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The present invention relates to the cracking of

hydr ocarbons that contain relatively non-volatile

hydr ocar bons, e.g., resids, and other contam nants.

Mor e partlcularly, t he presen% invention relates to

t he reductlon of foulln durin ration caused by
coke precurséf lﬁf %%RBE]%
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preferably light ol efins such as ethyl ene, propyl ene,
and butenes. Conventional steamcracking utilizes a
pyrol ysis furnace which has two main sections: a
convection section and a radi ant section. The
hydE&dhOFc RHEINKENIRON, pi cal | y ent ers the convecti on
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with hot flué gas from the radi ant section and by
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steam m xture is then introduced into the racLé3
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products, including olefins, Ieave the pyrolysis

furnace for further downstream processing, including

qBACKIGROUNIY 03 THE INVENTION ol ves heating the
feedstock sufficiently to cause thernmal deconposition
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that can foul equi prment under certain conditions. In
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is typically heated and vaporized by indirect contact with hot flue gas from the

radiant section and by direct contact with steam. The vaporized feedstock and
steam mixture is then introduced into the radiant section where the cracking takes
place. The resulting products, including olefins, leave the pyrolysis furnace for
further downstream processing, including quenching.

[0003] Pyrolysis involves heating the feedstock sufficiently to cause
thermal decomposition of the larger molecules. The pyrolysis process, however,
produces molecules which tend to combine to form high molecular weight
materials known as tar. Tar is a high-boiling point, viscous, reactive material that
can foul equipment under certain conditions. In general, feedstocks containing

higher boiling materials tend to produce greater quantities of tar.



cracki ng furnace can be mnimzed by rapidly reducing

the tenperature of the effluent exiting the pyrolysis
waeios/1101%8 | evel at which the tar-form ng reackCDOS2008/@17557

greatly slowed. This cooling, which may be achieved in

one or nore steps and using one or nore nethods, is

referred to as quenching. [0005] Conventional steam

cracki ng systens have been effective for cracking

hi gh-quality feedstock which-Tontains a | arge fraction

of light volatile hydrocarbons, such as gas oil and
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large amounts of tar, which leads to rapid coking in the radiant section of the
furnace, as well as fouling in the transfer line exchangers preferred in lighter
liquid cracking service.

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

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

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



as vapor and a second flash to renove vapors with a

boi I i ng point between 450and 11000F (230 and 590C).
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ol efins, and the separated liquids fromthe tw flash

tanks are renoved, stripped with steam and used as

fuel. [0009] U S. Patent 3,718,709, which is

i ncorporated herein by reference, discloses a process

to nmininize coke deposition.-Bt describes preheating

of heavy feedstock inside or outside a pyrolysis )

f WhAAee0tO(28aRpad 526°Abdlit vapsts afe ¢rheketamthe Hyedylsis barkace into

wi t h superheated steam and the rermvallwag]& t he .
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gdsedstagiiiin thegpeseatoof 2 smalbpaitisakeneint phvsiresen indbgipengetion
proportion of the non-volatiles as liquid fromthe,. .

s SOt or 1herHEesERysa O t]élﬁérf?%?f’or‘nft%n’?qlﬂgaﬁ)gs-s?cl g0 gihibits the
S il i L Snifibitinaeskd Mimation.

b gag)wrﬁér%atlgﬁ réa%ﬁﬁr? ﬁg@le Ehggid%]@rb%? Medebly SnHibiting mation

I'ng and crac -pending U S
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Pat ent Application Publication US_2004/000402 .
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hydr ocar bon feedstocks and to reduce_ and avoi d coking

prdhitiensteam) and is then introduced into a gas-liquid separator to separate and
remove a required proportion of the non-volatiles as liquid from the separator.
The separated vapor from the gas-liquid separator is returned to the pyrolysis
furnace for heating and cracking.
[0012] Co-pending U.S. Application Serial No. 10/188,461 filed July 3,
2002, Patent Application Publication US 2004/0004022 A1, published January 8,
2004, which is incorporated herein by reference, describes an advantageously
controlled process to optimize the cracking of volatile hydrocarbons contained in
the heavy hydrocarbon feedstocks and to reduce and avoid coking problems. It

provides a method to maintain a relatively constant ratio of vapor to liquid leaving

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



provides a nethod to maintain a relatively constant
ratio of vapor to liquid |leaving the flash by
woredostigi7me ng a rel atively constant tenper at ur ePOf/US1965/017557
streamenteringthe flash. Mre specifically, the
constant tenperature of the flash streamis maintained
by automatically adjusting the anmount of a fluid
stream m xed with the heavy hydrocarbon feedstock
prior to the flash. The fluid4can be water. [0013]
Co-pending U.S. Patent Application Serial No.
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I i qui d "hydrocarbon fractions containing resid fromthe
| ivgittt ®flufd; agt,ihydecatbiooter peterbie formaerikaye sieanpavhich is flashed

pyrol ysis furnace, i} is i rtant to effect, t.he
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caediced by Btyserhdrging tiiereaper daths upperqukiiogofthe ykssek . A condenser
may also be utilized within the vessel to improve liquid/vapor separation.
[0015] In using a flash to separate heavy liquid hydrocarbon fractions
containing resid from the lighter fractions which can be processed in the pyrolysis
furnace, it is important to effect the separation so that most of the non-volatile
components will be in the liquid phase. Otherwise, heavy, coke-forming non-
volatile components in the vapor are carried into the furnace causing coking
problems.
[0016] Increasing the cut in the flash drum, or the fraction of the

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

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



[0016] Increasing the cut in the flash drum or the
fraction of the hydrocarbon that vaporizes, is also
wexasenshs desirabl e because resi due-cont ai ni nBCT/DS2e0&017557

hydr ocar bon fracti ons generally have a | ow val ue,

often |l ess than heavy fueloil. Vaporizing sonme of the
heavi er fractions produces nore val uabl e st eam cracker
feed. Although this can be acconplished by increasing

the flash drumtenperature te5Skncrease the cut, the
resulting heavier fractions thus vaporized tend to
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streamin a flash/separation vessel through an inlet

to formi) a vapor phase at its dew point which

contain I e f] coke precursors and ii) a
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phase; ) cracking the heated v . ' o
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ef fdsHeBlarsRPUissiing ebmhéthi tHeheapRy pahyeswiihf dlcomdeaser, which
conprising a radiant section and a convection section;

andndésegatdpash sorge phthe désseptionnficokequemiany vdreltadsly to the

liquid phase, the condensing providing a vapor phase above the condenser of

reduced coke precursors content; (e) removing the vapor phase of reduced coke
precursors content as overhead through an overhead outlet, and the liquid phase as
bottoms, from the flash/separation vessel; (f) heating the vapor phase; (g) cracking
the heated vapor phase in a radiant section of a pyrolysis furnace to produce an
effluent comprising olefins, the pyrolysis furnace comprising a radiant section and
a convection section; and (h) quenching the effluent and recovering cracked
product therefrom. In one embodiment, the mixture stream is heated prior to

introduction to the flash/separation vessel.



product therefrom In one enbodi nent, the m xture
streamis heated prior to introduction to the

w0 b@shiyepar ati on vessel .[0019] I n anot her aspRCI/PS100&017557
present invention relates to a flash/separation vesse
for treating hydrocarbon feedstock containing resid to
provide a |liquid phase and a vapor phase, which
conprises (a) an inlet for introducing to the vessel
under flashing conditions a Abxture stream conpri sing
t he hydrocarbon feedstock and steam where the m xture
S gb@ﬁ]‘ under gogtRP adgRtt i@l pretens Hvagtidiorel@¢swoi a) flash/separation
vapor phase at its dew point which contains a |esser .
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f aRelSia@6Kphbde) oft reduckd gokonerefwrsorsi oantent sspovenkgay; and (d) a
dilution steamstreamw th the heated hydrocarbo
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open.channel .flow m xture stream (c) a vapor/liquid
ségﬁﬂﬁ%}?%eﬁa?gﬂlév?%?l't reating vapor/liquid mxtures of

hyidogmar bonsinagtl SlodrRiaspdig thepridai inrentom eelsosy ars apgratus
(i) a’ substanti al Iémcyl indrical vertical drumhaving
arfouppekingaphwgdotarbmm fegdsipekd rentgiaing tspide BiepAraratyy eomprising

circular wall, and L.ower, cap, section, (i n .
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positioned inlet ITnthe wall of the mddle section for

| ndrea@uithgtht Heeafddohy drboarbore fetdsoakn tal moyide hee beated two-phase

under_ fl ashi ng conditions - .
stratified open channel flow mixture stream; (c) a vapor/liquid separation zone for
treating vapor/liquid mixtures of hydrocarbons and steam, the separation zone
comprising (i) a substantially cylindrical vertical drum having an upper cap
section, a middle section comprising a circular wall, and a lower cap section; (ii)
an overhead vapor outlet attached to the upper cap section; (iii) at least one
substantially tangentially positioned inlet in the wall of the middle section for
introducing the flow mixture stream along the wall under flashing conditions
where the flow mixture stream undergoes an initial flashing to form (1) a vapor

phase at its dew point which contains a lesser portion of coke precursors and (2) a

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



where the flow m xture stream undergoes an initia

flashing to form (1) a vapor phase at its dew point
wokishient ai ns a | esser portion of coke precupPGDUS20851017557

(2) a liquid phase which contains a greater portion of

coke precursors; (iv) a partial condenser for

contacting the vapor phase within the drumfor at

| east partially condensing at | east sone of the |esser

portion of coke precursors, whiich adds to the |iquid
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seﬁlﬁmﬁﬁmme't}mﬁzhshfsgparamd)rszonet h interposed sheds. [0023]

Figure 3 illustrates a flash/separati on apparatus of

t he present invention show ng a single parallel finned
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accordance with the present invention employed with a pyrolysis furnace.

[0022] Figure 2 illustrates a flash/separation apparatus of the present
invention comprising dual finned serpentine cooling coils with interposed sheds.

[0023] Figure 3 illustrates a flash/separation apparatus of the present
invention showing a single parallel finned cooling coil with concentric pipe

coolers.

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

in the present invention.



[0025] The present invention relates to a process for

cracki ng hydrocarbon feedstock containing resid
weowpni¥isg heating the feedstock, m xing the PERUSH0S/017557

feedstock with a fluid and/or a primary dilution steam

streamto forma mxture stream and flashing the

m xture streamwi thin a flash/separation vessel to

form a vapor phase and a |iquid phase. The vapor phase

is partially condensed by conBacting with a condenser

and, optionally, surfaces (sheds) underneath the
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and the rrsing vapor, wthin the vessel, to cqndense
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VEa8nset ¥PInGRbY c@hgit detween ithd @indedsatehund the rising vapor, within
fl ash/ separati on vessel which introduces the,. .
hyttle oessehotvacesiensd ek deasiosamne coke PEICUTSPRe Wby ifs ggpor while

conpr.i.ses a . vapor/li.qui d caoptact.i.n urf.ac ' [
e R LAY R0 Dbl IR TR G b reduced
coRYERSRLIRR AniGRRIRARABA 8 Sveditdall ANG (WY liduidphdie is/@ARIVed as
phase. I n one enbodi nent, the condenser conprises a
hesittoasndiibe ivagprt phwse doheadédamty then cwedkied gn rrextidiant setien of a
tube can be nmade of any at conducting.material ...

e RYTolyRe R ace g, wﬂdwﬁﬁw?@ééwwﬁpﬁl%%%?l%ﬁafq _ﬂie feiting effluent
pi.pin : e
Lo R0 oy RO FELUB B Rt
enfpogé)ment, The canldemgr neidi unlcomgeossés | foqated, within - the
typically water,

e.g., boiler feed water. The tube,.
t yipasbiaeparaiéenmyesssbstypicellinabev die whd of figp Bty vesse

i ntr.oducing and.r V] t ] [ At

orh ARG TR IR L G R, Mo, ThE e
t R ReRa Wapdr/1fuid BenthdiagTusagavhichds madssiakbd ander conditions
alternatively, at |east one of the tube inlet and the

t uinéficentl teteffsaiseondansatigh of kendsnesbiee fractinms vethip the yapor phase.

