WD 2005/ 113716 PCT/ U52005/ 017545 -1 PROCESS AND DRAFT CONTROL SYSTEM FOR
USE | N CRACKI NG A HEAVY HYDROCARBON FEEDSTOCK IN A PYROLYSI S FURNACE FIELD
OF THE | NENT 011 The present invention relates to a _process _and
system f or c@ﬁyﬂ%ﬁ'ing the draft in a pyrolysis furnace Vﬂﬁ@ﬁ“?ﬁ"&?ﬁcking a
hydr ocarbon feedstock, and in particular a heavy hydrocarbon feedstock.
BACKGROUND OF THE | NVENTI ON 100021 Steam cracking, also referred to as

pyrol ysis, has | ong been used to crack various hydrocarbon feedstocks into
olefins, preferably Iight olefins such as ethylene, propylene, and butenes.
Conventional steamcracking utilizes a '6yrolysis furnace which has two main
sections: a convection section and a radiant section. The hydrocarbon
feedstock typically enters PROCENYANDIRAETICONROLhe furnace as a
liquid (except for |ighSYSTEMWFORIUSTHINICRACGOINGee#HiAYKSs which enter as
a vapor) wherein gypROQGARBEN FERPSEICRIN WAPYRGEYSEY FURNAEH cont act

with hot flue gas fromthe radi ant section and by direct contact with steam
The vaporized feedstock and steam m xture is then introduced into the
radi ant section where the cracking takes place. The resulting products,

i ncl udi ng ol ¢iIMP OFETEE INVENDION Ysi s furnace for further downstream
processi ng, inclruding quenching. 10003] Conventional steam cracking systens

have been ef fl@@dljve f orThe rmedenngnhkimgionquehiesytd eeduboesks asdicdysasn g@s oi |
and napht ha. However, steam . cracking econom Cﬁmsjo,rreti nmes favor cracking | ow

cost heavy f@_eafg@léi@_g hgcdrafisin a RyrlEss JHmagR- W _ tispﬂa@%%ﬁl bBxdrogarhem o) |
and at rmspherf%%g{o%@ 5&%@@@5{@3@8@@ r%eﬁ'@@l? JeGsiRlpest | |1 bottonms. Crude

oil and atno curar - wel'ght, non-vol atile
conponents with boiling points in excess of 590C (1100F). The non-vol atil e,

heavy ends ofgAORIEROTANIBIPERIIE ANVENNICGI§ coke in  the convection section
of conventi omat— pyrotysis furnaces. onty very |low | evels

]0002] Steam cracking, also referred to as pyrolysis, has long been used to
crack various hydrocarbon feedstocks into olefins, preferably light olefins such as
ethylene, propylene, and butenes. Conventional steam cracking utilizes a
pyrolysis furnace which has two main sections: a convection section and a radiant
section. The hydrocarbon feedstock typically enters the convection section of the
furnace as a liquid {except for light or low molecular weight feedstocks which
enter as a vapor) wherein it is typically heated and vaporized by indirect céntact
with hot flue gas from the radiant section and by direct contact with steam. The
vaporized feedstock and steam mixture is then introduced into the radiant section
where the cracking takes place. The resulting products, including olefins, leave
the pyrolysis furnace for further downstream processing, including quenching.
{0003] Conventional steam cracking systems have been effective for
cracking high-quality feedstocks such as gas oil and naphtha. However, steam
cracking economics sometimes favor cracking low cost heavy feedstock such as,
by way of non-limiting examples, crude o1l and atmospheric resid, also known as
atmospheric pipestill bottoms. Crude oil and atmospheric resid contain high
molecular weight, non-volatile components with boiling points in excess of 590°C
{1100°F). The non-volatile, heavy ends of these feedstocks 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



of non-volatiles can be tolerated in the convection section downstream of
the point WO 2005/113716 PCTI US2005/017545 -2 where the lighter conponents
have fully vaporized. Additionally, sonme naphthas are contam nated with
crude oil ' uring transport. Conventional pyrolysi f urnaces do not
have the f?@i?@??ﬁ?% to process resids, crudes, or nany¥§gi$aﬂ§9”%§
crude-contam nated gas oils or naphthas, which contain a |large fraction of
heavy non-vol atile hydrocarbons. [0004] The present inventors have

recogni zed that in using a flash to separate heavy non-vol atile

hydr ocarbons fromthe |ighter volatile hydrocarbons which can be cracked in
the pyrolysis furnace, it is inportant 1t maxim ze the non-volatile

hydr ocar bon rem)v?}inbgf ficiency. |,.se, hea oke-form ngap on-vol atile

her Y, 8
hydr ocar bons ®¥gie ghik FOmBORgnts hayelly yprArizeh a SdCmignallys some r head
into the furn Al RoOwaR K f e Buri A4y gﬂ;}] gi ng
transport sorre%ﬁcgg l‘rﬁéfs are E%drqggﬁioggétsed lelﬁ[ggﬁig#eoavy ch (13 8!?"”8 nt ai ni ng
non-vol ati | e Gonmesaehst havenkefléxibititg topyroaby sisidls, drudesaaremagioresidtie-loave t he
flexibility to process, residues, crudes, or, many resjdue- or

cr ude- cont ani fEMdegoRaBingied Lag o1l ap Rnkthas,whieh cotain Alategfractior 8 BFK non-
vol atil e conpgne . address coking problens, U S Patent
3,617, 493, mﬁé‘rﬁ@{y@tﬂei{hgg%r@%ggrgsfed herein by reference, discloses the use of

an external v{qued) zati Olhe @rdsentl @werdtie Haveldecoghized eledl janekinh acflabas the use
of a first flash to renove naphtha as vapor and a second flash to renove

vapors with as¢rarats hepvpaiontvolptilebedrocagipns figen uolighters®latiel hydrogrhons The

vapors are cracked in the r.ol.ysis furnace into .gé') i and the.separated
l'iquids from t"'ﬁ’é‘%%&% %{gﬂpeﬁa{ﬂ ¢ Eyré’iyrsgrﬁwa‘?’_llésfs_r (s 03%“% Itnﬁx@t'zeea%e and used
as fuel. [000#bn-MolatileARidestarbdn /refhotal%fivehé& Ohdrite REIVE! 6ckelBARing bY
reference, discloses a process to minimnmze coke deposition. It describes
preheat i ng of nheraolptilef kysieqathsins iaeulddbe sntraiveds iniéhea venar dthpss eod eamigde t o

i 0
vapori ze abOUtoveSrge/é)d%tot 3 ﬁlrllr?a%ngeating coking problems.

[0005} Additionally, during transport some naphﬂlas are contéminated
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 paphthas which are contaminéted'\wiﬂ'l non-
volatile components.

[0006] To address coking problems, U.S. Patent 3,617,493, which is
incorporated herein by reference, discloses the use of an external vaporization
drum for the crude oil feed and discloses the use of a first flash to remove naphtha
as vapor and a second flash to remove vapors with a boiling point between 230
and 590°C (450 and 1100°F). The vapors are cracked in the pyrolysis furpace into
olefins and the separated liquids from the two flash tanks are removed, stripped
with steam, and used as fuel. '

[0007] U.S. Patent 3,718,709, which is incorporated herein by reference,
discloses a process to minimize coke deposition. It describes preheating of heavy
feedstock inside or outside a pyrolysis furnace to vaporize about 50% of the heavy
feedstock with superheated steam and the removal of the residual, separated
liquid. The vaporized hydrocarbons, which contain mostly light volatile

hydrocarbons, are subjected to cracking.



feedstock with superheated steam and the renoval of the residual, separated
| i qui d. The vaporized hydrocarbons, which contain nostly |ight volatile

hydr ocar bo are subjected to cracking. WD 20111-5/113716 PCT/US2110 5 /111
7545 -51'?‘16[96’81376)? S. Patent 5,190,634, which is incor pBEBUSEMROIEIR by
reference, discloses a process for inhibiting coke formation in a furnace
by preheating the feedstock in the presence of a small, critical anpunt of
hydrogen in the convection section. The presence of hydrogen in the
convection section inhibits the polynerization reaction of the hydrocarbons
thereby inhibiting coke formation. [00094.U.S. Patent 5,580,443, which is

i ncorporated herein by reference, discloses a process wherein the feedstock

ls first prehgmf and {Nenp ksl g¥e34, FREh 3 HcBRIMEI hbfeid B9 eRRMREL I On
section of the pyrolysis furnace. This preheated feedstock i5 then m xed

wi th a predet gispliob&da praeest fopfinkibrmm dakiecformatiant inom firhesndy ancheatng iien
introduced into a gas-liquid separator to separate and renove a required
proportion of faedstoploin the prasenaepfasmallggritcal emepntel hydpegeatinthe copyectiampar at ed

vapor fromthe gas-liquid separatqr .is returned to the rolysis. furnace
for heating a?ﬁﬂ’%{?Pac i ngef%J%ioj’% %ﬁﬂﬁﬁ‘i’ai Hyy thy §9“)5$?;5‘Pflcg‘%/:|“8ﬂ @(llé‘?ti”asl ﬂf\%

10/ 188, 461 fi - 3 [ ' ' '

2004/ 0004022 h‘lﬁgfﬂéﬁ%%{tfog’hrg%&’?’gﬁ”ggfe;ﬂ@?&%@i,tﬁ%ﬁ’)gﬁﬂ‘g Hﬁ’%‘%@ﬁp@?’é@d" herein by
reference, defmpopes anipglvRAERIESREBL3, WDk iPldcofpopited Befin By Qbfeldicée t he
cracking of volatile hydrocarbons contained in the heavy hydrocarbon

f eedst ocks andistlosesed preessnahearcon the clokdstepkpis dsepwheditd apd dhandesthdrasmt hod t o

maintain a relatively constant ratio of vapor to liquidq leavin the. flash
by mai nt ai ni n§OR PePENFaIE 1 dBh SIOANECHBNBIAR uPte RS PYTRLY RS ?féﬁ’ﬁg%ntg I;ng the

flash More SBesbALERdort T SONSHAN WBRSLARINENRY ShG]!Ghedl GRS

mai nt ai ned by St y a ng the a urd stream'm xed

with the heayynddidieasy henishBadsitRdkc® ié atdsliagid ée%ﬁﬂétor-ﬁbesef)érﬁie%ﬁan be
wat er. 10011] U. S. Patent Application Serial No. 11/068,615, filed February
28, 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.

[0010] Co-pending U.S. Application Serial No. 10/188,461 filed July 3,

2002, Patent Application Publication US 2004/0004022 A1, published January §,

2004, which is incorporated herein by reference, describes an advantageously

controlled process to optimize the cracking of volatile hydrocarbons contained in

the heavy hydrocarbon feedstocks and to reduce and avoid coking problems. It

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

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

the flash. More specifically, the constant temperature of the flash stream is

maintained by automatically adjusting the amount of a fluid stream mixed with the

heavy hydrocarbon feedstock prior to the flash. The fluid can be water.

