 't Rag hdymetgsm nal  velocity of the droplets causi p@r,ggido%@}gglt :
Ext ensi ve coal escing of droplets into appular flow produces very |arge

dropl ets which separate easily in a flash drum Annular flow can be effected
by reducing the bulk flow velocity 10 and allowi ng sufficient tinme and
friction for coal escing of droplets. After the bulk velocity is reduced,
roughly 100 pipe flow dianeters are rrgiﬂni%?d to coal esce drops. Air/water
flow tests were conducted to determ to produce annular flowin |ess

than 100 pi pe dianeters. TwDkseHRtibh@ferspler OsWeRehga hi gh velocity gas in
3" ID pipe. The air fromthe two blowers conbine in a Y-fitting and flow 15

into the 2" Uestc| Pgscrpitien. Just before the clear pi peObsereatipnfitting where

i pi ng iysf‘gﬂ?dnégdﬁéﬂgg@ﬁ‘éf?ﬁﬁ%ﬁéﬁéo%@ﬁe}%!@?‘Sﬁ?‘" e Yo gl °

exanpl e 45 degree 135E| &@t 1(,9 S?Celf_ FR° Y bends, and” expariders were tested
to observe whét heAddeda PP bentttomreyide o centafpga force | ouMagt oamisdeignsfedd. They
are sumari zed beTovhd éndlefithe sttaight 2' IV fp¥ ad@diten WO 20044 (106 Bahghout the

PCT/ US2003/ 02037 5expaddriRldts ft of @sRavpipeon of Dropl et £or8IDs a8 3T e1ehr
Descri ption Cbservation | Added 6 GPM of water to theygir producing two Fine

droplet m st flow,i se flqw,at 110 ft/s bul k vel oci.t " 1.D pipe 2
Added a 90 befid Pﬁ%ﬁ? génar?;@g:ﬁt Aol B P SRS i, (ot piopideotierRiea 3 o
the end of the stio4#Gid82t of apEteitided an M st fl oW RPSLEHGNESY he
expander and 8 ft Tofth&enddishe spaight Z' It pipe a@dedidds of Senidicesircoalesging 4f Added

12 (f t nore of 3" etmadeniofd Do atvesElbdwfan aftSdiRd dr opdreplec daipe s anmdar
S clear pipe --velocity 50 ft/sec flow with some mist.

6 To the end of the 2" ID pipe added an expander to  Annular and stratified
6" ID, 90° elbow, 4 ft of 6" ID pipe, 90° elbow flow with less than a
~ and 4 ft of 6" ID pipe trace of mist N

The conclusions of the observations are as follows: Test.2 showed

5 that a bend alone at high velocity does not coalesce droplets and may even
produce a finer mist. Tests 3 and 4 showed that an expander alone did not
coalesce droplets enough even after 75 pipe diameters of the larger diameter pipe.

Tests 5 and 6 showed that expanders followed by bends with short lengths of
straight pipe did coalesce droplets. The larger the expanders followed by bends,

10 the more complete the droplet coalescing into annular and even stratified flow.



total of 18 ft or 75 dianeters but mst still exists 5 To the end of the
strai ght 2" I D pipe added an Significant coal escing of expandef 4&tNQV3R006I D, a
90 el bow and 6 ft. of 3" droplet drops - annular clear pipe - velocity 50
ft/sec flowwth sone mst. 6 To theend of the 2" ID pipe added an expander
to Annular and stratified 6" ID, 90 elbow, 4 ft of 6" ID pipe, 90 el bow
flowwith less than a and 4 ft of 6" II® pi pe trace of m st The concl usi ons
of the observations are as follows: Test 2 showed 5 that a bend al one at

hi gh vel ocity does not coal esce droplets and may even produce a finer mst.
Tests 3 agBAIMBhowed t hat an expander alone did not coal esce droplets
enough even after 75 pipe dianeters of the |arger dianeter pipe. Tests 5
and 6 showed that expanders foll owed by bends with short |engths of

strai ght pipe AiptbceaabeeedingadiRhwl iSydrodaboh Fecdsiock BenMiddad) deheatimglthowed by
bends, 10 the nore conplete the droplet coal escing_ into annular and even
stratifielFavy bwroqarhor%ﬁ%é«aop@ealamwslsmgstwprrb@wgmresﬁwrt yeehen ¢ a heavy

