1 | MPROVED PROCESS FOR PRODUCI NG LONER OLEFI NS FROM HYDROCARBON FEEDSTOCK
UTI LI ZI NG PARTI AL VAPORI ZATI ON AND SEPARATELY CONTROLLED SETS OF PYROLYSI S
COLS 5 Field of the Invention This invention relates to the
processi ng vad 2aomyadsocar bon f eedst ock having a w de boiddmng:semgessi n or der
to 10 produce | ower ol efins. Backgr oun(ﬁlpi of the Invention Pyrol ytic
cracki ng of hydrocarbons is a petrochenical process that is wdely used to
produce ol efins such as ethyl ene, propylene, butylenes, butadiene, and
aromati cs such 15 as benzene, toluene, and xylene. The starting feedstock
for a conventional olefin production plant is typically subjected to
substantial (and expeEsdPVE) BROOESS STORY PBeP TG LOVERCR&ESIEhe ol efin pl ant.
For instance, FROMYEYPEOCARBON eFRIDFAOCK SUTILISING (RFRIGRBAVARPRABREIAN ng pri or
to being distill edNgrSEHARETHEY ViCB@ROEBER iSBAAL @d HYRPBY AL DICPARFity of parts
(fractions) such as gasoline, kerosene, naphtha, atnospheric gas oils,
vacuumgas oils (VG and pltch (also called "short resid" or "short

resi due" or Ei '). As an alternate to the production of
vacuum gas oils andspi t&hentsemet in@stas 25t@orriah@at bedcafsihheses(usual |y

given the n "l on resi, produced. The short resid
cut typica Ve S0 g P G VAL~ eGP RO Hine FaRordt 67 9 kat er ¢ han
1050 F (5®6 ®)gduae adwosphefims.pressure. After renoval of the short resid
fraction frogm g/ gggn[@lgf (%elf)pg f.esid, 30 conventionally, any of their
fractions or y be passed to a steam cracker as the
feedstock Al t er Rarpiglly, oueckengr afe hvdfeearbgasalisi g ratdorkamicdl of t he

"short residg Lansalgpibe; Usgdaas, auE&?d%O%oduce olefinfORYERAt iQnal steam
cracki ng processes to produce olefins 35 utilize a grol ysi s furnace that

gener al |y ha@th¥i6 fai Proryleeet idfryiencvorrEati e s et HPmandca F5d ant

section. ;}5 n ihepeBrenticanahe pyarad §1L§né UITBaCﬁtaﬂthﬂghféb’db((tabbofbﬁ ?edslt OCE

enters the convection sectiqQn o urnace as a i except for |ight

feedst ocks sTEW SRS BPHane dnd BF8§%"€%P RYE &fit E¥Plg:§‘ gyvé B¥§C Rerein it

i s heat ed anth vaptianeth by (dmadiax@ehs tont e;ﬁ:tocmﬁndwmefbh:aelgameim t he

radi ant secttﬁ)n gieglt}le luarn%ac (?andjtrﬂsr%a{lggal Inxdrlg%llhdl rect 1%0 agt vmth st eam
W

The feedstock is nornal m xe éam d'f ee0st ock/ Steam mi xture
is then int rf)?dtm:cedsukmegug@ troskseadtinkD piripimgte nbeindthedistdildnt @cti on

wher e i 295 GidkhyeeAlRdonaloPressubes: hypiegl by pangl na:bromagout 10 to

about 30 psig, to typical pyrolysis tenperaturés such as in the range of
from about 19U50h Ry 7B G0 KBERASNEEEPARNEEE0 AYHosPReptOVIRRe PHGrough

pyrol ytic cra&dﬁuag el bb@sfa@;d) stheapitdiie dasbesslidngsabeti fedigeh
pyrolysis produc | eave the furnace for further downstream separation and

processi ng. ont HRfVEHEe P PFFBRY st oot Ser e ) oi 15 £fd 3Lt
fractions com atm; r;g:oriuett::tbn @ fskawnun ngddS H61632An35ditdin sheet 3k process a

crude oi beeg n%l%%lélgrq OCE’ l{%%sgl kusua&cityl 89 the name “long resid” or
“long residue”) is produced. The short resid cut typically
has a boiling range that begins at a temperature greater than
1050° F (566° C), at atmospheric pressure. After removal of
the short resid fraction from crude o¢il or 1long resid,
30  conventionally, any of their fractions oxr combinations of
them may be passed to a steam cracker as the feedstock.
Alternatively, whole crude, after desalting and removal of
the “short resid” can also be used as a feedstock.
Conventional steam cracking processes to produce clefins

35 utilize a pyrolysis furnace that generally has two main



20 containing pitch is fed, after desalting, directly into a pyrolysis
furnace. The process conprises feeding the crude oil or crude oil fractions
containing pitch to a first stage preheater within the convection section,
where t he cyodsmeoidissor crude oil fractions containing picrasasersaaat ed
within the 25 first stage preheater toufn exit tenperature of at |east 375
C. to produce a heated gas-Iliquid m xt The m xture is withdrawn from
the first stage preheater, steamis added and the gas-liquid mxture is fed
to a vapor/liquid separator, followed by separating and renovi ng the gas
fromthe |igsedid@si natdftemeapd)mﬁIé@pﬂidnsemratmd;iaandse‘ce;adhngIrh heher enoved

gas to a secondnehea oL poyldedein.the canvegid.n zene. Ths, praneat ed

gas is then in a radi ant zohe ySi's turnace,
and pyr ol yzeentarsol @i n@rmedtlm 2009/ 6AB SHET/ 1@18@@98/8@73@651®13§ssom at ed