[0011] U.S. Patent Application Serial No. 11/068,615, filed February 28,

2005, which is incorporated herein by reference, describes a process for cracking

heavy hydrocarbon feedstock which mixes heavy hydrocarbon feedstock with a

fluid, e.g., hydrocarbon or water, to form a mixture stream which is flashed to

form a vapor phase and a liquid phase, the vapor phase being subsequently

cracked to provide olefins, and the product effluent cooled in a transfer line



2005, which is incorporated herein by reference, describes a process for
cracki ng heavy hydrocarbon feedstock which m xes heavy hydrocarbon
feedstock with a fluid, e.g., hydrocarbon or water, to forma m xture

st ream whi [ ed to forma vapor phase and a |iquid phase, the vapor
phase bei ng‘b(s)& °$é%ﬁ3€t|y cracked to provide ol efins, arf§&T¥HRSOGEICt
effluent cooled in a transfer |ine WO 2005/113716 PCT/US2005/017545 -4
exchanger, wherein the anmount of fluid mxed with the feedstock is varied in
accordance with a sel ected operating paraneter of the process, e.g.,
tenperature of the mxture stream before the m xture streamis fl ashed.
[0012] Co-pending U.S. Application Seria$-No. 10/189,618 filed July 3,

2002, Patent Application Publication US 2004/0004028 Al, published January
8, 2004, whi ekchangdrnwbersor theeamouat of flubd, nrixgdewithdhe fepdstoeh e yariad in

advant ageously controll ed Rrogess to incr&as t he non-volatile renoval

ef ficiency in 26COfqanesWith g 5¢lepisd pperatiyenergmeier Of e Pracess. &f A RBPEARIES | ow
fromthe convegd hhrs SEddnPBefb® thERAMMEE kBehri sqishEgst fl ow to annul ar flows
before entering the flash drumto 1ncrease the renoval efficiency by

subj ecting t hg0@ay f | owChipesding dJ.&n Apriatice SeaaldNo.t HEH8S, @l Sofled JIplyf 3y ci ng t he
flow to chang |rection. This coal esc i | Qi d | ets fromthe
mst. [0013] \%ﬂ&‘ P&E%nfépah%ﬁsPP&%&PH%M?@PH{%a‘gbé’P&ﬁ%&Wa a flash
drumto separ t F ty 0, V, romthe
neavy non: voragp arich Jf daSpaled tedh B RRGES iSertis B AbORIRe

careful | y contcostrolleli @rodesd iooinabase dlwonorn-volatile) mintbvab efficiegeyt inea flhshsdrusr um

O herwi se valyable lighter, fractions of the hydrocarbon feedstock, could be

lost in the |iRydhestedracsrckingosystepovheisin eas i fiem gheeonvestion ctinisonent s
Id b ] ] ] : i k
o obl ens. | {00 L e tork st Bhp R, AR IRRG, bR e 0N CR! 49 FDCC

flash drum hagerése thefromodhl leffidicd bf klgedting idaecei Slewnfivsyto\s ek pdldeSandr €
i nvol ved. The ratio of wvapor to liquid is a function of the hydrocarbon
partial pressihe ionbenfs fproingthg flpw to change direction. This coalesces fine liquid

droplets from the mist.

[0013) When using a vapor/liquid separation apparatus such as a flash
drum to separate the lighter volatile hydrocarbons as vapor phase from the heavy
non-volatile hydrocarbon as liquid phase, it is important to careﬁﬂly control the
ratio of vapor to liquid leaving the flash drum. Otherwise valuable lighter
fractions of the hydrocarbon feedstock could be lost in the liquid hydrocarbon
bottoms or héavy, coke-forming components could be vaporized and carried as
overhead into the furnace causing coke problems. ) 7
[0014] The control of the ratio of vapor to liquid leaving the flash drum
has been found to be difficuit becanse many variables are involved. The ratio of
vapor to liquid is a function of the hydrocarbon partial pressure in the flash drum
and also a function of the temperature of the stream entering the flash drum. The
temperature of the stream entering the flash drum varies as the furnace load
changes.. The temperature is higher when the furnace is at full load and is lower
when the furnace is at partial load. The temperature of the stream entering the
flash drum also varies according to the flue gas temperature in the furnace that
heats the feedstock. The flue-gas temperature in turn varies according to the

extent of coking that has occurred in the furnace. When the furnace 1s clean or



and also a function of the tenperature of the streamentering the flash
drum The tenperature of the streamentering the flash drumvaries as the
furnace | oad changes.. The tenperature is higher when the furnace is at
full |oad ¥ HWMer when the furnace is at partial | o&GT/UShestoersasr at ur e
of the streamentering the flash drumalso varies according to the flue gas
tenperature in the furnace that heats the feedstock. The fl ue-gas
tenperature in turn varies according to the extent of coking that has
occurred in the furnace. Wen the furnace is clean or WO 2005/ 113716
PCT/US211115/0 1 7 5 45 5 very lightly ¢oked, the flue-gas tenperature is
| ower than when the furnace is heavily coked. The flue-gas tenperature is
al so a functi e t] r Gl rener. t he
f'ur nace. V%en‘p‘{}ﬁgg‘%h&gh%@%ﬁ?g% oggér‘l'é?%gﬁ%&;e%{u%%wﬁ@\?gp%p(ngh ngtggéfg&g%/g;en in
the flue gas, hdhflyfdoked 9aPhd BNPZaAkhFerhtlrd [tCalfb G RfhctibPRATthé RBDHUShor he
convection section will be lower than that when the furnace is operated

wi t h hi gher | exstiod epdrezrd os sheoxynen of thetfhmate. U gashe flitbdcedk bparhed avith
variables, it is difficult to control a constant ratio of vapor to_liquid

| eavi ng the Iomalenelgofexcess oxsaemmndhe flag gay ther{un gaoismperauss ipshe mid to

advant ageousl y control |l process to optim ze the cracki f volatile

hydr ocar bons GPRESL t?tﬁe £ ﬂ%veﬁgg\l/ ﬁeC%IW d¥ 1§$§r gt ﬁgg&@?to\g[i% ' g'ﬁoé/‘f“(?c? &duce
and avoi d t heycolsi A9, MR Beveld 8f RKESE X LA e QgAY S@sh alMRkhed to
maintain a re?atlvely constant ratio of vaggr to Tiquid [eaving the flash
by mai nt ai ni ngarfubles| &tis \ificultansioant] 4 eopeamtratie offvabhieto Hiuiddeavand eid ng t he

flash. Modre specifically, the constant tenperature of the flash streamis
control | ed byllgsbrdromi. cal |y adjusting the draft in the pyrolysis furnace,

where the dra{s]ﬁ)g conttrl flue gas oxygen i s the neasure of hh di fference
inthe pressii® gf t he ?‘FlPéesﬁﬁts‘ "’ﬁnt{or’i’e&%iﬁ AR @4 VamAgsoy yp“rc’.é’éré’ ?‘ipfﬂ%ﬁ de of
the furnace. SUNMRRN. Qe THECUONVENTLERYLORTGlocTBnD! Enehed MM gBuY OV des

a process and co system I'ng”a heavy hydrocarbon ck
cont ai ni ng nokydtetarbon feebstotl@ead be Rluce and avoid the coking problems. The present

invention provides a method to maintain a relatively constant ratio of vapor to
liquid leaving the flash by maintaining a relatively constant temperature of the
stream entering the flash. More specifically, the constant temperature of the flash
stream is controlled by periodically adjusting the draft in the pyrolysis furnace,
where the draft to control flue gas oxygen is the measure of the difference in the

pressure of the flue gas in the furnace and the pressure outside of the furnace.

SUMMARY OF THE INVENTION

[0016] The present invention provides a process and control system for
cracking a heavy hydrocarbon feedstock containing non-volatile hydrocarbons
comprising heating the heavy hydrocarbon feedstock, mixing the heated heavy
hydrocarbon feedstock with a dilution steam stream to form a mixture stream
having a vapor phase and a liquid phase, separating the vapor phase from the
liquid phase in a separation vessel, and cracking the vapor phase in the furnace.

[0017] The furnace has draft which is continuously measured and
periodically adjusted to control the temperature of the stream entering the
separation vessel and thus control the ratio of vapor to liquid separated in the

separation vessel. In a preferred embodiment, the means for adjusting the draft



conprising heating the heavy hydrocarbon feedstock, m xing the heated heavy
hydr ocarbon feedstock with a dilution steamstreamto forma m xture stream
havi ng a vapor phase and a |liquid phase, separating the vapor phase fromthe
l'i quid phasgql aration vessel, and cracking the vapor. phase in the

f ur nace. ?%8f%5ﬁ%ﬁgpfurnace has draft which is conti nuo‘%grl"ﬂﬁgpr%ﬂéﬁf%d and
periodically adjusted to control the tenperature of the streamentering the
separation vessel and thus control the ratio of vapor to liquid separated in
the separation vessel. In a preferred enbodi nent, the neans for adjusting
the draft WD 2005/113716 PCT/ US2005/017545 -6 conprises varying the speed

of at | east one furnace fan, possibly i WOcombi nation with adj usting the

position of the furnace . fa er s)1 or the furnace byrner d&gger(s).

da
[0018] The pr GCRBESHIAENRG HEFRH FASLERF TURYCE A PETRYRY &1 6PO1Bf%he vapor
phase after tRgyy erﬁngﬁﬁézpoéiﬁoé%P%@hﬁﬂas&rtﬁﬁndhﬁﬁeﬂ(ég%' file AiIREE bRGPAri ng
t he vapor phase tenperature neasurenent wth a pre-determ ned vapor phase
t enperature; alampedg)usting the draft in said furnace in response to said

conparison. [Q019] In one enbodi pent, the tenperature of the hot m xture
stream can bd¥W8lt her dBaPreneseliriber Gampiises mpasyrigsthe JREPerRturS ef fheow r at e

or the tenper L ar I | : ; r

erbodi ment 1 PR f AR Pl Wiee SRR MR Brpad oBBBIE i 11 a
fluid prior tahsepsraihaig tdnfjerataponeasplRa®at Withna pheddtertiihall PDS Phasktnd t he
fluid can be at |east one of |iquid hydrocarhbon . and water.. The tenperature
of the hot i Xempeatyre; caieh adiwsting fihg ipopaid ofurnage i respeRAentP tSAE f | ow
rate of the flc‘dhlgarggoﬁed wi th the heated hydrocarbon feedstock. The
tenperature of sal ot m xture streamcan al so be further controlled by
varying the fljpge9at e ofin bAd bmbdtmpit] 18 tomphrAtliiel STNhS hetatiixhire e@empe t he fl ow
rate of the fluid m xed with said heated heavy hydrocarbon feedstock.

[0020] | n anotisdirthasseatrotedby varndeg¢renst gnegfithe flow rate o5 thesemperaturesof

the primary dilution steam stream. In another embodiment, the heated heavy

hydrocarbon feedstock can also be mixed with a fluid prior to separating the vapor
phase from the liquid phase, and the fluid can be at least one of liquid hydrocarbon
and water. The temperature of the hot mixture stream can be further controlled by
varying the flow rate of the fluid mixed with the heated hydrocarbon'feedstock. :
The temperature of said hot mixture stream can also be further controlled by
varying the flow rate of both the primary dilution steam stream and the flow rate
of the fluid mixed with said hez;ted heavy hydrocarbon feedstock.