hydr ocar bag,f 6a6gh ﬁl}‘;nsfc‘é WV Akidga g{i’%@lﬂn %f‘f}fg?%gl%@k axﬂ?f%}él}{ g'}}{ﬂ{ é?{e%bon

f eedst ock, optiona conpri'sing e convec n section of a

st eam cr agimmgingdiquakdroplets\camprising nen-polatiichigdwtarble irf wdatdé bydeoaanisbnf or m a

m st stream coq&g@sinﬁ | i quid droglets (of0) risigg non-volatilglh%drocarbon
in vol at i YRR OaHNALY B stptih die MiShitieamHPey 1AV ing 1T earnetioRseciionhakg aam upon
| eavi ng t flew GOIBYBCANdUNSS alrb@idnNRMAHAE the mils! @¥ameb 06d18ste aRRdiqaid drepled] thect i on;
treating the m st streamto Qoaiesce the liquid droplets, the treating
conpri si nigeatipg semprdeg firsyredheing ths\floyeyadedityyfolloyeddwethanging Herflfivndiracken;t | ow

di rection; j . i t Laul .Qm,t he vapor
phase i n sPpATRRkbhEpdiah 87 iRk orblne Mot b M PRE Bl o 15, 1O
furnace. Redingthepaperghasebd titd saedim tratking Renaceonpri si ng feedi ng the vapor
phase to a |l ower convection section and radi ant section of the steam
cracking furnace. 3. The process of claim| wherein the heavy hydrocarbon

f eedst ocky CONPreS6§ceREF @dim 1 further comprising feeding the vapor phase to a lower

convection section and radiant section of the steam cracking furnace.

3. The process of claim 1 wherein the heavy hydrocarbon feedstock 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, crude oil, atmospheric pipestill bottoms, vacuum pipestill
streams including bottoms, wide boiling range naphtha to gas oil condensates, heavy non-
virgin hydrocarbon streams from refineries, vacuum gas oils, heavy gas oil, naphtha
contaminated with crude, atmospheric resid, heavy residium, C4’s/residue admixture, and

naphtha/residue admixture.

4. The process according to claim 1 wherein the heavy hydrocarbon feedstock

comprises low sulfur waxy resid.

5. The process according to claim 1 wherein 60 to 80 percent of the heavy hydrocarbon

feedstock boils below 1100° F,



nore of steam cracked gas oil and residues, gas oils, heating oil, jet fuel,
di esel, kerosene, gasoline, coker naphtha, steam cracked naphtha,

catal ytically cracked naphtha, hydrocrackate, reformate, raffi rigiR0V 2006
reformate, Fischer-Tropsch |iquids, Fischer-Tropsch gases, natural

gasoline, distillate, virgin naphtha, crude oil, atnospheric pipestil
bottons, vacuum pipestill streams incllding bottons, wi de boiling range
naphtha to gas oil condensates, heavy non- virgin hydrocarbon streans from
refineries, vacuumgas oils, heavy gas oil, naphtha contam nated with
crude, at fosph€hé process bfiglaine2whereasthd iflow veliditg of disintistesti@amiixtedoeed byrad
naphtha/rfsi%ﬁg adm xture. 4. The process according to claim1l wherein the
heavy hyd‘%ﬁa bbn feedst ock conprises |low sul fur waxy resid. 5. The process
according to claim1 wherein 60 to 80 percent of the heavy hydrocarbon
feedstock boils below 1100 F. 1 4 NOV 2006 17 6. The process of claim?2
wherei n the f| e prepase pf slaisi 3 sherein e flowrvelosity of theduistestrey inredudedbytat 40% 7.
The proceﬁﬁﬂqbyclain13 wherein the flow velocity of the mst streamis
reduced by at {east 40% 8. The process of claim2 wherein the flow
velocity of the mst streamis reduced to less than 60 feet/second (18

ms). 9. The process of clai wherein the flow velocity of the m st stream
's*) educed to TRGEOhARE ?&&w&@sﬂaw‘@gmﬁw the fyst &ﬂ%mrswéegeé st ai m 2
wher ei n t iy 60 eRLAQInd PIEAR/sges first reducing the flow velocity of the mst
streamto less than 60 ft/sec (18 nls) and then subjecting the m st stream

to at |east one centrifugal force such that the Iiquid droplets coal esce.