In one embodiment, the condenser comprises a heat-conducting tube containing a

cooling medium. The tube can be made of any heat conducting material, e.g.,
metal, which complies with local boiler and piping codes. A cooling medium is
present within the tube, e.g., a fluid such as a liquid or gas. In one embodiment,
the cooling medium comprises liquid, typically water, e.g., boiler feed water. The
tube typically comprises a tube inlet and a tube outlet for introducing and
removing the cooling medium. At least one of the tube inlet and the tube outlet
can pass through a wall of the flash/separation vessel or, alternatively, at least one
of the tube inlet and the tube outlet pass through the overhead outlet of the

flash/separation vessel.



fl ash/ separati on vessel .[0027] In operation, the
condenser tube typically has an outside tube netal

wo ewpatHIire (TMI) ranging from about 200 to abOUUSBINAT557
(400 to 700F), such as from about 260 to about 315C
(500 to 600F). At this tenperature, a |arge anount of
hydr ocar bon condensati on occurs on the outside of the
cool i ng tubes but not in the drum cross-sectional area
bet ween the tubes, producing-8-partial condenser
effect. The tube may be of any size sufficient to
| Mogz1) the rBMpesition, theabndepsdrhebe/gpiallphasan outside tube metal
Typically, the tube has a dianeter of about 10 cm

4
i ngmpéteture (VMER etngifg fpmuabont 30Q 1ealaseBy0d; &}P&t@r'/,ogf e such

¢ g dvuave M ST o RAED 02 8 llberfe g taree
N@{nd&%ﬁ %?Elg@%%%bﬂ%@ﬁdengﬁidn%ccﬁlﬁe% YRt Slitsitls olf e E6bling tubes

thro t enser at a rate of about 450 to about
13u000t kil dfund ctass-3€ctiohkl/ dred batwegnttbevelreat producing a partial
rangi ng from about 100 tq about 260%6{_212 to. 50001}31) ..
amgndenseestente Margbngay srRlA 2SSl ILIgoPatt7hg geauisite
kPag (50 to 25 L) 0 j ' t .
T e PR 2 TRk b SRl bl 4 i)

f Irsh saRrar &t Akt ¥as @B fedthdbnidia, denctaidseser ihsat duty typically
typically substantially planar and configured so it

camanges fhamiabont &6 yo gbanit®ed M Whiswch #elro@sahout 0jlntoggheut 0.3

enbodi pent, the..tube.present in the c (o
MR oL oY O P aeliarh RSy LRI ihondenser st a
SeGtel B of 850l R0aHEN 3 866 kb ARS1 RE YD KMW/RE) atdattBmBerature ranging
straight inlet section and termnating in a straight

Ot dre tabsetct(0an .abGaIG0RG (2EHiouTA0RR) el 4 prespwé eangirgafiom about
t he vapor phase tenper atztgqg i s .introduced via the

i A58tto abewti Ig0RARag 514 02 84818 xchange with the vapor,

h cool i . ! . 9 thel ipePHELiBh of the
sj@{)ﬁgn [ Oolggﬁ H%%%hlgiﬁlmgﬁé@é %ﬁﬂ%ﬁeﬁ?&ﬂ#ﬂﬁg clgﬁpde%éer

C GTRh/sEREations uksélamtivsathk ycoat¢meg e tyipidadly smbstautrllyaplang and
with an inlet manifold substantiall é per pendi cul ali t?

t trenfgwsilgb it rfast be diorizen@tly t ROUBEHs AR dpg yvessel.  In one

paral l.el cogl| t ub upst ] | g 5mbAsed of
225 hefic B M RER PLBSLAPLILLY, PAIRDL M eonbics o
S%hﬁﬂhg ArhiYhPREAGRGNAUIZP bemd SetdosObeRiiisAithG stafdht inlet
an outl et manifold, and a substantially ) ) L
section and terminating in a straight outlet section. ~ Cooling medium which is
cooler than the vapor phase temperature is introduced via the inlet section and,
after heat exchange with the vapor, heated cooling medium is withdrawn through
the outlet section.
[0029] In another embodiment, the condenser comprises a substantially
straight inlet communicating with an inlet manifold substantially perpendicular to
the straight inlet, at least two substantially parallel cooling tubes substantially
perpendicular to and communicating with the inlet manifold and substantially

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

straight outlet perpendicular to and communicating with the outlet manifold.



straight outlet perpendicular to and comruni cating

with the outlet manifold.[0030] In one enbodi nent, the
waekacEiar ea of the tube is enhanced by proviBECTYS2005/017557

ext ended surfaces along the tube, e.g., by attaching

fins to the tube along its length. Typically, the tube

conprises at |east about 2 fin/cmof tube length (5

fins/inch of tube length) and the fins range from

about 5A to about 21A cm (1A t-1 in) in height and

about 0.05 to about 0.4 cm (0.02 to 0.151in) in

tgbm]ess, SRY oneABabbdizheat th8Auifide irsa béitghtubend abented by
1A cm(0.05 in) in thickness. [0031] In still another
enbovidingnextended sunfacesemongyibel tile, el By dashieg fins to the tube

conprises a substantially concent.ricall j r

© st R Taanys PEaboAST Bl sclr BoRtcE AR of tbe
e. inchSfR@RS joB MiRim Abdue s dbBut 2%
stlgna%hxghggéns?g?ft hr ogg th)tﬁﬁrgy%gtﬁg?%dgbe. Typi cal vy, ?he o
i eto 1 1)én heighwvardi boat 6105 taabout@.4 et 8B dei0.12 in) inghickness,

bout 10 1to 4. t tube. h

arteatont § A7ris) T BrEBsBO 0N RO b PdHeRReT o 6

' ay, t ' b [ t

(3 PRI Bl B R oAl AR 2 s

CBobtbrisBd a suBéidmiallyncareéntdibalynplaceihoet et witlinsal owter tube,
passi've liquid/vapor contacting surfaces is positjoned .
bemleatin cohkng bawidnees Walrs iipassed éhrppghs e duiea the while steam is

\s/ Sﬁi‘g%e%‘gu%hgﬁ% :Qé(‘ff g‘é%e L};}g}fgcéq}’? gli?ed {ﬁé\%}p g{be gﬁlg ggcﬁgljngt%r ranging
arg.af Qﬁgléts%:/p% ARt 80 L (P96 RSN HnAUh&bhtyr fuBe hikea didBRter ranging

The sheds have an inverted V cross-section which
seforaabow Ttoabout §50erh @2 to6 mddsayr teittes teherlfag @aliameter of about

downwar d of f the sheds for contactin th the vapor

DFGTE (BAn)R TR PO R IBBE B 0Rh A0 St (43P

| i auiksl/ vapor ' d e . icS8tact]
D e L S S5 3R A OB S
s uhistaait isgldsitiopad akhelth tige esrdichenewithint the flashsepargwnovessel.

sheds. Qther suitable |iquid/ vapor cont acti,lag urftglﬁcszes
i riEymierlyCh isetsefiiquid/vangs ¢OBaRERe SHrECE(s) KtRe @ Ristrow of

ki ng. [L003 | ti t di ;
SSRGS St el g, dsehtisuRg, e dTpeG LT Shed® have an
CORy ARl Voot R668 WiAcIERORBE & dadidlaiaat famedf fréthethe surface

vapor phase. [0034] The m xture streamis typical lOilﬁ .
i ntavodured ot thetsheds foasiontactiag atithothe weperaphash pb Ryncodigetion as

: nrh@!cg{onggr;ll hggsets (i)fdl?qu?cfl/v.talgoer cfoln?a%glllg S arc%g icé)nnfu\llt%grs ceclmprﬂ%eat least
one additional row of sheds positioned substantially parallel to and beneath the
first row of sheds. Other suitable liquid/vapor contacting surfaces include Glitsch
Grid and other distillation tower wide open packing.

[0033] In still another embodiment, a second condenser is located beneath
the liquid/vapor contacting surfaces to enhance condensation of the vapor phase.

[0034] The mixture stream is typically introduced to the flash/separation
vessel through an inlet in the side of the flash/separation vessel. The inlet can be

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



substantially perpendicular to the vessel wall, or

nor e advant ageously, angled so- | i as to be at | east
w@2005i18d7h8/ t angential to the vessel wall in orBEr/US®05/017557

effect swirling of the m xture streamfeed within the

vessel . [0035] The process of the present invention is

typically operated so that the condensing step

provi des a vapor phase reduced in coke precursor

content by at |east about 50%llsay at |east about 80%

relative to a conparabl e vapor phase produced in the

absefclke aff leash patioHy eamgenigpl 1§ 0E368sseweatichionderttheffect swirling of

effluent | eaving the pyrolysis furnace may be carried

oufhedg}xﬁ‘éreétrﬁrﬁ%%qde‘?”ﬂﬁg#ée %%?éfﬁanger, wherein the

a of th [ ' | t: r: :
f ggggs!)ck i ser\l/lfgr# g%s%nr?}(ggec reg%rﬁég&v%ﬁ%sﬁ 1%?}?4%1 ‘2&2 t0p§ﬁaeted so tha

s ettrcdondenydey stbp PEpvidies ANRIper phdsetrbduchd O esice preb@sdd dontent by
can be a_hydrocarbon or water, preferably water.
[ oa3tepst|ahorippi say atheast pbaus P0Porclativretohy dewpatiablsrvapor phase

ol ROy AP e Bab Eeefilte T U gas i noa firat

COP)(BG} ion S@ﬁfeh&ﬁn% URE BDEtOfealing MYr PIrbHish FMNARC Shay be
before mxing with the fluid. Preferably, the

t eopeedbut esing a traesferylthreorahger, fveledsin sekamsurftraditheafuoidtmixed
150C t bout 260 300F.to 50Q0F) before mi xing with

¢ withy g 3?3109@§81]1 ?eﬁﬁémﬁlf AT PESHFRES WIHEAL Jest one selected
he : Walell Wi . ' fi

colbEa phiafielF T OB ARL,, TTHP A0 2pBRR 4 ByfhopkbSh or water,
bepreeeribigstmst. Preferably, the first convection

section is arranged to add the fluid, and optionally,
pr (09871, di | uln epplyingatis Bweniian thadydwcybor Hagdsinsktqogtpining
such. that the hydroca n, f eedst ock can be h d .

per o ok R B RO B bR e TPuEr W R g n 0

CagorRBctiol deB8sn hdabask HedheperddpingiridcasbRee mixAs8 Niththe fluid.

tenperature of the flue gas entering the first
c obregreblpnths demperaturaipbthiganidroosrhparfeedstdoyt ik dwsn ebart 150°C to

ookt ARG PR R AR LR gD oo

ﬁg’%g@:i | andTRE efi®fAb bifedn? $9ayt HRR ROYAtedS Hdirect contact with
flue gas in a first convection section of the pyrolysis furnace before being flashed.
Preferably, the first convection section is arranged to add the fluid, and optionally,
primary dilution steam, between passes of that section such that the hydrocarbon
feedstock can be heated before mixing with the fluid and the mixture stream can
be further heated before being flashed.
[0039] The temperature of the flue gas entering the first convection section
tube bank is generally less than about 815°C (1500°F), for example less than about
700°C (1300°F), such as less than about 620°C (1150°F), and preferably less than
about 540°C (1000°F).
[0040] Dilution steam may be added at any point in the process; for
example, it may be added to the hydrocarbon feedstock containing resid before or

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



[0040] Dilution steam nmay be added at any point in the

process; for exanple, it may be added to the
whyasocaidHon feedstock containing resid bef or epOr/usfon®017557

heating, to the m xture stream and/or to the vapor

phase. Any dilution steanstream may conprise sour or

process steam Any dilution steam stream may be heat ed

or superheated in a convection section tube bank

| ocat ed anywhere within the cldwection section of the

f ur nace, preferably in the first or second tube bank.