[0020] - In another embodiment, a secondary dilution steam stream is
superheated in the furnace and at least a portion of the secondary dilutioﬁ steam
stream is then mixed with said hot mixture stream before separating the vapor
phase from the liquid phase. With thi_s embodiment, the temperature of the hot
mixture stream can be further controlled by varying the flow rafe and temperature
of the secondary dilution steam stream. A portion of the superheated secondary
dilution steam stream can be mixed with said vapor phase after separating said
vapor phase from said liquid phase. |

[0021] The use of primary dilution stearn stream is optional for very high
volatility feedstocks (e.g., ultra light crudes and contaminated condensates). It is

possible that such feedstocks can be heated in the convection section, forming a



superheated in the furnace and at | east a portion of the secondary dilution
steam streamis then mxed with said hot m xture stream before separati ng
t he vapor fr the liquid phase. Wth this enbodinent, the
tenperaturgﬂg?&ﬁﬁé3 gl m xture stream can be further contfOVVHY¥Y734ryi ng
the flowrate and tenperature of the secondary dilution steamstream A
portion of the superheated secondary dilution steam stream can be m xed

wi th said vapor phase after separating said vapor phase fromsaid liquid
phase. [0021] The use of primary dilution steamstreamis optional for very
high volatility feedstocks (e.g., ultra firght crudes and contam nated
condensates). It is possible that such feedstocks can be heated in the
coenvection seeaposrandf »dighitypkase\@nd 00isLh 18 7eBvepesd /aydreEs/ ytiocar®mmsigam 7

vapor and a |liquid phase and which i.s conveyed as heated hydrocarbon stream
O S T g TR Ot R g TR e
that enbodi ; \Y/ r a ol hﬂ-S@ e

hydr ocar bon n%@é%%‘%%gﬁ% %Eﬁap@&%ﬁlgsga%gi[g ;lhhlg félgejaf)ggr at i Sﬂfe\?{g@sl&){hﬁg%gﬁﬁ%e

vapor phase wrighgloble will Cdepabaicd ihhesdpathtiontveset kh@hobapdighast Waeld. belhe
furnace draft would be mxed wth dilution steamand continuously neasured
and peri odi cataykestjruthegddiant secoon pbihet fugnacenpidedunrage dfafhwonbhbe moxesl of t he

Phase. B EF DBCHIPHIONRED 1o SRATIRA FOOSSEa gL PenadrpR gttt -
schematic flo | irent of
the present et IERuboruft AEEE e o B e UpdiBH:fin BEGEIRPHITN )

illustrates avﬁfo@@ﬂagasgpﬁﬂagwfsﬁrﬁg{eamm kaspr ocess and control system of one
enbodi mrent of the present invention errpFoyi ng at | east one furnace fan, at
| east one furnace dan‘ger and a primary dilution steamstreamand a fluid

m xed with t h(BRABEZBESHRIPAIENOF THERRAMWINGSTAI LED DESCRI PTI ON OF THE

| NVENTI ON [6022] Figure 1 illustrates a schematic flow diagram of a process and
control system of one embodiment of the present invention employing at least one
furnace fan.
[0023] Figure 2 illustrates a schematic flow diagram of a process and
control system of one embodiment of the present invention employing at least one
furnace fan, at least one furnace damper and a primary dilution steam stream and a

fluid mixed with the heated hydrocarbon feedstock.

DETAILED DESCRIPTION OF THE INVENTION

[0024] The present invention relates to a process and “draft” control
system for use in a pyrolysis furnace while cracking a hydrocarbon feedstock, and
in particular a heavy hydrocarbon feedstock. The present invention provides a
method to maintain a relatively constant ratio of vapor to liquid leaving the flash
or vapor/liquid separation vessel by maintaining a relatively constant temperature
of the stream entering the vapor/liquid separation vessel. More specificalty, the
temperature of the hot mixture stream, vapor stream or flash stream can be
adjusted and maintained by periodically adjusting the draft in the pyrolysis
furnace, where the draft is the measure of the difference in pressure of the flue gas

in the furnace and the pressure outside the furnace. The draft is used to control the



[ 0024] The present invention relates to a process and "draft" control
systemfor use in a pyrolysis furnace while cracking a hydrocarbon
feedstock, and in particular a heavy hydrocarbon feedstock. The present

i nventi on pwevogeg3ifas nethod to maintain a relatively co fﬁ&%os?o%é4? of
vapor to liquid leaving the flash or vapor/liquid separation vessel by

mai ntaining a relatively constant tenperature of the streamentering the
vapor/|liquid separation vessel. Mre specifically, the tenperature of the
hot m xture stream vapor streamor flash stream can be adjusted and

mai nt ai ned by periodically adjusting thegdraft in the pyrolysis furnace,
where the draft is the nmeasure of the di?ference I n pressure of the flue gas

cont ol the woBaDs R 1S TR aRbiBLG, bE T trRE s e el T €
furnace and t hagoihpid eppenat vésclof the streamentering the vapor/liquid

separation vessel. [0025] The heavy hydrocarbon feedstock to the_ furnace can
conprise a | dP8S]porti die hsawhhydroegsban fepdsiepkataothie fumage eam esppriseldati | e

component=. S LE NI SRR 3, B gl Wi erare e

one or nore of “$f ues, ng oil,

jet fuel, di eqeédstolélee&a@a&nﬁﬁﬁmﬂwasaafn&pkﬁrﬁn@&ﬂﬁhﬂas, oht OAfofd GfGteash napht ha,
catal ytically cracked napht ha, ydrocrackate, refornmate, raffinate

reformate, Fi sutrked Bappilchnd repiduds;, gasi eilshdeatingr oibsich fuels disseln kerosear,

Dbasti ] sty caaliter koRFi R, e CgRH PR raaDREE HakeoRRieE a0l

condensat es, doRAte,V teltHhat gl Stk PR TTORscE eiquids! FRéher- Vacuum
) ) J Bt SPSch Qighids,

gas oils, heavy gas oil, naphtha contaminated with crude, atnospheric
resi due, heavylmopsshdiaess, Gatital czbaline, didtiliate, mirgin nephthe, tmhespberituptpastith xt ur es,

o 1/ ai due admRPr Bemn sapesp o e oS BT LS JUSHONEREFHES RN ol at | o
conponents, Orol &§idiS coreRsated€ hédv9 CldnQArgi? hydrbearbot se&edlsbeoml RAferitk! h a
nom nal boiling point above 590C (1100F) as
vacuum gas oils, heavy gas oil, naphtha contaminated with crude, atmospheric
residue, heavy residue, C,'s/residue admixtures, naphtha/residue admixtures,
hydrocarbon gases/residue admixtures, hydrogen/residue admixtares, gas
oil/residue admixtures, and crude oil. o '
[0026] As used herein, non-volatile components, or resids, are the fraction
of the hydrocarbon feed with a nominal boiling point above 590°C (1 100°F) as
meaéured by ASTM D-6352-98 or D-2887. This invention works very well with
non-volatiles having a nominal boiling poiﬁt above 760°C (1400°F). The boiling
point distribution of the hydrocarbon feed is measured by Gas Chromatograph
Distillation (GCD) by ASTM D-6352-98 or D-2887 extended by extrdpolaﬁon for
materials boiling above 700°C (1292°F). Non-volatiles include coke precursors,
which are large molecules that condense in the vapor, and then form coke under
the operating conditions encountered in the present process of the invention. .
[0027) The hydrocarbon feedstock can have a nominal end boiling point of
at least about 315°C (600°F), generally greater than about 510°C (950°F),
typically greater than about 590°C (1100°F), for example greater than about 760°C

(1400°F). The economically preferred feedstocks are generally low sulfur waxy



measured by ASTM D-6352-98 or D-2887. This invention works very well wth
non-vol atil es having a nom nal boiling point above 760C (1400F). The boiling
poi nt distribution of the hydrocarbon feed is nmeasured by Gas Chromat ograph
DistillatidP¢E)3H¢ ASTM D 6352-98 or D- 2887 extended byPExiS2a¢d@asdson f or
materials boiling above 700C (1292F). Non-vol atiles include coke precursors,
whi ch are |l arge nol ecul es that condense in the vapor, and then form coke
under the operating conditions encountered in the present process of the

i nvention. [0027] The hydrocarbon feedstock can have a nom nal end boiling
point of at |east about 315C (600F), generally greater than about 510C
(950F), typically greater than about 590C (1100F), for exanple greater than

apout 760C  ( J4AQHie). atfﬁlagprfe@m@gmﬁél haphtRiehiadnitee dathaskse, sbfowenrsidakl y 1 ow
sul fur waxy WD 2005/ 113716 PCT/ US2005/ 017545 -4 residues, atnospheric

resi dues, naphidmasueedndmirodt @ts. wi t h crude, various residue adm xtures, and

crude oils. 10028] One enbodi nent of the process and draft control sgstem
can be descr i%hby r ef@rcepmbodimept of the pracess and deaft senirol systamneancbe

havi £ i i.ant tkon 3., The radiant .secti
3 has r i ant SESEPPARY BUFIRaRe © B ehRB DS e B nace
1. The proces:?ec?i%%érﬁﬁﬁraﬁiah%&e()c 8R! Mhe rédiﬁﬁtaé&ltiwr ﬁgﬁﬁﬁi&ﬁﬁ sécgir%ﬂ% sStream

5 in the convection section t he furnace ) eavy hydrocarbon

feedstock i s Bediiell piaviddieotdhpedas Gothecftiaoe 1s dtieippocdsd corprises dirftiicanae 1.
The heating of the heavy hydrocarbon feedstock can take any form known by
t hose of ordi adeyvishydrpcarhon feedsipek strean § ipthsfesnyertiontsgetiank ohibgifiimgee

i i ndi t t f the feedstock in t tiol ti 2 of
Cher furnace I viEHPeRBY Py S19Qerae SedFipt i, fretcbiat B PBB P8 SEHHenN U pace
1. This can B?ﬂ?eCﬁjgxgg@g'ﬁhggeh% %fﬂlfeﬂkg{)ylh dehiHdn &% cﬁ,camap@gﬁ,lmg t he

heavy hydrocarbon edsto through a bank” o eat exchange tubes ocat ed
within the upgel keowyeetthese cfagtiinarny BAIIGH thdartpyik ¢ prifGrdduhmage hbatiddhe

heat ed heavy hydrocarbon feedstock 52 has a tenperature between about 300F
t o about 650Fcomprises indirect contact of the feedstock in the convection section 2 of the
furnace 1 with hot flue gases from the radiant section 3 of the furnace 1. This can
be accomplished, by way of non-limiting example, by passing the heavy
hydrocarbon feedstock through a bank of heat exchange tubes 6 located within the
upper convection section 50 of the pyrolysis furnace 1. The heated heavy

hydrocarbon feedstock 52 has a temperature between about 300°F to about 650°F

(150°C to about 345°C).

[0029] The heated heavy hydrocarbon feedstock is then mixed with a
primary dilution steam stream 8 to form a mixture stream 10. The primary
dilution steam stream 8 is preferably superheated in the convection section 2 of
the furnace 1, and is preferably at a temperature such that it serves to partially
vaporize the heated heavy hydrocarbon feedstock. The use of primary dilution
steam stream 8 1s optional for very high volatility feedstocks 5 (e.g., ultra light
crudes and contaminated condensates). It is possible that such feedstocks can be
heated in tube bank 6 forming a vapor and a liguid phase which is conveyed as
heated hydrocarbon stream 12 directly to the separation vessel 16 without mixing

with dilution steam stream 8.



