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[0001] The pre¥@Mt™iMVéntion relates to the cracking of KYdrGEATHIEHR?
feedstocks, particularly those that contain relatively non-volatile

hydr ocar bons and other contam nants. In particular, the present invention
relates to cooling hot I i qU| d bottoms taken froma vapor- I i qui d separatl on
appar at us usefR{ % HQIJH F O My Ve

10a hydrocar bony
| NVENTI ON [ 0002
been used to crack vaniad NOCENG K § , preferably
i ght ol efins such as ethyl ene, propyl ene, and butenes Conventi onal steam
cracking uti lﬁﬁiﬁ@F&%{ﬂM@f#r{nace whi ch has two main 15 sections: a
convection section. The hydrocarbon feedstock
typically ent[@d]t hé&heopreeot iprRnsec rélgrs of thehe:refcamgacf‘e h&&roeaﬂbdnqlﬁﬂedstéc&x,cept
for |ight feedto S  Whi call heat ed
and vapor | zec By ni R F SRR REPO E S e s b Raiipin
section and Qdy pelitic@at tHB(pl’ﬂlSaﬂtan\Ahﬁd’ﬁ stheatn codtes haiquid betbniseeidatiobka aapdr-st eam

m xture is then.intr i,nt o re . the.crackin
Takes. pl ace. [THE SoFBEHForRNarehlcker TRbra TR Brar TRt Sy gt
pyrol ysi s urarlﬁzdmcefrbclfn ﬁ:w‘stoblefo ad@mhﬁisrfeamcpr ocessing, including quenchi ng.

[ 0003] Conven gns have been effective for cracking
hi gh- qual it | and napht ha. However, steam

cracki ng ecoqamnps Smtdrxasmgmméfeﬁécamm pgrolyoi lﬁt@&inghbefai\/q&ed eﬁd&kwko&uch

as, by way of non exa I m eric resid, also
enoun as. at Rt TidsBg D Thhe oirderay e o wih D oS eI cl)
cont ai n hi gh bmeh&c uCadveningihtteanh @fching atlh;Iee aCHIPIPE MirBace which has two main

15 sections: a convection section and a radiant section. The hydrocarbon feedstock typically

enters the convection section of the furnace as a liquid (except for light feedstocks which
enter as a vapor) wherein it is typically heated and vaporized by indirect contact with hot flue
gas from the radiant section and by direct contact with steam. The vaporized feedstock and
steam mixture 1s then introduced into the radiant section where the cracking takes place. The
20  resulting products, including olefins, leave the pyrolysis furnace for further downstream
processing, including quenching.
[0003] Conventional stcam cracking systems have been effective for cracking high-
quality fcedstocks such as gas oil and naphtha. However, stcam cracking cconomics
sometimes favor cracking low cost heavy feedstock such as, by way of non-limiting
25 examples, crude oil and atmospheric resid, also known as atmospheric pipestill bottoms.
Crude oil and atmospheric resid contain high molecular weight, non-volatile components,
e.g., asphaltenes, resid, and/or pitch, 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, say, ¢.g., less than 50
30 ppmw, or cven less than 5 ppmw can be tolerated in the convection section downstrecam of
the point where the lighter components have fully vaporized. Additionally, some naphthas
are contaminated with crude oil during transport. Conventional pyrolysis furnaces do not

have the flexibility to process resids, ¢.g., atmospheric resids, crudes, or many resid- or
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e.g., asphaltenes, resid, and/or pitch, with boiling points in excess of
590 C (1100 F). The non-vol atile, heavy ends of these feedstocks |ay down
as coke in th e on section of conventional pyroly Only
very Iom1Ieveﬁmﬁﬁg%nghivolatlles say, e.g., less than g%hég(%%%&&%or even
| ess than 5 ppnw can be tolerated in the convection section downstream of
the point where the |ighter conponents have fully vaporized. Additionally,
some naphthas are contanminated with crude oil during transport.

Convent i onal pydcotopeminatad epneibr dephies. visheonthia aflarex fration p haewsy pamosdaside
resids, e.g.,natdRIphes Zcfrcrrﬁ% gsroo6doyfigs, or many resid- or WO
2009/151773P / US2009/ 040490 crude- cont ari nated gas oils or naphthas, which
contain a Iar@@mﬂradﬂﬁ@nm@$pMQ§vm;ﬁ@hﬁv¢1&EwhéehadrGéﬁﬂbbngﬂbgaﬁwmﬁd@ni50
to 100000 pp 4 i f il or
resid is typlrrllﬁlcélfjfleiE Sﬁglr %@3{15 3& Bii(lggﬁ\fﬂlg%gﬁ#%?? gﬁi%%tsgal%nhg%mf”dﬁfn? the
partially vap@mvgﬁdlh@@nw@dﬁwtpgvmewﬁﬂédSﬂﬁﬁﬁh(%@hdBmC@ﬁb@mY%sﬁﬂs@qmwﬁn and
fed to a vap i (f rat e
neavy non- vol o] SHHFERRUALRLork oBSLE UILAL bid ARk RERE b ki aOPRUR T
are fed back qmvmheismnmecﬁm@ﬁngeeﬁmuwdmmnimemﬁumgan@ﬂkommauﬂmmHMnahmm

]E)I’ eheat i ng ansgct Iﬂe&" t(l:ng: ﬂ)&&%lsl ﬂrr{apee rlf’igl %E)rt n%CtB In?aQHQ % R\Qr? -y thlg lhéajogaﬂi)on
ur nace. is1np t'0 maxi mze non-vol atT | rocar renova
ef fici ency [ rremh‘raés pfﬁolcles(s in Ghlyepwicss, h@alwymsecolhfew,omherfgxmmgl nohatatilee 10
hydr ocar b;? gy&%'cﬁb&% St rb%'egﬁgnéd‘m HE vt %ngiasg N&$ &rA00, GALN G, @V%r%gad
urn T &ffs Con. “Fhe

into the ce creating coking pro he convection sec
heat ed I|qU|dnﬁmngoﬂgmpmebmednﬂmommsmnhl&kashlﬁ@:hgmﬁdawkyMnms$;b®mQMOled,

t her eby provi ort nh thernal. ef ficienc
over ol ot carinl S ORRL LN Yl o EIDRR TR FRng o' GREARG & ghigee
|ncorporat ed th@mehdﬁﬁdmgncyeftheevwéLstedmsndobmgmctcbse use 15 of an external

ioeh to remdi*hapnifid-aa L BEer s SR DelB Rt PR W hef % ShuPe e th o
boi | i ng poi ntof betuees vzlsﬁlzﬁﬁoammhrﬁ% tle b @ilFecdndd dikO0kek)he uidhe afagpdrash @r e

cracked in the is furna e |nt ol.efins and the ar.at ed. ui ds
Cromthe tuo TrE¥RbHE & BB PETVET @t Bt herdt BB ERRk Gouk g
fuel. U S PdB@hC&n&ﬁﬂBK:@58°EmdiTMm38)OIE;v@@ﬁhu@&a@hdehmamgmbm@dmﬁamated

non-vol a1 1 6 Ny aRBaPELRE “tor LRk B aPh TERE P Boe et artel avtar ca.

m xed with dﬁ&uh;@miaﬁaamsahd,WQSePampﬁrmmahB&emapnunzﬁd ibatht be whahveet i on

section and then f g{ UIddFFP tor to.r ngfe qo vola& {es as
liquid, pti o#ncf”&”"& cKi" ren‘i diclgpeliriagss Tgdneesyineigt 5Ky e

oper ation onh@hBUﬁmmseneﬂuﬁpWMﬂgnaﬁf&ﬁ&o@%b&qmﬂkamﬁpﬁﬂﬂhhﬂMth@ﬂ@&hﬂh@r or

flash drum it _is negessar.

ave a.confj contr st em t hat
o et nt o e R VR TS B oA o8 EHENUSRR Yoh elsar o
U.S. Patent 7%ndi38nBdvolatiiaeanigod airdetonesceing. by reference, describes an
advant ageousl ontroll ed process t imze the cracki of volatile
hydr ocar bons 109 2 Hoardpmict KRR Hygﬂf%%?lb‘oma&%gfl&@gﬂaaﬁamplayméaace
and avoi thsCokkta@alpv.pbl-ild sdphrafor @Y |ﬂd§§dr@mmﬁt D edcdkry ﬁ)ohﬁaldnéoﬁﬁghrﬁlon and

relatively const rati o of vapor to liquid |eaving the flash
mai nt ai ni ng QOIF@F&PF%T}W CHretAn 4 €55ET 5‘#]93 r‘%nﬂ‘ifa“trﬁg o dereaek léﬁtde?ep?’f@tof he

flash. More specPdideal 138,04t herc6pbSicanterdi@ LA, Qbsctift® {d aghnthéRaAM i S
mai nt ai ned by aubonatlcally adj usting the amunt of a fluid stream m xed

with the heatSMURYEH BESEhPPHERELIOERCHE ofrvotayle; ydrocprhan conined mgthe pgavy

2009/ 15177 3Pg31dr&432430 3304040 Any &F fedltc@ngluant 'c&k\fn%lﬁro@leﬂ'; | ttpe@mdek la Qb (0T
fluid), preferably water, is substituted for dilution steamas required to

keep t he %apaﬁamrfﬁquaufeia%ba?%%w TeHe 85 HyPoF donbiayidtieanesihndadny ARinAiEEhat ant ,

despi t e | oadrgdhiaigesnitdiftichRatid JTARE <8 eXB@fd BRCHsh. ThRoRApEE®RIY @ t he
flash can be cooled in a heat exchanger and exgorted or recycled to the
fl ash drum constant temperaturc of the flash btrcam is maintained by automatically adjusting thc amount

of a fluid stream mixed with the heavy hydrocarbon feedstock prior to the flash. Thus, a

.



5100071At least the first stage of cooling can be achieved in a heat
exchanger |ocated in close proximty to the vapor-liquid separator. This
heat exchange b used in the past to cool the I| fromthe
separator by g@ﬂ%@%fﬁ%g medi um pressure steam (693 to 11 q%%%Qﬁﬁg% to 150
psig)) which can be exported to the plant nmedi um pressure steam header.