[ Q44 hbe ?hw Sous tok @adBehRYtedIs. Anyadidnion3ddn strednoutay be

5400C ( 6000F 0 10000F) before the flash in the

f |msﬂeﬂsr,wapahemd es s@nvecta@m sqehien fikeshanisrlacaierd @Wr%wlthln

about 275 .to ahout .1375 kPa

Fébe %ﬁ‘i?ﬁtl?%ecflf“é%t 253 atefoab Rl 3] §lsseand tape bank
mj ?{Plj in the, ﬁre%%%m b@GCiBIuO B8 S aRAK BHOTC (600°F to
suc S a centr gal separator may be used to renove

t r@oe° BBttt shofladhi iguhaflishiseparagon agmsel, pihthe. flaghgressure may
vapor phase may be heated abagve the %I sh t eﬁrgﬁr%%e 98
béfecﬁb@ub%?%fq ahput ha75 kA @Rito LB msie  Sellewimertlyy Ha to 98%
2%6}%‘)’;% tﬁ;ﬁe’ ss“tie%rgng;p%? B !in t‘h%% 8r @ﬁgyt Aﬁoaﬁgﬁo(aglos%pgﬁtor such as

I'n a convectlion

Sea%én%”fdgﬁb%pﬁﬂﬂfr mBy @é ersaptcy rehﬂtﬁ'ettbtb:e dpetsheBli@sd from the
he radi ant Section of the furnace. [0042] Unl ess

otdapom\p]s&sestTélee@pomphascp aray st hegted, ab,gg@ the flashitprygerature before

?teqci:lgﬁ‘,rg),gc ef lgntcsg #gtlhgf’(sxa)g{;reg ?ﬁarr?pﬁ ce}trodxq 'about 425 to about
c m%’ﬁg@% BP0RBNaRls HYtihd ﬁﬁﬂl focaﬁﬁn WRbhveoh Bec‘uon tube bank,
i |

th’ ot her conpounds or conponents, such
aspréfiexdbly € tobe baniprarststhe fCii3edtiontofi gre, fupaen an
anmount, concentration, or other val ue or parangter

gil084las a | Velesppthappss sigreds 8 D51 gF % BT S IP%V%% are by
glroxg%g ?glﬁ?l\é% Ui w1tsg's%atéfl 3 QeREendBAsT 31 RRFH0ARd or component

a dP el ST i ranges formed from any

Pahélu@és B ¢RRRun r(ﬁfc@hfmdemaiw asalf)chsawtlbaein pomberatien with
val ue, regardl ess whether ranges are separately
di csherra@e@oupwqorrn@nwwuﬁleaSemmurﬁé AL GanRAynde

CO ents, I esi are_th 2%t t he
ar bon Igggﬁ wi¥ ha aﬂqoﬁ ‘ﬁc%ﬁpatﬂq & other value or

offinar I'ng poi nt

gémé%og divehlfQ0ksk 0P8 ﬁ@@?éférﬁﬂleméh&gﬁhﬁ [bv@éﬁﬁef@ﬁblkrvalues

87. Thi's invention works very wel|l with
nothrswe kabe ederbiavd ng specifisally disclpsing algrapgesnformaed{rem any pair

abc%uatn u%%g)}%e :}’r%(c)lqgﬁ)e'and a lower preferred value, regardless whether ranges

are separately disclosed.

[0044] As used herein, non-volatile components, or resids, are the fraction
of the hydrocarbbn feed with a nominal boiling point above about 590°C (1100°F)
as measured by ASTM D-6352-98 or D-2887. This invention works very well
with non-volatiles having a nominal boiling point above about 760°C (1400°F).
The boiling point distribution of the hydrocarbon feed is measured by Gas
Chromatograph Distillation (GCD) by ASTM D-6352-98 or D-2887 extended by
extrapolation for materials boiling above 700°C (1292°F). Non-volatiles include

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



The boiling point distribution of the hydrocarbon feed

is nmeasured by Gas Chromatograph Distillation (GCD) by
WASDMID76852- 98 or D- 2887 extended by extrapol BT/082008017557

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

i ncl ude coke precursors, which are | arge, condensabl e

nol ecul es that condense in thevapor and then form coke

under the operating conditions encountered in the

present process of the inventidn. [0045] The

hydr ocar bon feedstock can conprise a | arge portion,

SUEoASINAPOEA 8rrh CcoRb QiHded &6 oFéraﬁ@-c\bﬁcﬂi&bhd encountered in the

conmponents. Such feedstock could conprise, by way of

napredenhptdcass afteenpverionone or nore of steam cracked

gas oil and sidyes, . ga ils, heating oil, jet fue

G085, Ker 0SBe BYTBELIT Reedslogk &7 KBRS > Wik digpions stch as

Cr%%lﬁ{ﬂ(b Qélpgj}oﬁﬁl@oe t &t ¥bhSBldiYe CoapbashtiaphtdA feedstock could

hydrocrackate, refdrmate, raffmate reformate,

Fi @gkieiseTbppag bt hoelindtng Etsnies, ofic opswhe ghsiemn cracked gas oil

natural gasoline, distillate, virgin naphtha,

atandspsisisiies, gaspeds.i haatipgtaibnist fyelc difiselikseeseng,| gasoline, coker

stre i ncludin ot t , M i) r

TR SRR PR P, b0l IR IRt
St&Bitd AMraff tIMmRS, FNasyI@RE Dilids, MeeyTedsch gases,
oi I, naphtha contam nated with crude, atnospheric

r asitttakgasobineydistdied vigginyephtiea apeasphersd pipsstidiueottoms, vacuum
adm xtures, hydr n/resi due adm xtures, C4's/residue .
ad?%P%‘tﬁr ég?a‘ﬁ%ﬂﬂ‘ﬁﬁ‘ipg RS a%f’rﬁyxﬁi’#l@%, f398% Siphfi' 'Gas o
Ol ddnli€mda eh‘?‘gggﬁl%‘%?% ggﬂ‘xgc%Hg%rQ&r{qs o0 ABhert &€ vacuum gas

'l 4
hydr ocar boh ave a nom nal end boiling
podint hedvyagas! cdia sbplaho oent&hEAEJ(GHD Bjudegammsplidric residue, heavy
greater than about 5100C (950QF), typicall reater . .
t hgsidag o dtydamathon( 2as/tssEiny | afiXteses iy FO%P’E%&‘ taqgyixtures,

? 2@&2‘&%@%%dl(r&’ﬁ&%@:‘)l%h%l‘?ﬁeggﬁg 8?%11%{111%, g&%i%%ﬁﬂle admixtures,

S "are gener ur waxy resi dues,
at JRSi® i€ resi dues, naphthas contam nated with
crude, various residue adm xtures, and crude oil s,

[ 000%3¢] The hEhe hydjoesrbamisedsjerkreahByna pewdw sk boiling point of

containing resjd.c take an orm._kno b oOf o
przii! %ﬁf‘ya | fiﬁqﬁ ?@é} Eﬁftge Wev e eés&%%e%%ﬁ‘ﬂ%?(?l(,%o B,
It ?&aﬂ’ﬂ; &ftérethah Nout BOOMERL 1 IIFY; OfFR T dxGRpld, NEédi@Cthan about
cox act” of the hydrocarbon
760°C (1400°F). The economically preferred feedstocks are generally low sulfur
waxy residues, atmospheric residues, naphthas contaminated with crude, various
residue admixtures, and crude oils.
[0047] The heating of the hydrocarbon feedstock containing resid can take
any form known by those of ordinary skill in the art. However, as seen in FIG.1,
it is preferred that the heating comprises indirect contact of the hydrocarbon
feedstock 40 in the upper (farthest from the radiant section) convection section
tube bank 2 of the furnace 1 with hot flue gases from the radiant section of the
furnace. This can be accomplished, by way of non-limiting example, by passing

the hydrocarbon feedstock through a bank of heat exchange tubes 2 located within

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



feedstock 40 in the upper (farthest fromthe radi ant

section) convection section tube bank 2 of the furnace
wamsniB7mot fl ue gases fromthe radi ant secti oPCDUS100&017557

furnace. This can be acconplished, by way of

non-limting exanple, by passing the hydrocarbon

feedst ock through a bank of heat exchange tubes 2

| ocated within the convection section 3 of the furnace

1. The heated hydrocarbon feetstocktypically has a

tenperature between about 150 and about 260C (300 to

5099#&&@%9 t@fp&sliresawabioubok 68 0and ber26@80G0032500°F),

for exanple, between about 170 and about
2200k af Bdmfebn) aU@BRP0 ah@oud] 2FALC (Patted A e sriyople, between

f eedst ock di | ut t d,
o&%oihﬁfq i abont 4 a0 SAITEL & hyar ocarbon
ot @ﬁﬁﬁr ably ﬁ"héqyéﬁecpz‘lgdrgpé édé’toylg?e‘e)ﬁﬂxed"‘@ftﬁrpnmary dilution

am- or a m xture ereo e preferred fluid

Wedteim afdsepticaallef a tived fihaiti dn dna Ihgdioomvbpn &pmfierably liquid but
boi l er feed water. The tenperature of the fluid can be
be¢r¢wnaléyq uanor}, gvatesy StadiBye & IEXiyTe ﬁrb%@%ft ure nspfeprpe tluid is water.

heated fe 49] The m heﬁ&

y/g o or: ( l?gﬂﬁef gg{ﬂis‘f%‘ol&e ]g’&vdplieﬁsur? fg%dnwégecur | ﬁ[gmgerature of
Or QWi &8 BeR1RY, @liStb Sorf AboDAaR témpé}hmlrdoéfah@ hadiby foelistock.
occurs outside the furnace. The m xing can be

acjoo4ayy i shedThrsmmgngmyf the éateg] htelw@ebdmfﬁwl\stwh mdﬁhﬁ rﬂeud can
art. For, exanp 0ssi bl e to use. a

o e oo s B L 1 RSB s o
m

R e
up@e artnt F@dmirllﬂtﬂ 10ﬁs bbsiti¢ t dsd atfostt dperdeedt @fla double sparger

hydr ocar bon feedstock. [0050] Thed{)r esent, i nventi gn
tyfpﬁf@mbll}’)ﬂ {nsetbe siviag sThee’fEiliﬂ; SPARESF ot FBLRVYIA OF depiee (hggmering,

SRR RRERE VRO O TR AEbARR I 6L BRI into the
detatdiaf dkhMon fedistyeRr! her enbodi nent, a secondary

dilution steam stream 18 can be heated in the ) )
coj08@lt i on sBlg prosend aientise typigalll Uspiestpia SEERTRY 3t YATOUS parts

steam before the flash e source_of t secan

di q’faﬁedﬂo%etséa K}“%@%PT‘E% S AR gf@%’?n%g hrgf}( eﬁ With the

bel’raeréFI Hg B@rfj fedRidcRNA! ¥taildd) bRlo%R NVIBC hidiRerS 86bodhent, a

olysis furnace. Either or both of the

prseam@mpdﬂumnaamrmednl 18 canbes hemer 5t thearvmveation section and

conpri se_ sour
g?xed with the heated mixture steam before the flash. The source of the
secondary dilution steam may be primary dilution steam that has been
superheated, optionally, in a convection section of the pyrolysis furnace. Either or
both of the primary and secondary dilution steam streams may comprise sour or
process steam. Superheating the sour or process dilution steam minimizes the risk
of corrosion, which could result from condensation of sour or process steam.
[0051] In one embodiment of the present invention, in addition to the fluid
mixed with the heated feedstock, the primary dilution steam 17 is also mixed with