(150C to about 345C). [0029] The heated heavy hydrocarbon feedstock is then
mxed with a primary dilution steamstream8 to forma m xture stream 10.
The primary dilution steamstream8 is preferably superheated in the

convecti on saci9nsAacof the furnace 1, and is preferabl rature
such that it serves to partially vaporize the heated heg(\:/@{]ﬁ@%ﬁf/@(@ bon

feedstock. The use of primary dilution steamstream8 is optional for very
high volatility feedstocks 5 (e.g., ultra light crudes and contam nated
condensates). It is possible that such feedstocks can be heated in tube
bank 6 formng a vapor and a liquid phaﬁl_Mhich I s conveyed as heated

hydr ocarbon stream 12 directly to the separati on vessel 16 w thout m xing

with dilution [ﬁéa m st rgﬁ?e§¥%p8@$llﬁlé7%e§t$%%HS@%ﬁ/ %%éi T [ 0030]

The m xture stre 10 i agarnin't ace eating can be

acconpl i shed, HextinkayanObe Bdnplishdd] BY varyasPhen-likitingaGaiple, thyepassthX they € st ream
10 through a bank of heat exchange tubes 24 | ocated within the convection

section 2 of tmiture sinease 10 thraueh A bhank ehheay epchangrotubes 24 leratedaxithin dha t he
t he

radi ant section 3 of the fyrnace.l. The us-sheat ed. m.xt ure | eave

convection sé’(?m_'?f oﬁsﬁgoﬁaﬁgﬁ%ﬁ"ﬁaﬁ?Eagégl’élﬁr%eﬁﬁé ﬁ%mer%{tﬁm\:‘/%so °’B fse and a
l'iquid phase rifib@iedion 3oft hERirRhcs 1S CPRY hhfReatdd RRAAE Mav@thy esmRLtickO. Whi ch
in FIG 1 is illustrated as a knock-out or flash drum [0031] Optionally, a

secondary di | wettiom aeanha tmigtune sitedns 1A dwviag 4 vanoh @hassoandex ligwid nbesst i on 2 of
the furnace 1 and is then ri'ixed 'tdh. t he h9t thleg %reamﬁé.,lThe
secondary di | GYeh &% MHmaely oSeRrated; 10 SeParatgh yepsel 10y WhiCH dg FIY- ) h st eam
stream 20 whi Giiudtsitddial QhnWék-bitlof Badhtrudl Xt ure stream 12 (before separating
the vapor fromthe liquid in the separation vessel 16) .and a bypass steam
stream 18 (wil83l]bypasyptiontily, sepeanduiyodilufion stehmigicamntil isi hegtedan thes ni xed

LD e YaPOL. oSS SR R O aRPRHEL e B 1 B, 1O

enbodi ment can,epgNat Th¥kdddnddr) dilution steam stream 14 is, optionally, split into a flash
steam stream 20 which is mixed with the hot mixture stream 12 (before separating
the vapor from the liquid in the separation vessel 16) and a bypass steam stream -
18 (which bypasses the separation vessel 16} and, instead is mixed with the vapor
phase stream 22 from the separation vessel 16 before the vapor phase is cracked in
the radiant section 3 of the furnace 1. This embodiment can operate with all
secondary dilution steam 14 used as flash steam stream 20 with no bypass steam
streaﬁ 18. Alternatively, this embodiment can be operated with secondary
dilution steam stream 14 directed entirely to bypass steam stream 18 with no flash
steam stream 20.
[0032] In a preferred embodiment in accordance with the present
invention, the ratio of the flash stemﬁ'stream 20 to the bypass steam stream 18
should be preferably 1:20 to 20:1, and most preferably 1:2 to 2:1. The flash steam
stream 20 is mixed with the hot mixture stream 12 to form a flash stream 26
before separating the vapor from the liquid in the separation vessel 16. Preferably,
the secondary dilution steam stream 14 is superheated in a superheater tube bank
56 in the convection section 2 of the furnace 1 before splitting and mixing with the
hot mixture stream 12. The addition of the flash steam stream 20 to the hot

mixture stream 12 ensures the vaporization of an optimal fraction or nearly all



secondary dilution steam 14 used as flash steam stream 20 with no bypass
steam stream 18. Alternatively, this enbodi nent can be operated with
secondary ﬁidih%?ﬁﬁé eam stream 14 directed entirely to bypass steam stream
18 with no flash steam stream20. [0032] In a preferred ehbbHrHEN IR
accordance wth the present invention, the ratio of the flash steam stream
20 to the bypass steam stream 18 should be preferably 1:20 to 20:1, and
nost preferably 1:2 to 2:1. The flash steam stream 20 is m xed with the hot
m xture stream 12 to forma flash stream 26 before separating the vapor
fromthe liquid in the separation vessel -16: Preferably, the secondary
dilution steam stream 14 is superheated in a superheater tube bank 56 in

t he convect i orved@de comp@nasts effise hat magerelstisemndri2ebedpreithe flagh sreammBéemerswi t h
the hot mxture stream 12. Ihe addition of the flash steam stream 20 to the
hot mixture stil?é%%@né’ﬁ%i?ll & the vaporization of an optimal fraction or

nearly all V\Dlaga /11371 l'f%? Hg&? a/s]%}%’?rﬂqz -(‘%rfls ﬂ\éll%i ashjegl%t%ogp %5??181;] t he

hot m xture stre 12 before ream ers e separa

vessel 16. [ OQR3ritklag id)Hen Thirbdiiced ShioSaBafatlodl vdshaA B fof fsesatiin Ao two
previously described) is then introduced into a separation vessel 16 for
separ at i on i ntphataso a pipps ghasea conypoisingh pedomormptly svalgilp riedoedartams | andvel ati | e
hydrocarbons and.a _|iquid phase coppri sing predoninant]y non-volatile

hydr ocar bons. l1gyidRhase AOFMIISHME Preqeanipaphs forRadatde eppbns. o lgr Opgp) v

removed f1om tho, Jash o VAN YELNCAA Y BROLLT SRS £l Gy aRgh

phase, prefera%‘?y s fe ower  convection section

furnace It forgreRtdsQRalvenRad vaghraRdam RN VENAGEr PlYase! RERMY. iPtddesacR8ot 0 t he
radi ant section 3 of the furnace 1 for cracking. The liquid phase of the
separ ati on i s thenowed chnwttivhesestpar4lt icdntheeBerice 16loasoptiopait heatmgstanéam 30.
[ 0034] As previously d'kscussed, it |§ preferred to nmai té&lﬂ %u redet er m ned
constant rat i GOBYEXAREDPY tEOFPYi RIPFHZF KR e padiant; Bricped <X the 8t si9Eh

ratio is cracking. The liquid phase of the separation is removed from the separation vessel

16 as a bottoms stream 30.

[0034] As previously discussed, it is preferred to maintain a predetermined
constant ratio of vapor to liquid in the separation vessel 16. But such ratio is
difficult to measure and control. As an alternative, the temperature B of the hot
mixture stream 12 before entering the separation vessel 16 can be used as an
indirect parameter to measure, control, and maintain the constant vapor-to-liquid
ratio in the separation vessel 16. ldeally, when the hot mixture stream 12
temperature is higher, more volatile hydrocarbons will be vaporized and become
available, as a vapor phase, for cracking. However, when the hot mixture stream
12 temperature is too high, more heavy hydrocarbons will be present in the vapor
phase and carried over to the convection section 2 furnace tubes, eventually
coking the tubes. If the hot mixture stream 12 temperature is too IOW, hence a low
ratio of vapor to liquid in the separation vessel 16, more volatile hydrocarbons
will remain in liquid phase and thus will not be available for cracking.

[0035] The hot mixture stream 12 temperature 1s optimized to maximize
recovery/vaporization of volatiles in the heavy hydrocarbon feedstock while
excessive coking in the furnace tubes or coking in piping and vessels conveying

the mixture from the separation vessel 16 to the furnace 1. The pressure drop



difficult to neasure and control. As an alternative, the tenperature B of
the hot mxture stream 12 before entering the separation vessel 16 can be
used as an indirect paraneter to neasure, control, and maintain the

constant vap@obfribiguid ratio in the separation vessel Igsall , Wwhen
the hot m xture stream 12 tenperature is higher, nore VB%’S{P?%O ?ﬂi’/ﬁ}/ocar bons

w Il be vaporized and becone available, as a vapor phase, for cracking.
However, when the hot m xture stream 12 tenperature is too high, nore heavy
hydrocarbons will be present in the vapor phase and carried over to the
convection section 2 furnace tubes, evenpually coking the tubes. If the hot
m xture stream 12 tenperature is too low, hence a low ratio of vapor to

liquid in thea&%&aﬂﬁt]%w]iﬁﬂlgvﬁﬁﬁ%ssé@’coﬁ%&&gvﬂnls%iﬂnﬁ'eW%@Q@%Q‘)B&weé’ﬁcﬂ remai n
in liquid phase and thus will not be available for cracking. [0035] The hot

m xture streamsectidnd8 gl the urossdver piptrigr?i8z antl the tereperatiegise across the lower

recovery/vapori zation of volatiles in the heavy hydrocarbgn feedstock while
excessi ve cokiCAgerion ﬁ@@ﬂr*ﬁ@éya%@gnﬁreéé‘kﬁ‘?écﬁ ﬁ’epf’?ﬂehﬁi)e?ﬂ fesS¥l s

conveying the,ddxiu I i At dnQ N ESS Enlet Sk Qule & bl i 1. The
pressure drop%ng%ogfﬁS%%g%?ﬁg%%%ﬂ 19545 -126%cross t he p‘?‘g]&ng and
vessel s conveyomgctitresention 48 bedins tolincrbaseveapidip due ¢t ¢aking, edtinperathfy;, inand t he
crossover piping 28, .and the ten&%glbure, ri se acraoss .the %)ovver convection

section 48 mayihEPABHER yrEsEl 16 ap _ oty ity sEeap 12 thepldgbe pguced; i ance, if
the crossover pLesSHAEs Me%ﬁ&ec%?\mcgbﬂec%ﬁﬁﬁ,gtég té]ﬁbe:r%greld‘?\@ﬁgﬂuec vection

section 48 beginsto 1 ncrease ra due to coki ng, tenperattre in the
separati on vessée shferheudertseetidnod6 iciehdes reqiiting mole dashperhehtdrevatadicted. | f
coking occurs in the | ower convection section 48, the tenperature of the
flue gas to tARrdtrdempgatie ndines b amk20- ncr eases, requiring nore

desuperheat et T 50, Ko lrb it PR RS BBLIS A2
control |l ed at chetolledrat 66veain @00 add FO408E @3 FnghdSFHCY), pidfefablyaietwedhctooeen 700
and 920F (370 agcrll %2€°%0(C 70 .elrlr.?ir4(?909(r3)(?fmeorréle gle erglaelgrvl\)gt%»rf]eeg 57'(%0(31;1]1((:1i 9%89FF(4 %Oa%dand

480°C), and most preferably between 810 and 890°F (430 and 475°C). These

values will change with the volatility of the feedstock as discussed above.

[0037] As previously noted, the furnace draft is continuously measured by

pressure differential instruments and periodically adjusted to control the

temperature (B, D, and C, respectively) of at least one of the hot mixture

stream 12, the vapor stream 22 and the flash stream 26. Figure 1 illustrates the

control system 98 which comprises a temperature sensor that periodically adjusts

the temperature for the mixture stream 12 in connection with the furnace draft

measurement. " In this embodiment, the control system 98 comprises at least a

temperature sensor and any known contro} device, such as a computer application.

The furnace 1 draft is the difference in the pressure of the flue gas in the furnace 1.

For safety reasons, draft measurement is extremely important, If the draft is too

low or non-existent, it may result in extremely dangerous operations where the hot

radiant flue gas flows from the radiant section 3 to the environment. To ensure

that the flue gas only exits the furnace 1 at the top of the stack 64, it is measured at

the location where it is a minimum. Typically, the minimum draft location,

measured at points A;, A,,or A;, can be anywhere between the top of the radiant



480C), and nost preferably between 810 and 890F (430 and 475C). These

values wll change with the volatility of the feedstock as di scussed above.
[00371 As previously noted, the furnace draft is continuously measured by
pressur e dlYF%W@ﬁ{FéF instruments and periodical |y adj ust eBCTAHS2WAITIS t he
tenperature (B, D, and C, respectively) of at |east one of the hot m xture
stream 12, the vapor stream 22 and the flash stream26. Figure 1 illustrates
the control system 98 which conprises a tenperature sensor that
periodically adjusts the tenperature for the mxture stream 12 in
connection with the furnace draft neasurgement. 'In this enbodi nent, the
control system 98 conprises at least a tenperature sensor and any known

control devi CRectRHCY ARl theCRIPULRT o RIMel GRIRO bwer TRRIVELIdIASRibn df$f tTHes the
difference in the pressure of the flue gas in the furnace 1. For safety

reasons, draf losutienwfenmihumsdraktmeves| depemineg daftrmadd ltolperadoai t Toentwe | ow
or. non-existent, it may result in extrenmely dangerous erations where the
hot radiant fsaisreomgncm ohhe fgmaend. thedfimamit se eointols lag @ thae reqvfadofarent .