by-products. (Mhide EbL S ightaRLdRLRKE "B b8 Lhe.RVEehal rdya%emcﬁ here are
still lTimtati ons in achieving higher yields of nore va | e products,

particul at | y#%%m the?| i'gRPEY FPattion of 1¢ hé‘%ﬁ%r?%d"fﬂé‘éﬁzeﬁhé@e 5
limtations ok @de tontdd GARWERSE OMUD PlsefrirBs brd Ngadilanit Qéictb_ﬁbnt he

ild I t d t [t f

YT ol ysi & of S5 HEhaFP=FF attd GIbEIErehey P TE by o SStte “ebr | LGl or i
t he downstr edim quﬂe@lsteglchar@ermrmhﬂlw 6mOys] 7574 tdhi selteses andgr odess
utilizing Whlo%edsct ﬁg%féa%%x%uéeieee feeg EL Jkécﬁ%t Hy’Ef?ié/ IS LULOARS Of an

ol efin production erern eatlng I's subjected
to mld therpaingr a’c@kbngh@ssa@{aeu we¢hionthese| &t tawqm@nh@@m@ﬁ tions

unti | Substag%lakéysu%eoreyﬁgalmeréxﬁg PO SmbeiRY Sk act edhdu@ Sspvere
cracking in the radiant séction of the furnace. This process is simlarly

linmted as iPSthe to35IPHRle Ry ey $ife tERPPFRFWS0FUSE rae‘-‘aﬁ‘\nl She Bt ed to
one pyrol ysiss senver bbyut US54°264 (432 diySeboses:ra1peotasssand systwm f or

provide thorough pyrolytic cracking cf the feed stream. The
15 resulting olefin rich pyrolysis products leave the furnace
for further downstream separation and processing.

A recent advance in pyrolysis of crude oil and crude oil
fractions containing pitch 1s shown in US 6,632,351, 1In the
‘351 process a crude oil feedstock or crude c¢il fraction(s)

20 containing pitch is fed, after desalting, directly into a
pyrclysis furnace. The process comprises feeding the crude
0il or crude o0il fractions containing pitch to a first stage
preheater within the convection section, where the crude oil

or crude oil fractions containing pitch are heated within the

25 first stage preheater to an exit temperature of at least 375°
C. to produce a heated gas-ligquid mixture. The mixture is
withdrawn from the first stage preheater, steam is added and
the gas-liquid mixture is fed to a wvapor/liquid separator,
followed by separating and removing the gas from the liquid

30 in the vapor/liguid separator, and feeding the removed gas to
a second preheater provided in the convection zone. The
preheated gas is then introduced into a radiant zone within

the pyrolysis furnace, and pyrolyzed to olefins and



20 vaporizing heavy gas oil prior to thermal cracking to ol efins, by
flashing with steamin a first m xer, superheating the vapor, and flashing
in a second mxer the liquid fromthe first mxer. Such a process is
primarily diéesbesbsdso M ni m zing the anount of dil uti orcstemmsaewsi red 25
for vaporization of heavy gas oils having an end point of about 1005 F (541
C) prior to pyrolysis cracking of the heavy oil, and is not directed to
creating an acceptabl e pyrolysis feedstock from an ot herw se unacceptabl e

f eedst ock havi ng undesirabl e coke precursors and/or high boiling pitch 30
fractions. Agaddrikbes Wy-@eesscts | Whiledtlds il theim@dleaad: '432hpat ent s
descri bed above since the entire vaporjz feed IS, Cr ed. . one
pyrol ysi s se?/‘éerrlati%. Prpeess, %EWB %,sﬁblg'qdijglg\%éggg%g p%lgcggljgl%ol?ﬁsteam
cracki ng a chigteroidiefidedobymbie stahmbdengrptutts oumprttheladwvdaoiton of a
first steam \?r(éalcki'i t%yr nﬁ§ etibfien gepanat i QUL hN a.dd ash dijuxe.separat or
a vaporized fraction (naphtha and 5 |ighter conponents fraction), and a
liquid fractiortafhennhaphehawndt?i gheerciaetion ite MW ipyr A2€d in the
first crackipgifieunase. thiae higid-d sepanated Eddamct bes f laghi esaimesepar at or
is wwthdrawn and fed to the convect]on sgction of. a,secqnd.steam cracking
furnace, andPYHEPEarPBLi K5 a FOERBNP Lot F T LY ‘UG- Ee Par at'6r ; "*HE vapor
fromthis seconrdiseparsttheri sid hehepywwdopzeds i necd lsecantf ost earm ahacki ng
furnace. The usnestofear%v\oue%e ar acth%n%léegm cracking furnaces allows the lighter
fraction and®tRe T HeaYi B Fracti'6R sfthe crude oil feed to be cracked under
di fferentocracki H§ €oRd?tT150nslisologs B 2xotEsyi etids.zippwebeke agleuse of
two separat €,0r acki Ng-ANNAERS c6ANhE %y&ry%igoalwad;g OS£S5h CHUIAE.
Moreover, the process clainmed in the '493 patent cannot be easily changed