10[ 0008] U. S. Patent 7,351,872, incorporated herein by reference, teaches
alternate ways of nmintainin ? vapor-1liquid separator tenperature, e. by
varying fur naceiadle apntiongf ¢ Aileian lighid gendedwpieferabie vaseds fubptityad & dﬂn}lez:t i on
entirely. [00Q9hJ.a9. refRtEND k%@]l?lthé: @E}Bcﬁ’ ntqtgtﬁrsepeh@tor %ﬁésﬁﬁ?@n&%f:ﬁmr@ 'sh&‘{ian‘gt&'lﬂ? 3,
2008 di scl oses cool i ng bottons taken froma vapor-liqu
separation ap%@ﬁ@ﬁd@ﬂﬂ?é@mi%w@ﬁeﬁﬁt@Péﬁkﬁﬁ@mIEMVﬁP@@aﬂbehmﬂeedﬁmiﬁ@fhéat
exchange Wi t hfi b8 RodMER S YER e%hdg@f anfd%ﬁa)rté@'t)lerrecyc[egqg-@ll% B d'?tgnf | ashing to
separate heavy liquid hydrocarbon fractions containing resid fromthe

| i ghter fractli8hs mh%dﬁwc@nfbﬁspg@e%@eeMgWmlphdngvﬂ@tyéﬁéeﬁﬂmmacéwmpdnmould
be desirable Qe 9(9( mik titéhx%gbtdluﬁ ott rAf flé%pe;écﬁ' % s BefA¥ e tﬂe pdst
efficiently recover t cco n gly, 1t would esira

provi de a prdeeesl¢©hqwé@ﬁmmgﬁbquadmphmseygamemhahegwel@ewu®GMﬁmn§93Uaken
froma flash dp Y 1.qul r 1.0

contai ni ng res s T ot hel i SRy TFY aal Lorairy SRR R AR
pyrolysis furlwade, while utilizing transferred heat to efficiently
integrate th tr e. Qv [ RY THE
|NVENT|CN“§[3SQ@?|n‘%ﬁg%gﬁﬁé%?‘§?h%8”§%%entﬂﬁﬁgzﬁg?%ﬁ§ﬁe aF§MNMAcwa?%%ess
for cooling Inyuridingotparsuld smratov pprerhirquig gepayiag Gunausetiafi, wisgpeamat i ng
heat ed hydro f. st e cracked whi ch conprises: i)
indirectly héﬁﬁgex@ﬁgﬁgﬁﬁ8¥Orwm?;mﬁgﬁmﬁnﬁfahs having a tenperature
rangi ng from[2@@] C tlbS %&n@ﬁ}ﬂ@&dﬁ Seo 1‘93322/@2, 13@at}ted ﬁtrn@rm 288 di3ctoses3bOling (482

Fto 662 F), with cQo| racar. bon fe dst ock ature
Fanging. 30 1 bl B oER Py YO AGRE B RSERE o Gfecy B B8 RubioTRES

(122 F to 153021yEt)0pdrbc01 fpedoviydeateadiaeg: wtththtdprbﬂnrted»mr fedguaterat a t enper at ure
,[ g‘ng;ggF; f 0 Ag(pl feheaggg ﬂ%;l d0122 ol ara e g%av&S% B@Shy%f%'t)onn}rac%m% ;[:o%ta%rgr(l)g rCem 158 F
2009/ 151773PGI5A1U8@010@£@4&49@15 ezv}gch, catt beapxtoemmlr at the @yrolysgi faghabe, aMvblld Get o
300 C (122 F ¢t 8

i rect  ng_at FOuBE o bosbpE TSP O sk Babehp Wt e sl RO SRSt Bek M o
convecti on segatodingiynltetoutf beadeplysbtd WwSprovifidls pﬂﬁ&s canpbiigy Ngidphage @RMECE i on
section haV|n t | east one co i on zone an iant sect Step
TV s i ot Py Bt Fhdrkel Mpen BT dhe R iR araar: FeeRLh Bt Poedhe ghvsct : on
section inIe&omaﬁmg&&uiﬁmﬁdﬂdmymﬂahmh@a&mngcamdcgubaegmmnme@ﬁagﬁtﬂgmﬁt the
f eedst ock. The..cool dro can contain "resid,’
oscri bod f uPtHERS battne e et Scesty jseals b Rt Rapvin Qo e act

bott ons" candbggmdefined as a liquid bottons stream of sufficient heat
content for sfer cool er stream using an indirect heat exchanger.
Simlarly, tE@iﬂgéipiégéﬁﬂ$§§¥§¥g¥®%n feedstock” 10 can be defined as a
hydrocar bgn f@adst oGkorstak@ainhietpkdsbnt iiscStbnfrtigiceidtd prode@Olor ERAE ﬁ@m bdiRads
transferred froma hoéter stream S|ng an |nd|rect he han

Typical |y, tH8™e¥ARaYT 4wt EPRf &t Srip S BB BFF e gt t"t %ﬁtﬁ 3t isfe and
t he cool hyda@e@ebaﬂlctee@lﬁxtbegh) GRS bt éy@mtgmg%{:h@ﬁz bEr}omssaxg,, ha¥ing east

100 C (212 F), %ast 200 C (392 F% n certajn enbadi nents,
the process 8?“?H’“?ﬁ@@ﬁ% 8% fr trierOt dnpPEsE 09§%ﬂ? say} 510300 Guiei 3R’ i

di | uent SteamS'QQFttb%6WEﬁ%h%dcobyﬁlfd@&@ﬁbgﬁ)mccﬁﬁgéise@Ciﬁawﬁg\ﬁltcnﬁ}i@?a‘t&@?elnlg i V)
i nt roduci ng hydrocar bon f st ock %

T oducen s e oot oy ety PR i 5 it L AT EE & i dbdone a

function of b@%d@%&_ﬂéﬁhcﬁtﬂi BRbEeR et Qteq{p@l@@tmﬂgltge@tﬁts@c@ td sopcghertrad. The
i ntroduced |quld di luent can be substituted for the steamdiluent in an

amount suf f i 89%erit- sev fiegl HY & 1 380 Sub'sakte &1 ) cahpiehsicdthadpertanfedsiosk t he
20 vapor-liquid separator. In an enmbodi ment of the process, the hydrocarbon
feedstock can vary from heavi er feedstocks sel ected from heavy crude oi

and atnmospheric resid, to lighter feedstocks selected fromlighter crude
oils and m xtures of crude oil and condensat e. [ 0013] In another aspect,

the present invention relates to a process for cracking a hydrocarbon
feedstock in a pyrolysis furnace conprising at |east one convection section
and a radi ant section, the process conprising: (a) introducing a preheated
hydr ocar bon feedstock, for further heating in a convection zone, such as
but not limted to an upper convection zone (b) mxing the preheated
hydrocarbon feedstock wth dllutlon steantand optlonally, a dilution
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30 phase as overhead and the liquid phase as bottons fromthe vapor-liquid
separator; (e) cooling the hotter bottoms in a heat exchanger outside t he
pyrolysis fur di rect heat exchange with a coo

feedstock to g@%@% ﬁ”Z? | east a portion of the preheategkﬁnﬁgggggﬁ
feedstock; (f) cracking the vapor phase in the radiant section of a
pyrolysis WO 2009/ 151773PCT/ US2009/ 040490 furnace to produce an effluent
conprising olefins; and (g) recovering cracked product fromthe effluent
conprising ol &i M telpmataqe|rﬁngérrﬁefr%66d€ﬁ%h?0°&(1@%“%th%Eeéﬁ BY> froge70° C to

i nvention, theyomicxtsseer &t JRam:iad ieatLdnd it 1807 AgsHisd onAl pLROYRHRBBANE
prior toits introduction to the vapor-1iquid separator. 510015 I n anot her
enbodi ment  of foedsiosk 4 peservectitesegiigioinich RS @yTodysitelamaee FOmPaiNng ddl A tdoBYestion

convection ZO:Q:@UCQJHdQIElg bOe k! SfekcbctidnOB4E1ddh) 8 tddidnt 8R@INSLp ‘1915@893'0 £t
this aspect, the at |east one convection zone conprises a t ube bank heat

exchanger . 5 [ OOYFpieR hydecagestiprdstodnigdleii spamction seettrsinks fsedts iopdditinnal keplng i on,
the process funtd)gLq JdcomBihsE5HE Lf@eagtmkngméﬁgoo@wry&%n obks 3ol yB ca }1 ns

from cracking, pri or to recovering cracked product. [001 8 In sti I
anot her enbodionamt "resid. 't dvbesibad fresiber, betore Hor B@@@Epﬁlwﬁh&et@@nﬁpﬁ lgpal boéteylel ing

a portion of éﬁ%efaggd ds 'a'lﬂufd%o"&&hé B ml Jﬂ?‘%le OF conleBtfof 13 8PE 5L Qboler

[0019] I n certain e |nen s of I s aspect of e present invention, the
process can SiSarhysingen idrgriicstecxahangaasimibrie tb¢ teriiyodh éadm@&x‘@dmafngm@gk hi gh

pressure boilgr f aegwak %rhgw&en‘b(g\ (Is old th @xﬁ‘icl@ is s?ﬂ}/c?e%lgf QAb14Q Q&egt%eat

provi de preheated high pressure wat er ; heat exchangi ng
di | ution st edmnyietrdd fon ahbiges sgesn vsnnga@nemhmefdteamclza@g@ TwigpHpvhoemperatued

dilution st eatﬁi}feréﬂc): LA énotﬂéh&tﬁlqﬁﬁﬁoﬂ&mdﬁﬁ%ﬁe%ﬁfﬁ;ld? éal\ﬁ@ltl ?e%dsttc%ktcg?bpﬁq%a§td.

di lution steam provi m xt ur t he heated ution
st eam and optZ%ﬁ?a(W"cFéwpelt lesitl 4° WA 2T F)t @g.t 41écast2000§ i(3c9@? B).stream of (b);

(1) heat exc ng hRr i e h | ye. gas..\in a
Conveoti on gt oo i8 JBRLN Rk ERuich el B SR Sr SR MCh 1Rk fontFeanYy)

addi ng dempenttmiatleg dnla¢ne rsteam tméiehlaameeddshypwlctréat éctditogh apd.eggiondlystieam t o
provide a str. ner.hea L9 r ture;
and (n) heat IE%B}%& ?E‘ﬁ“‘? s é(%goeglm o 19%}%?1?%@:%1%%&% rpfl ﬁ%Ck eﬁ%%%ﬁodggeggwgct ion
zone to providieers, LIp[ﬂ'cdhlea:t)mdrlhnngtptr egshr edgteéasm atncgon @Bhd: enpe tatvtick the

suitable for t eader, ur n 7
(7007 typl CARryb o efing Ry oo RRERA M ofthe o FuhSEta B
present pur pcm diltemiesradrurues suffibricra tepeiaiafni &bmbi;tmeahy tcomtaet thepdretdrean tlreool ed
can be measured at the appropriate . nlet out | of t

roans. 11 o wire iy PR, BEH SlGeltnflnle ity BeeSphful e T
30[ 0020] I'n arfroenb@idienﬁmist@cfkstslaiee;tedmpelcheaw ctude mlnatﬂrﬁtmamheﬁd]&sﬂdg quhghter

oot oo, omALE 08514 ) SRR O ARREF LG BB RS 2 73S,
F to 500 F), (e8] hydr ac@hdoaspdeeedisty@esent invention relates to a process for cracking a
hydrocarbon feedstock in a pyrolysis furnace comprising at least one convection section and
25 aradiant section, the process comprising: (a) introducing a preheated hydrocarbon feedstock,
for further heating in a convection zone, such as but not limited to an upper convection zone;
(b) mixing the preheated hydrocarbon feedstock with dilution steam and, optionally, a
dilution liquid, e.g., water, to form a mixture stream; (c) separating the mixture stream in a
vapor-liquid separator to form 1) a vapor phase and II) a liquid phase; (d) removing the vapor
30 phase as overhead and the liquid phase as bottoms from the vapor-liquid separator; (e)
cooling the hotter bottoms in a heat exchanger outside the pyrolysis furnace by indirect heat
exchange with a cooler hydrocarbon feedstock to provide at least a portion of the preheated
hydrocarbon feedstock; (f) cracking the vapor phase in the radiant section of a pyrolysis
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WO 2009/ 151773PCT/ US2009/ 040490 ranges from 70 Cto 150 C (158 F to 302 F),
and the preheated hydrocarbon feedstock ranges from90 Cto 200 C (194 F to
392 F). [0021]] ot her embodi nent of this aspect of t i i.on, the
dilution Ii qu;ll’V Qﬂ@galg%o formthe m xture stream of E}S:)Tj/l%&?@&%@ed as a
function of the extent to which the shydrocarbon feedstock is preheated.
[0022] In still another enbodi nent of this aspect of the invention, the
dilution liquid is substituted for the dilution steamin an amount

suf fici ent tofu@Fhicdireduse s pfue compisinecdelgtait (eipeparasrackid prodect from

vapor - i qui d §ep@GeH: esmpr:H2fkhe yet another enbodi ment of this aspect of
the invention, the hydrocarbon 10 feedstock is selected or varied over a

range of hydrl8@kH borinhgemibdiressdisf this peneritd el levenfiate hstgiee trigarh iigtepted in
feedst ocks. Far, pkigseBnvBHHLRISRSbAS i GRvL&kioh %ﬁqéé;aggéég%u@& LL3e hi gher