T tht fl t h the t t h
stack 6a it veumdrinl SRRy o Riinare e e he et VRl hea 1y,
the m ni nrum dr A" A2,or A3, can be anywhere
bet ween t he top‘%’?h&tlﬁgﬁ&gfséﬂﬁ%ﬂ%ggﬁﬁfg%gg Bt/ Us2005/ 017545 - 13 sect i on
3 and the firgpoagyw of tnl&eﬁwbﬂnwﬁrok:@sWndQﬂﬁfmcmramyseﬁi f@rcombollibigethe

| ocation of mninmmdraft noves depending on furnace 1 operations. To ensure

saf e oper at i oneroperatuee pliahdeast one phchalhelf mpgene siwsiam 12.svagpiog Istream 2a andqui r ed

for optimal t er mal effICl ency of furnace 1. This ensure hat the furnace
1 will run &h \SUFAM 1§ UpSEHY 2 e o P U SR e SEPargRizdl The

I nventive prO% ?@r{}ﬁv {?@{ 6 GO U Hlnisoe aggaifo%r tl&oo&sﬁ{dyegpﬂy?eedgtg@ipg aturg

of at | east on mXture stre vapor ash

stream 26 in Qesleibell GbaCH GH EyPRa0BHrafiiAS WP hehinf Ui dtos@apan dbddsbeks) the
separation vessel 16 is determ ned based on the volatility of the feedstock
as descri bed dsfovesetiat abppt Oal5 24t iven§35wict AS Hady yWialed cobmnib gwe) is a

f eedst ocks, the
convenient measure of very small differences in pressure.

[0039] Once the fumace 1 is operating, the temperature B of the hot
mixture stream 12 1s measured (alternatively, the temperature C of the flash
stream 26 or the temperature D of the vapor stream 22 is measured) and if that
temperature is lower than the desired temperature, then the set point of the draft
will be increased. An increase in the set-point draft will, through the means for
adjusting the draft, cause an increase in the excess flue gas oxygen in the furnace,
which will cause the temperature in the furnace 1 to increase. This will ultimately
result in an increase in the temperature B of the hot mixture stream 12 (and thus an
increase in the temperature C of the flash stream 26 and the temperature D of the
vapor stream 22).

{0040] As shown in FIG. 1, the speed of the furnace fan 60 is varied in
response to the change in the drafi. For example, an increase in the speed of the
furnace fan 60 will cause an increase in the draft, which will increase flue gas
oxygen and thus will increase the temperature in the convection section 2. Other
means comprise dampers to the burners (not illustrated), furnace stack dampers
(see dampers 65, illustrated in FIG. 2), or any combination of the above. The

speed of the furnace fan 60 is the fine tuning means for adjusting the draft and



draft is set at about 0.15 to 0.25" we (35 to 65 Pa). Water colum (wc) is a
conveni ent neasure of very small differences in pressure. 10039] Once the
furnace 1 is operating, the tenperature B of the hot mixture stream 12 is
measur ed (awoewestismel y, the tenperature C of the flash r the
tenperature D of the vapor stream 22 is neasured) and ifpﬁ/btgﬁﬁgtﬂé?r%grature
Is |lower than the desired tenperature, then the set point of the draft wll
be increased. An increase in the set-point draft will, through the neans for
adjusting the draft, cause an increase in the excess flue gas oxygen in the
furnace, which will cause the tenperature in the furnace | to increase.
This will ultimately result in an increase in the tenperature B of the hot

m xture strea ' AL r flash
Tt ream 26 nnd TRt Reest BHeclln AIRRREST, 1Fi bREMETIREERN'E shopBleald® | SO,
FIG 1, the spaadaseftht ue gisagess aryged, ilenvihei fithdca faneblpepd da@ bdre change

in the draft. For exanple, an increase in the speed of the furnace fan 60
will cause an inereasediits maxiumg preed, Whigh ean rapylt injtae paigh drafl, ut mapstilbxygen

means compr i s REREEREerlSh NEBE RS thB (e B0UERSRS e BiThb i s "
danpers (see id@ygﬁﬁﬂl? dohe manhalflradtiRdburiter 4 Gr al the fah 68N(ges itipenbs an of the

above. The speed of the furnace fan 60 is the fine tuning neans for
adj usting t he Baf?), el ingsa9ine 5xIc3 PHEPOT thodhposs @0 passibly reiueingshe he

excess oxygen } e furnace 1., 1f it c necessary to significantly

i ncrease the f‘#@ﬁrgtgg‘f'&%cg?sané&egrgﬂ?mtdﬁg‘hgq%ﬁ% furnace fan 60 speed can be

increased to ifpe411axi MIITsERE R deithhrelbutanibnt &5pért of the édfroltatentlisalvery but nmay

still not result in enough flue gas ox%/‘igen. In this case, the danpers can
]

be opened (t hiapick, Sreakstirne’away todesmiediealiviadinsg pnd contred theemperatue Brofahe t he f an
60 (see danpers,65 in FlIG t hus i ncr.easin XGESS _0X | he flue

gas and possi b}f°>5 W'é@ﬁ%?tﬁe&“t h%)(argrtgfte’l%er?tﬁrg ¢J’?na%gla% %‘H"&XTC’?@ arngqthlllsr ed fan
speed. [00411 jbifecll thé Qatidr &ff VapdP &S Uq@HEBpar@sSd PR kHe Spafatien 6ol Bd. aystemis
a very

change in the furnace fan 60 speed will almost immediately result in a change in
the draft measurement because the pressure of the radiant section 3 responds
rapidly to change in furnace fan 60 speed. Draft differential pressure instruments
respond very quickly. On the other hand, measuring the excess oxygen is a
problem because instruments for measuring excess okygen respond more slowly
“to changes in furnace fan 60 speed because it takes a relatively long time for the
higher oxygen flue gas to reach oxygen measuring instrument. Therefore, the
immediately measurable draft response allows for the control system to quickly
react to changes in furnace fan 60 speed which not only mitigates oscillations in
the furnace operations, but also allo§vs for a quick way to periodically adjust the
temperature D in the hot mixture stream 12 (and the temperature C in the flash
stream 26) and thus the vapor/liquid separation occurring in the separation
vessel 16.
[0042] In addition to maintaining a constant temperature B o_f the hot
mixture stream 12 (and the temperature C and D of the flash stream 26 and the
vapor stream 22, respectively) entering the separation vessel 16, it is also desirable
to maintain a constant hydrocarbon partial pressure of the separation vessel 16 in

order to maintain a constant ratio of vapor to liquid separation. By way of



quick, "real-tinme" way to periodically adjust and control the tenperature B
of the hot mxture stream 12 (and the tenperature C of the flash stream 26)
and thus iggjsectl. he ratio of vapor to liquid separated in the

separ ati on ggééﬁﬁgkﬁ?&A change in the furnace fan 60 speegcaﬁﬁpmﬁpﬁﬁ§t
imediately result in a change in the draft nmeasurenment because the
pressure of the radiant section 3 responds rapidly to change in furnace fan
60 speed. Draft differential pressure instrunments respond very quickly. On
the other hand, neasuring the excess oxyges_is a problem because
instrunments for neasuring excess oxygen réespond nore slowwy to changes in

e ] on o R, DR it RSSO, TRl ety it b Frghlaifle by O

oxygen flue ga%\ asur i ng 1 nst r'unen erefore,

i nredi atel y megsytabing lldt SESRANHE vakstioNs fr&kuleh@irGiM iRl uky st edntid)
gui ckly react to changes in furnace fan 60 speed which not only mtigates

oscill ations ivalvd 3¢ druthaegpoopdrasd linaL?, bud byl smtmllimghef mtioaoigsieak toay to
periodically adjust the tenperature Din the hot mxture stream 12 (and the

he h
t enper at ure  C hysire¢asban feadstosk ria Hfask estreamd2e.hukymierlyy b hyfiogaiben esEalat i on
inginth ti 16.. 100421 .In addition t i nt ai ni
st ant t enpelErire bt Mol S FBR 260 ths BeSHR AR n 5 At AL PRl Ay o o
d Dof the f : 2 el
ontering the oaBget e RARAND dohot7KERGLraLER et Rea SARESINE BE 1o

const ant hydr opgy lrey), mastt preferablebateen 6tnd hepsie 40 aid DhkPessel 16 in  order
to maintain a constant ratio of vapor to liquid separation. By way of WO
2005/ 113716 PAM#RP005/ 0The 4B paratian exfaithst egpon phasso feormrihe qiid cetiasoris

partlal pressure can e Mo nLaned. by TRLILal Tyro Soshant 2Rt CR,
L T T
stream 26 in thenqfeslgnbpdrivedniti 40 tb 200epsian@d78 ot 1400 éPaptpresbaevarinig and
25 psia (25 ant(gmizgl:iig)ié usF)Jaﬁ; ?}ri:l sl:)alrgle c?restli\gle;ﬁ; 105wg"ntganlt5hept§1inger(at?:1?e E)? the flash
streamn 26 before entering the separation vessel 16. Typically, for atmospheric
resids, the pressure of the separation vessel 16 is about 40 to 200 psia (275 to 1400
kPa), and the temperature is about 600 to 950°F (310 to 510°C). Preferably, the
pressure of the separation vessel 16 is about 85 to 155 psia (600 to 1100 kPa), and
the temperature is about 700 to 920°F (370 to 490°C). More preferably, the
pressure of the separation vessel 16 is about 105 to 145 psia (700 to 1000 kPa),
and the temperature is about 750 to 900°F (400 to 480°C). Most preferably, the
pressure of the separation vessel 16 is about 105 to 125 psta (700 to 760 kPa), and
the temperature is about 8§10 to §890°F (430 to 480°C). Depending on the
temperature of the flash stream 26, usually 40 to 98% of the mixture entering the
flash drum 16 is vaporized to the upper portion of the flash drum, preferably 60 to
90% and more preferably 65 to 85%, and most preferably 70 to 85%.
[0044] The flash stream 26 is operated, in one aspect, to minimize the
temperature of the liquid phase at the bottom of the separation vessel 16 because
too much heat may cause coking of the non-volatiles in the liquid phase. Use of

the optional secondary dilution steam stream 14 in the flash stream 26 entering the

separation vessel 16 lowers the vaporization temperature because it reduces the



100 kPa), nost preferably between 6 and 11 psia (40 and 75 kPa). [00431 The
separation of the vapor phase fromthe liquid phase is conducted in at

| east one separation vessel 16. Preferably, the vapor/liquid separation is
a one-stagewwroeas7iwi th or without reflux. The separati S
normal |y operated at 40 to 200 psia (275 to 1400 kPa) prgggggééﬁhgﬁgts
tenperature is usually the sane or slightly |ower than the tenperature of
the flash stream 26 before entering the separation vessel 16. Typically,
for atnospheric resids, the pressure of the separation vessel 16 is about
40 to 200 psia (275 to 1400 kPa), and t tenperature i s about 600 to 950F

(310 to 510C). Preferably, the pressur"e1 of the separation vessel 16 is

about 85 to 155 i,a (600 190 kPa), ,.an t he tepperatu is about 700 to
920F (370 Lo P30 Prostiie 9ir e 29 dResrblts, 620 Jpnebt el FRSIR. O BsLiagf B vesoel

16 is about 1Qgahf), AP S| 1BweréOfle tr@c*uk@@QidﬁRﬁ%:haseﬁBﬂp&ﬂaﬁtr&e'm&hﬁlfti%l?, i s about
750 to 900F (400 to 480C). Most preferably, the pressure of the separation
vessel 16 is abthet thh0Sising 4 2&copdarn dilution steamodreriBald, ibmby benpossiblepter at ure i s
about 810 to 890F (430 to 4800).. endi ng on the, tenperature of the flash
Stroam 26, | us BAPIYS AR B0 SOSIE: AR PI SieR: By 16 PERGY GIHGER Xl 16 | <

vaporized to tde.dgper portion of the flash drum preferably 60 to 90% and

nore preferably 65 to 85% and nost preferably 70 to 85% [00441 The fl ash
stream 26 i s dped5jt ed, ilhmayelsadphelpful toravycle mippeidnhef the extpraaliyt coodedof t he

i qui d phase he bottom of th eparation vessel 16 because. too nuch
heat nmay causgiaéfsm o diaHign 32, Bk o1 ks SThRI9E Versy ilg tgﬁ]ﬁ@e@%é@ of the
optional secongay sélatdidd Aihid pRAR & o of Facl Biparhlidts DesSlr RATLRRiENT €T 1 N
the separation vessel 16 Fowers the vaporization tenperature because it

reduces the WBt2430 1d SohlEyddTidnGi2 @066 bf eseparitforpaessel a6 tpthe ssalers34of t he

hydr ocarbons (i..e., larger nole fractiaon of ,the vapqr is team, and thus
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‘ to 320°C). The amount of recycled stream 32 should be about 80 to 250% of the

amount of the newly separated bottom liquid inside the separation vessel 16.
[0046] The separatioﬂ vessel 16 is also operated, in another aspect, to
minimize the liquid retention/holding time in the separation vessel 16. Preferably,
the liquid phase is discharged from the vessel through a small diameter “boot” or
cylinder 44 on the bottom of the separation vessel 16. Typically, the liquid phase
retention time in the separation vessel 16 is less than 75 seconds, preferably less
than 60 seconds, more preferably less than 30 seconds, and most preferably less
than 15 seconds. The shorter the liquid phase retention/holding time in the
separation vessel 16, the less coking occurs in the bottom of the separation
vessel 16.