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

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



process steam Superheating the sour or process

dilution steam m nim zes the risk of corrosion, which
w@ouwsdiyesul t from condensati on of sour or proRPE€BEES2005/017557

steam [0051] In one enbodi nent of the present

invention, in addition to the fluid mxed with the

heat ed feedstock, the primary dilution steam 17 is

al so mixed with the feedstock. The primary dilution

st eam stream can be preferabt¥Stnjected into a second

sparger 8. It is preferred that the primary dilution

st @eomthet iyelacoatteoni fhjid ehitlire befotdhthe gl toggastbeam folixtugk optionally

m xture before the resulting stream m xture optionally

eneriers the sorvster seciensit ctli BR additipnalhyating dvt e gps, generally

panth RS ik AGIE Hae Bl OFRARRE heBfirocarbon

een used tor atrn
hyge@gadbon feedstock. [0052] The primary dil ution
steam can have a tenperature greater, |ower, or about
t h®0§2e as hjdpowanbditutiaedeany ckn hive @ tamperaipke, groater, lower,
preferably the tenperature i.s .greater.than that of .t
i Ot et e Sap\ASohYBogsban Zgersiogs s Jeiflge, but ettty the
f fid BicthePinah Uh&-of TREmRLLITBINY Wb BRHialG Iporize th
rraetsglétg&glﬁ%éér ggtteg}clﬁge?oroe ik;)léeefnng I nj ect eo? in?o 1t hg Bporize the
s efeedsokpfuid anix8ire [ Qs HrinTdre difukidnseast megprbecmpprhiesid hefore
t he heated hydrocarbon feedstock, the fluid, and the
prbeieg ipiesiadniothe se@amsBYBed | eavi ng t he second

sp r 8.is I: I e . N td
SCBPREh of ' ¢ RECRURER e BB S ek AR RANEE feBlbock.
Thge TRA,| 3@ 168 PridQurREH0Ph kRhRGstreb M8Yin®fthe second sparger 8 is
non-limting exanple, by passing the m xture stream

t hoieghllnherderkagsin inethe cenvdeting sectigh@d the: pyaelsisdumaehy hefore
th i tiqn, N t .of the .first

o6 SBEF omns R TP ar S BaHRINEe: n BaY of RapdimSiint ERiraple, by
?ﬁg&?gg BYe hBRulQtredih WG0085 a bR ARG &RALRIY tuB&CS I0RAte@Hvithin

nace. The thus-heated m xture stream | eaves the
c othe ectveotions ssxtivoyusasllpasnpart of the $irsteanvec@ion gection tube bank, of
optignally be further mxed with an additional steam
stth@afﬁmaf@escﬁ}h@phqatﬁ#aw E)ee b 65 gy thg PAdigpigipetion of the
st tr HARdORy Ives 1At LofvddiRasecti
st@gﬁcg’t rzﬁ@% lga%%ghﬁllngtu{ﬁt %{?n\?mnﬁwvte% hg hf/) \r]oclar bsgﬁ lon as a

m petxiire sk@arh @R a6 eptidiallf lbathrtirr dnigedyithaa adtigidnalsteaanstream.
21 whi ch bypasses the flash of the hydrocarbon m xture
an@054] i nst e@ational¥dihgi sepondaey didgin Heras stregm kSt ¢@ be further

A s%?ltc]into a flash steam stream 19 which is mixed with the hydrocarbon mixture 12
before the flash and a bypass steam stream 21 which bypasses the flash of the
hydrocarbon mixture and is instead mixed with the vapor phase from the flash
before the vapor phase is cracked in the radiant section of the furnace. The present
invention can operate with all secondary dilution steam 18 used as flash steam 19
with no bypass steam 21. Alternatively, the present invention can be operated
with secondary dilution steam 18 directed to bypass steam 21 with no flash steam
19. In a preferred embodiment in accordance with the present invention, the ratio
of the flash steam stream 19 to bypass steam stream 21 should preferably be 1:20

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



bef ore the vapor phase is cracked in the radiant

section of the furnace. The present invention can
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flash steam 19 with no bypass steam 21. Alternatively,

the present invention can be operated with secondary

dilution steam 18 directed to bypass steam 21 with no
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accordance with the present ihvention, the ratio of

the flash steam stream 19 to bypass steam stream 21

shaided witle tier Bhirycab®nlmB@ure Gtr2dn 112 wofstm pr B4shrsaiehy 200, 2vhich

to 2:1 . In this enbodinment, the flash steam 19
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superheated in a superheater section 16 in the furnace

c Chiveaddition beflerfash ptdatt stragmah® torithe mglrogarpnt méxture stream 12
hydrocarbon m xture. The addition of the flash stea

staidatheIarPEZatie fyers valeblncampansps dihe RS G5y the flash
tmhsxlie\e{l%pfq)é ak ltf?en%aggffsﬁgag%coy %s@él'i e conponents of the

ure before t stream 20 enters the

f | [@ebs[separ aThe myaaeakrebm 120050¢ fTAktestroant 20' B thér maoddced for
or the flash stream 20 is then introduced for .
f | fhashingg, eithex érecthi e cthropebra ttprgsalpl Mletaligeiminagy swirl), to a

inle to i.npart swirl), ~tq,a flash ' .
e 0P Bt by B3R ] Gharation o oo
SERALAL L QRPHINDIRsE YWonPHASE PredBm¥aRal VRNAREhERORIrbGisn@d steam
predom nan{)l y vol atile hydrocarbons and steam and a

Ihiagmli al lmbmérk @hmhmhwisitgg preddurinandlyt n?n—wdnﬁﬂedlyalmqaéogns. The
ydr ocay bons. e vapor se is prefera remove

f rYAROT RBASE|1S BYH S ARX T orE0BE e 5@5}5{?@8@2 hisste] g g o verhead
Zt\gag)%ph'}gém 1¥er¥an orgvggs;e,e Bre?érﬁf)lgf ALY badiStof £bRa&ont Retion

nvection section ank 23 of the furnace,
priabe baiit 23 lofclad Agnare aprefiratilh docatai araress gt ladianbfectine of the

furnace, for optional heating and through_cro sovg,r .
pi foeaceAfor eptienal hepdingand Jwendly ﬁr06¥0VFhEIP6§/F%F<§/§He§ adiant section
furnace for .cr ] The | | qui f :
RN B TR O B0 B S0 h s

VEe§Rah i9 réfordTRirh ¥E18h/seRAatdr veds€1Fods]a Bdttohs stream 27.
preferred to maintain a predeterm ned constant ratio

of [005@lor t o Itilgpiaferiad tohmaintas lp/psedsigraxiend ¢aasiasl ratio of vapor
o4 A T BB SRR YAyt oo
bef2t:81.t N8s an alternative, temperature of the mixture stream 12 before the
flash/separator vessel 5 can be used as an indirect parameter to measure, control,
and maintain an approximately constant vapor-to-liquid ratio in the flash/separator
vessel 5. Ideally, when the mixture stream temperature is higher, more
hydrocarbons will be vaporized and become available, as a vapor phase, for
cracking. However, when the mixture stream temperature is too high, more heavy
hydrocarbons will be present in the vapor phase and carried over to the convection
furnace tubes, eventually coking the tubes. If the mixture stream 12 temperature

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



fl ash/ separator vessel 5 can be used as an indirect

paraneter to neasure, control, and nmaintain an
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fl ash/ separator vessel 5. Ideally, when the mxture

stream tenperature is higher, nore hydrocarbons wl |

be vaporized and becone avail able, as a vapor phase,

for cracking. However, when the m xture stream

tenperature is too high, norelheavy hydrocarbons wl |

be present in the vapor phase and carried over to the
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If the m xture stream 12 tenperature is too | ow,

r esablebladoi erackingw rati o of vapor to Iqu|d in the
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tenperature Is optimzed to nmaxim ze

r eqskviy b the fanacatibesoraioking iatpipies and vedsels fcemdyingcthe mixture
whi | e avoi di ng excessive coking in_the furlg t ubes
he

orfr@@kthﬁ élaish/siﬁaﬁﬁtﬁrg"%ﬁﬁ%l i9clhe éP’%la%Hv‘éi‘/l ) b presswge drop

fromt asf/ 58
| EH:éos]s_gﬁe RS o S@};l%tggﬁ ?né Bsta krggglféé; gd; elo@vgf’ k&nvection
Pi Rifigh 23 £RANUE K¥id3sbveh Elpﬁﬂqu re@dtthe tehgpekuR@Irise across the lower
convecti on section 23, the crossover piping

and)mvhcﬁldnewp‘emafla mesyr besmonitpisd g0 wtect thﬂmm%tocrf\ﬁ@mgomoblems

SRt PR 10, 1L U 0. e v
Pr &3S U OnAREH A 9F 888nd 1) BEreRLBpINE dhidtol RRilgd RS temperature in

convection sectloné% begins to increase rapldly due
t othe dkdshgepdriter tvessple S adndr thei mixtine ftteaghA2 espawldt gy reduced.  If

vessel 5 and the m xture stream.12 ﬁhoul d bhe r(gdﬁcgd.
IfCQl%ﬂé PRPUETLING 19 WeT; Goa Ve IRRY SCERR, 4% Fenpesainge; Prihe flyg gas to

ggglé%trﬁéa?erq% 1L&gaseg l‘fg(illgﬂg%hﬂ)ré E«ﬁse g%@ét&e\%t@f 26-6ia valve 25.

requir super ter water Vi a

Vaﬂ0ﬁ58]25 [ 0@5(8]56:73&301‘45 edfedlid anixafret Steeam Xi2u ltﬁnlsd:ratamms also
12 tenperature is also determ ned by the con&by t]

of dett¢rminesebls s Rommsetrqnapéthevﬁé@ﬁf@qkem@@a@t obien the feedstock

BB b e AP BPL oL BB RERERADE i o

Assiaine P Ichn behRt dReNt ASfa fels&llt dihy s@ebunt of HRid k&l in the first
sparger 4 woul d be increased and/ or the anount of

prdpazgey 4dvduld be mestasehandenithi ranlohet efrimaty shiatige stegm used in

}Aﬁtgle CsleconddS}e)grrggra § evsfjou?é ge eérgaGSSe since lﬁ%s% a(rjr;orug&t(ilyec lymi)mpact the
temperature of the mixture stream 12. When the feedstock contains a higher
amount of non-volatile hydrocarbons, the temperature of the mixture stream 12
should be set higher. As a result, the amount of fluid used in the first sparger 4
would be decreased while the amount of primary dilution steam used in the second
sparger 8 would be increased. By carefully selecting a mixture stream
temperature, the present invention can find applications with a wide variety of
feedstock materials.
[0059] Typically, the temperature of the mixture stream 12 can be set and
controlled at between about 315 and about 540°C (600 and 1000°F), such as
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shoul d be set higher. As a result, the amount of fluid

used in the first sparger 4 would be decreased while

the anmount of primary dilution steamused in the

second sparger 8 would be increased. By carefully

selecting a m xture stream t<lfperature, the present

invention can find applications with a wide variety of

f aReSERCHo RS BT ardd Soul HUBE] (709 phd 850°F), fohexdnepipdreatesnebout
of the m xture stream 12 can be set and controll ed at

betOfeme atioutitH8e°G (Hifdandh U Fh A0SO enOTPwrRn ABBOERY) and about

oHGRs AT B PR pihve JARh T crEnes vty i, P gption of
2;@%@%%8%2%%%&‘08@ aldeadhsbween about 430 and about

89Q0F). These values will change with
t Heosgncent r@srsiderafons dh detbineininigrthe feenffeetuistioclkdathe desire to
di scussed above. [0060] Consjderations in_determnin