boiling fractions than |lighter feedstocks. Heavier St ocks can be
sel ect ed, T orl0@knplle andthesrentbedingnicaf e aspedt, tndaper mhasplirehdatsdrie i ddditivmil e

| i ghter feedséoﬁ%&ﬁorﬁ?oﬂepfor%%@% , for exanple, fromlighter crude oils
e oll and c

and m xtures of cru ondensate. 15[0024]1n still another aspect,
the present ilA0Sht i dn stilll abdsr tobaimen pdrthis uspekcbrthe pabkitngcacopreteatret

hydr ocar bon fc%glgﬁgegg%bicrga&h%xtre%%ﬁé& furnace conprising a) a convection
section having east one convectfion zone, and b) a radiant section, the

appar at us conp8i7$i ndn yEtlynodnrr iembatimérgrof rtee @bpering the ehertioad thryoassa fupiber

f eedst ock; (2 .cony i Z0 for atin h ed_hydr ocar bon

f eedst ook ( B QSRR IS Ul ClorFRbL Mo AL ERSERE oATRSRLANN, o
wat er, to therdvkatedddetydr ocar bon feedstock to forma m xture stream (4) a

vapor-1|iquid rator...which can be external to the pyralysis furnace, for
reati ng the NEBTL AP ool JAL Sy GBSl eO0RY, Ire oo DR Riren FETRES
phase, the separiatgorpottiomtofidre codpliqusd tgtomn tooievdpealiquiaditchattof.or

outlet for

substantial |y vi.n he vapor ph .as _overhead and a |.iquid )
subst ant i al 1P oV gt e oo a b e L e T Bl eufaton di hriss Sin
vapor - | i qui d fedpatcabise at 1286t ¢de)ofahhieat cxekahnmpdah, praxtrebsiil fded waltewply hatl ysi s
furnace, for gcooling the vapor-liquid separator, bottons.by.indifrect heat
exchange, oot 281 g SovoPRETE dp TreisomaY hEs 81 B0t LURLI S SHCEHR ho
separ at or, arxéubgdiet diftwion wedh dvidvion fuconlird choktt@ieonain proviét héhed dileal vi ng
cool hydrocarbon f.eedstock as a, heat exchange ium t.0 .t he heat exchanger,
oa an out | ot R UGPE R G eaSRedeaa Nd Bl dotar SBHLE SeR™. ey gl ne
for directingosltd meast; (R) pdinkitenheated dhteionistehdraamaptiodd qespbeaitedydiyds agar bon
feedstock to the inlet . J.ecei ving .preheat ed hydrocarbon feedstock; and
(7 T adantTNBEC PO dD SR P R o ha e PN By Bl esLtn
ef fl uent con iaStdagedbefzons to PRIR0OMESIAEBEEIT WSRORN04 048th; [ @0 2&kIng
certain enbodi ments of this aspect of the inyention, the apparatus ca
further conp F%‘Berh?atq" g 1 lgclﬁt."& c8yerhgated, m)%cqr?s(gwe Zi5ma e @PCR’H%aaL PTGt ‘Pr}e
m xture streaiferdcApd Bigh PRYKRES it @e8RicéDicmpaatiichahd (REhavelchaathgtiie prcavi de a
heat ed vapor ase; (10Q) a quench exchanger for cooling the effluent
conprising o ns, } efins
i si PE(P?) ygth l}yﬁgui 526)1 & CYUEGPR F?Petg‘? afomdﬁavpeﬁw@e%b@F PIEUFS YHE BRef |
fromthe #ff kdugRtatCONMMADIS FIRGxSIrED laMSadel. QQABEMPeratirc@BbBAit IR 370f Cl(PU0S Faspect
of the invention, the at_|east one convection zone
typically ranging from 477° C to 565° C (890° F to 1050° F). For present purposes,
temperatures for a specific stream to be heated or cooled can be measured at the appropriate
inlet or outlet of the hcat exchange means from which they are received or taken, unless
otherwise described.
30 [0020] In an embodiment of this aspect of the invention, the liquid bottoms from the
vapor-liquid separation apparatus range from 250° C to 350° C (482° F to 662° F), the cooled
liquid bottoms range from 90° C to 260° C (194° F to 500° F), the hydrocarbon feedstock
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conprises at | east one heat exchanger tube bank. [0027]In still other
enbodi nents of this aspect of the invention, the apparatus further

conpri ses at opne, of: (12) a heat exchanger for pr i hi gh
pressure boi |§§%ﬁ@8#§%o water with hot flue gas in a c?ﬁg%%@g’%m% ne to
provi de preheated high pressure boiler feed water; (13) a heat exchanger
for heating dilution steamwith hot flue gas in a convection zone to

provi de heated dil ution steam (14§ an inlet for addi ng desuperheater water
to the heat ed28§e diomof)° <t al0” C18$5°dhta H2a€).fapd theduehsefcd Redreraghoadeaditpelt i on
steam to the gk bR 9Bt £8P (SF 363> BN inlet for adding desuperheater
water to the mxture streamof (3); (17) a heat 15 exchanger for

super heat i ng @/Hh prlegsethe cabedipend of thihaspedt lof the gapsniian, the dgnjandiquishusedive t o
provi de heat egl.sypeneat.ed: ok Qj)e@%‘ééh etha?%”ﬁunééo%) oftthel Bli&k & O%nidddhdg
desuperheater water to the heated superheate I gh pressure steamto

provi de a st rledracobosigpbiohk strachetttgh pressure steam at reduced tenperature;
and (19) a h xchanger | . m d

i gh pr eseur oL am ana i RERLAA ot okl BicBbaifid, #. SHRSK 1GRL &
90convect i on spbstigut¢cdofopthe vildensteperih emtmeinh sufficignt és wainRinst sdstasialla constant
tenperature ' for or t. eader. BRI EF DESCRI PTI ON OF THE
DRAW NG [Oogtgﬁ‘ﬁ%%hgll%ﬁﬁgqgfﬁ@ég%eg)tg%gopa schematic fl ow di agram of the
overal | procd8823ind lappakreadts dnbodicwor dattie aspictthoft the ipyaegemtthe hyémtdrom 25
DETAI LED DESGRI ETLON OFF JHE, | NVENTLON, L0291 e PLES ekl IYSRTj:n RLAY des
an efficient way o treafl ng the" 19 qui d 156t omrs Trom a vapor -1 1 qui

separ at i on appastatisso ligihérdbedstoeksalss poisatt @akpwict the dicdvyal fepdstodie nompyrise highers
reactor used Jqr, S SR GLACKHNY 1 FSL NMERLd AR REGY LA, ehli] Rt GV
and recovery of "Reat Tromt oftons s ream%y preheati ng a

hydr ocar bonadewousedgedid wilt dné atreasphaic. reSithewhi B0l ghyed fedstvdke reap e otlygeds for
reactor (or fe%rga}ge%) m”(?%gri n th.(le pr %Sqn_t inve t%%rl’]]d co nr;ltses a convection
section havi S5 H O L5 FERER &R ERE TERUS AT 9l 40 FRETSHE section. For
present purpd8@d] alceiveothcompseahd prscoainvdneod esedsith edagarathddr pakingan of
t he furnace Wg r<—;:iCPha V\lg Zgoa[tlil773PC'll'/WUSt2009/ 040490 feedstock is treated
by convecti o REST] RETOBGT RO Y Wl e ERAR GRS 51 FHBL FI U gL  rom
t he radi ant dedhg ereast dne passapazomavidiy ahehdnt stich) diciappprauy foapesing: €1)an, a

bank of netal. tubes. The convegciion sect.i j.cal | onpri ses, one qQr nore
convect i on MBS BSENDS SROOHEL B Ao HeBoqed Phrtonte-BRT PateFF b Bt
convecti on seethtadl hydr@emye Cdelastks €9 tat RAst@aN inld foryipirediking seAPsi S@mMOdd Or
nmore heating zones, as we ) reheating.zone, . al though the latter. can
e redunciing "B R hedEh by kol HGASRH BropRanbifut PRERE GLR i L s,
exchanger ut istpazitdtgwhieiat@chdstdraito the @modysiap@iice] fof ticgling@Ramddgt strdaacid
convection zane js typigall sociated with a specific tube bank for
of oot i ng sl cHaHTe et chbBe AT (61 SPHAT HH: PogHTog of el or
external vapoutd:ifitlisehssaRaratedioving. the ,vapdragascd bl Bv@head eHFE ligGidnolder fok0
i nt er posed between convecti %g zogeﬁa}.ﬂ Thﬁ conyect i gt? section may, al so

thed e

i ncl ude separs'él’rsglntéaélﬁi\fé@?‘f‘% W Piad POt ong fheavapgr-li ¥dg§°Parﬁt8FI er
feed watefs, si)@a¥nt Rtitangd0XERdIF@r thppREBRL fRhicPOBLSuolikHhe $8poRlifeit Werafator
descri bed, C%Qt?olngsl b?/r}r?diregt' hgeét’ extck?an e? rcoaéqld”ll‘s?n?g’an inlet for receiving heated bottoms from the
separator, an outlet for withdrawing cooled bottoms, an inlet for receiving cool hydrocarbon
feedstock as a heat exchange medium to the heat exchanger, and an outlet for withdrawing
preheated hydrocarbon feedstock; (6) a line for directing at least a portion of the withdrawn
30 preheated hydrocarbon feedstock to the inlet for receiving preheated hydrocarbon feedstock;
and (7) a radiant scction for cracking the heated vapor phasc to produce an cffluent

comprising olefins.



of a reactant streamor starting nmaterial streamare neasured at the inlet
of the zone in mhich they are treated, while conditions for a treated
stream are ty ¥ asured at the outlet of 15 the zon h t hey
are treated. 9“ 7g{gxchanger used to cool the hot I|qU|§E%ﬁW #@ can be
any suitable heat exchanger nmeans, e.g., a shell-and-tube exchanger, spiral
wound exchanger, airfin, or double-pipe exchanger. [0031] The present

invention is used in the steam cracking of hydrocarbon feedstocks,

especial Iy |1i Q02 hylarcesar Bobodimeniseiobiespcet ¢f the pHFiEn HAY RERgrass eamrinter
final boilingeppkint aptedstz(gxea(;f (®23 ot tick ;go@QCfoxF heaﬁl@@@eenﬁﬁﬁgsstt@%s@) a
typically contain non-volatil e conponents. L used herel n,

non-vol atil e @@myewemre fopheatipg thgsoverhpast @HeOVfKEa%: vatad bott phasty HY Gearebdn
feed with a ngl Q)ng PRI OME 20 lﬁ:liogn 118S, ~ STM
D-6352-98 or D28 hlo'(s)n?gnv{e%nt&fﬂgﬂpv\%r ps%vgeSye( : C{/:\nktﬁ ngﬁéi&ygﬁl )eﬁ%‘A
havi ng a nbmi fﬁ%ﬂVCIbltg lighhejclysifipm tahﬁ\ﬁecrf?%n@S(nEAD@@nF) The boiling point