[0047] In the vapor/liquid separation, the vapor phasc‘usually contains less
than 100 ppm, preferably less than 80 ppm, and most preferably less than 50 ppm
of non-volatiles. The vapor phase is very rich in volatile hydrocarbons (for
example, 55-70%) and steam (for example, 30-45%). The boiling end point of the
vapor phase is normally below 1400°F (760°C), preferably below 1250°F
(675°C). The vapor phase is continuously removed from the separation vessel 16

through an overhead pipe which conveys the vapor to an optional centrifugal



stream S. [0045) It may al so be hel pful to recycle a portion of the
externally cooled flash drumbottons |iquid 32 back to the separation

vessel 16 {o. hel | the newly separated liquid phase at the bottom of
the separ ah%ﬁ‘"”@égﬁg 16. Liquid stream 30 is conveyed f F&HYREOHYIHEM of
the separation vessel 16 to the cooler 34 via punp 36. The cool ed stream 40
is split into a recycle stream 32 and export stream 42. The tenperature of
the recycled stream 32 is ideally 500 to 600F (260 to 320C). The anpunt of
recycled stream 32 shoul d be about 80 to 250% of the anmount of the newy
separated bottomliquid inside the separation vessel 16. [00461 The
separation vessel 16 is also operated, in another aspect, to mnimze the

l'iquid retentisgmrhiet d6nehith FRndves thaee ampBanidldfeAtryiass of cdfilenf¥deliQriabThe the
i quid phase is discharged fromthe vessel through a small dianeter "boot"

or cylinder 4d4parnthehdlobstinon planifold thapdistabiien theeBew|to 1le: lowepiconvdcyiont he

| j quid phase retention ti in the separation vessel is less than 75
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seconds, and nost preferahly |es t.han 15 second e,sho the .liquid
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vapor/|liquid separation, the vapor phase usually contains Tess than 100
ppm pref er ablcgntimsmisiyiiemoded fiom thenstparasion pesfeb1abs prafaablyt duparhttefim  of

non-vol atiles. The vapor phase is very rich in volatile hydrocarbons (for
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trace anount s 1ab bertackedied or condensed liquid. The vapor then flows into a
mani fold that distributes the flowto the |ower convection
[6048] The bypass steam stream 18 1s a split steam stream from the
secondary dilution steam 14. As previously noted, it is preferable to heat the
secondary dilution steam 14 in the furnace 1 before splitting and mixing with the
vapor phase stream removed from the separation vessel 16. In some applications,
it may be possible to superheat the bypass steam stream 18 again after the splitting
from the secondary dilution steam 14 but before mixing with the vapor phase.
The superheating after the mixing of the bypass steam 18 with the vapor phase
stream 22 ensures that all but the heaviest components of the mixture in this
section of the furnace 1 are vaporized before entering the radiant section 3.
Raising the temperature of vapor phase to 800 to 1300°F (430 to 700°C) in the
lower convection section 48 also helps the operation in the radiant section 3 since
radiant tube metal temperature can be reduced. This results in less coking
potential in the radiant section. The superheated vapor is then cracked in the
radiant section 3 of the furnace 1.
[0049] In another embodiment of the present invention, as illustrated in
FIG. 2, the heated heavy hydrocarbon feedstock stream 52 is also mixed with a
fluid 70. It is possible during start-up of the furnace 1 or during a change in the
feedstock that it may be necessary to use the fluid 70 stream and the primary

dilution steam stream 8 along with the draft control system described in



section 48 of the furnace 1. The vapor phase stream 22 renoved fromthe
separation vessel 16 can optionally be m xed with a bypass steam 18 before
being introduced into the | ower convection section 48. The vapor phase

stream 22 wenhispyPHe! y removed fromthe separation vessglradBodshifRuef erably
superheated in the | ower convection section 48 of the furnace | to a

tenperature of, for exanple, about 800 to 1300F (430 to 700C) by the flue
gas fromthe radiant section 3 of the furnace 1. The vapor is then

i ntroduced to the radiant section 3 of the furnace 1 to be cracked. [0048]
The bypass steam stream 18 is a split st,gam stream fromthe secondary
dilution steam 14. As previously noted, it is preferable to heat the

secondary dilytion.ste in th rnace o) re splittin I Xi ng
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vaporized bef qogsegnt er i mgist hgy r&dhéegsa@,egédaggé, Jor ek@hSlenat Tsﬁaﬁ_u??w@@r ature of
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invention, as 1llustrated in~ FIG 2, the heated heavy hydrocarbon feedstock
stream 52 i s gasoxydenefluid Thmay btelnecebsat9.to lathiew thedewldepardion weysaltlért - up of

the furnace | or during change in the, feedstock that i b ecessary
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vaporized in separation vessel 16 without fluid 70. Addition of fluid 70 reduces
the temperature of hot mixture stream 12 and the fraction of hydrocarbon
vaporized in separation vessel 16.

[0051] The fluid 70 can be a liquid hydrdcarbon, water, steam, or mixture
thereof. The preferred fluid is water. The temperature of the fluid 70 can be
below, equal to, or above the temperature of the heated feedstock stream 52. The
mixing of the heated heavy hydrocarbon feedstock stream 52 and the fluid stream
70 can occur inside or outside the furnace 1, but preferably it occurs outside the
furnace 1. The mixing can be accomplished using any mixing device known
within the art. However it is preferred to use a first sparger 72 of a double sparger
assembly 74 for the mixing. The first sparger 72 preferably comprises an inside
perforated conduit 76 surrounded by an outside conduit 78 so as to form an
annular flow space 80 between the inside and outside conduit. Preferably, the
heated heavy hydrocarbon feedstock stream 52 flows in the annular flow space 80,
and the fluid 70 flows through the inside conduit 76 and is injected into the heated
heavy hydrocarbon feedstock through the openings 82 in the inside conduit 76,

preferably small circular holes. The first sparger 72 is provided to avoid or to



connection wwth FIG | to control the tenperature B for the hot m xture
stream 12 (optionally mxing with the flash steam stream 20) entering the
separ ati on weSHetn13i to achieve a constant ratio of vaporpéﬁUgc#‘}ﬁ;‘hqd;n t he
separation vessel 16, and to avoid substantial tenperature and tlash”
vapor-to-liquid ratio variations. [00501 This may be necessary because, for
exanple, at start-up, very volatile feeds require a separation vessel 16
tenperature that is substantially |ower than during steady-state operations
since the steamto-hydrocarbon ratio of the hot mxture stream 12 is higher
than during steady-state operations. At ™ i mum f1 ue gas oxygen, fluid 70
may be necessary to_achieve the | ow separation vessel 16 éﬁlngejé(?ture. Al so
after start-upcdusgr hAGMERARgEANTFAr Brdauasier, vanpsizaiigphidr teedlind 479,y Ben ¢ he
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fluid mixture.

{0053} The mixture of fluid 70, feedstock and primary dilution steam
stream (along with the flash stream 20) is then introduced into a separation vessel
16 for, as previously described, separation into two phases: a vapor phase
comprising predominantly volatile hydrocarbons and a liquid phase comprising
predominantly non-volatile hydrocarbons. The vapor phase is preferably removed
from the separation vessel 16 as an overhead vapor stream 22. The vapor phase,
preferably, is fed back to the lower convection section 48 of the furnace 1 for
optional heating and is conveyed through crossover pipe(s) 28 to the radiant
section 3 of the furnace 1 for cracking. The liquid phase of the separation is
removed from the separation vessel 16 as a bottoms stream 30.

[0054] As previously discussed, the selection of the hot mixture stream 12
temperature B is also determined by the composition of the feedstock materials.
When the feedstock contains higher amounts of lighter hydrocarbons, the
temperature of the hot mixture stream 12 can be set lower. As a result, the amount
of fluid used in the first sparger 72 is increased and/or the amount of primary

dilution steam used in the second sparger 84 is decreased since these amounts



- 19 reduce hanmering, caused by sudden vaporization of the fluid 70, upon

I ntroduction of the fluid 70 into the heated heavy hydrocarbon feedstock.
[00521 In addition to the fluid 70 m xed with the heated heavy feedstock
52, the priweyaostiibygi on steamstream 8 is also m xed w d heavy
hydr ocar bon feedstdgk 52. The primary dilution stean1str%§ﬁ$§ﬁ%ﬂﬁﬂ%§
preferably injected into a second sparger 84. It is preferred that the
primary dilution steamstream8 is injected into the heavy hydrocarbon
fluid mxture 52 before the resulting stream m xture 86 enters the
convection section 2 for additional healng by radiant section 3 flue gas.
More preferably, the primary dilution steamstream8 is injected directly
into the seco J P Y [ t am 8
passes thr oug%eﬁgﬂ ?g%?tgtgét%ﬁpeﬁ%{aiogHﬁl%rﬂogé{"@re s%'ﬁé%ggh%ghrm tﬁ@@e?%% ar flow
di stribution hohtas&Shighéroarhdigt vy dioaoatditehidrecksbopc Kthef temperatirx bfigte. 100531
The m xture of fluid 70, feedstock and primary dilution steam stream (al ong
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predomi nant | y shedin 8ekél inlthe fetelidgardepsbis iddieaskd@por phase is preferably
renoved fromthe separation vessel 16 as an overhead vapor stream 22. The

vapor phase, [P#38ferabl yn thisembalimentkwhen a teanperhiee fordthe cuxumstsantliZon 48 of
the furnace'l .for .optional heati and is nveyved,.f.hrough erossayer
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a bottonms stream 30. [0054] As previously discussed, the selection of the
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I ncreased and/or the anount of primary
the fluid valve 92 will be opened wider to increase the injection of the fluid 70

into the first sparger 72. As described further below, FIG. 2 also illustrates
combined control of furnace draft with sparger fluid (preferably water) 70 and
primary dilution steam stream 8 using the control system 90 which in addition to
communicating with the spargers can also communicate with the draft (pressure
differential) measurement device. ' '

[0056] - In this embodiment, the control system 90 comprises at least a
temperature sensor and any known control device, such as a computer application.
Preferably, the temperature sensors are thermocouples. The control system 90
communicates with the fluid valve 92 and the primary dilution steam valve 94 so
that the amount of the fluid 70 and the primary dilution steam sﬁeaﬁ 8 entering
the two spargers is controlled. In a preferred embodiment in accordance with the
present invention, the control systém 90 can be used to control both the amount of
the fluid and the amount of the primary dilution steam stream to be injected into
both spargers. In the preferred case where the fluid is water, the controller varies
the amount of water and primary dilution steam to maintain a constant mixture
stream temperature 12, while maintaining a constant ratio of water-to-feedstock in

the mixture 11.