¢ Hoaintaima diquift Bhash ép peskice flee Gkedipad Ob Colfe fArEparon,on exchanger

li i d phase t i kel i hood of coke
f&ﬂﬁ%WF@%a’gﬁmé@%ﬂg%g%&%{l}gé walls and in the

f l[@eér)separ atiy terhffidde Shenikarpestimr €2 afhnnbe cofiteolled by a
stream 12 can be controlled by a control system?7

whioatrok syspemi Jewhizh dogmpsisenat lsagicr EMPEEATEE FEBFOr g Apyyknown

known control device, such as a.c ut gr_-application
PreopBPhBEYice:t fiE @?rﬂe?%ﬁ‘ﬁ‘:&g §Bﬁl Cgﬁgg'ar retﬂﬁrgﬁl ng%‘eu Py aRerature
T%@n&%@%ﬁ:"iheﬁ}f@éo@l ek, COREBAH ALY Ste 1 Rombifinidaedsdwita e fluid
14 and the primary dilution steamvalve 15 so that the
anaivd 140hnd the frimarg dilution seapr vabes ¥5 do ithat itemampeairaf the fluid

entering the two spargers can be control | edl.P {q%gﬁﬂ I n
oraandrthe primanyHiRition SicaBrRITSIE the RpePRAFERTE 4T faprofied.
?A?Qﬁ]e str g%ﬁr&é A& tcBthz!uﬁ%%]-n?ér%@ fo? B hixture stream

ng th ash/ separat or vesse 0 achieve a

COMShaihg tithifiashktewMOIY arfdoertéring tile iflash/keparator vessel to achieve a
flash/ separator vessel 5, and to avoid subst apt i al )
t evopelenit thtie efhdaparaohliqup on- he-fashigeraratgs jvessel S, and to avoid

variations, the present i.nventiaon. r Lol '
b P P R PR S P s
t hgvddiRaReRay & B80S S®hed 4 Serffdratufd ®orodtmiture stream 12
system 7 automatically )
before the flash/separator vessel 5 is set, the control system 7 automatically
controls the fluid valve 14 and primary dilution steam valve 15 on the two
spargers. When the control system 7 detects a drop of temperature of the mixture
stream, it will cause the fluid valve 14 to reduce the injection of the fluid into the
first sparger 4. If the temperature of the mixture stream starts to rise, the fluid
valve will be opened wider to increase the injection of the fluid into the first
sparger 4. In one possible embodiment, the fluid latent heat of vaporization
controls mixture stream temperature.
[0063] When the primary dilution steam stream 17 is injected to the

second sparger 8, the temperature control system 7 can also be used to control the

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



controls the fluid valve 14 and primary dilution steam
valve 15 on the two spargers. Wen the control system

wQ2ebetierts a drop of tenperature of the m xturBCEUS®ONY17557

it wll cause the fluid valve 14 to reduce the

injection of the fluid into the first sparger 4. If

the tenperature of the m xture streamstarts to rise,

the fluid valve will be opened wi der to increase the
injection of the fluid into thé-first sparger 4. In

one possi bl e enbodinent, the fluid |atent heat of

vapwednz atjeaed waht sadoad spacger8e Hiis rthet sodpessathel slearp variation of
[0063] When the primary dilution steamstream 17 is

i njerpesurcchangessiacbe fagdpar Jélrengthe cpatrelesysermt Wetects a drop of

control syst 7.can_ al so sed to C rol. the ... .

o SRR e b s Ble e 92 455, m e abe Brgan gijpgon steam
of vRIvE MBI % Rictelid BR iBfcCANP bf BRMpriMASCHBHidnOsttdif sBe&ANGo the
sparger 8. This further reduces the sharp variation of

t esgrendispargercd adglesialve kdhis cldsad Imdse. Whthe teinperatbme stits to rise,
system.7 det qcts a drop of t.ﬁ@eratm of the m xtur

st MaRRpaTy diluten Stepmsv3lte oVt ratgpRtelly dpsumosn W rediee the
o P SRR ekl el B8 Lokt WBoliE} B3kl vplve 145
vabpehed4vider. cl osed nore. |f the tenperature starts to

rise, the primary dilution steamvalve wl| ) )
aut®edl i cal | yn endsmbaginent én pecprdance ratiplienpregent invention, the

di L ution_steam streaminjected, into,the seco spar.ger

. ttied S EROET G & sk o b Oty Bscan ST P Sha e
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the control systém 7 can be used to control both the

antl®6s] of t hén fh ekainplsdntbodinagmd whereothetthad py vater.ythe controller

dilution steamstreamto, be injected into both, .
S e 0L T Wtk BYERE TG SEAD WhBREiRE constant

f1 i thuteS sthahe rtem{/;e;}gt_u 751 Qhlierm¥iffaifRg th CodiRY Hhti®fof H,0 to

water and primary dilution steamto intain a

cofestigotk nm xhelrmixsire edm tBorfentiatr urnveid Zhamphivh@ation of the flash
mai ntai ning a constant ratio of H2Q to feedstock in )

t hEMPeIAtYee the | present yinyerdiona @lsed PEHeraplyy aitiliges G dtermediate

t h Lb%g%é%?{d?&eéae%@érn%t@ \%%gln%% 'VZ%%I% QE tgltﬁé). superheating

prere an |1 nternedl a superheat er

pr&¢iich NG S£3hPEhRALET dINRIARN stéBmVind theafivBactd tThid ARews the
super heating section 16 of the secondary dilution
st swatheater putlqt jemperatureTtejbs cpnirelied atrpeconstant value, independent of

furnace load changes, coking extent changes, excess oxygen level changes, and
other variables. Normally, this desuperheater maintains the temperature of the
secondary dilution steam between about 425 and about 590°C (800 and 1100°F),
for example, between about 455 and about 540°C (850 and 1000°F), such as
between about 455 and about 510°C (850 and 950°F), and typically between about
470 and about 495°C (875 and 925°F). The desuperheater comprises the control
valve 25 and an optional water atomizer nozzle. After partial preheating, the
secondary dilution steam exits the convection section and a fine mist of water can
be added which rapidly vaporizes and reduces the temperature. The steam is

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



super heater outlet tenperature to be controlled at a

constant val ue, independent of furnace | oad changes,
w@olsnp7ext ent changes, excess oxygen | evel che@myes2005/017557

and ot her variables. Normally, this desuperheater
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st eam bet ween about 425 and about 5900C (800 and

110Q0F) for exanple, between about 455 and about 54Q0C

(850 and 1000F), such as betwen about 455 and about

5100C (850 and 9500F), and typically between about 470
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conprises the control valve 25 and an optional water

atondtwestraondle. After partial preheating, the
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seeédstutk ifhke anmpspirgans 4\wat 8radaelihg o thé presiagemingd tiemperature
can control the tenperature qof .the steam mni
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the same control nmechani sns _can_be | € t

vt By £ e o SR e f BorldT paFaeb Aok dp i Wow ope.
pr[@ﬁﬁﬂr e andit ARt GIMREARIAHABIRNS cbiart | tepératiRe Of thd thixture
fl'ash 'steam 19 can be changed to effect a chaqge in

t hgrewmp®2 -entering qthie dflashiseparator tvgesel,| ish.geaerglly adscc desirable to
oxygen . in the flue gas can also be a.control variable
al Beintaip 3 $eRFy byTioR GRPB AT BOET® PhURAS PR 30 Stder to
mal ot ak WeSsel. B
st a0 B Lo f TP REIR MO B Rpiatdr Uefsel. By vy

gestesainpleq|the cdpshitabfdodapbornipatial prasswrensinab¢ maintained by
hydrocarbon partial pressure of the flash strea

20 i.n
orkpepingconstart; Bash/seaparains vafrel Pressuse grouaihdie usg of icqiref valve

i he f | ash/ sepay. at

cosite A DR B Pt FRL Fongr i B 8o SLA0M &5y diirbon
MBi.BdsPddRad sh¥ark@@pi Nng constant flash/separator vessel
pressure through the use of control valve 36 on the

vap68lphase Tymenlly3 thenblydsgcasben patiel Rrgsitie of kg Hagy stream in

Sttﬁg rlg]retsgntr%\ggn%%g r1sb S8t and controlled at between about 25 and about 175 kPa
(4 and about 25 psia), such as between about 35 and about 100 kPa (5 and 15
psia), for example, between about 40 and about 75 kPa (6 and 11 psia).
[0069] In one embodiment, the flash is conducted in at least one
flash/separator vessel. Typically the flash is a one-stage process with or without
reflux. The flash/separator vessel 5 is normally operated at about 275 to 1400 kPa
(40 to 200 psia) pressure and its temperature is usually the same or slightly lower
than the temperature of the flash stream 20 at the flash/separation apparatus feed

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

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



feedstock in stream 20. [0068] Typically, the
hydr ocarbon partial pressure of the flash streamin
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about 25 and about 175 kPa (4 and about 25 psia), such
as between about 35 and about 100 kPa (5 and 15 psia),
for exanple, between about 40 and about 75 kPa (6 and
11 psia). [0069] In one enbodinment, the flash is
conducted in at |east one fl-adh/ separator vessel.
Typically the flash is a one-stage process with or
Wipsfaudndr @ ltensperdiuge fsl asbbsepHr at arouv 646 (@0i o 1000°F). For
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pressure of the flash can be about 700 to_ abou O&O .
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to about 4800C (750 9000F) o/ | I 0
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ag@t‘ﬁﬂlﬂoo t Ol"lﬁbﬂ)iéh/sglgagatbf’ﬂedsél@ist ndrdfly pptrajed, BNohd fpect, to
tenperature can be about 430 to about 475C (810 to

89 hize Bepentiermure roftthe ligeiddese o e dpitomeofrg vgysel because
stream 12, generally about. 50 to t .98% pf .th

%8 BT ERORAY GOFRGORPRLHdRe POvT RS 10 disopoyfldBase. Use of
S t4iRffioh O stBRRU it ke ahat Bering th
agfé%t&g%l%%o%%ohrﬁ%%| gtéh/se})%?gtor vessel 5 1is nag the
ganel/atpayatopessatlddweisnthe vepaszation terhperafurd hécawset Haeduces the

temperature of the |iquid phase at the boitom of.the .
vessial messutgsd e SyARCATORBR(-$ra§ ??fgﬁfs’é‘ofeo&?‘ﬁbmo‘?f {hﬁe"apor 15

non-val atii} | L gui Pcﬂﬁlé BE 1t lso b
seggegﬁjgaarnf/j t&l%? &é\P%r%qg (%%%wgtq rle m %gaéléf]f%tnﬁ%ra?l ash sl?erlyegrao ©
eHeRitiNG rbhiR1d 4 paribs @P diecadxtdrnyibs s@lled Nawhrsspdrhier vessel bottoms
vapori zation tenperature because it reduces the

pdrquicaB0 packsie thetlagh/separatey desschiogisha cqql the nevily|sgpagated liquid

n%lhgsef erlta‘t teib%p[or%fo tplee ﬂ\églg(s)erpaira%r vessel 5. Stream 27 can be conveyed
from the bottom of the flash/separator vessel 5 to the cooler 28 via pump 37. The
cooled stream 29 can then be split into a recycle stream 30 and export stream 22.
The temperature of the recycled stream would typically be about 260 to about
315°C (500 to 600°F), for example about 270 to about 290°C (520 to 550°F). The
amount of recycled stream can be from about 80 to about 250% of the amount of
the newly separated bottom liquid inside the flash/separator vessel, such as from
about 90 to about 225%, for example from about 100 to about 200%.

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

the liquid retention/holding time in the flash vessel. In one example embodiment,
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fl ash/ separator vessel 5 to 42¥%e cooler 28 via punp 37.