O P on Bl 2 DNALGRaR e RS RABEERN G EURRBAL A"
Non- vol at i | esconmuibagdelessbie horteschasgr sibe wiikch are | ar ge, condensabl e
oper at ng conli onar e et SRARaNy oINS ANELe! At THERKS MRk I Bnprron
[ 0033] Typi cal comydwe@aﬂdwrpnbeéd@ﬂbe Rxsatsqzmlnaedcrtfor prskeafiog hl@heacmsm &odr rigedi n
It Egl 5Ijlerslen(} %)Qatérqylgl Ot glﬂe ggs m %O §0%!? %)n‘éfg Idé é%ﬂéa&ela%u% [fr ure bx%lgrfoel'clip
g steam crac oi | eS| ue a ures, gas hea oi |,
jet fuel, di esdr,(1Rea bsmhanga§od liepng dloker btcmaphittmlaat flg¢ garm ¢ Pavketn IZGI[Eht ha
?2; g:_ ?’/r;[fl.lt gal ! Yo %L%ﬁi‘é?ﬂr %[Q(g‘g :qutt hg‘ stea d(rl Insléltle?‘%or d(qm% c%lﬁ%élée,ége{ %%‘Iael Q)ativf heated
gasol i ne, V\@llaﬁﬁﬁﬁeﬁﬁxﬂ?ﬂl@@ﬁﬂcﬁjﬁmmﬁé 0 04061 ctiiusdm dtdaat te thevhixgirastap bf (33,
e g o TR GaP BBFR I dRbb? Moo R BBt or b BT adewtcany
non-vi r gi i hydchacger lﬁm*rbusuh@ang hfghqmsmeé istagn iveth, hovalewgm pas ccmvbcmpn heaviy gas
PR T A O T L o TR
C4' s/ resi due tadm k&awdesnperhapﬂdt gt lp%mkueteaﬁlm) >ptrcv/n®sa amdmgae s@ictheated inchhe

adm xtures, and m xtures he eof 003 0 0 ac ve stabl.e
comerci al operati on i o lBy SRR Qrﬁ‘?JnQ?éd &7?? ’hclhfﬁgleﬁ Oﬁgeéa%ﬁg %%Ft—uﬁ Yui d
separat or, i thehabs mh)eﬁ;mtéd)mgd desirt abhe ind dtbawmrlaatémmaca/imdnﬁif@ergat iu@h and
control systemt can mai ntain the sired in nperature to

vapor - | i qﬁl d “°16°¢ §°8pZ£P%€°on°V*R§ S&%?Weﬁtsg?‘%%twme %ampgt etﬁ?m@fatf§85u591b}e for
describes a systtgonheeee a variable quantity of a dilution fluid,
preferably i i j i on steam as needed to keep the
vapor - | i qui \é\% Jgﬁ;&f@ﬁﬂ?ilﬁ)&i H,qi%gg‘{ a%t , despite | oad changes
experienced lpgo28he g BECERE [i0Q85kFarschaavy fomdiag@inl & @E oaban ppitedsi 4hd
resids, it is usuaIIX desired to operate the 15 vapor-liquid separator at
the hi ghest PYRLANSIRGeRHAM AR RFCRYHEAYY naxi ni ze t he quantity of the
f eed thatasi snmmuEDGWSQ{mONadmmtEmwaf the pyrolysis furnace for
cracking to I@J%t ol ef| ns. Such, targ eée ratures fgeneral I y fall between
400 C and 508%0) 753h¢prsirgt grontiep prayi bLﬁffp 1Cipnt yqy pistreatipg thgjlidpidshatiogy ¢ he
onset of theromla @b&clkluﬂﬂscéﬁﬁh(;n%bdrﬁgs hhidhhiee Quevidiaadii mﬁﬁod‘afbeﬁwlaﬁ/sw
vapor -1 iquid separat aor, e. nperatures of 460 C (860 F). For 20

lighter feediactr ged fgr bg%eeérécérnad& bt ntioy PrayIdEs ATEGC reRabndgreov e
condensat e, hhe feANGE Bbtfcﬁﬂsl PR foy pedhe @b at hylde chyei06aE BRa %o it thersepar at or
bottons liquid may reach a nmaxi num val ue prior to the separator tenperature

reachi ng ¥ heh4reseBes; Ry rlppe feartof (pr ﬂrrﬂaceheﬁ: i s thgnpessent fiveptongeripnrisey & t o

operate the sapaliidhQéctidh havihOWelkast BAPOINMMEEL 82, AR Nfadlaht RBticHd O FtBent
quantity and quality of the separator bottons I|qU| d. Such tenperatures
depend on 25PHEOSEHIA FHYecighgestion cphbe festibed aot thiterortipndotctn fiaseg eViRFdh™ 400 C
to 450 C (752 F to 842
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F). [0036] The liquid bottons streamfromthe vapor-|liquid separator is
cooled prior to being sent to storage or alternative downstream

di sposition. @, J,&As % -jhe first stage of cooling can beo([qél@&grﬂ a heat
exchanger in proximty to the vapor-liquid separator. (}/ e pyrolysis
furnace of U S. Patent 7,138,047, suitable for use in the present
invention, utilizes a m'xture of steamand fluid, e.g., water, as diluent,
and can be operated in comercially stable operati on on a wde vari ety of
f eedst ocks cotsedfask r'rgtr%ﬁi Rofoaysatian Hiadingcas boh §dirgid hew exchapgesolohins Mg igah i s

nost ef fi ci enfrohiRa@hRGeSHnf BEHSHAS Iﬁﬁwﬁ?ﬁé&k E&hdBetin¥RuR09/e 15 L ARREF metal
T/ US2009/ 040490 hi gh vapor-1iquid separator tenperature. In such cases, the

rate of wat ertubstj dAE cofvestion seativg i e eaTBiNesswe o BRICCRAY BTN F 8 one

Addi tional copff@!ant RDM G Bf?c[et @roQth@%X@e@th%e@%e fegaldcRed sdchoMcan
Patent 7,351,872, incorporated herein by reference in its entirety, include

adj usting f ur praicdlycioamrise enccenmeis|hegting Zopgse s Wélﬁrﬁw@tfthﬁ@n@fmm@lthough the

vapor -1i qui d §ePRLALOedyrAB i AR preser kdv@atfzsﬁ%&ﬁ})?eheﬁ@@cmckm flai LLGEE] ON
where feed quality remalns consistent. However, if furnace nust process

not only feed#tigiekicptedbetiomygran hlvgmprélaplérsam«rtort e‘ﬁ%brcamp@n zong is typivallbe
crude or at mﬁ%%éa%&%t;&émf Wibe é}%ﬁgﬁ)tr%ﬁjéém RO Iekd ! qwdﬁ%%&%‘eﬁt of the

terrperature e.g., crude oi |l /con nsate m xture, S|gn| I cant quantltles of
wat er nust beneuten jan qeteniak rexginal vinonliguidasnatarnag. nflashrdrpmer sepelr atnobe at

the requi ned i QuBledt REPERR %H\Fegn?n[ 228l ﬁ’ﬁé @&v@&x%ﬁ 043k Lo Q! g@%&c;)%&ter ates

wast es val uabl e energy in the ue gas of furnace being use
vapori ze wat edonvasfigregonesseiih tggat wgerfsm@sm bqylelg@%\rv@:@rest@hm, gtci on st eam

th th f h fl
e £ R T s S S Pk S

gas could otherw se be used to _ I gh ressure b wat er
i ncrease s upeﬂf ahipaghniiress ur gargnemategd neeaat iromefsoredat the aml@fOé rchelzpmem which

exchanger - equj, a%j trgalﬂgdn AR cohliSns %pg w8 Qea :agere]tk]fél:g%@ﬂ%?a%ﬁ%l{ﬂé §utgt ?t‘}/]\lg e

to reduce separator frper ature reduces overa I Cl ency o
furnace. [500384 mpetowélch thesicre s, dihe hedt exchimjeeatcddo rortl dhettoe ligod beitdnison

section Of a farllj E)Q%ﬁ)? sl!uﬁbl%lh%gt ex%iflan érl Iﬂéaﬁ%ne% % gl%%lra%&%bree&cﬁg érné: 1r?ifr\%gﬁn%l

mass of sour condensate bl owdown from on steam ge At on system
Thi s i ncr easeschzogdn, e, crrdsmblcaﬁlpt trehavestt e wat er treatnent ’>()faC| i t| es

required by t | a stion,. an 0._l.ncreases e Vo
treated wat erlmt?i E C thP (f;;gref5 ér:%% teﬁuon 1I5 ugé[?1 mt eo?f‘f)ajnf A oMt 1 of Q’idmcfl IﬁOﬁeegStoctkts
i nvention pr ewiediely figrd bﬁdrm@ﬂ&nb”ce@adcklsaengethos‘e Haemgjsmmk@l ﬁnact(bmﬂlag noingof

ronvo L & LUgLOERICtRg 105k RLOSSSR AR 25y SRR ALY ©
signi ficant \el3dphes Asf usadthereid, mon-volatile components, or 1651dsv are the fraction of the
hydrocarbon feed with a nominal boiling point above 590° C (1100° F) as measured by
ASTM D-6352-98 or D-2887. This invention works very well with non-volatiles having a
nominal boiling point above 760° C (1400° F). The boiling point distribution of the
25 hydrocarbon feed is measured by Gas Chromatograph Distillation (GCD), also measured by
ASTM D-6352-98 or D-2887. Non-volatiles include coke precursors, which are large,
condensable molecules that condense in the vapor, and then form coke under the operating
conditions encountered in the present process of the invention.
[0033] Typical hydrocarbon feedstocks suited to use for steam cracking in the present
30 invention are commonly selected from the exemplary group including steam cracked gas
oil/residue admixtures, gas oils, heating oil, jet fucl, dicscl, kerosene, gasoline, coker
naphtha, stcam cracked naphtha, catalytically cracked naphtha, hydrocrackate, reformate,
raffinate reformate, Fischer-Tropsch liquids, Fischer-Tropsch gases, natural gasoline,
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25pl ace of dilution steamin the convection section of the furnace.

[ 0041] General |y, heavy crude oil feedstocks that require high convection
section heat m969/1;87§10hi eve the desired separator te”pﬁﬁ%s%og/ﬁmh%nd to
produce copi ous anount's of separator bottons and so have comniensurately
high liquid flowrates |eading fromthe separator bottons. In contrast,

| i ghter feedstocks such as crude oil/condensate m xtures that 30require

| ower separator tenperatures tend to have low liquid flow rates | eading
from the sepadiglsre. bigie spithe. wedoobgimespirrspErshssons vyomopipestill streams™

[ 0042] Sur pri sinfghifg bblorhASyiREBHIA O WAGe hiAAkhat RExNERAcIn@EnWBY GkalyNhEClideRN | N
pl ace of dilution Steamin the convection section can be mnimzed if,

i nstead of ackermskbempirrgmalfiont Enerice dapeheearily begyyiges Phetaphipy gegaminated
CONVeCt i on seghi Qiydel faﬁnés@%tc' Rsilihd, SheaPy GLERLEUyABRINR! (SERRL QimRAILONS
in a heat exchanger, and the preheated feed is {hen fed 'to a convection
section of 5t hedmgeioyidis adnixiyess eCq'sthsdyeradamitingh Haphthygiesieqpdapiktyres and gas
advant ageous hpeausedhhe. ol esenklQuentdron bal ances the high preheat duty
requi red of heavy&?ceeﬁlsttgc{%s C\%nﬂtﬁrt he heat provided by heat exchange of the
hi gh liquid fl06¥Ir atlerdst tgepzewt trblbormoersiabemodiontied mirelksis fengse odedsi ng
of heavier f S 0 ar I Uk Yo b EQIHL i, ght er
f eedst ocks i gﬁﬁ%?baaﬁé(’:agy @C{}lllc%lﬁg&ﬁtggtlﬁgg gﬁ%nfgﬁeﬁvhﬁ% '?i hab% hé ow Wﬁ?%‘ﬁ?ﬁﬁ%ﬂ?‘at es
fromthe sepamdtonirdotysomstiehatn axitas Sociatret] inktt tmbérefhtceto heedserdoks!
This permgs gflisient and aubalant bablyy bldy rEhal L Ny ERSHgN. [ GEONEI Y
fromthe flue gas with mnimal 'water I njéction into the convection section
for both the dveatity of eddsticoctksd, pnefcrelbip Wateghs sttt dekdlutip08dadh Thecdded Bnci ng