t 0 accomodapeeisahgh nglided'eBrpBsithE ohgedTICk @fEeyoBraIA189edSa process

and system f gi,stheedOcproductienmal etediing Geemfirauy: thy dogecasiben
feedstocks, by first pretreating the hydrocarbon_at high pressure and
noder at e t enfRFHERGHRR tC(S’nﬁi‘E’f%riSenPPBJr]rysPBPrB%U@c}E@ pfEUrédrs. “rfie
pretreat esdl hysheeardng Subhestsepas akedetat oraciiinghtier e aAadieavi er
fraction in a onvenEi&nalf 25 frat;Ithii(‘)SnaEqi3 Oensscqlsun?miz-l._ahﬁ I il?m;erd aagd heavi er
fractions ar®Fed"t 8" a~pyrorysrs furnale’havi ng fwo sepdrate radiant cells.
The |ighter fir adiei 0BS1 aceatked the enel rcadeprt Tekbmand subaebieaviter
fraction in a it radi ant cell thus allowng the two
fractions to&[)ee%ggg%:ﬁgé gg‘ﬁ%%iz}?él y at their 30 optimal cracking conditions.
The heavy bott onPBr ofud®4.f88m dheckasgét i enaPreteol @FA | YR d9rf uel oil .
Wi le USg, %o@éiﬁ@d d8vé, 6J2 7951t gaGhyt heo banebnts ofrasepay atel y
cracking fractions of wide_boiling feedstocks at pyrolysis 5 conditions

appropri at e G iPRoseP¥r altPHNDI t Yy eGGFFR addi t Ponal*&qui Pttt beyond
one pyr ol ysisudetbhbacen@nthearapen| yaappfiething fieedstseeksd whitexundesi r abl e

heavy feedstock .gonponent s uchE as pitch..olt is further known t.hat

st at e- of - t he= "5 p;}?ﬁ“y%l § fUFhaces Havi ng'two separat e fedstocks are
currently bulitechydpys ahiysing zfuy Nndee adesngner sliduthoassttiche Seamecaind
Webster gdivigsion of Sh N t.ries. r ils. of rol.ysi s, urnaces
W th onegandtscfrv\ovarpg ﬁé%fvgocne%fs }géraa kiglr% %&gglgg%g%%s?rgci@sﬁiu%t z)rjlfeousl y at
opti mum cr acdiavg dGRETt ForlS44aT eCl epeidedte nPYItd vaL 6| erackingarafe t@ehyl ene
furnaces: changi,nghhe parad gil: by dOhRsRtBrEwREiRE Lhe astopeiard Vebster
Corporation, (published in the ePTQ magazi ne, 2nd Quarter issue of 2000,
pages 111- 1I8)rolpehevEredstack uEFPRIed] Gh8eT R L 5eR6eP st 6ERSS1IEt are

si nul t aneousiatihgduh @ dihevh Hr PaEe orRicarabreatyi/seprigt ediling. pithey are not
fed to the furnace as a si.ngle w de boilj ng 1 angg fee.dstt ck. The
prior arfl cit’@¢taBave WINPT SHATERABW T o EFFFEi 3ht1) "LEparat €%8nd

pyrol yze the asar i patserfisacdeansbed aifew diendeoi thegeheedst gekotiozegbt ai n t he
hi ghest potential yield of fin Sy . am cracki ng furnace
wth one fee%setdosg & VWatcr?(s:Q%fgé%egn?é%@%%oﬁ%rg%gbess that permts the
econoni cal processing of a hydrocarbon feedstock having a wi de boiling
range to produce |lower olefins in 25 higher yield by separately cracking
the various fractions at the optimal conditions for those fractions in one
furnace. Sunmary of the Invention



The present invention relates to a process for pyrolyzing a wde boiling
range vapori zabl e hydrocarbon 30 feedstock or m xtures of hydrocarbon

f eedst ocks having a wi de boiling range, consisting of a variety of

hydr ocar bongo@bos@idadser i ng car bon/ hydrogen rati os and/ oreamisesmshapsswei ght s
in a pyrolysis furnace having a convectjon section and at |east WO

2009/ 026488PCT/ US2008/ 073965 6 two sets” of independently controlled radi ant
section pyrolysis coils to produce ol efins and other pyrolysis products,
conprising: a. heating and partially vaporizing the feedstock, and 5

feedi ng the partiugl |3y 6vapid3 z@&idclleedst ackreaesa \f@porstbhqubdaele'{maraat or

ety alf BRUES ATPREE] Sy 3ROLe AL b GULE ANARER b odBRLIG, Lhe vapor
phase to a fITs radi an ySrs™col e pyrol'ysis furnace
where the 102 Hydsocatbonscaaskiogadietdacey pthﬁch%eRﬁr@ﬁim ovheidr &cki ng

conditions ipidie Hist ?}Eaerf:of adi apLpPKLRLY S &abhs b@égﬂghgorgﬁdol led to
achi eve a_cracking severity appropriate for the quality this first feed

fraction, 3 15¢19MH&at |°r‘i’§lpaﬁ%f“3f%l KEGFARBL PR BhelAptfi Hr%ﬂﬁgé f r ot he

vapor/ i qui dngedaatas, 11@@.{@rngfrtabeld&amcsr thBHspgr&ai-ed ta ansecond set of
radi ant coils of .the

f wh h d ked
to produce ofEFFHEs lfﬁ ”ab ackl ﬁ&uégﬁgﬁl oe%é‘%i"' ‘? g"yo (racgl%y%gﬁssh acée of C
radi ant pyr obysdratoni 1s iehdgaworntoféddct mhacmmetcora(ﬂﬂqﬁgosecvferal ty
appropr i ate [olode aug %éa/ckqf ol Bign2aconddl ead.Loact! qetowgeggéahdd the