The cool ed stream 29 can then be split into a recycle

stihepgnidhaseisek fdbtged tfopa Me2kssel higrotighrpematl Wianetér thoet™ or

recycled stream woul d tyfgalscal |y be about 260 to ahout
315linder@Som the beooPf thef ashispaipipe vesseutl yprally.dhe Bewjd phase

2900C. (520 to 550F). T f
e PTiR S B8 Qb dts DRI st Gr L AL than
nea%%t GFRAbAIL duddOlsio chaPdtdt 3O f§éc‘3§d§, RBd often less than about 15

fl'ash/ separat or vessel, such as from about 90 to about

2 2506ndf 0 The xhofdrahd liquit phasetrettton/boldinguime p0ge flaglgFeparator

The flash is (%qe,ner ally al so operat e?ﬂa§i n anot her

avjsessh, the lesnPling oecurtia the briain PEREAISYPORAETCR YigSei me

[ flas .y ﬂp‘BL ehogi et

I ﬂ%ﬁ phas EWiﬁ §I§ gﬁés ch g{r?lgrfg% ?fsf%m t (g ves sgil@h%&]ghglﬁ' déocarbon

SRters HeXTRBhBEparA6OVessalrs, & peifbsien ndar perfethenpboliudsesaration

the flash/separator vessel. Typically, the liquid

phasersy stitntheovapor reinignat He dgpunring | daee theafagpdmm 7gs no

seconds, .for ex | e J.ess than about 60 seconds. suc

aheeae eSO e b Bte BndooTTHY Se g ¥ Perfect

?e?éefmoﬁgﬂ%ﬁﬁ%%laﬁ-gh§ pﬁe!a% taﬁéut%llr@epﬂnh dbind HMdasarbon vapor has a
|

olding tine in the ash/ separat or vessel,
t herhelssoiting poimt abwier0P@ (14@0°bpt Thervafor tshends about 30 seconds

fl ash/ separ at or vessel . 072]. When.the m xture of

tindne HA GRSt SO Ll SINR REPECRBUE 2, SHLE pbome of the
fl.ash/ r I : f.ec . .
RSV RS HE5F R B8 Loy o BRIg Robons,

atyabbsSwiEY P OEIix itSiée poinheatiding h fidetion bithe heavier molecules to
theoretical stages of separation, even if the

v apoderise.quiokingephihgtdondensed B@lq@&s’prp%%mg‘?ﬁv@r molecules

cal gul ati ons edi,ct t p

" 6r O LETGeRES A SBbRY PeckiesnbR e, b e AR fom he

ThReMARY oaiRanstSthabPish @Omseqonds pipirgheovhsiehbmdscenatifugal

450C (85Q0F) causing cracking and coki ng of some of,

t heparatay 38randuiressaverspipBg iy s A ceerditighh dha REse KNyRytgR dreats
1 C reactions el .o

R SRk 2% o LB 20h R b Rpsin

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

Droplets forming on the coil and fins can flow down the fin surface, improving

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



condense. Coking of the condensed nol ecul es produces

even heavi er nol ecul es and the condensed and coked
wortosad7es f oul the piping downstream from t hePCT/US2005/017557

over heads outlet of the flash drum e.g., the piping

downstream of centrifugal separator 38 and crossover

pi pi ng 24. Accordingly, the present invention treats

t he vapor phase by contacting it with condenser 104 to

effect partial condensation ©%3the vapor phase before

cracki ng occurs. [0073] In one enbodi nent, as depicted

i nA Fe&an@serpdiftink EBeledicsdliipecaibnt Ahaving ahydiing atididuin dmet 116

steamis introduced through a tangential inlet 120 via

| i anel 2@oolihe medivde pydet 1M iscwiatled dsneath jthessheds. Hydrocarbon

¢ nhed giste Sab R AFoedotld hedRp) 3¢ AtveRa it BUASP,
ﬁ@gyﬂ i nl et 1,1 08RG deAb SRALAD Gs REI A HNFI(?.L%,lﬁl@-fng‘ Snixture

fect good drop distribution across
f | asbdisiapdydicenrboa aaé kteands sntselttedrhrargha asgoviapmled20 via

to bare tubes. Droplets formng. on the coil_ and fjns
calinef PBw dbarronfenses 434 Lﬁapaecéi,lprﬂ%?pﬁdﬂgﬁ@n@%hoﬁsrﬁllg@umﬂ 132

h d ransf Lnshial 1.eg: bel
e APReRR A B By TR ¥R R RARMEL cFOhAE AR 136

114phanidy perpordibngr eahd ebinfheicatid vard ibecpahifold 134 and
medi um out'l et 118 is installed beneath the sheds.
Hysiibstestidlbn péripeudichlalr wpand edthmghicating veHeas ontgtomanéold 138,

boot. 35 preventing.coke bujldup. [0074] |n.,another .. .
e PRI Y SR 4% P b o sl Rt g wih
C L fdt g ocarbon and steamis introduced through
aq?gggengﬁgﬁ inlet 120 via line 20. The condenser 130

ca00zHnpr i selmose katbadineak, thestacdinghiubénd6é cbBPrise concentric
conmuni cating with an inlet manifold 134 an aral | el .
coupes depadd malfl Gs G tRrAn; igieraal é’éﬁep’éédﬁl%%ggr‘ﬁ%lsh Rigter 144 is
co | AR [ .

S ul%)asg %eg n%@a% R%n%%él trng% ﬁgﬂle%} g?d% t %ﬂda %g&tz%lmm%ﬁﬁhc Sé;[? M g1 4\?\& 1tS t‘Passed'

anTigy tabahgdmetit fpehditd 3Gedwdet vaerstas t avidteafibws shroagly ttie inner
outlet 140 perpendicular to and communicating with the
ouribe whitgdpwarressufeoteas) lpws dhreughithsdanpuiis. Berauscolgm prgssure

L1085, 25y AR e PRSI BSPS T PR) Mibogp of e
i, PR 7 R L BAOHTTSIW RIS cven o
the water is much colder. This colder water can absorb more heat per kg (pound)
without localized boiling occurring in the film at the tube wall effecting a lower
water rate for a given quantity of heat transfer. Boiling in the film may cause
excessive pressure drop in this water coil. Another way to attain such tube metal
temperature is to cool with high pressure/moderate temperature boiler feed water.
In one embodiment, 0.2 MW of heat can be removed via a single serpentine coil
(as shown in FIG. 2) in a 4 m (13.5 ft) diameter flash/separation drum, where the
coils are 10 cm (4 in) Nominal Pipe Size (NPS) with 2 cm (0.75 in) height fins at
0.8 fins/cm (2 fins/in). The embodiment uses 4500 kg/hr (10,000 lbs/hr) of 10,500
kPa (1500 psig) boiler feed water heated from about 150 to about 180°C (300 to

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



This arrangenent permits a reduced water rate. Water
flows through the inner pipe while | ow pressure steam
wo b@3a137% ough t he annul us. Because | ow pr essSUuPET/ES®aR017557

has a relatively | ow thermal conductivity, the tube

netal tenperature of the outside pipe can be from

about 260 to about 3150C (500 to 6000F) even though

the water is much colder. This colder water can absorb
nore heat per kg (pound) w tdmut | ocalized boiling
occurring in the filmat the tube wall effecting a

| QURE: WedoBtact @R theopip@waily pritilHaMchlizeddoiliadind flow cycling) of
transfer. Boiling in the filmmy cause excessive

prabeau240°dr GI60PT). t Miasinwan dubecwietal tomppsrature @YY i about 255°C
attai n such tuhe netal. erature i o oMM th

h|(é?|0 W &@Er@am@} dp Eféﬁ%é?taﬁfﬁ gop ool Rt e er

rlﬂg embody p01O I'pﬁ hﬁabvé}‘ﬁ@ado ?ro"n? Y eﬂ’asWs@pﬁatlon

serpe ne co ovvnln FIG 2) in a m

IPparatds)s taarBeinay cf)htaﬁh/fﬁ&e@@rrqﬂe &5 tdrdfr hydlreczﬁbmseand 30 to
COI Fs are 10 cm é4 in) Nom nal Pipe Size (NPS) w
crA500 se8mi. nThadpying endrizping ofothg vepeisplase (S neyoaadly; ‘?Fgow about

e G 5 500 A ) G ES e e
Q%Hﬁnﬂrﬁgl ﬁnﬁﬁf@&'tf‘romg@la@l@%bﬂeﬁoﬁm)s tiWdulgh an eXiheatpipe,

mterrperature l1.e., t he maxwrumterrperature of
t hehiah @ptlomalkyoamacys bhnatvlapcomte gequeriinghll sspiator |$8rtg remove trace

(PSR R IBE AR s RThoa PO OIS 1agek3S o

) Gt Mﬁtola% t 290°C
ab%%? }gg}%g@: ?’Gdl\ln ghﬁ @gbﬁg?ﬂl'ﬁh{:&k&ggﬁr ase taken gg
ov@oh end6dry Hbihlﬁg rhhga$ bt sthpaloat viscosity mardaIca&oﬁ haviag Bimilar
may contain, for exanple, 55 to 70% hydr ocarfons an

30boilingi BiEs cambe advrs Bdine Fyesearengb opflusentt Hdie 2Bt from Tine
Do e Bulen TR S s8R A POREr S RO Rbw (5 ledieotion

c%gﬂlé}p@ﬁggyurh@d@oved fromthe flash/separator vessel 5
t hrough an overhead pi pe, which optionally conveys the
vapo7ilto a cBamt mapwga:lhaseepsgm@oﬂ?: 39011%111@ vigmoyge efrom  the

a s of entra ned or _caonde [
gf?arsg}ég]aa}r%tar tVSSSS lyqﬂlé)ﬁlgﬁ {%I 1 .hﬁg" ,o;glyx\{g t%nna%é‘riower
égf@oh%ect%neﬁmoq @%@faﬂﬂ@%f abbut[425a8 bR T 05eC adtBLto about
00 to 5600F) boiling range] or other |ow
Vi B@OSF)tby thy dfue s fiom trevadignasestion bathetfoitaceig Thawgeor phase
can be added to |ine 39 as ?nch or. fl ant 'Ii)
vapdenfipgegucpd o the radiant sectio he pyroly51s urnace to be cracked.
[0078] The vapor phase stream 13 removed from the flash/separator vessel
can optionally be mixed with a bypass steam stream 21 before being introduced
into the furnace lower convection section 23.
[0079] The bypass steam stream 21 is a steam stream split from the
secondary dilution steam 18. Preferably, the secondary dilution steam is first
heated in the convection section of the pyrolysis furnace 3 before splitting and
mixing with the vapor phase stream removed from the flash separator vessel 5. In

some applications, it may be possible to superheat the bypass steam again after the

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



13 then typically flows into a manifol d that
distributes the flow to the convection section of the

WO e08ac¥E18 [ 0077] The vapor phase stream 13 conPCTIUS208%/§17557
renmoved fromthe flash/separator vessel is preferably
superheated in the pyrolysis furnace | ower convection
section 23 to a tenperature of about 425 to about
7050C (800 to about 13000F) by the flue gas fromthe
radi ant section of the furnac¥.- The vapor phase is
then introduced to the radi ant section of the
Pyhatey STRe bupenrating aftbiethe miikdof the®Ydss Freanvabaevith the vapor
phase stream 13 renoved fromthe flash/separator | o
v g stecam Gpenisoreaithay all duhthedwaviest komppygts el e sppfure in this

T R T
Zﬂi@é&ﬂd%ilatbé o?vﬁ%&agma ffrsﬁanab%e{ i35 o' BBt TIB°E]8ONERII00°F) in

ution steam 18. "Preferably, the secondary dilution
stealows donvedtionesction i28 dlie helps ke ppontige ot it raghiant section

P nog XpipntHhe dhecal reRFAD G0U OF FNFEcho 1R HETHIE i 1663 coking
separat pr_ yessel 5. SO i ' -0 .
o GRRRAE I, HRSRlenR se o The SBBGhER Ofr i indffreBRed in the

S Rhdibht se&tidn thé Peropaaofgacy. dil ution steam but before
m xing with the vaporphase. The superheating after the

ni[A080) of t HRechygsathe sowtzoHedl flaph RTtthe Miypee prwse results in
stream 13 ensures,that all, but the heavi est t .
R R S e T
vapo Tig&i@gﬁﬁﬁé),oft% ?)%s%'lb ng utiliSe haghamet li8eekdfaRger Rl guiihing
the tenperature of vapor phase from about 425 to about

7 QRO G @0 ftom IBOGEJiantnsdctien | afwbe mywolysistfuomcsecAimpng other

23 al so hel'ps_the operation in the radi ant section ceas
< hebehipadia il R HEPH CORTHBFAA Fe i 6T Gat Ry faclities

T e SRR g st

r agilaeid Beilihg poinef genbllpbetdwy sbaut B15Ca@O0°H) 088 have transfer
Because the controlled flash of the mxture stream
r dinglexchangersqugnelt systames #lessdy #1 Plgee-t he coke- and

t qr-pr.oduci ng. heavi er hydr oc ies [} e
AR ohos ookl BERE oL B 300 PSP LES i Rde e tomace
| i P@uEX GhAN 9§t’iorfa9;y KU aRek R9oledebyeidjtdtent off & afehireof suitable

radi ant seéction of the pyrolysis furnace. Anong ot her
quality quench oil.