by varying tRS T arparatithleEp ARk BRRGARK Lo LR ToRE TR R B Er
g

exchanger . B_hdzfurnaaeppl ications requiring high preheat duties, e.g., heavy
crude ol s, Ngher SUPRLY, LEMRERRLHT AR LA LAYR! £ ui0Ny LOWRTLOSAL, Gt | es.
e.g., crude ol ondensate m xtures, Tow supply ferrpera ures are favored.
Thi s bal anci ngp@diquidusepdigor dehcahiglest fpysibatgmprptirh e elads malizniteethe hsangty

whi ch the furpace.i s, operated.,For applicat.ions. reguiri hi gh prehea

dut s es. hi ghel el B8 Rofdie ke MRl SREPEOPRERIE RN iets PR b,

| ower excess lht dlefimsl §u®rtagat0pn1ﬁfrmmegbnex[amﬁM]bletwealpmwiOrpgdtS_h@"sC (MYeh4ddon,

t he hydrocar 15955 e cont 'lns resid IS, f;())rc.aheattﬁad

st ock,. which.typical l C
out si de the pyro )ysi gu%errr%lén\({:\gb @3%% %GI?%EIJ t%f Oél(b)er%\(/)echte%arll Cléaé%{l% on vmulf 'Bne or
nor e convect ioeerhedness framdhavapaciqnd sgpecitarong., Empontutes of ABI°A EED? 6 BEr t he
hydr ocar bon flegtdstfo k to tlh (Sonv ctilpn zone for .ini iaIlI%}/ heatdi n% th
feedst ock wi LI &> 5fv D SE PO B5UP e i Sil y8is P iice PoThe
preheati ng cabndestrgian raf ednoultileyhkeatrbenschathgisogrdtdrebdupohs doaidomay freell it ock
with a suitable. sour ce of etgt. I n F rticul ar thgtﬁepresen [ nvlen%i on
utilizes as tHE"HEAYSHUEY AC 8P %mpgrat%etrf%g,l}glg r AR GIPH b 44
vapor - | i qui d isepassaiios defigblel ® dpetad the sdpmisit sreamvad térhgrdti ttb ahait@in\veaCt i on
zone for heating feedstock in.the convection secti of .t he rol ysis
furnace.  and oUBOEr SSiRIbr o ikl LR SBEE POIPrD T4 b SRS N R ace.
The pr eheat edhetypilingaaigo @i tHeefedisthiaite, aad cdderatgéritdaes00h €abeld by (TndFress2°
contact with flue gas in a convection zone tube bank of the pyrolysis
furnace befof& nixi ng wwth a fluid, e.g., steam and optionally, liquid
wat er. Prefen@Bby, tThelijdnpeioalsufrénsfrorh iR vaho 120 Adbdkdr 78 ROIddPS0 0040490

hydrocarbon feedstock is from 130 Cto 260 C (266 F tof500 F), be[.ore
m xi n g with tscﬂqé tq: §tﬁria%{3_ or alternative downstream disposition. At least the first stagé of cooling can

be achieved in a heat exchanger in proximity to the vapor-liquid separator.

30 [0037] The pyrolysis furnace of U.S. Patent 7,138,047, suitable for use in the present
invention, utilizes a mixture of stcam and fluid, ¢.g., water, as diluent, and can be operated in
a commercially stable operation on a widc varicty of fecdstocks containing non-volatile
hydrocarbons. However, its operation is most efficient when process feedstocks require a
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[ 0045] Fol lowing m xing with the primary dilution steam stream and opti onal
liquid water, the m xture stream nay be heated by indirect contact with
flue gas int 4 ion 5 section of the pyrolysis f re being
flashed. Pr efg)r%zb@q, EQ%e convection section is arranged r{t{)ﬁgs /Pﬁ)e%prl mary
di lution steam stream and any |iquid water, between convection zones such
that the hydrocarbon feedstock can be heat ed before mxing with the fluid
and the m xture stream can be further heated before being flashed.

[ 0046] The t enfyéh 3NGFETHY sty |tgrapcraye e bt sich wasesHee Bspdfrhiatiniegionfipptthrest
upstream  10:400¥6¢ tdcAbh ZANE likiRf-RankidfiBhal Q&m E&h&@@g%@ywl%@ﬁnﬁéél ly

| ess than 815 C (1500 g for exanple, |less than 705 , such

| ess than 620der(bed 50UR) Patamid . Jor 87 &rindornpratesshereiman reémerw@: i ﬁ@@@lrﬁy include
[0047] Di | uti ofy; 1%%1@?-@@@6’ 4B t2AGd Bl m@d?YenH)Qf'aﬂﬁe hithd %opflgﬁ@%arafoprdng%ﬁﬂp le,
it may be added to the hydrocarbon feedstock before or heating, to
the m xture sty thapepdder waserigeqtine whals dyedpbialse remaimy cetisistent. diovetvera it r eam
mey conprise @AUE §tE3Mech Y iy HEd QRS 4 RERT RO REn 16 r
superheated in a econv ct?on zon}le tuS e b ﬁ‘g@%ca pg%yo\f\herdg \?\Lngig%lg(r)lv{ o
convection se@tldecm déiflowhfewfldﬁﬁdméfee{i‘@@m]éﬂhlémmlow mperd@w@ammy a‘tld<315 C
to 540 C (600fiechfentBOR e AR Gnd ALLRLNGE LR ke bOGYA

separator or a ﬁenappa} atras?gfn T (ﬂ& ogkgut %}rumtt)ang\s/t ﬁt%f(%gﬂﬁoq} ’hedm
pressure may tb@la@?%n thesqamﬁrhﬂhe (e4®rqddm2@®enp3§rda)re Fol |l owi ng the flash, 50

to 98% of (; h%ﬁ@ urIfm a?iﬂ%m?é(telb i ebtfbn rﬁ% %@spegrvalﬂw cr rfn ﬁ’lgqqu ngno%lthe

separ at or such Centri arator nmay optiona used“to renove
trace anount @mﬁCd bcqw wed foovmpotive vvaaqroqbffq@haé}eu&@ﬁuwmm g@ha@edltMyn bearheat ed
to above the f e t..se nof t he
furnace, for rgtkgsrr% flﬁ %ﬁ)g h%g»rr %h? Lgaégcééo%g OiS%gh@)Q tr%htlﬁsC ld

25may occur |qﬁleaw1@@bn/®@d toomelwet:hlgloprf:&swbéamarfkqd »pa’t@f ©riadstage super mlglbprebsartk in
the convecti %’E&a&ggﬁﬁer%%rf&% ir tn'é'r%r 1‘1&% ?1{!&1 e§%§ e@ f%ﬁ:tcherhﬂs” (aEE,r S INAA A
us % ? H Wi ch

transfer |ine exchanger can ressure

t hen pref &r abinpugtsipé NaEatcenbduqa sapazﬂmv@mp«:r@mresreducmnvd: abenctyardtficéncy o€ the
pyrol ysis fur%gg typically to a tenperature |less than 590 C (1100 F), for
exanpl e, 370 0 565 C (700 F 30 to 1050 F) by indirect contact with the
flue gas bef @89 he MdI'UBfCIga&hEHMSEOfSWEIthanC@CWmG)tth@mnseimlbll swtibubien foanke insed

f or heat : ng t Pee QP?Y 1011 %(g?{n?(l;all‘u?%nanfn?c?c 51 ?a(f mas Oqj Ur, ¢ na(t ur St l ea rO Art]}e
i nt er nedi at e "désUperié ey B used s E6nt Y ST RE nQp PP Behe
hi gh pressur eliluti® Q@ﬁﬁgeﬂl&aﬂoma?@?mUSﬂBO&itéh@M&ﬂl Gt e@atmf thh evaktic ghtep tregsite

t f f .4240 615 t d
have a pr Dssdrutay Bl RASTSGo ot TRl Sotu PRy o ARG A8 ™

pressur e st edixlsugdiduett tant ube bank |s preferabl y located in a convection
ction zone. and the conve

zone bet ween @ﬂﬁ fi st pnv i 8 Sg one
tube bank usd¥Pbr e THp BP Tivhde Foosof e Honl Bt gacedheds
ef fl uent der icwednihg Ghml—tvhl@tllé madstabonk it ®ec @mb@ﬂgﬁ:ﬁ‘OSS& @hsoetlethnfOoBvdpoeovery
train for reco Sl’ln C2 to CA olefins, inter i a
iquid scparator fempcraturcs, without réquiring 1I1]CCt1011 of significant volumcs of water in
25 place of dilution steam in the convection section of the furnace.
[0041] Generally, heavy crude oil feedstocks that require high convection section heat
input to achieve the desired separator temperatures tend to produce copious amounts of
separator bottoms and so have commensurately high liquid flow rates leading from the
separator bottoms. In contrast, lighter feedstocks such as crude oil/condensate mixtures that
30 require lower separator temperatures tend to have low liquid flow rates leading from the

scparator bottoms.
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[ 0051] The invention will now be nore particularly described with reference
to the exanpl e shown in the acconpanyi ng drawi ng. Qperating conditions
within the preess, s hown in the drawi ng are provided | ARG

[ 0052] Referring t%ﬂfﬁg§FlGURE, a hydrocarbon feedstock f%ﬁye?g&gw#gavy
crude oil requiring high preheat duties, or crude oil/condensate m xtures
requiring |low preheat duties, is preheated by passing through heat
exchanger 12. The initial feed tenperature is neasured at the heat
exchanger i nl éM¥2landSumsitbed: benprer deurdethaxine ivsgl fHevHeatniesiehingers of s
nmeasured 15 @luibhGehe Al th@XmbaneR ec@dl dafbe mitiRBealeds R 1 RBZSEHING A thd Ne
14 into a first convection zone exchanger tube bank 15 in steam cracki ng
furnace (pyrofegsipsheasatitof) thecfugnecy pavegsiorrsegsiont thenfeest iscBivy erchiasnl st on
18 for additiQpahoPp&hbgatih Aheat BahdndG afd ﬁl@?refh@cﬁgﬁfeg@k% bt BN LMSnvection
convection section is by indirect contact of the feedstock in the

convect i on’ se€tianofohe phwlhbisrinmees; Tkd mgertiion if pybcukyexdvinteaspeshescruditiamt
section 20 of ,Lag: HUGLAGE GalGbd hi Gigh ipfenbHHIGGEquRDd BEALGY feduedRl Git P

associ ated mﬁ%ﬁialbISMBr 23 to vaﬁ,pdpaft gs heeded. A tert%%e aa |tf%ﬁa
preheating, tievifesddydicaickelagsneldbulielliauid flpne rasestdf @eparstorthgorhs gssrtciatadrwvighct i on
zone exchangefe LHRERBYE Hehlidi NP PERIGRNMES fi R SEGHhO ure
ot ween 100 cre b 3(30@0 (212 F and 5712&%’]., Pr e?er,}ﬁf?’y,* %‘ﬁ%@aﬁ%ﬁ?@%ﬁ%‘ of
the heated f efedistoslesiis badariged helbn hanp xolimn ovith 7ig> ow (i24ig flowanids B8 tR)separior nost
pref er abl y, belweal ke G BBt R%n ggﬁt@r febdRid ANd4Ras @fi‘ciel&%d%%‘ta&ﬁiﬁ@al ly
preheated feedstock passes through~a sparger 24 that recel ves water Via
line 26 cont rselfiremilabye wadrge r@gvaro fiomt tho diceganaridy morimalt Weter Birctierblingo fikeui d
to the feed. Dh{dLidOR&H8E BobiSid e 16 rvia line 30
control l ed by Vgivéggg mherglﬁiéﬂ%&gggﬁrgﬁg%ﬁgmﬁg%gggggfk%nd wat er, the