particul ar se Ian ySi's col'l s assocl ate articul ar
feed frad®i oflaate dmmcmrasm ziélﬁfl sgeon fEeinf tleia gegend oﬁ%@k”ﬁh@r géverity in

order to enhance 4.78:0y&d alnl aors%@uﬁal o FAcRivh &imapne: ol efid ngor
optim ze yields for overall inproved profitability. In agreferred

enbodi ment whEr B¥e hEeHeEEdst %Raft‘:oﬁlf%ﬁk%gngﬁr@%\ﬁﬁfrlai&l?% EORPOMENEE or a
| ar ge anmount rafcibghaf@idhenge 30 poirpbcf i amt shandae 60K&EepaEEHIN®Ors, the

liquid IeaV|r§£§ggd under different c¢racking conditions to optimize

15 vyields. However, the use of two separate cracking furnaces

can be a very costly process choice. Moreover, the process

claimed 4in the ‘493 patent cannot be easily changed to
accommodate changing feed compositions.

UsS 4,612,795 discloses a process and system for the

20 production of olefins from heavy hydrocarbon feedstocks, by

first pretreating the hydrocarbon at high pressure and

moderate temperatures to preferentially remove coke

precursors. The pretreated hydrocarbon is then separated

into a lighter and a heavier fraction in a conventional

25 fractionation column. The lighter and heavier fractions are

fed to a pyrolysis furnace having two separate radiant cells,

The lighter fraction 1s cracked in one iadiant cell and the

heavier fraction in cracked in the other radiant cell thus

allowing the two fractions to be cracked separately at their

30 optimal cracking conditions. The heavy bottom product from

the fractionation c¢olumn 1is used as fuel oil. While US

3,617,493 and US 4,612,795 teach the benefits of separately

cracking fractions of wide boiling feedstocks at pyrolysis



vapor/liquid separator is only partially vaporized and it is directed into
a 2'd vapor/liquid separator where the undesirabl e feedstock conponents are
renoved as a liquid and 7 the vapor fromthe 2nd separator is fed to the
2nd set of waysmbaygigs coils. Accordingly, in this preferpceasswbodbszent, the
present invention relates to a process for pyrolyzing a wi de boiling range
hydr ocar bon feedstock or m xtures of 55nydrocar bon feedstocks having a w de
boili ng range, consisting of a variety of hydrocarbons of differing

car bon/ hydrogen rati os and/ or nol ecul ar wei ghts and i ncl udi ng undesirabl e

hi gh boi | i ncpaiistony rRepra@aperkzablie ebogponensstidusa putregl yse@uifrer nace

havi ng a con Lon. s ection and at 10 | east Lyp sets of _radi_ant R rolysis
coils, in ora‘%cltt 8n%r08%u?melnefl n a%d o?he)r“rrO ys?usrnﬁfgdﬁ% ¥

corrpri sing: ordy hRealied wndiqaistraks ywvld[pomdzsngahlhae Heeedstfeedkstoahd f eedi ng

the parti al I&lom\égggﬁtgesc&cgeggsfglq% to a vapor/liquid separator device to
produce separate vapor I1band 1iquid phases; b. feeding the vapor phase to

a first set of ra#iadmt BYFdIeFsi sl | 5haf EhatyAot)Srarts uPHER Y Siier e t he

hydr ocar bonseah@ces askethd awRr edysead eféelaeto&}kse A KirREn€0Ndii1@ns i n
this first set of radjant 20%(_9 yrolysis coils Fgg controll.ed to achi eve

cracki ng sevdf iRy CaBpr oAt QﬁSltgﬁﬁrﬁu%Li'qht )?‘S hY e 88% FeRY5%6n:  c.
heating the divquidn pbasehbromntthetfiasst mapbet| dquatlsepar ayosltsdsa

t enperature uffl |en‘:[rlt 0 V%IQOI‘I ze .2 25 Pé)éltafn%n of,1he I%g@%?sb&gs

feeding the €ared t wo ase mXtUre"to a“Second vapor epar at or and
separ at i Hy tfe=dsapoks p&mét&mmﬂhealtl qntidmphazgecklrdz doeleldtngwt h?e?evapor

phase from tme%?tg@nﬂnv%p@rééeﬁ%d SERAYAI N 1 On@ BEGRAIM s Sebnfgigdi ant
pyrolysis coils o e pyrolysis furnace mhere t he hydrocarbons are

cracked to prsduaragier| n?Y YR cRacRrAteEonfli EhonSTeRe t S YRG$d set of

radi ant pyr atdigosacdd,s baivigseeat nal lefd &Seadoo r@&ﬁz&\ﬁ@ crzaftquMts;everl ty
appropriate for the uality of this feed fraction; .. renovi % t he

|i qui d phase SHecREcoP?% fedgidddtrathle &QHPBT ot \Félﬁdr AS &b onent s
fromthelsecond tdedeapetd | tipt hireepamal oinandlgi spaskagtbé Fhrmsced |1 quid
product, typlcal iy as, fusl..9tba, ToIStagY L0 2,450 €6 2he" edatgck to a
as a single wide boiling range feedstock.

The prior art cited zbove does not teach how to

efficiently separate and pyrolyze the various fractions in a

20 wide boiling feedstock to obtain the highest potential yield

of olefins using only one steam cracking furnace with one

feedstock. What is needed is an improved process that

permits the economical processing of a hydrocarben feedstock

having a wide boiling range to produce lower olefins in

25 higher vield by separately cracking the wvarious fractions at

the optimal conditicns for those fractions in one furnace.