dilution steamused in the second sparger 84 is decreased since these
anounts WO 2005/ 113716 PCTI US2005/ 017545 -20 directly inpact the
tenperature of the hot m xture stream 12. When the feedstock contains a

hi gher anoWf 2W¥F/1aHovol atil e hydrocarbons, the tenperat urrCTofS2bdre1 75EsXt ur e
stream 12 should be set higher. As a result, the anmount of fluid used in

the first sparger 72 is decreased while the anount of primary dilution steam
stream 8 used in the second sparger 84 is increased. (0055] In this

enbodi ment, when a tenperature for the m xture stream 12 before the
separation vessel 16 is set, the control 2Zystem 90 automatically controls
the fluid valve 92 and the primary diluti‘on steamvalve 94 on the two

spargers. Wen the control system 9Q detects a dro&eiof_ tenperature of the
hot mixture ®0Féhm 12, WhendiF primany dilphen sigm §ugap ieis gerigd o Hiscsece
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As described further below, FIG 2 also’illustrates conbined control of
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’ [0058] To further avoid sharp variation of the flash temperature, the
present invention also preferably utilizes an intermediate desuperheater 80 in the
superheating sectton 56 of the secondary dilution steam stream 14 in the furnace 1.
This allows the superheater outlet temperature to be controlled at a constant value,
independent of furnace load changes, coking extent changes, and excess oxygen
level changes. Normally, this desuperheater 80 ensures that the temperature of the
secondary dilution steam stream 14 is between 800 and 1100°F (430 to 590°),
preferably between 850 and 1000°F (450 to 540°), more preferably between 8§50
and 950°F (450 to 510°C), and most preferably between 875 and 925°F (470 to
500°C).
[0059] The desuperheater 80 preferably is a control valve and water
atomizer nozzle. After partial preheating, the secondary dilution steam stream 14
exits the convection section, and a fine mist of water 87 is added which rapidly
vaporizes and reduces the temperature. The steam is then further heated in the
convection section. The amount of water added to the superheater controls the

temperature of the flash steam stream 20 which is mixed with hot mixture

stream 12.



the amount of water and primary dilution steamto nmaintain a constant

m xture streamtenperature 12, while nmaintaining a constant ratio of

wat er-to-feedstock in the mxture 11. WO 2005/113716 PCT/US211115/01 7 5 4
5 -21 10 he primary dilution steam stream 8 L 1] to the
second spg‘?gé‘rﬁ%?lﬁl% he tenperature control system 90 cadr?rﬁsg@%@i%g%ed to
control the primary dilution steamvalve 94 to adjust the anmount of primry
dilution steam streaminjected to the second sparger 84. This further
reduces the sharp variation of tenperature changes in the separation vessel
16. \Wen the control system 90 detects _a drop of tenperature of the hot

m xture stream 12, it will instruct the~2pr| mary dilution steamvalve 94 to
i ncrease the i r}kect ion of the FI’I mary dilution steam stream.into the second

sparger 84 whi®l60a ve Sithoughd éﬁs@ﬁfeﬁﬁﬁl@adlﬂﬂt%amf’%éf theghud ardithes t o
rise, the pri gamar (’ilh*ﬁto%x%%aﬁxt %J\é&ec%gwc heﬁﬁ {:&'%4}*’6&3%0?{5 more to

reduce the pr i"on s ream 8 i njec e e second sparger
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of the flash tenperature, the present invention also pre erably utilizes an
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oxygen |evel changes. Normally, this desuperheater 80 ensures that the
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1100F (430 to ), ppef n 85 n 1000F 450 to 5
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control valve and vvater atom zer nozzle. After partlal preheati ng, the

secondary di | desuperhsaterawatet rapdntol 4 lesser extenth sepaoaior presame seunteffeet, thand a fi ne

m st of water ogtzlm!alssepgrgteo%i t%ﬂe%ar%wg%gh Célagllliquid split for light, but hot feeds such as

preheated light crude. In one embodiment, the steps to reach the target separator
gas/liquid ratio may be as follows: First, the draft and position of the fan
damper(s) 65 and/or flue gas damper(s) can be controlled to minimum flue gas
oxygen of about 2%. Second, sparger fluid 70, Water, can be maximized with no
primary steam stream 8 flow. Third, water to the secondary dilution steam 14
desuperheater 80 can be maximized to maximize heat absorbed. Fourth, all of the
superheated secondary dilution steam stream 14 can bypass the separation vessel
16. Fifth, the separation vessel 16 pressure can be raised.

[0062] The furnace 1 can also crack hydrocarbon feedstocks which do not
contain non-volatiles, such as HAGO, clean condensates, or naphtha. Because no
non-volatiles deposit as coke in tube bank 24, these feeds are completely
vaporized upstream of line 12. Thus, the separation vessel 16 has no vapor/liquid
separation function and is simply a wide spot in the line. Typically, the separation
vessel 16 operates at 425 to 480°C (800 to 900°F) during HAGO, condensate, and
naphtha operations.

[0063] Without further elaboration, it is believed that one skilled in the art
can, using the preceding description, utilize the present invention to its fullest

extent. While the present invention has been described and illustrated by



vapori zes and reduces the tenperature. The steamis then further heated in
the convection section. The anount of water added to the superheater

control s thgo Hehparat ure of the flash steam stream 20 V\hllyttzlréh g:l égd_’ Wi th
hot m xture stream 12. WD 2005/113716 PCTI US2005/ 017545 - f% 510)ae

Al though it is preferred to adjust the anounts of the fluid and the primry
dilution steam streans injected into the heavy hydrocarbon feedstock in the
two spargers 72 and 84, according to the predeterm ned tenperature of the

m xture stream 12 before the flash drum 16, the same control nechani sns can
be applied to other paraneters at other-43cations. For instance, the flash
pressure and the tenperature and the flow,rate of the flash steam 26 can be
changed to ef frefetenge t@hamyeulﬂn enthodungrvs,- tlmsef:mfupnﬂmmmkllﬂ r'mtth@ fut awhl

[ 0061] Conbi ned contr furnace, draft osi tion, er fl
(preferably méP%TF?Iatesg’@bﬁbeaFVe’éﬁl% lengds, ”5‘5'/’5&%? appty r%ﬁté’ec‘?é Hd psfrade ut| on

steam des“pe'inf:xee% Clrof iE z?s%ﬂ e, x%f%r&?c%eéh gi‘& E@}?ad%%gaﬁgﬁf'i}%eoépgj%ﬁﬁ can

effect the I mal separa or tenperature and gas/Ti qul i ght,
but hot feeds cfa'ﬁﬁ? f&%aur;ﬁ\is%bSﬁﬁﬁéﬂlhﬁxﬁtthccfruéiﬁ:ople@fﬂfk%r@s?éh@ﬂhﬁﬁiﬂn the steps
to reach the target separator gas/liquid ratio may be as follows: First,
the draft and position of the fan danper(s) 65 and/or flue gas danper(s)
can be controlled to mi ninmum flue gas oxygen of about 2% Second, sparger
fluid 70, water, can be maximzed with no primary steamstream 8 fl ow
Third, water to the secondary dilution steam 14 desuperheater 80 can be
maxi m zed to maxi m ze heat absorbed. Fourth, all of the superheated
secondary dilution steam stream 14 can bypass the separation vessel 16.
Fifth, the separation vessel 16 pressure can be raised. [0062] The furnace 1
can al so crack hydrocarbon feedstocks which do not contain non-volatil es,
such as HAGO, clean condensates, or naphtha. Because no non-volatiles
deposit as coke in tube bank 24, these feeds are conpletely vaporized
upstream of line 12. Thus, the separation vessel 16 has no vapor/liquid



separation function and is sinply a wide spot in the line. Typically, the
separation vessel 16 operates at 425 to 480C (800 to 900F) during HAGO
condensate, and naphtha operations. [0063] Wthout further elaboration, it
is believed that one skilled in the art can, using the preceding
‘description, utilize the present invention to its fullest extent. Wile the
present invention has been described-and illustrated by WO 2005/113716

PCT/ US2005/ p17-45 -23 reference to particul ar enbodi nents, those of
ordinary skill in the art wll appreciate that the invention Jends itself
to variations not necessarily illustrated herein. For this reason, then,
ref erence should be nmade solely to the24ppended clains for purposes of
determ ning the true scope of the present invention. -24- CLAIMS Wat is

Cl ai med | s: CLAIMSprocess for cracking a heavy hydrocarbon feedstock in a
furnace having _a convection section and a radiant section, said radi ant
section havﬁﬁ@ﬁkKQGWﬁﬁﬂkéection burners whi ch provide hot flue gas in said

furnace, saibd fyrn r A i jwstking said
drarc: sardl profsbGse RddRing T Hol KiRcer Rt eRaTEA0, | it MY

feedst ock to forcantetibs teebiidy Ymd hy tidiagr deotiod, caid tradiknt  gdttion haviigy sai d
heat ed heavy hydrocarbon feedstock with a i y di]ution steamstreamto

forma mixture stadigmipseqtion H@aﬁﬁnﬂh@himﬁwg[ﬁﬁ’@@ﬁ”@aﬁ said Jumacs diidect i on

section of said .f r o] ] r, : i Mg ure
stream having aﬁ%%mﬁgaﬁﬁggaﬁiﬁg%%%ﬁe@}(% se%géra% ?‘%gﬁ’rspgi% vapor
phase and said Ibﬂuégacah?si@mgand (e) cracking said vapor phase in said

radi ant section of sajd furnace to :
(8)  heating said heavy hydrocarbon feedstock to form a heated heavy

hydrocarbon feedstock;

(b) mixing said heated heavy hydrocarbon feedstock with a primary
dilution steam stream to form a mixture stream;

()  heating said mixture stream in said convection section of said
furnace to form & hot mixture stream, said hot mixture stream
having a vapor phase and a liquid phase;

()  separating said vapor phase and said liquid phase; and

(&)  cracking said vapor phase in said radiant section of said furnace to
produce an effiuent containing olefins;

(£ continuously measuring and periodically adjusting said draft to
control the temperatire of at least one of said hot mixture stream

and said vapor phase,

2. The process of claim 1, wherein said heavy hydrocarbon feedstock is
preheated in said convection section of sajd furnace.

3. The pracess of claim 1 or 2, wherein said furnace has at least one furnace
fan to control the flow of said hot flue gas in said fumace, and said means
for adjusting said draflt in said furnace comprises varying the speed of said
at least one fumace fan.



produce an effluent containing olefins; (f) continuously neasuring and
periodically adjusting said draft to control the tenperature of at |east
one of sai <M re stream and said vapor phase. 2. The process of
claimi, vﬁé’t@?"r{mﬁ?‘g heavy hydrocarbon feedstock is pr eﬁ%ytuga"’?’ﬂ”é‘é?d
convection section of said furnace. 3. The process of claim1l or 2, wherein
said furnace has at | east one furnace fan to control the flow of said hot
flue gas in said furnace, and said nmeans for adjusting said draft in said
furnace conprises varying the speed of said at |east one furnace fan. WO
2005/ 113716 PCT/ US200S/ 017545 -25 4. Thé&Sprocess of claim1, 2 or 3,
wherein said furnace has at |east one furnace danper to control flow of
sai d hot flueq4gas The pabadsE Wf eddim 1aRdor 3amthersiansidl Arnadj hist atngastadee dr af t
in said furnace further conprises changing the position of said at |east
one furnace danper furaceTdamnper de sontrolf flewiyofpraet bdi Ayge gpaimsaid riumaee.candor i si ng

neasuring the tenperature of said hot mxture st.ream before said vapor
phase is separat eggalﬂr’ﬁ?ﬁnéa(ﬂ? Hing gs‘é’? cBnpRif qcﬁet%ﬁtgf’r FPRPHFE st ream

tenperature rreasua]%rﬁg%itmwsi@(gp rs-é‘?tﬁti%ggt Bﬁgfﬁﬁce@ﬁ&f.e stream

tenperature; and ng- sal n-sard rnacein response to said
conpari son. 6. The process of any preceding claimfurther conprising

nmeasuring thes tenpge dhroleds OF M Frev@ey RHAS Curdtek donfiiisthgy aRasurBipage i s
separated from said I'iquid phase; conparing the vapor phase tenperature
measur ement W t h ngpeestdetod said betmdper stiphaskeforspel wipar ghasea fosepatijateslt | ng
said draft in said furnace in response to s r]rpari son. 7. The process

of any preceding cfrﬁinnxgaiQ\HEqUéﬁ? phasse CPE‘(P&@F’%HEI? 0(%19“ g $YGRM HEMRERTECst r eam
is further control] %gsu?%%%/nér\ﬁit ng tp?%-rc]lletgﬁégar%aseort g‘éil;élng st QW 1L b&anl; dide

tenperature of sai ) pri
adjusting said draft in said furnace in response to said comparison.