m xture exitilf¢p3l he Thpdrigering/dfarohivqroBstcign dltics etdurepgatboteamenante mpdilat e
convecti on zqgpe;: o] , L Qr it eating of 30 the
Xt ure whi oRericey 8 LEERARORRoRRRN 2 kSO b Bl B PR M aclped:

rei ntroduét i dier tapplidaiorsoreqeicing dngls @cheandufties, ¢.gr thhery bmd¢ ioflg higha buppir

i nternmedi at e .¢con 1 Or t bapk, . The m xt inexits the b
convect i on seatianiet REBERA. WRTor Piflon UGS LE, Uhfc SRURLRHLEARS. 0w
2009/ 15177 3PGT#ISRODSH Q4R 480 as@pdr Hitio bal#@ing e Gytheabesdidbd bynlaptingdBe cddegui d
is taken as t fromih eparator via bottomoutl|let 44 (at, which point
bottons t errple%%é%\%lr’gzaé ng (%a)crl% tEee%"lrrr@aacs ur %Pg%teifli a@OIria hcﬂtéo nzsaﬁ%flufrﬁlgﬁu% ?rg%e\tgggfﬁ{??’a
punp 48 as héathet eapsf@ricvmbdiremedimblhefat l@vec paheerdui®, lohlve ckdeguDglcsdpareat or
bot t ons t%kenrég m t he heat exchanger can be recycled via |line 50,
controll ed by valve 52 to the boot 5 54 of the vapor-liquid separator.
Unrecycl ed | iled#d bt tgpisngthés medntient teel hfdrocaktiog Ut dis®tir, edrighepiodlty sdnaidsi ne
56 controlled by.valve 58. . U@erheﬁteg dilution.steam can be{nixsg w th the
feed to the vapor-NTGurd’SEpararor VA T HE 8l S itnt B nedPhtE " Corl et Bn
zone tube exchangervclimnkz068, aahd latdiagt #Otionc @Abr @ reddinyiow alf viee GBdrocarbon
Desuper heating water can be.m xed.with the superheated .dilution.steamvia
line 60 contg%ﬂﬁg%tgngﬁ?V’U%ﬁ@n%ﬁﬁn %ﬁ?&ﬁmﬁﬁﬁﬁﬁg8ﬂkﬁﬂﬁﬁh?CT@“S&?§@§“@ia
line 70 to® t be theap@plybis quindces e[Tae girgicatitigacdni Be c@Bed Nor bRl Heyt, etchgnging the

desuper heat e intains the tenperature of the dilution steam between 425 C
and 550 ¢ ( o Rl Aty RO HABrS. of el PR IS0 e 850
and 1000 F), usliteh aqthebheitweeame 455t Gpaddotohd GedrB Mkefr idmca 9H0r-Fyuid adpdrator
typically between 470 and 495 C (875 F and 925 F), neasured at the
inlet to theﬁ\?%lb’of'o-Ci’tF‘ag{PHn“’%ﬁBr%ft tgé gl gREeetan J‘B%% ﬁ%:@eé‘}m?c grd5tegkenathe
control val veombdiowak&fonadfotit @foRBZHkRce, [HOIPhifdae vapRrrafib@etd®d of the

vapor-|liquid separator 4Q passes overhead viga line 72 to a  downstream
convectigﬂ zHﬁBg?ﬁgﬁn%§c Lh Qs eﬁ%ﬂﬁ“ﬁ@”&ﬁ% gﬁw?c-gmﬂ@g%gﬁ??ﬁﬁ g%éﬂ&%”to
crossover |i psntalbwith @oe phiigh cotivebSontiohe aibe Badkoftithepyralgiianinas€6dfb@mikg f rom
which it enerﬂﬁsnfs hot 8aseou§ pérolysis.effluent. % 100541The hot &aseous
pyrol ysi s ef Mt eG4 sSteamt apd gptonel g dimidnann  Brefetbba e kawring plubfiace
16 via line 78 into at least one primary transfer |ine heat exchanger 80
that cools the effluent froman inlet tenPerature ranging from704 Cto 927
C (1300 F and 1700 F), say, from760 C tb!871 C (1400 F to 1600 F), e.g.,
816 C (1500 F), to an outlet tenperature ranging from316 Cto 704 C (600 C
to 1300 F), say, from371 Cto 649 C (700 F to 25 1200F), e.g., 538 C
(1000 F). The outlet tenperature of this exchanger rises rapidly from443 C
to 527 C (830 Fto 980 F), and then nore slowy to 549 C (1020 F). The
effluent fromthe transfer |ine exchanger can then be directed by line 82
to further treatnment, e.g., quenching and further processing by a recovery
train to provide separate fractions of |ight ol efins. 30[ 0055] Hi gh pressure

] . ey o A o o, v e



pressure boiler feed water heat exchange coil 86 |ocated bel ow the
i nternedi ate convection zone tube exchanger bank coil 35 that receives

sparger 24 ef suia line 34. The preheated WO N
2009/ 151773PCQP%@§2)‘0§73840490 hi gh pressure boiler feed Rafer e r ect ed
to a steamdrum (not shown) via line 88. Alternate or additional heating of

hi gh pressure boiler feed water can be carried out by directing a source of
hi gh pressure boiler feed water 90 to a | ow tenperature hi gh pressure
boi | er feed witdEIcaispRfradiock b fong33Q ¢ tpa30a CoBRR7 " 0 RA0 1k befhie niiziag withitey t o
the furnace afyighe first convection 5 zone heat exchanger tube bank 15.
This preheated boiler feed water can be directed via line 94 to the high
pressure boi | BP4F eedollatee Mg wile Hgnygenanidiui@s. stesm aerdint ingnentiopslefimét | ng

as necessary. wéﬂ:},e thd $S6x@fe &S Infayzvbrs GERES AL Hai?ecpécglﬂcmﬁ? A &as ke itﬂe%!bnée@?&
wat er preheat coil 92 heat provides for "efficient furnace operation for a

wi der var i &t yscgHfonfaidle pyaaless (nsiang befertbome dlasticH udrafersbly.Hhe conyedtion otdiien i se
be vented to Mﬁge@tt&?&ﬂﬂﬁ gﬁ%l%&?i(ﬁ)lg@ Gk!teﬁﬁat Heah 66l HyaRuRN SRS UESw Sha8Md.Sol 2ken

froma steam drum vi a a high pressure steam heat exchange coi |
98 | ocat ed i reoacscosividetithadrydpgtréoheadstck cai iytcepedbalere emiting ih thedldl! and ttler

heat exchangg,&Qid «86n INE ML R IURRIEREHslygh pressure steamis

directed outside the convection section 18 via line 100 where desuperheater
wat er can be [A0tobd tIde tterapcirsart ed tyufer hasatnedingithghuppeesestife fSiteammstraarh) ne

102 contrgl |l V. ( - SUR ; i.gh S St eam
havi ng a gdr eggﬁ%n%@o}'g;@ “%gggnfk %ﬁ%%n%;a}g%g%g lsp% ?(gr%lw(alggrse[g%lrs% ullgt Fﬁg%r\?‘l gi’ﬁ?re of
st eam and watsriple.dess andf € { BE0VFasuch aelegsObarf @0° £ddi I0° Ghahd he&tdbhyglctso a

convection zope {165 -sRpEary superheated high pressure steam heater 106
| ocat ed bel ow t he Iogver 61ir‘ﬂ't ermedi at e convection zone tube bank 37 for

heati ng. The &1L t higtitrestedmey pe rdiled kedyhiogh ipthe psgess, Bt eampics itengydret ed
fromthe pyr S i . 57 ABLE 1 bel ow
%hé(c% tr é]%ﬂ{eiarg)gﬁgéelﬂr %e&a’to@g bg'fg% or a%gruflge%gr%’gé g%%;% I%\k)(i:ll’:fure sgeam and/81:[ tioon

illustrates the p ormance of a thecdnve
zones, vapor -hd ypbdplsepakmt Ghutiomsteanf eedmpngheatpeisd ot stoams  dopdiution steam

s Baced upon atkpe b SR b B8 e ST F RS BE B0 db T AL
1 Feed Heavy ti@ragdec@i se@ronaéth@iflimm@eude O | / Condensat e Furnace Condition
Start of Run g of ;Run start of Run Ends @b RiNs,00 ¢ (600° F to 1000° F) before
introduction to the vapor-liquid separator or flash apparatus, e.g., knockout drum, and the
20  flash pressure may be 275 to 1375 kPa (40 to 200 psia). Following the flash, 50 to 98% of
the mixture stream may be in the vapor phase. An additional separator such as a centrifugal
separator may optionally be used to remove trace amounts of liquid from the vapor phase.
The vapor phase may be heated to above the flash temperature before entering the radiant
scction of the furnace, for example, to 425° C to 705° C (800° F to 1300° F). This hcating
25 may occur in a convection section tube bank, preferably the tube bank in the convection zone
nearest the radiant section of the furnace.
[0049] A transfer line exchanger can be used to produce high pressure steam which is
then preferably superheated in a convection section tube bank of the pyrolysis furnace,
typically to a temperature less than 590° C (1100° F), for example, 370° C to 565° C (700° F
30 to 1050° F) by indirect contact with the fluc gas before the flue gas cnters the convection
section tube bank used for heating the heavy hydrocarbon feedstock and/or mixture stream.

An intermediate desuperheater may be used to control the temperature of the high pressure
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Start of Run End of Run Feed Rate (tons/h) 121 121 112 112 93 93 Feed Tenp
to Feed Preheater ("C) 132 132 93 93 73 73 Water Rate (tons/h) 0 0 0 0O

WO 2009/151773 PCT/US2009/040490

steam. The high pressure steam is preferably at a pressure of 4240 kPa (615 psia) or greater
and may have a pressure of 10450 to 13900 kPa (1515 to 2015 psia). The high pressure
steam superheater tube bank is preferably located in a convection zone between the first

convection zone tube bank and the convection zone tube bank used for heating the vapor

phase.

Ul

[0050] The cooled gaseous effluent derived from the transfer line exchanger is directed to
a recovery train for recovering C; to C, olefins, inter alia.
[0051] The invention will now be more particularly described with reference to the
example shown in the accompanying drawing. Operating conditions within the process
10 shown in the drawing are provided in TABLE 1.
[0052] Referring to the FIGURE, a hydrocarbon feedstock 10, e.g., heavy crude oil
requiring high preheat duties, or crude oil/condensate mixtures requiring low preheat duties,
is preheated by passing through heat exchanger 12. The initial feed temperature is measured
at the heat exchanger inlet, and the feed temperature exiting the heat exchanger, is measured
15 at the heat cxchanger outlet. Prcheated feed passes via line 14 into a first convection zone
exchanger tube bank 15 in steam cracking furnace (pyrolysis reactor) 16 at the upper portion
of convection section 18 for additional preheating. Heating of the feedstock within the
convection section is by indirect contact of the feedstock in the convection section of the
furnace, using hot fluc gascs from the radiant section 20 of the furnace exiting via furnace
20  outlet 22 which can be associated with a blower 23 to vary draft as needed. After the
additional preheating, the feedstock as measured at the outlet of the first convection zone
exchanger tube bank in the upper convection section has a temperature between 100° C and
300° C (212° F and 572° F). Preferably, the temperature of the heated feedstock is between
120° C and 270° C (248° F and 518° F), and most preferably between 130° C and 250° C
25 (266° F and 482° F). The additionally preheated feedstock passes through a sparger 24 that
receives water via line 26 controlled by valve 28 to introduce water or other suitable fluid to
the feed. Dilution steam is introduced to the sparger via line 30 controlled by valve 32 where
it mixes with the feedstock and water, the mixture exiting the sparger via line 34 which
returns to an intermediatec convection zone tube exchanger bank 35 for additional heating of
30 the mixture which is taken outside the convection section via line 36 for reintroduction to the
convection section for further heating in a lower intermediate convection zone tube bank.