Summary of the Invention

The present invention relates to a process for
pyrolyzing a wide bolling range vaporizable hydrocarbon

30 feedstock or mixtures of hydrocarbon feedstocks having a wide
boiling range, consisting of a variety of hydrocarbons cf
differing carbon/hydrogen ratios and/or molecular weights in

a pyrolysis furnace having a convection section and at least



In yet another preferred enbodi nent, where a high tenperature vapor/liquid
separator operating in the range of 10 -770 to 950 F (-410 to 510 Q)is

i ncorporated to renove undesirable high boiling feedstock conponents, the
resi dence ta®odhshidse |iquid in the high tenperature vaeardshiogizodsssepar at or
is controlled to thermally crack the |iquid and produce additi onal

f eedst ock conponents for the radiant colls 15 that have boiling points | ess
than -1000 F (-538 C)at atnospheric pressure. To enhance the vaporization
of these desirable feedstock conponents, the dilution steamrequired to
meet the diltid onsedseama atindepafigeitifor cohersetedof daa@deant setdionsupplied
with vapor from.this hi ag t enper at ure 20 ;Separat or, igtﬁedrded Lo tsq% t wo
phase hydr ocaFISoNSHE xt i Senter PR TRe SAFAFET o' Fo PFOVI d&YFTHG Sy gas,
i.e. gas forpredatsngedrdpeipamdi al pressure of the hydrocarbons in the vapor
phase of the separatal, A JeLeRY: Lol e AREE, VAPl 3ldaB: Ofi,! hthd 1 Ui d O
occur. 25l n another preferre EFHod| ment, "the process Is controlled such

t hat aboul the sa&medinar offen- t axtEEBal atveRPEL e | of99¥stREx C5¥Cpy ol ysi s
products is prodyggd: by £268Ns§8r06r" a8 B 1eOIphksauénRiAkhYe vapor

hydr ogen-to-carbon atom c ratios slightly above 1.0 are preferred for

pyrol ysis 30 sevéPfti*®oft PB#5%i'nce ratios bel ow that indicate the

formati on of conpourdsdimy echy dragen pd@kkcitent tfhant beazeoe whdidnthas a

hydrogen to carbon rati.o of 1.0, L.e. the faormation _of un i.rahl.e amounts
of muiti-cyclic 83%%135. CO% 28‘69%’?64%%793'?/3[%20%@%89%9%@%56I ECh%
particul &, the hydrogemone- cardonceakedc tat i produatet e g ek bythsr ocedur es
and net hods des%!.:gé‘ﬁ'ir{ W3 gﬁﬁf&}s 7,238,847, ephdich Lischesurgqisiher eby
i ncorporated by reference. g y way of ‘exanple in order to illustrate the
i nvention, usingrgrelyfisncélyapetrd i%ﬂﬂtdg}é)wq__)t%e%f_éﬂﬁﬂér EsFréfieteed
mxture to an pyrelLysis, WblosAnde reeparatamdii Ry Oof thiaPRLopE | Al
fractions, e.g. ethane/propane, C4 to 350 F (177 C), 350-650 F (177-343 O),
650- 1050 F (343-568°4%°™G)for pyrolysis in separate tubes in the radiant
section (pjb a fur @acaegﬂ%ﬁgl @dﬁiﬁl,fﬂjly];ﬁ)a@btj)ﬁnge.tgle h&ﬁﬁliE+pg5ﬁﬁExﬁlc)n i‘f ]
present, being repoved fr t he feedstock and not pyrolyzed. ept for the
1050 F+ (566 C+) “CHit€ orf Hrné\‘E?‘EJi%nF"‘*B‘%féar‘wt"d-“f' t %%Cglnggpéﬁ%t e"&‘PPFach?‘%ns,
and/ or conbi nati emsaodd t hem garsdoend5 fed difr ecadignthr oeigls t hé dilfef er ent
sets of radiant L Al red . Sy, L 0L, 4 e Sang.pyg alysi s
furnace. Each of %gﬁgg 5(;.% gg#%?\s vmelrlgaggg_sh%%]}rggtﬁghg?ts _oewn et of radiant
coi | s control | edprodgéy eokatfd napptopr fordiogackidifiseserpt fheofettnst feed
fractiongye. g. theelightepgfdact beri2Rikadi@nts PaSsHgModbekRaveaa dy gher
coil outlet tenperature and hi gher residence tinme, whereas the 650-1000 F
fraction woul d h@FBLSTROITEF S| GIRELTY i TR TIRE T GWEPTCOY DdtFEY ©f
]'Elenp_elroa]t ure. The&g;,fgeéeicdaﬁ_ (=000} aﬂi{ﬁcﬁﬁb:ﬁ,’s x\wlaybﬂn alzsof have capacity
exibility; e.g.., 11T _the mxtur as nore_lI : ractlon_co nents,
more passes can Be nid® éﬁ?&itllﬁﬁfaértoseér alk t%C}slaln?gh?y]f?lgcstllsong?%s’t he
appropri ate severistyciated withm threpseti@s aof &4 Sepaiat grrse, mehehddst
separator. (that separates the pitch 0,.F+ + . t.he option
of addi n(\%srecyclzC f‘)? 1ceﬁ're( fB%f)PﬂFlf {gg%&%_sy%c]&%?%%e&gﬁ%%fﬁlﬂr}l %?&glf/_ro ysi s
pitch to maintai enbenpt éthe weetrdHg robduheiamldt 6f arde Cv/morsepdebiny . The
VIL separator (S) (Gagebe.d CYELON Godexi£010r s8LRle bhashadiumyi th or
wi t hout a dem sting device for removing liquid entrained in the vapor. WO
2009/ 026488PCT/ US20@8/rg 730651 GrbReipefi cear tthe fypesterkvrensapbsrator is
determi ned byo{-RRpeokidkl PIOREASdItY: 0k Lhealddiuindubei 6 mepabai ethgd th the
hi ghest efficiency se%gr ators such as c%/cl ones &gl ng requl red V\h&p t he
f eedst ock? coRPHI EOBhAEST PABT 87 CSHPoRERTY 59GEn By 11auid leaving the