[0082] The present invention's use of an internal partial condenser within
the flash/separation apparatus provides several benefits. The condenser cleans up
during each steam/air decoke of the drum, eliminating costly maintenance and
shutdowns. The condenser's minimal space requirements permit retrofitting of
current flash/separation apparatus. Where fouling is caused by entrainment of
resid rather than strictly vapor/liquid equilibrium, the raining droplets produced by
the condenser will also remove liquid resid in the vapor. Where a 50% reduction
is achieved in the 760°C (1400°F) or above fraction present in the vapor exiting
the flash/separation apparatus, overhead fouling is reduced or a greater

hydrocarbon vapor cut can be taken.



benefits, this wll allow nore cost-effective
retrofitting of cracking facilities initially designed

wo eoshiygmt er feeds, such as naphthas or ot her PCTUST05/017557
feedstocks with end boiling points generally bel ow
about 3150C (6000F), which have transfer line
exchanger quench systens already in place. [0081]
After being cooled in the transfer |ine exchanger, the
furnace effluent nay optionall6- be further cool ed by
injection of a streamof suitable quality quench oil
[ Q0ed] The pwasienhe prsentihoditidnuse beén describedandlillustrated by
partial condenser within the flash/separation . )
appizrarcastoppaicdes wehedimenthethoss tof. orflinary ghilbrisethe art will

cl eans, up durj ng each stea I.r _decoke of .the drum.
cIAPRIeRIAS et LB e FPERANas o NG ST disbeces Y illustrated
C?}%Q&F..S & qr Shi¥l BL4TR tl%ﬁafef fERQUHOBTEEDE $nddelsBlely to the appended
retrofitting of cufrent Tash/separatlon appar at us.

Wegtigs fforpurposes of deeseidingythetrhe sioprefitheqfreseesindentanher
than strictly vapor/liquid equilibrium the raining

dropl ets produced by the condenser will also renove
liquid resid in the vapor. Were a 50%reduction is
achieved in the 7600C (14000F) or above fraction

present in the vapor exiting the flash/separation
apparatus, overhead fouling is reduced or a greater

hydr ocar bon vapor cut can be taken.[0083] Wile the

present invention has been described and illustrated
by reference to particul ar enbodi nents, those of
ordinary skill in the art will appreciate that the

invention lends itself to variations not necessarily
illustrated herein. For this reason, then, reference
shoul d be nmade solely to the appended clains for

pur poses of determ ning the true scope of the present
i nvention. CLAIM5S What Is Clained Is: 1. A

fl ash/ separati on vessel for treating hydrocarbon
feedstock containing resid to provide a liquid phase
and a vapor phase, which conprises: (a) an inlet for
introducing to said vessel under flashing conditions a
m xture stream conprising said hydrocarbon feedstock
and steam where the m xture stream under goes an
initial flashing to formi) a



vapor phase at its dew point which contains a |esser
portion of coke precursors and ii) a liquid phase
wokishieht ai ns a greater portion of coke precPCBUSHNS/017557
(b) a partial condenser for contacting the vapor phase
within said flash/separati on vessel and at | east
partially condensing at | east sone of said | esser
portion of coke precursors, which adds to said liquid
phase, said condensing provi d2hg a vapor phase of
reduced coke precursor content; (c) a flash/separation
vegsaliM®/er head outlet for renoving the vapor phase of
reduced coke precursors content as overhead; and (d) a
flg@ﬁfééﬁbﬁéﬂf@h vessel liquid outlet for renoving

said |iquikd .phase..as bhottons. from saj .
71 ksn s B QPP eEREyRT B! 30P s BlBeagpon, fesdgiogk contaning
wher ei Ny @ £ONEEATGHIdI phadOaRlt £ehpaP PNAe Shidh b phiscR!

the flash/separation'vessel. 3. The vessel of claim1l

or 2 whé&)ei nasailedt fonoerbemgcongd vesselauitsatileshitgconditions a
tube containing a cooling nedium. 4. The vessel o

claim 3, whePEXHIESHEM BTty dEottg e a9 steam
claim4, whergi ' ' HF&;}. i | OpUI :
6. The vesse&%%%tgegﬂﬁ?g$&£ erein %g%gﬂg%gkfﬁémhidldﬂgnl)a
conpri ses waygor phasthe ity dsweloimfwldcly cqnsiaeaiasger postion of coke
wherein said condenser is substantially planar and .
hori zont al | ypresuisersdnd &) afiquidphase whigh comgaing a7greater portion of

wherein said t%P% isquntinuous and conprised of
al ternating §?1?aﬁ achutr d%ctions and 180 bend sections

begi nni iy Wk hpaatiat écdideiter 116} @bn@EGhd @Re a8fbr ﬁ)_hase within said
termnating in a straight outlet section. 9. The
vessel of cl 8ash/sepamatien eiessebaind a dneie nmetiallyopgndessing at least

et ;T ol bR A 1S FERD TR WP drork i 4dds to said
001 i ng. tubel SURRERETY (R ERRRILAL bR Al El reduced
communi cat i ngolw fdrécussur dontent;
(c) a flash/separation vessel overhead outlet for removing the vapor
phase of reduced coke precursors content as overhead; and
(d) a flash/separation vessel liquid outlet for removing said liquid

phase as bottoms from said flash/separation vessel.

2. The vessel of claim 1, wherein said condenser is located above said inlet of

the flash/separation vessel.

3. The vessel of claim 1 or 2, wherein said condenser comprises a heat-

conducting tube containing a cooling medium.
4. The vessel of claim 3, wherein said tube is metal.
5. The vessel of claim 4, wherein said cooling medium comprises liquid.

6. The vessel of claim 5, wherein said cooling medium comprises water.



inlet manifold and substantially perpendicular to and
communi cating with an outlet manifold, and a
weuwstuaTis al |y strai ght outlet perpendi cul ar tPCEOS005/017557

communi cating with said outlet manifold. 10. The
vessel of any of clainms 3 through 9, wherein said tube
has a dianeter of about 2.5 to about 10 cm( 1 to 4
in). 11. The vessel of any preceding claim wherein
sai d condenser heat duty rang®s-from at |east one of
(i) about 0.06 to about 0.60 MNand (ii) about 0.06 to
abput O0TEOw&kelfdfranecckiling Ripim] Xherthesaid seiensdr ic bubistantially
11, wherein said condenser heat duty ranges from at
| east oplenafandihpriagriely wounted about 0.3 MW and (ii)
about 0.1 to about 0.3%of furnace firi ng 13. The

sel claim6 .0r an f a

oy e DR PPN SR T ¥nCirEndh fieris ¢Balifhs iad Bmprised of
' s boi | gterhfRE VBLigHt. sebflonsl B VIBDS ehenaf seetighgmbegifin@Nwith a
cl ai m dependi ng therefrom wherein fins are attached
to sai dsttaigie ialetsegtion and temginhtingin areight oydet se¢tiast ai m
14, wherein said tube conprises at |east about 2

16! Tt sbsr of S 7t heteh e ondinsth SompdtRy i ybstantially

from abﬁgaggﬁto 1@@9%011%}{%1958 Y%t bR) idl& heAd aBgbstantially
about O to about 0.4 ¢cm (0.02 to 0.15 in) in

t hi cknepapedficuldrh® yaidsstaigift tilla)j mt 16sst wiver gibstagtially parallel

fins are of about 3Ain) in_hei and about Vs
cm (0. 0Baling tvaStSHbﬂkwilg pemendrpﬁéaroggaé cogmugfegiipg avith said

wher ei nm?eqlqu}ntlfépqe ard faﬁﬁ?ﬁlfﬂ%'g%aﬁéﬂ Bl dn¥ communic t1ng with

concentrtica aced 1 nner "t In an outer tu

wher ei Na\adtfst nhifoRE 38 atsibauglallyasidigh netnettpeiqenamdlar to and
steamis passed through said outer tube. 19. The

vessel efmphaicainedvithsed eptetgaidialdiner tube has a
d| amater rangi ng from about 2V to about 10 cm( 1to 4

00 2t i SL o P03 3nbufh SRR Gfeid BROHIR Hok ABiameter

of about 2.5 to about 10 cm (1 to 4 in).

11.  The vessel of any preceding claim, wherein said condenser heat duty
ranges from at least one of (i) about 0.06 to about 0.60 MW and (ii) about
0.06 to about 0.6% of furnace firing.

12.  The vessel of claim 11, wherein said condenser heat duty ranges from at

least one of (i) about 0.1 to about 0.3 MW and (ii) about 0.1 to about 0.3%

of furnace firing.

13.  The vessel of claim 6 or any of claims 7 through 12 as they depend from

claim 6, wherein said cooling medium is boiler feed water.

14.  The vessel of claim 3 or any claim depending therefrom, wherein fins are

attached to said tube along its length.



20. The vessel of claim 19, wherein said inner tube
has a dianeter of about 5 cm (2 in), and said outer

w0 oive/158$8 a di aneter of about 10 cm (4 in). 21PCT82005/017557
vessel of any preceding claim wherein a set of
passi ve |iquid/vapor contacting surfaces is positioned
beneat h sai d condenser to i nprove contact between
condensate and rising vapor. 22. The vessel of claim
21, wherein said condenser colfises a heat conducting
tube containing a cooling nediumand said set of
|'i pai d/ Vi odss€l @Ficherhi 1Ag whifelragid Gibe icomprisasi atl éehstgboat 2 fin/cm
first row of sheds arranged substantially
per pendifctubalength (§ding/inelbel tubglengthiy vessel of claim
22, wherein said set of |iquid/ vapor contacting

suyfaces further. conprd ses_at _I. t o iLtianal r .
o heqths st R PR T 3Rsdth st B35 R RRR bR A0 g B 24
first rowofiongss: 4eht THE a¥&f D5 ©fab6hidd. Mel(0.(22%o (015 in) in
23, wherein a second condenser is | ocated beneath said

['i qui d/ thighkaesscont acti ng surfaces. 25. The vessel of
any preceding claim wherein said inlet is a

substantjally .tangent.i al _inlet.tjhrough side of.,sai.d, .
v elE o Haveceriot SHER e, Bherbinaihid v B b e 04 3 ifl beight
dependi f yhsELiRIGald tube conprises a

tube in etgblgﬁ{j%a&?u '(()e ogt et. 27S. The vessel of claim

26, wherein at | east one of said inlet and said outl et
pass t hTleughssel vafl tlanh 3awdefeliasshids eylmr abmprisase 8saibstantially

28. The vessel of claim 26 or 27, .wherein g’&) | east. one .
of sai dcangeirieal]Ye plaged iangr Jubg, Bathiy, @ Ut ube  WheEgnWater is

sai d ovger. I . i d fil - i
53 BRSEU Rrahh S50 S50 7 S e
containing resid, said process conprising: (a) heating
sajgl hydioearsdonf ElamaSit8p ekierdb kait inhergtubd dab @adienteter ranging
hydr ocarbon feedstock with steamto forma mxture

st r eam from about 2}2 to about 10 c¢m (1 to 4 in), and said outer tube has a

diameter ranging from about 5 to about 15 cm (2 to 6 in).

20. The vessel of claim 19, wherein said inner tube has a diameter of about 5

cm (2 in), and said outer tube has a diameter of about 10 cm (4 in).

21.  The vessel of any preceding claim, wherein a set of passive liquid/vapor
contacting surfaces is positioned beneath said condenser to improve

contact between condensate and rising vapor.

22.  The vessel of claim 21, wherein said condenser comprises a heat-
conducting tube containing a cooling medium and said set of liquid/vapor
contacting surface(s) is provided by a first row of sheds arranged

substantially perpendicular to said tube.

23.  The vessel of claim 22, wherein said set of liquid/vapor contacting surfaces
further comprises at least one additional row of sheds substantially parallel

to and beneath said first row of sheds.