The mixture again exits the convection section, this time via line 38 to a vapor-liquid
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4 Separator Inlet T (C 455 455 460 460 447 447 % Feed to Radi ant Section
74 74 91 91 95 95 Furnace Firing (Megawatts) 142 144 156 158 138 144

WO 2009/151773 PCT/US2009/040490

separator 40 through a side inlet 42. Liquid is taken as bottoms from the separator via bottom
outlet 44 (at which point bottoms temperatures can be measured) via line 46 and then directed
via pump 48 as heat transfer medium to heat exchanger 12. The liquid separator bottoms
taken from the heat exchanger can be recycled via line 50, controlled by valve 52 to the boot
5 84 of the vapor-liquid separator. Unrecycled liquid bottoms are collected for liquid stream
export via line 56 controlled by valve 58. Superheated dilution steam can be mixed with the
feed to the vapor-liquid separator via line 64, intermediate convection zone tube exchanger
bank 68, and line 70, controlled by valve 66. Desuperheating water can be mixed with the
superheated dilution steam via line 60 controlled by valve 62. The heated dilution steam

10  passes via linc 70 to the vapor-liquid separator via line 38. Normally, the desuperheater
maintains the temperature of the dilution steam between 425° C and 590° C (800° F and
1100° F), for example, between 455° C and 540° C (850° F and 1000° F), such as between
455° C and 510° C (850° F and 950° F), and typically between 470° C and 495° C (875° F
and 925° F), as measured at the inlet to the vapor-liquid separator 40. The desuperheater can

15 be a control valve and water atomizer nozzle.

[0053] The vapor from the vapor-liquid separator 40 passes as overhead via line 72 to a
downstream convection zone tube exchanger bank 79 where it is heated, and thence to
crossover line 76 from which it is directed to the radiant section 20 from which it emerges as
hot gaseous pyrolysis effluent.

20  [0054] The hot gascous pyrolysis effluent exits the radiant section 20 of steam cracking
furnace 16 via linc 78 into at least one primary transfer line heat exchanger 80 that cools the
effluent from an inlet temperature ranging from 704° C to 927° C (1300° F and 1700° F), say,
from 760° C to 871° C (1400° F to 1600° F), e.g., 816° C (1500° F), to an outlet temperature
ranging from 316° C to 704° C (600° C to 1300° F), say, from 371° C to 649° C (700° F to

25 1200° F), ¢.g., 538° C (1000° F). The outlet temperature of this exchanger rises rapidly from
443° C to 527° C (830° F to 980° F), and then morc slowly to 549° C (1020° F). The effluent
from the transfer line exchanger can then be directed by line 82 to further treatment, e.g.,
quenching and further processing by a recovery train to provide separate fractions of light
olefins.

30 [0055] High pressure boiler feed water can be directed via line 84 for preheating to a high
pressure boiler feed water heat exchange coil 86 located below the intermediate convection

zone tube exchanger bank coil 35 that receives sparger 24 effluent via line 34. The preheated
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Furnace Excess 02 (wet vol.% 4.5 3.5 3.1 2.0 2.7 2.0 Flue Gas T above Feed
inlet (C 231 227 178 176 141 136 Preheated Feed T to Convection Sec. (O

198 198 118 118 87 87 Separator Bottoms T to Preheater (G 5200004049

high pressure boiler feed water is directed to a steam drum (not shown) via line 88. Alternate
or additional heating of high pressure boiler feed water can be carried out by directing a
source of high pressure boiler feed water 90 to a low temperature high pressure boiler feed
water preheat coil 92 situated above the initial feed inlet to the furnace at the first convection

5 zone heat exchanger tube bank 15. This preheated boiler feed water can be directed via line
94 to the high pressure boiler feed water heat exchange coil 86 for additional prcheating as
necessary. The use of the low temperature high pressure boiler feed water preheat coil 92
heat provides for efficient furnace operation for a wider variety of feed cases using heat from
flue gas that would otherwise be vented to the atmosphere.

10 [0056] Saturated high pressure steam is taken from a steam drum via line 96 to a high
pressure steam heat exchange coil 98 located in a convection zone beneath high pressure
boiler feed water heat exchange coil 86. The hcated superheated high pressure steam is
directed outside the convection section 18 via line 100 where desuperheater water can be
added to the heated superheated high pressure steam via line 102 controlled by valve 104.

15 The heated superheated high pressure steam having a pressure of at [east 4100 kPa (600 psia)
(or resulting mixture of steam and water) can be directed via line 100 for additional heating
to a convection zone for secondary superheated high pressure steam heater 106 located below
the lower intermediate convection zone tube bank 37 for heating. The resulting heated
superheated high pressure steam is exported from the pyrolysis furnace via line 108.

20 [0057] TABLE 1 below illustrates the predicted performance of a furnacc having the
convection zones, vapor-liquid separator, and feed preheater/bottoms cooler arrangement
shown in the FIGURE described above. The predicted performance is based upon a

computer simulation.
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344 344 316 316 268 268 Bottons T to Export (C) 254 254 200 200 235 235
Bottons Export Rate tons/h 34.6 34.6 10.1 10.1 4.6 4.6 Bottons Cool er/ Feed

Preheater Dut %O(th\l/()%gg%t t S) PCT/US2009/040490
TABLE 1
Feed Heavy Crude Oil Crude Oil Crude Oil/Condensate
Furnace Condition | Statt of End of Run | Start of End of Run | Start of End of Run
Run Run Run
Feed Rate (tons/h) | 121 121 112 112 93 93
Feed Temp to Feed | 132 132 93 93 73 73
Preheater (°C)
Water Rate 0 0 0 0 0 4
(tons/h)
Separator Inlet T 455 455 460 460 447 447
C)
% Feed to Radiant | 74 74 91 91 95 95
Section
Furnace Firing 142 144 156 158 138 144
(Megawatts)
Furnace Excess O, | 4.5 3.5 3.1 2.0 2.7 2.0
(wet vol.%)
Flue Gas T above 231 227 178 176 141 136
Feed inlet (°C)
Preheated Feed T 198 198 118 118 87 87
to Convection Sec.
(0
Separator Bottoms | 344 344 316 316 268 268
T to Preheater (°C)
Bottoms T to 254 254 200 200 235 235
Export (°C)
Bottoms Export 34.6 34.6 10.1 10.1 4.6 4.6
Rate tons/h
Bottoms 5.1 5.1 1.7 1.7 1.3 1.3
Cooler/Feed
Preheater Duty
(Megawatts)

[0058] As can be shown from the data in TABLE 1, as the feed becomes lighter, the duty
transferred to the feed by the vapor-liquid separator bottoms heat exchanger or cooler is

reduced, permitting operation with a wide variety of feeds. Water injection is necessary (and

w

only to a minor extent) in the casc of the lightest feeds. Thus, the present invention provides

for a wide range of hydrocarbonaceous feedstocks to be processed, such as crude oils and

atmospheric resids, while minimizing the flow rate of water to the convection section,

thereby reducing the energy inefficiencies and environmental treatment demands associated
10 with the addition of fluids such as water to the steam cracking process.

[0059] While the invention has been described in connection with certain preferred

embodiments so that aspects thercof may be more fully understood and appreciated, it is not

intended to limit the invention to these particular embodiments. On the contrary, it is
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5,1 5.1211.7 1.7 1.3 1.3 100581As can be shown fromthe data in TABLE 1, as
the feed becones |ighter, the duty transferred to the feed by the

vapor -1 iquid t bott oms heat exchanger or cool er j luced,
permtting opgﬁgﬁégﬁﬂaith a wde variety of feeds. watefkﬁﬁﬁgggﬁg%%is
necessary (and only to a mnor extent) in the case of the |lightest feeds.
Thus, the present invention provides for a w de range of hydrocarbonaceous
f eedst ocks to be processed, such as crude oils and atnospheric resids,

whil e mini mi zinisgdadre cpresw ralieraatses, vgadiications pak cqbyieaBtas arpysednsleled wikdr eby
reducing the ﬁ@@%Eymhﬂ§%@&ﬁb#Qﬁkﬁﬁaﬁﬂﬁh@ﬂ%hﬂ@@HEE%@' treat ment demands
associated 10w th the addition of fluids such as water to the steam
cracki ng process. [0059]While the invention has been described in
connection with certain preferred enbodi nents so that aspects thereof may
be nore fully understood and appreciated, it is not intended to limt the
invention to these particular enbodinments. On the contrary, it is WO
2009/ 151773PCT/ US2009/ 040490 i ntended to cover all alternatives,
nodi fi cations and equival ents as nmay be included within the scope of the
invention as defined by the appended clainms. CLAIMS Wat is clained is:
1. A process for cooling liquid bottons froma vapor-1liquid separator used
in separating heated hydrocarbon feedstock that is to be cracked, which
conpri ses:
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i) indirectly heat exchanging hot liquid bottons with a cool hydrocarbon
feedstock to provide cooled liquid bottons and preheated hydrocarbon
f eedst ock; ii) directing at |east a portion of the preheated
hydr ocar bon feedstock to a convection section inlet of a pyrolysis furnace
conprising a) a convection section having at | east one convection zone, and
b) a radi agAsesti on; and iii) utilizing the indirect heat
exchangi ng for regulating the preheated hydrocarbon feedstock's tenperature
upst r eam of "AhE SFEBet 1 i qui d separator (i) without added |iquid diluent or
(i) with a mninumanmount of added liquid diluent. 2. The process of claim
1 wherein the hot liquid bottons range from 200C to 500C, the cool
hydr ocar boh- f eedspeksscontcaphing tiawiddoadiomsr Bierges VEPUHIRBICStRgrap@oGedt e
cool ed |iqui . : ed hydrocarbon
Feedat ock Fisait pa ARAELLABRIAR bR P R MR T et her
conprises: iii)introddoeely bkat erecitangite ot tiquit hettpme hvatt & doblylydogrartivon
f eedst ock. .4.Th rocess of .any. of cl ai - 3 rein the introduced
liquid dil et R R R oflsd BtiaBougn i et IGH Gl etk 2t e
preheat ed hydrofipr bodiréctiag st Gakt' £ pbEioper aicuprehdased IB@dcaited bydsaddiing a
m ni mum anount of |iguid di#uent ugftrean1of,the va or-I%guid,s arator to
mai ntai n t REVEFEORSSERA IRGUPIGCRITDNHS fUBUHSIORRIHMS B) SHPLEHIN SR BYHSt ant
t enper at ur g 1bd3t SitokARAbN LordUAl B ARt QéctioR; ahge process of claim1,
further conprising a process for cracking a hydrocarbon feedstock that
i ncl udes a noni Al f ptigingdhg jindjrasbihsat erchapgingar wgvlating fhe pighegieds| s
furnace co Y ' ctd [ : [fon
Zone. - and. e e L e L R Sduct ng
a pr eheat eatldag Hgwid dillan of @ ddthaokintrowm huebdtef addsdtligny dilvert. convecti on zone;
(b) m xi ng the preheated hydrocarbon feedstock with dilution steam and,
optionally, a dilution liquid to forma m xture stream (c)separating the
m Xt ur e st2.eamTha paocesspdichlin quiidtrade gerhat baquid bottamismahgde feorny APWC tplia8E,and 11)
a liquid ptrlllg%gdl hrygrlogatlrkgr? fetegstcgcr]](%orqgglts ?gsiﬂn)étrlélrrlg%s ?}o%efdgb to 200°C, the cooled

liquid bottoms range from 50°C to 350°C, and the preheated hydrocarbon feedstock

ranges from 50°C to 300°C.