vapor/liquid separator is only partially vaporized and it is
directed into a 2™ vapor/liquid separator where the

undesirable feedstock components are removed as a liquid and



5 pitch that cannot be tolerated as conponent in the feedstock to the
pyrolysis coils. Typically only 2 or 3 VL separators are needed. I n
a preferred enbodi nent, a nmeans of independently controlling the heating of
each set ofw@obo26isssd provi ded such 10 as controlling therfusedosgasssf | ow to
rows of burners adjacent to each set of, coils or by having each set of
coils in separately heated radiant cells of the furnace as described in the
twin cell concept by the above referenced article that appeared in the ePTQ
magazine in the 2nd Quarter of 2000. For 15 nmany sets of coils in the twin
cel | conceptt@ep&rx&tre foont ok @fY tdepafraebr gas fedr owstbé BT mets cddj acent

to each set Lk al s t.a «+ he
present inv ?{ I nc@g“e ?’ %&; gﬁq?’ftlnfthlg Eyo%g%g%/eﬁg t%gévﬁgo ¢ desalted
crude oil, Z@%r‘m?/egﬁnw Hevapgitbh nge ¥Yated rtpxtauipégcﬁﬁ dise evaekyxigof @r nace,

utilizing the eabb g don 146yd UL PR3 bBh ehRabk A Ic 0BY e Gliix@Ar88CTJson to
separate out the various feedstock fractions in _a series of heating banks

and vapor? | i tfi@cashen at 6pedstogks | nhavhref efr ef18/bo8PHEMY sEPERate and
opti mum quengdhs3st syt ess fOr heepyr owsnr@q&badmdrs; f o@m therdshiificer ent
feedstock frac re used to maxi,m ze run-|engt nd recover of heat by
hi gh pressur®@ 125}082%%0(9&8&?5%5 ané/oﬂﬂor%ﬁcﬂ’aardl“%lgﬂ aﬁg?glFéllL
Exchangers (Wdes)iréiore m;@mcbpmglwrp@llytsl sr prnottyepsrf zarhet lkompogptts
fractions, QBQ goFgégéyggucts g%é v1 OQF An @t?&ﬁbgéggﬂqg dtkétTLES for

quenchi ng pyrolys rom eavi er racgl ons. ) *Re “abi | | ty to
m x di ffé enleéfSéed@!Q)ckgtt’r notr anﬁsipérlt:atm@ﬁlﬁweﬁ stetbye LY sStOEABT witthout

sacrificing thenbensfd#i$sOkng jélthglfrﬁyﬁ'c;ﬂy@gst&%ﬁmftged&;n%li%l@é their

respective optimal severity. This sinplifies feed inport and storage
| ogi stics and pré8vi B%%t%f“ﬁer?éffﬁ%llmsvépﬂlfHég s% fegddtednk F6r

different feeds, fé@@u@ed €est pdriGannyi ngabeegbemvefﬁwsyoand Bosharing
pi peline and shi se re e cl eani ng and flushlng when

t th
swi t ching feed t;efﬁ%%r/al )quéé geenﬁgﬁg P g™ d% fg%n%liﬂdﬁ eggfﬁra\yﬁpoY B%action(s)

whil e a f¥edst ocknisligiidgpvapos;i zed, the pressure reqw rement at the inlet

of the furnace |§_} r%duged P{hOeCGSSIOI;_[g of cLhe whol r;? widez boil ing . feed
Wt t e T

frequently runs into prorfﬂ ens w ghter i on vapori zing too
early in the conescelwrissectilen Dﬁbetéle cpmhyngs hyfenraatq?cw}blaék pressure

that linits the Bgagoéaasb%nso Lhe furnace, eﬁ%&mree RYBBLNG capacity is
made avai |l abl e. us the invention overcones t roblem 15 Bri ef

Descri ption of tK&2EkEHE ngenditions pig fhisg afl§€hen§sﬁti c °di agrEAnt
representg ng thepprocess fdawsofnangr ecfcsalrtﬁ;edl@cnrbedl @éﬁie‘@é t:h@chmgenti ve

process for one fully vaporizable Wld boi i ng f ilizes one
vapor/|iqui d sep&Fat tyanap%r%ﬁrﬁﬁlt% FQ& a?ﬁa § (‘ft |%ér<1 % 15\,1 tJ{?etdWO sets

of coils. Fké&ctidr;s a schematic di agram representing the process fl ow

of another preferred aetrrbodl %%)C@{(idi %glﬁjsgvg | (@ PEOLCESS, &}%H?P fully

vapori zabl e w de “hor'T1 e ng % e ut1l1zes one vapo qu d1L separ at or
and a twin cell padiwritor to a temperature sufficient to vaporize a