(c) introducing the m xture streamin the

flash/ separati on vessel of any preceding claimthrough
waeosnilytsto form (i) a vapor phase at its dew@DUS1005/017557

whi ch contains a | esser portion of coke precursors and

(ii) a liquid phase which contains a greater portion

of coke precursors; (d) partially condensing said

vapor phase within said flash/separation vessel by

contacting said vapor phase wQh said condenser, which

condenses at | east sone of said |esser portion of coke

PrecuUr SPhé vessbl ethclaigdds] t22, 9ai2d, vheteirda pbrasd, copdérder is located

condensi ng providing a vapor phase above the condenser

of reddm&@m%dkéil vi#pos centagmeeiitaces) renovi ng the

vapor phase of reduced coke precursors content as

over he t hrough.sai d _over head outl et. d. sai.d l1quid.

rse abitarehgt 29y Grrbdhe e ko AN AL & ety

i on~vesse
(f) heabhpghifahRi&AROHPANSIE of §44d vedsaicki ng the heat ed

vapor phase in a radiant section of a pyrolysis

furnace to produce an effluent conprising ol efins,

sd6d pyFla yessel of glaim Georcopstaim degerding thezaitons, exharein said tube
and a convection _sectjon; agd éh quenchi ng the

ef f | uerffOTMEes 8 LRFdRichpda Wk 8HIYr oduct t herefrom 30.

The process of claim 29, wherein said condenser

Compri sege fediBlt &Y cIfiaAbe CRRAERt dtNeast VRE of QHahRE B8 8aid outlet
cool i ng medi um and sai d tube has an outside tube netal

t enper apass ehrOTIMT welhofsaid) flhshdsepatation v@Bel. t o about 370C
(400 to 700F). 31. The process of claim 30, wherein

said tuybe has a ut sj de be, net al tenperature (TMI

;g1 ol SRSt 500 06 2 BIPeu SoeIEBs G BobBRyet and
32. The B Afe el %&L %%%p sagfl ovdrhe ¥ 8Lt D r$81ddflash/separation
cooling nediumis boiler Teed water and said process
furthervesssipri ses passing said boiler feed water

t hrough sai d condenser at a rate of about 450 to about

13, 000 kg/ hr (1000 .. . .
29. Agproces(s for cracking a hydrocarbon feedstock containing resid, said

process comprising:

(a) heating said hydrocarbon feedstock;

(b)  mixing the heated hydrocarbon feedstock with steam to form a
mixture stream,;

(©) introducing the mixture stream in the flash/separation vessel of any
preceding claim through an inlet to form (i) a vapor phase at its
dew point which contains a lesser portién of coke precursors and
(ii) a liquid phase which contains a greater portion of coke
precursors;

(d)  partially condensing said vapor phase within said flash/separation
vessel by contacting said vapor phase with said condenser, which
condenses at least some of said lesser portion of coke precursors,
which adds to said liquid phase, said condensing providing a vapor

phase above the condenser of reduced coke precursors content;



to 30,000 Ib/hr) at a tenperature rangi ng from about
100 to about 2600C (212 to 5000F) and a pressure

wo a00gitmg1$ r om about 350 to about 17,000 kPag (BOI/U82005/017557
2500 psig). 33. The process of any of clains 29
t hrough 32, wherein said condensing provides a vapor
phase reduced in coke precursor content by at | east
about 50%rel ative to a conparabl e vapor phase
produced in the absence of saBld-condensing.34. The
process of claim 33, wherein said condensi ng provides
a vapor (ephasenozihiced vapoc pkasepoferdnsal caenpreatrsdyy catitent as
| east about 80% rel ative to a conparabl e vapor, pha

produced in etmheggstbrughotald averheshquni Agd saig. hqthfé%hase as
process of ag(#{o%isy ﬁ%ﬁ{%ﬁdﬁ%htfs@iﬂ?rﬁggn g;ngS%llv\her ein said

m xture stre prior*to rntroducing to said

flash/ sgpar apd@Rg VIRSSBbr plfe; AN apparatus for cracking
a hydrocarbon feedstock containing resid, said

appar at (@ coerpekisg thg: hegted wphephdsagn aondiakiosecthiempl agyrolysis
sai d hydrocarbon feedséock to.provi de heat

hydr ocar bon TUERAFE 18 ROIYE) 2SR DRI S §fefm%% pyrolysis
primary dilu e%&%@ﬂ%iﬁk Iéq%hfg(l estergﬁ(ﬁ?érﬁ \&AVEGion section; and

hydr ocar bon teedstock to~provi eat ed t\/\o-pﬁase
stratifipd ogenckingmiedffihémandirecometngtrneadiprédict therefrom.
vapor/l1quid separation zone for treating vapor/liquid

m xture streans of hydrocarbons and r?\ci?eam said zone
cotpri sThyyprocess of duBsLRnWhEFIDysas CPRePPE Aompaises g gpetal heat

drum hayj . N, 2 sect | .
conpr 1 <1 Bl W8 Bl e eEd B0 m iff 3 S8 36k 1 an outsice

(i) anupyendigia@nyepire (UM EY rapinachieeh iwusaiod wpent 370°C
cap section; (iii) at |least one substantially

t angent (480Ity 79B'E)t i oned inlet in the wall of said
m ddl e section for introducing said flow m xture

St.{ £am ’fl}lleoggoc%%i gf %&rln ?U?dv%ergilnaéati]. ngoecﬁgkdgﬁ io%&?de tube metal
temperature (TMT) ranging from about 260 to about 315°C (500 to
600°F).

32.  The process of claim 30 or 31, wherein said cooling medium is boiler feed
water and said process further comprises passing said boiler feed water
through said condenser at a rate of about 450 to about 13,000 kg/hr (1000
to 30,000 Ib/hr) at a temperature ranging from about 100 to about 260°C
(212 to 500°F) and a pressure ranging from about 350 to about 17,000
kPag (50 to 2500 psig).

33.  The process of any of claims 29 through 32, wherein said condensing
provides a vapor phase reduced in coke precursor content by at least about
50% relative to a comparable vapor phase produced in the absence of said

condensing.



where the flow m xture stream undergoes an initia

flashing to formA) a vapor phase at its dew point
wokishieht ai ns a | esser portion of coke precupPGDDS2005/017557

and B) a liquid phase which contains a greater portion

of coke precursors;(iv) a partial condenser for

contacting the vapor phase within said drumfor at

| east partially condensing at |east sone of said

| esser portion of coke precur3drs, which adds to said

liquid phase, said condensing providing a vapor phase

of 34, eduTiRdpoeks dlrckarr 33 vehetdin saidtconfanksing o vides a vapor phase
overhead outlet for renoving the vapor Phase of0 )
r educedregvesduins erks prsavIsAt coricwvhy labdepst @Dyt &% tghative to a

l'iquid outlet  f i i.d l.i qui d ph _
o oce b P SR R R DER: Bvaosis
concentrically positioned, substantially cylindrical

bopy  of ThesHcdls JFBLEHS E1kiMy Bahbughad] wheenldaRimixgaiedtream is
boot conmunicating with said | ower cap section, and

f ur t herheatadprics tnmt@duding ¢¢ sdid flagusepeiation vesaeld a

liquid outlet at its lower end; (d) a pyrolysis

el oGP T o B JarorpAg e YR, sod
t ffl I si
vapor o%%@usa&ggg%g}é?e an effluent conprising

ol ef i ns; or quenching the effluent; and

(f) a r@ypoves hedtingi ronkdor heatingesaiich §ydroearken fegpdswok tto provide
fromthe quenched effluent, 37. The apparatus of claim
36, wherei n kested lvgrrrsroarfesdstackcat ed above said inl et

o, 1 Gy TS BB, Al AT ctsiebi v s
cont ai ni ng ahe&x@@l hydrodot Meedstock to provide a heated two-phase
stratified open channel flow mixture stream;
(c) a vapor/liquid separation zone for treating vapor/liquid mixture
streams of hydrocarbons and steam, said zone comprising:

1) a substantially cylindrical vertical drum having an upper
cap section, a middle section comprising a circular wall,
and a lower cap section;

(i)  an overhead vapor outlet attached to said upper cap section;

(iii)  at least one substantially tangentially positioned inlet in the
wall of said middle section for introducing said flow
mixture stream along said wall under flashing conditions
where the flow mixture stream undergoes an initial flashing
to form A) a vapor phase at its dew point which contains a

lesser portion of coke precursors, and B) a liquid phase

which contains a greater portion of coke precursors;



39. The apparatus of claim 38, wherein said cooling

medi um conprises liquid.40. The vessel of claim 39,
wob@se1iTisai d cool i ng medi um conpri ses wat er. BdT/UI1065/017557

apparatus of any of clainms 36 through 40, wherein said

condenser is substantially planar and horizontally

mount ed. 42. The apparatus of any of clains 38 through

41, wherein said tube is continuous and conprised of

alternating straight sections33and 180 bend sections

beginning with a straight inlet section and

term nating (iM) a stpaaladkbndunkérefor seatactimg thE3vapdnephase within

apparatus of any of clainms 38 through 41, wherein said

condenser conpri sedd druswBer ardeashparjially candReing ft dgast some of

conmuni cating with. Lnlet. .manif ol d nt i .
per pendi cul ar to %aé(?lgﬂsg?rr%f)lrg?ﬁ OT ﬁ?]éei p §egpl%%)%a§h§‘%ﬂm%dds to said
substantial |y par%di@'phﬁ%'shﬂgcdn'dg%gsﬁhﬁﬁ@ﬁg!aa{lépbr phase of
per pendi cul ar to and conmmuni cating with said inlet

mani fol d and substedntadaloky ppenysersdionightir t o and
conmmuni cat i n&)vvi th an outl et

mani fald, and a
subst anti al 1§) st raidgHp Qgthead %@F‘pgq{dﬁegmvg}g ths vapgr phase of

comuni cating wt ' {ﬁﬁgﬁ' . The
appar atus of any %}dﬁ%’d%r%fr%?% ro&%ﬁbg%r}léa\?\iﬁer ein said
quench oi |l @iy ecydremaliguig howlet .fod Jemdviag aqjrhaids phise as

any of clainms 36 through 44, wherein a set of passive
| i qui d/ vapor cont krttamgfren stideEam; #1dhosi ti oned beneat h

sai d condensgk,) to, i %ﬂ%rs%ﬁgal ggé(?}lg:%ntg%l © os?t?#}l%g{lzlﬁf#gtantially

and risingvb%r.a.%. us o1’ any o
36 through 45, whiyihafiedithRE of W IdifRseathas ahidnghiddi €ection,

for heating the m'xture stream upstream of the _
fl ash/ separ ati on saihkoot communicating with said 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 quenching the effluent; and
® a recovery train for recovering cracked product from the quenched
effluent.
37.  The apparatus of claim 36, wherein said condenser is located above said

inlet of the drum.

38.  The apparatus of claim 37, wherein said condenser comprises a heat-

conducting tube containing a cooling medium.

39.  The apparatus of claim 38, wherein said cooling medium comprises liquid.



WO 2005/113718 PCT/US2005/017557

40.

41.

42.

43.

44.

45.

46.

-34 -

The vessel of claim 39, wherein said cooling medium comprises water.

The apparatus of any of claims 36 through 40, wherein said condenser is

substantially planar and horizontally mounted.

The apparatus of any of claims 38 through 41, wherein said tube is
continuous and comprised of alternating straight sections and 180° bend
sections beginning with a straight inlet section and terminating in a straight

outlet section.

The apparatus of any of claims 38 through 41, wherein said condenser
comprises a substantially straight inlet communicating with an inlet
manifold substantially perpendicular to said straight inlet, at least two
substantially parallel cooling tubes substantially perpendicular to and
communicating with said inlet manifold and substantially perpendicular to
and communicating with an outlet manifold, and a substantially straight

outlet perpendicular to and communicating with said outlet manifold.

The apparatus of any of claims 36 through 43, wherein said quench oil is

recycle quench oil.

The apparatus of any of claims 36 through 44, wherein a set of passive
liquid/vapor contacting surfaces is positioned beneath said condenser to

improve contact between condensate and rising vapor.

The apparatus of any of claims 36 through 45, which further comprises a
heating zone for heating the mixture stream upstream of the

flash/separation zone.