3. The process of claim 1 which further comprises:
iii) introducing diluent steam to the preheated hydrocarbon feedstock.
4. The process of any of claims 1- 3 wherein the introduced liquid diluent comprises
water.
5. The process of claim 4 wherein the preheated hydrocarbon feedstock’s

temperature is regulated by adding a minimum amount of liquid diluent upstream of the
vapor-liquid separator to maintain the preheated hydrocarbon feedstock at a substantially

constant temperature in the vapor-liquid separator.

6. The process of claim 1, further comprising a process for cracking a hydrocarbon
feedstock that includes a nominal final boiling point of at least 315°C, in a pyrolysis
furnace comprising a convection section having at least one convection zone, and a
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(d)renoving the vapor phase as overhead and the |liquid phase as hot bottons
fromthe vapor-liquid separator; (e)cooling the hot bottons in a heat
exchanger outside the pyrolysis furnace by indirect heat exchange with a
hydr ocarbon feedstock to provide at |east a portion of the preheated
hydrocarbon feedstock in order to regulate the preheated hydrocarbon

f eedst ock’ sadiORRLi6, m@rb@ggémsmg the vapor-1Ii qU| d separator; (f)cracking
the vapor phase in the radi ant section of a pyrol ysis furnace to produce an

ef fluent conprisPhg 81eficag adnehepigy redupaippihdecdrae & yrBerukating dimat he

effluent compbi®in@ne! efins. 7. The process of claime6 wherein the mxture
streamis heated in dan additional convection zone prior to its introduction
to the vapor-llqb)d sepagahwpﬁmeamiﬁh@npﬂbmeﬁstbdcM@hmﬁﬁnmmemQMnanhe vapor
phase is he ted convection zone prior to cracking. 9. The

process of ° W(é’ V\Htl%lhldq ?Wr}a?ngg%t [°s4&*Pecycling a portion of the
cool ed li qui d bc(t;) onseptmuhgeha/amnrel d$tindinse pagoatliquid sepratofhe pmodpas of

claim6 which furt he rises at | east one heat exchangi ng hi gh
pressure bYCEPhFEE guidiphase.Heletiyq tﬁéhedEféte ﬁ“é&e%%ﬁ%eu on zone to
provi de preheat gg hi %o@h@%ﬁé’&e&)opﬁlﬁds@ﬁs SrattadahEthe liGhiiPERe S RENERGIRY

dilution steamvmth ot flue In a convection zone to provi de heated
dil ution sfre@ﬁbewpr-bmadsgpamt ng desuperheater water to the heated

dilution steam &egfjd' %llhg‘aqe%%‘éﬂorgé kﬁ%@?e%%ﬁ%t g1d9mel &gslgﬂﬁhﬁ%%r heat er

water to the - m xture streamo xcha super heat ed
hi gh pr essby mdsteheatwk¢Hangrowith b bpdrgasbannfe¢dswck to provide at least a portion of the

preheated hydrocarbon feedstock in order to regulate the preheated hydrocarbon

feedstock’s temperature upstream of the vapor-liquid separator;
63) cracking the vapor phase in the radiant section of a pyrolysis furnace to
produce an effluent comprising olefins; and

(2) recovering cracked product from the effluent comprising olefins.

7. The process of claim 6 wherein the mixture stream is heated in an additional

convection zone prior to its introduction to the vapor-liquid separator.

8. The process of claim 6 wherein the vapor phase is heated in an additional

convection zone prior to cracking.

9. The process of claim 6 which further comprises recycling a portion of the cooled

liquid bottoms to the vapor-liquid separator.

10. The process of claim 6 which further comprises at least one of:

(h) heat exchanging high pressure boiler feed water with hot flue gas in a
convection zone to provide preheated high pressure boiler feed water;

(i) heat exchanging dilution steam with hot flue gas in a convection zone to
provide heated dilution steam;

) optionally adding desuperheater water to the heated dilution steam;

(k) adding the heated dilution steam and optional desuperheater water to the
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convection section to provide heated superheated high pressure steam

(m addi ng desuperheater water to the heated superheated high pressure
steamto provide a stream of superheated hi gh pressure steam at reduced
tenperature; and (n) heat exchanging the streamof (m wth hot
flue gas in a convection zone to provi de superheated high pressure steam at
a tenperatuﬁgnﬁwhéabbeaﬁor export to a header. 11. The process according
to any of the preceding clains wherein the liquid bottons fromthe
vapor-|iquid seflarath ﬁ exghpaging sperhspfgdhigh @fﬁsszsesten@ yitgdot e gapdn tgol ed

T quid DOt LQTBdANBichO oI Fiedi0d 4BACarcd Figh BitpcaLhen feedst ock ranges
from70 Cto 150 C e preheat ed hydrocar bon feedstock ranges from 90
Cto 200 C. 12(nWhea®hm$éssmammﬁn®mﬁgulme@ﬁyabﬂmmﬂempﬂb@bdwngncbamns
wherein the dil t|on | i s.substituted. for h dj min an
anount suf E’lpcr?‘éln? f%eaﬁnao nt %erheated%éﬁressfl i Sfﬁa% aétgens at FM%%rrgrtﬁeefg ure in the
vapor-|iqui d segay at hé¢at exchdngiffthappadmiof émY @fth hmame gug i@a pbmeMreﬁbne
hydrocarbon feedst ock. in ocess according to an E Ereceding cl ai s
conpri si ng'afroy! EéHB%*E?ﬁt%ﬂh’éEcﬂrFséWeh%Wh@t at “PB%{%W ﬁléta l5HOEEXPBh %2 8ne and
b) a radi apdadgsection, the apparatus conprising: an inlet for receiving
preheat ed hydrocarbon feedstock; a convection zone for heating the
preheat ed hydrocarbon feedstock; at |east one inlet for introducing steam
or steam apfl VaTRI probQs hiGrdIERIEhy DI T OSRIRNR dERIHHRRN e eI BRof Xt ur e
stream (4 5 a vapor - | |qU|g separator for treatlng he m xture
stream t o fronrhd Yapar-liqpd seppratioe appachtys r)ma frang 5@ GleaX@; Ct the coelpdtiatidr
further co [ b d, Qut t I vapor
phase.as. it ol 4B CRPahG dhe pEodR ARk dnd:SHRY P8 IS TR0 4
phase as hEHP €l atubtht prahedtedindrévarboagerdstoclquangesSepad et ©tqg 200° C. (5) a heat
exchanger, external to the pyrolysis furnace, for cooling the vapor- liquid
separator bottonms and regul ati ng the heated hydrocarbon feedstock's

t enper at ur 2. upsTheegorest addddivapodnyl dfghy }dfe&ﬁp@rca&lﬁlrs whgrdi therdi@tioh Bqdid
exchange, conprising an inlet for receivin ated bottons fromthe

separ at or, is $HO S(S‘H’tt?‘egorfﬂ&? difitiomdtieait H‘garbé‘BP@'g sgitciesimio mainigin a subgiagtigflyt f or

receiving &ﬂgﬁmhMgﬁggngQ@mkgsgsﬂﬁ&kyﬁéa%rheat exchange nediumto the heat
exchanger, and an outlet for w thdraw ng preheated hydrocarbon feedstock;

(6)a line for directing at |least a portion of the w thdrawn preheated

hydr ocar bopy feeﬁr?ta%&a%x%ﬁopecr%ﬂg%t L&Eheraﬁﬁeffx &Qrb%el%%&’s%tﬁ% hﬁ

f eedst ock; "and ectlon cracki ng d vapor
phase to pqudmgtamnekﬁHMEn®C@mnpdamBn@nqkbhgnezlqmva%@napp@ndmumgaﬂ claim

13 whi ch f ge{s&,'og(e{ c[?glé r%l%)%) 2%}5% a%Ei b g?asdtia Qe%tlgr]; ‘the p)para ucs) r(]:\OII%%)It‘lélr?gn zone for
heating th

(1)  aninlet for receiving preheated hydrocarbon feedstock;

(2)  aconvection zone for heating the preheated hydrocarbon feedstock;

(3)  atleast one inlet for introducing steam, or steam and water, to the heated
hydrocarbon feedstock to form a mixture stream;

(4)  avapor-liquid separator for treating the mixture stream to form I) a vapor
phase and II) a liquid phase, the separator further comprising an overhead outlet for
substantially removing the vapor phase as overhead and a liquid outlet for substantially
removing the liquid phase as heated bottoms from the vapor-liquid separator;

(5)  aheat exchanger, external to the pyrolysis furnace, for cooling the vapor-
liquid separator bottoms and regulating the heated hydrocarbon feedstock’s temperature
upstream of the vapor-liquid separator by indirect heat exchange, comprising an inlet for
receiving heated bottoms from the separator, an outlet for withdrawing cooled bottoms,
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(9)a convection zone for heating the overhead to provide a heated vapor
phase; (10) a quench exchanger for cooling the effluent conprising ol efins;
and (11) a recovery train for recovering light olefins fromthe effluent
conprising ol efins. 15. The apparatus of claim 13 which further conprises at
| east one of: (12) a heat exchanger for preheating high pressure

boi | er feedn wadtabr Mtditing Qbol fHyd®c886n fe@d@odkcua\aaﬁ:bﬂ &@h&%@%d‘dﬁm@f&t‘hb teat
preheat ed hi gh pressure boiler feed wa a heat exchanger for
heating di F’&g‘?@ﬂﬁ’r snd aprpyiiet Forgthdiawies @é@eafeﬁ hé(d@éﬁb@bfeie@ﬁﬁo%ne to provide
heated dil ution ea water to the
heat ed dil ution (gé ea?;!mé( ﬁoﬁmgﬂmg% %ta“f“‘%[’“g%:fﬂ‘g ‘ﬁﬁgl‘bheaé}g%%%i | uti on steam
to the mi xhydrecaghandegrsotk (Bhe inletdyr rageiving prehdagd hadwicargonl Gsdyteckhemt er wat er
to the mxture s eam 1 h Qr,,super heating
hi gh pressure st %hanﬁg)%cu?rf fx CraCklg gh?e h%%tg(ﬁgé cf ?ﬁa@gp%pmd % pr ovi de

heat ed supeﬁﬂheratcedphmwolpﬁmsure steam (18) an inlet for adding
desuperheater water to the heated superheated high pressure steamto

provi de a stream of superheated high pressure steam at reduced tenperature;
and 14.19) The &patat8%C bR ES whith fM@ak tagpiideatTeast seerfof heat ed

super heated hi gh pressure steam and desuperheater water with hot flue gas
in a convection ¢ §gnea€‘?5“’5‘|’tt%‘|zﬁéegotﬁb%?’rt‘ﬁééheé”ﬂ‘xmr@ﬁreﬁ%ssure steam at a

tenperature sui t@pl e, EHveQiRYohe foP héatiAE @& verhead to provide a heated vapor

phase;

(10) a quench exchanger for cooling the effluent comprising olefins; and

(11) arecovery train for recovering light olefins from the effluent comprising
olefins.
15. The apparatus of claim 13 which further comprises at least one of:

(12)  a heat exchanger for preheating high pressure boiler feed water with hot
flue gas in a convection zone to provide preheated high pressure boiler feed water;

(13) a heat exchanger for heating dilution steam with hot flue gas in a
convection zone to provide heated dilution steam;

(14) an inlet for adding desuperheater water to the heated dilution steam;

(15) an inlet for adding the heated dilution steam to the mixture stream of (3);

(16) an inlet for adding desuperheater water to the mixture stream of (3);

(17)  a heat exchanger for superheating high pressure steam with hot flue gas in
a convection zone to provide heated superheated high pressure steam;

(18) an inlet for adding desuperheater water to the heated superheated high
pressure steam to provide a stream of superheated high pressure steam at reduced
temperature; and

(19) a heat exchanger for heating the mixture of heated superheated high
pressure steam and desuperheater water with hot flue gas in a convection zone to provide

superheated high pressure steam at a temperature suitable for export to a header.
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