25 portion of the hydrocarbons, feeding the heated two
phase mixture to a second vapor/liquid separator and
separating the wvapor phase from the liquid phase;

d. feeding the vapor phase from the second vapor/ligquid
separator to a second set of radiant pyrolysis coils of

30 the pyrolysis furnace where the hydrocarbons are cracked
to produce olefins; the cracking conditions in this

second set of radiant pyrolysis coils being controlled



25 section, each cell having one of nore sets of coils. FIG 3 is a
schematic diagramrepresenting still another preferred enbodi nent of the

i nventive process for a feedstock containing undesirable high boiling point
conponent s woedem4gs t ch that utilizes two vapor/|liqui ecrapaseomes and a
single 30 cell radiant section with t sets of coils. Detailed Description
of the Invention The i nvention conprises a process for utilizing a
pyrolysis furnace to both separate and pyrolyze separate 12 fractions of a
wi de boiling hydrocarbon feedstock at optimal conditions for those
fractions. tPheclhiends togkkimgy sevapitiys erarsrmigE e of ohydieo gaa bicys,

i ncl udi ng undesir %bf§1§Q%%dp£§£H£% ts,,apd/or high boiling 5 pitch fractions
that cannot be conpletely vaporize under convection section conditi ons.

Exanpl es of suit &bl esheedst 6okslimcididdaspurhinhe castatinmivnggsivablsat ur al

gas |iquids (NGLgha/HAL UESH-v3BSPL1 1A cANARPHLENSATL 85 chNCLHMI NGeddiase not
co-produced in gas fields, long and short crude oil 10 reS|dues heavy

hydr ocar bdn st r edABOF oYY 8 Fﬁ%?’ifatﬁlroéégsgésmﬁ&é’ﬁuﬁfgég 8713, LHesW gas
oil, and desal te@rsaﬂ@iﬁ, Giybic&Xherasexaspl €81, mekudescibulo ar Qaﬂﬂfldri mted
to, deasphalted Qi | At ge i ved romtar sands oil shale and coal, and
synthetic hydroc&FboRe SUER 53 “SKB&°tshel | M ddle Distillate 15 Synthesis)
heavy ends GIL (fGasy¢to languhel Pmeasﬁyrmﬂjsembie@men@ar aftigmes 8yriidudsi s

roduct r iy ol
p ucts, E fralﬁpepsx%og/jq P s%? tﬂ:r g%ge 'in the ¢ 11;% R ysis

furnace can t he c e5| gns for yzi ng
hydr ocar Bdn feEdstocks0t of 20~ ‘bﬂbd’%e bfP efﬁT)n]ss Jrfrﬂﬂr@G‘Fﬁ*ge%l?@l eerd ant cel |

designs suchy@fdikbysd rﬁﬁ,dbbmlfﬁcgtﬁe%détam doM fp@néé‘@é antheCekk i dasiegns as

illustrated by Figure 2 he only requirenment for t he radi ant_sect]on
design is th&t™ hefethe fiicHidt & cos ofi¢'or TERAFPVSI YﬁPQréHCFm@r sets of
coils or in §é1m@ase hbatcoﬁtf@llgialt t2b &nd&&smyecused tmteaqm@n‘ aeils there

shoul d be flowr cont.r.ol ;o}g %s f tubes | oft adl ection. The
convect ion SRHITGE GRU R et SAE5OB8 SHIPoBEnth RonE &4 doa 1 or

i quid féedstioak lhm&t i nq:,lnn@pqrqmitag lasd Super he‘laJt0|0ﬁg Eof (ftfhiéi “vaparti zed
feedst ock, h%v%g}el»}z % d@% ?rr ef gLr ednlo.dave, ava?g%o'}%ﬁt{’c?éso?eéﬂefg%é dSUCh as

shown in Figures heat| ng and vapori zation of the st ock
as that m ni #sgesbl hefeeddieckofopppmantisi qiird Sepatristrorsepaqupaerasnd

typically resyl tiged NtREORihLPEH steam ratio target for the set of
radiant coils supplied with wvapor from this high temperature

20 separator 1is added to the two phase hydrocarbon mixture
entering the separator to provide lifting gas, i.e. gas for
reducing the partial pressure of the hydrocarbons in the
vapor phase o©f the separator and thereby cause more
vaporization of the liguid to occur.

25 In another preferred embodiment, the ©process 1is
contrelled such that about the same hydrogen-to-carbon atomic
ratlio in the C5+ pyrolysis products is produced by each set
of radiant coils. Generally, hydrogen-to-carbon atcmic
ratios slightly above 1.0 are preferred for pyrolysis

30 severity contreol since ratios below that indicate the
formation of compounds more hydrogen deficient than benzene
which has a hydrogen to carbon ratio of 1.0, 1i.e. the

formation of undesirable amounts of multi-cyclic compounds.