6. The process of any preceding claim further comprising measuring the
temperature of said vapor phase after said vapor phase is separated from
said liquid phase; comparing the vapor phase temperature measurement
with a pre-determined vapor phase temperature; and adjusting said draft in

said furnace in response to said comparison.

7. The process of any preceding claim, wherein the temperature of said hot
mixture stream is further controlled by varying at least one of the flow rate

or the temperature of said primary dilution steam stream.

8. The process of any preceding claim further comprising mixing said heated
heavy hydrocarbon feedstock with a fluid prior to separating said vapor

phase from said liquid phase.

9. The process of claim 8, wherein said fluid mixed with said heated heavy
hydrocarbon feedstock comprises at least one of liquid hydrocarbon and

water.

10.  The process of claim 8 or 9, wherein the temperature of said hot mixture
stream 1s further controlled by varying the flow rate of said fluid mixed

with said heated hydrocarbon feedstock.



8. The process of any preceding claimfurther conprising mxing said heated
heavy hydrocarbon feedstock with a fluid prior to separating said vapor
phase fromsaid |iquid phase. 9. The process of claim8, wherein said fluid
m xed with weixbshesied heavy hydrocarbon feedstock congd oo .)sgzsast one
of liquid hydrocarbon and water. 10. The process of claim?&8 or b wherein
the tenperature of said hot mxture streamis further controlled by varying
the flowrate of said fluid mxed wth said heated hydrocarbon feedstock.
WD 2005/ 113716 PCTI US2005/ 017545 -26 11. The process of any preceding
claim wherein a secondary dilution ste%? streamis superheated in said
furnace and at |east a portion of said “Sécondary dilution steamstreamis
then m xed w ? sah_g hot m'>§1ure sty eam. bef or e, separ at.i ng..sai d vapor phase
d ph&s

fromsaid |iqdid pfiASErocEs oawY Retivgsclaim. ahgrept 8 SEPgy HiRPAY SWABr ei n the
temperature of sal grinf is BpkbafedShi SAN fulnabdiehBCH £BATA Glkiith BY sigrying Lhe

flowrate .and tenperature of said secondary dilution steamstream 13.
process of any pressdndeyy clilation stdasr streann is deonnaey dith aidohotsimisetnne st r eam

is superheated in said furnace and at, | east a portion of said secondary
dilution steam st r@mm@feméwwtwg&awtiwo@iw 8‘?‘8 HB’Q@T‘% er separating
sai d vapor phase fromsaid liquid phase. 14. The process of any preceding

cl ai m wher o 119521 4y BAAkesISS A0da5Ridbin! Wbtk BEASRpAinBA ka0 Xt Ure

stream are separ at n at t" one “separation vessel. e process of
clai m 14, wherein sdktdreattréapasis fiuntes epatralisdoby vesgiag the Howkraekandut drum
16. The process any preceding.clai n& nggﬂei n sai d heavy hydrocarbon

pdagy

feedst ock conpri selemperaiusg of saip gecg B SERMe}ls oi | and resi dues, gas
13.  The process of any preceding claim, wherein a secondary dilution steam
stream is superheated in said furnace and at least a portion of said
secondary dilution steam stream is then mixed with said vapor phase after

separating said vapor phase from said liquid phase.

14.  The process of any preceding claim, wherein said vapor phase and said
liquid phase of said hot mixture streami are separated in at least one

separation vessel.

15.  The process of claim 14, wherein said at least one separation vessel is a

knock-out drum.

16.  The process any preceding claim, wherein said heavy hydrocarbon
feedstock comprises at least one 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 streafns including bottoms, wide boiling range !
naphtha to gas oil condensates, heavy non-virgin hydrocarbon streams
from refineries, vacuum gas oils, heavy gas oil, naphtha contaminated with

crude, atmospheric residue, heavy residue, hydrocarbon gases/residue



oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker naphtha,
steam cracked naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, Fischer-Tropsch |iquids, Fischer-Tropsch
gases, natural gasoline, distillate, virgin naphtha, crude oil, atnospheric
pi pestill bottons, vacuum pipestill. streans including bottons, w de
boiling range naphtha to gas oil condensates, heavy non-virgin hydrocarbon
streans fromrefineries, vacuumgas oils, heavy gas oil, naphtha

contam nated with crude, atnospheric residue, heavy residue, hydrocarbon
gases/resi due -27- adm xtures, hydrogen/resi due adm xtures, C4's/residue
adm xtures, naphtha/resi due adm xture, and gas oil/residue adm xtures. 17.
The process of any preceding claim whedi-n the tenperature of said heated
heavy hydrocarbon feedstock before mxing with said primary dilution steam
streamis from 308imixgresorhydregay/icsidyq o @dmixgresThCq5fresidys  ermingures: ecedi ng

claim wherein said,heavy. .hydrocarbon .feedstock has. m nal final boiling
poi nt of at | eastn@?@l@%ﬁ%@%ﬁn&j)&ﬁfg@%@ %ﬁ%@@é‘g agrimg yg'precedi ng claim

wherein the tenperature of said hot mxture stream before separating said

vapor phase {7,0m $8é Grbdedd!icf MApRoceding: éo GABrEIH Qhel dBberbfitd ©ft RiP60C) .
20. The process of any preceding claim wherein said vapor phase and said
l i qui d phase of shéatechdeavy hydrasadonetenisteek defrae amidngtwith seigs primenpf about

40 iat bout 0 ia. 21.° T j | ai furth
Compri o1 ng i nt aNRHNG S8 PESASE FBDBCOROOAL & GBI CHR B CEI & hot m xtur e
streamin said vapor phase after being separated fromsaid liquid phase in

sal d at | easig ONeTys (AR Itk RRRbding 2laifCwRE RGP S OhedYV RIS SAHN0

claim further conpri'sing the addition step (f) of quencChing sa
ef fll uent, after sfeedsietif hasentorhimal/fisal dailthgrpdntaofiat bast 60OAF (HF5°€31 d f ur nace,
using a transfer |ine exchanger.

19, The process of any preceding claim, wherein the temperature of said hot
mixture stream before separating said vapor phase from said liquid phase
is from 600°F to 1040°F (315°C to 560°C).

20.  The process of any preceding claim, wherein said vapor phase and said
liquid phase of said hot mixture stream are separated at a pressure of about

40 psia to about 200 psia.

21,  The process of any preceding claim, further comprising maintaining at
least about 40% to about 98% of said hot mixture stream in said vapor
phase after being separated from said liquid phase in said at least one

separation vessel.

22.  The process of any preceding claim, further comprising the additional step
(f) of quenching said effluent, after said effluent Jeaves said radiant section

of said furnace, using a transfer line exchanger.

23, A process for cracking a heavy hydrocarbon feedstock in a furnace having
a convection section and a radiant section, said radiant section having
radiant section burmers which provide hot flue gas in said furnace, said
furnace further having draft and a means for adjusting said draft, said

process compnsing:



23. A process for cracking a heavy hydrocarbon feedstock in a furnace having
a convection section and a radi ant section, said radiant section having

radi ant section burners which provide hot flue gas in said furnace, said
furnace further having draft and a neans for adjusting said draft, said
process conprising: -28- (a) heating said heavy hydrocarbon feedstock in
sai d convection section of said furnace to forma heated hydrocarbon stream
said heated hydrocarbon stream having a vapor phase and a |liquid phase; (b)
separating said vapor phase and said liquid phase in at |east one
separation vessel; and (c¢) mxing with dilution steam and cracking said
vapor phase in said radiant section of_fﬁid furnace to produce an effl uent
containing olefins; (d) continuously nmeasuring and periodically adjusting

said draft to co ol : I .
hydr ocarbon str e;@' ar%lé’g@g% %ﬁggg%‘&t%dg%%?bcg{r\?e§%§&n§? %ﬁlglhr’ﬁ?‘%gg?ﬂg&trugﬁ i o of
said vapor phase and s7i4id ifgiihét RNARM hremedshydosebar slrean, vad IRhted

substantially constant. 24. The process of claim 23, wherein said furnace
has at |east one furndtdrgcarbonisgregn mayigr av@or page and 8 diqyid@iase;l ue gas in

said furnace, and id nmeans far,  adjustin i f.t . n_said.furnace
conpri ses varying (Eﬁe SEpEg %Palga‘faaggtﬁa?eeggf%ﬁeﬁéﬁfin%{?ae fuér‘?? least 0B
process of claim 23 orfgegdariidsgdlMargpti d furnace has at |east one furnace

danmper to control flow of said hot flue gas in said furnace, and said neans
for adjusting sai deir apixingrwithi diviiennsieam fandt ¢racking wpidi vapor pbhsenii sagdt he

D or 25 further conprRURRGSFUSR AT T (HEMEE dpEPdeth 8" GRS Fopisiing |
hyo!r ocarbon stream befggssai d vapor phase is
(d) continuously measuting and periodically adjusting said draft to
control the temperature of at lease one of said heated hydrocarbon
stream and said vapor phase; and
(¢) maintaining the ratio of said vapor phase and said liquid phase from

said separation vessel substantially constant.

24.  The process of claim 23, wherein said fumace has at 1sast one furnace fan
to control the flow of said hot flue gas in said furnace, and said means for
adjusting said draft in said furnace comprises varying the speed of said at

Jeast one furhace fan.

25. The process of claim 23 or 24, wherein said furnace has at least one
furnace damper to control flow of smd hot flue gas in said furnace, and
said means for adjusting said draft in said fumace further comprises

changing the position of said at least one furnace damper.

26.  The process of claim 23, 24 or 25 further comprising measuring the
temperature of said heated hydrocarbon stream before said vapor phase is
separated from said liquid phase; companng said heated hydrocarbon
stream  temperanwe measurement with a pre-determined heated
hydrocarbon stream temperature; and adjusting said draft in said furnace in

response to said compatison,



separated fromsaid |iquid phase; conparing said heated hydrocarbon stream
tenperature neasurenent with a pre-determ ned heated hydrocarbon stream
tenperature; and adjusting said draft in said furnace in response to said
conparison. -29- 27. The process of any of clainms 23 through 26 further
conprising measuring the tenperature of said vapor phase of said heated
hydr ocarbon stream after said vapor phase is separated fromsaid liquid
phase; conparing the vapor phase tenperature neasurenment with a
pre-determ ned vapor phase tenperature; and adjusting said draft in said
furnace in response to said conparison. 28. The process of clains 23

t hrough 27, wherein said at | east one-2®paration vessel is a knock-out
drum

27, The process of any of claims 23 through 26 further comprising measuring
the temperature of said vapor phase of said heaied hydrocarbon stream
after said vapor phase is separated from said liquid phase; comparing the
vapor phase temperature measurement with a pre-determined vapér phass
temperature; and adjusting said draft in said furnace in response to said

COmMpAarison.

28.  The process of claims 23 through 27, wherein said at least one sepération

vessel is a knock-out drum.