11. The ppocess, of claim,3 wherein the treatin onprises first reducing the
Flow vel o8ty Tt Prafes®ufint S Steth e Rob e g R ARFLEEm /R R e

subj ect i nehah kB8 fév/sécofid (BAMIsH.0 at | east one centrifugal force such that the
|l iquid droplets coal esce. 12. The process of claim2 wherein droplets in the

m st stream are substantially coal esced
10.  The process of claim 2 wherein the treating comprises first reducing the flow velocity

of the mist stream to less than 60 ft/sec (18 m/s) and then subjecting the mist stream to at

least one centrifugal force such that the liquid droplets coalesce.
11.  The process of claim 3 wherein the treating comprises first reducing the flow velocity
of die mist stream to less than 60 ft/sec (18 m/s) and then subjecting the mist stream to at

least one centrifugal force such that the liquid droplets coalesce.

12.  The process of claim 2 wherein droplets in the mist stream are substantially coalesced

in a distance of less than 25 inside pipe diameters.

13.  The process of claim 2 wherein droplets in the mist stream are substantially coalesced

in a distance of less than 4 inside pipe diameters.

14.  The process of claim 8 wherein the mist stream flows through a flow path that

comprises first at least one expander and at least one bend.

15.  The process of claim 2 wherein treating converts the mist into an annular flow stream.



in a distance of |less than 25 inside pipe dianeters. 13. The process of
claim2 wherein droplets in the m st streamare substantially coalesced in
a distance of less than 4 inside pipe dianmeters. 14. The process 10F NG @i 8
wherein the mst streamflows through a flow path that conprises first at

| east one expander and at |east one bend. 15. The process of claim2 wherein
treating converts the mist into an annulfar flow stream 1 4 NOV 2006 18 16.
The process of claim3 wherein the process achi eves a non-vol atile
separation efficiency of at |east 85% 17. The process of claim3 wherein
t he proce$se achheposesaofidainydmdieicireths ppeestachinvesef fonevobatity sephiration | east 95%
18. The pracess q{ ﬁaﬂg&} wherein the process achieves a non-volatile
separ at i ofi'CEPEY & & at | east 99% 19. The process of claim3 wherein
the process achieves a non-volatile separation efficiency of at |east
99.8% 20._ The process of claim3 wherein the mst streamis in the m st
f1ow regi ke andbe proerse abelainnd svhareinatha progesstachigyesegionevalatilasegprstiomce of | ess
t han 25 pk@%lﬂbfﬁp %&ﬁtQéﬁ' The process of claim 14 wherein the m st stream
is in the ow regime and convened into an annular flowregine in a

di stance of |ess than 4 plpe di aneters. 22. The process of claim 14 wherein

the m st f% floms t @gaﬂg flo pat h that conp ? ? mul ti.pl e bends.
23. The ptbcesihoprogssaPhela P@?‘h gProcesserhigyis aHE’ﬁa"oi al %%ePP‘@HQFE 45
degrees. effiend6r NMQeERS, 0f claim 22 wherein at | east one bend is at |east
90 degrees. 25. The process of claim?22 wherein at |east one bend is 180
degr ees.

19.  The process of claim 3 wherein the process achieves a non-volatile separation

efficiency of at least 99.8%.

20.  The process of claim 3 wherein the mist stream is in the mist flow regime and

convened into an annular flow regime in a distance of less than 25 pipe diameters.

21.  The process of claim 14 wherein the mist stream is in the mist flow regime and

convened into an annular flow regime in a distance of less than 4 pipe diameters.

22.  The process of claim 14 wherein the mist stream flows through a flow path that

comprises multiple bends.
23.  The process of claim 22 wherein at least one bend is at least 45 degrees.
24.  The process of claim 22 wherein at least one bend is at least 90 degrees.

25.  The process of claim 22 wherein at least one bend is 180 degrees.