13 velocities of the feedstock while it is being heated and vaporized in

t he convection section tubing. H gh linear velocities in the range of 1-2
nmet er s/ second and nore preferably 2 neters/second or higher are especially
i nportant Syé BoobRadsubi ng for inparting shear force onpchasy@bbizadis t he
tubing to help prevent the formation of, deposits on the wall. Therefore,
such vel ocities are most useful when the feedstock contains foul ants or
coke precursors. Miltiple feedstock pass convection section designs can 10
al so be adapted. However each feedstock pass in the convection section
where the feBdst;mo:itlicslqmartimiel y hydpogdrzed-patiorr egutomec i tsatom is
vapor/|iqui d,senaal c? 5) e QU Qgt%qﬂetlhg?%] ?&F’éﬂ%néo a&%\ée a
pyrol ysis fufnace w CONVECtTon passes a asse I es

radi ant coil %,23B584tch @Jdlém ghsabeduter edai réesemapdrn/clowqqmte@epéwat ors for
meking a feedstoek.split where only a light and a heavy fraction are

pr oduced. Heating of the sets of pyrolysis coils _in the radiant
section of the f&¥niee thé&remphe ¥ &CPBNEC of FEr# e dditodRV O e
separately pyslgyzed eanmdecdoBgoi N iQ0ed O v Dy esé@&baaf(@elﬁrs& fee@.
fireboxes contained in the furpace struﬁcture Typi cal g gr two cells
are enpl oyed™ T8N Ceft PYTALEY S t UIE pFef eFFedTE RETS itAE8pendent
control of tasprepatiatng cﬁf:a@a:mlmssete@f C@1H851e$§p1‘,d5p8€t$ byCai nld:epéﬁ@lénf fuel gas
flow 25 contyo]. et .t he of bu ea t of blSecol I two
cells are uséd eac%) ceﬁoovfn%lol ﬁgvg i egen eht Po%gs %ontggol% SO0 such a
desi gn céh be freberalisd st on ssapamgre tdlds desiign rgdmlet @eckéentofore of the

cel I's and poggifl-y, beid, W Iﬂltlggvgrgctsldglgl g .feedsdpck.cqppesi ipon siff a wide
boi l'ing 30 feedstock is split into | |ght and heavy fractions. Fl ow

di stri buti orPi¥snke keiny sewened L5080 The F%ﬁﬂséﬁf:ks%%‘% i SFTPhEESUr nace i s
especi al |y ippeikambrt ehe&nsisoe Fhatsedd ml I@lbame sufckieh erdadd @ t hrough
themto prevent rapid 19 coke fornati short, furnqa %Fru b

oot he. Tt SHser BByttt a B Pty ok FOPIRRAEM o TPt Heomon
feed head®r asdidltsitngt ethrbngiki guéeﬁlifeﬂeretndséazsv\/rmﬂ* erbbnrfteedsitieek i s
split into |ight and heay frac,tlon for pyro yS| ere.on tvvo
fractions ar E&cre%eraleg %ﬁ ffaction elrlllt etr%se i rOlgos%tgureé%c of the
f_eed header Eauh tdfe thadserfmictiond swoll thassf utfrm@erht hats awe $sad dfn _the
light fracti %[hl%ﬁft Q1801 lLgnansh iy the %VYtrIé r§§Ee OEr&&hlr% will

vary primarily according to the tenperat ure of vapor/l|qU|
separator, t$RVeSEEEMIPD YA oEEDbOrFacatiP | - Qhetl‘seep]altgalfCBF fEpet o6t al

f eedrat ez@f 148 shur pace andaophddnumtilyans a&&lP%ﬁJt@@t Ité@@alaé@fe the
pyrolyzing the |ight and heavy feedstock frﬁg@ re there e rmre
than two fradet9"6As e e4req Fii n&PebRRe o on b q5&&°B e nor e
15 vapor/|i gudvék seqranaer s rebedsere bamic feedl hesder acds:alngedamﬂtetused for
t wo fractlons i s _used together w.th the a d| |ona con tions praovi ded at
i ntermedi ate p635| f”?ons acg%rsae nsgeii o] ?tﬂe ar:rLDa&nt ¥ Qf&pa?log’ v}gp%r from
t he i nternedeataeityadtiierisilditgat e&d gso itthathen mxh;membelsngmﬁe t hiegh20
fracti ongs wi r ea f a t

f eedst oc frJ%a#catciocgt%1}51I g%ﬁ%‘%ﬂ%ﬁltgat q@%gh%g%a@? hg%g g\ngl ﬁggee %&P%Jr% ct\({)glO or
coi | assenbl gradkathhas ighti f(JéftFtﬂéédEQd@l@ aPB¥OHl1aéédS€ﬁ%éﬁf havi ng three
fractions fed torht cn td1.REQPRE PlACESBNa0brs hecgoNNgst | QBpEatdie feed
line of the 25 internediate fraction to the hea der t here WIF be only two

coils or coi [thadsSRBRTEES FAE ﬁéV‘eh'm])Per’a f E&dSPHTK CHHd ﬁi"‘%vp%i‘ée &hfor e
fl exi bl e design osapsbdl gadifngm fﬁdjﬂclbﬂg ptllﬁeh mxopg°® of+f esdst ock)fragti ons for
m)retha one .eed co osi t.i on der . an alternte connectolontothe

30 header? TPREPE Poro Resi R e el AGrFe dbc TORLare "eorHg

the wall of the V/L separator. The V/L separator(s} can be a
cyclenic device or simple flash drum with or without a

demisting device for removing liquid entrained in the wvapor.



EXAMPLES OF FLOARATE CONTROL: The foll ow ng exanpl e shows how t he
paral l el radiant section coils or passes in a typical furnace are split up
WO 2009/ 026488PCT/ US2008/ 073965 15 into two sets of radi ant passes and how
the feed ray@3odbasudse | i ght and heavy feed fractions arerasmiosoisbad to
achieve their optimal cracking severi téo To sinplify the exanples, the sane
dilution steamto feed ratio is assunmed for the 5 |ight and heavy
fractions. A furnace with total feedrate of 85,000 |Ib/hr has 20 parall el
radi ant passes. Feed mixture 1 contains 14.08%of the light fraction and in
order for thriee ldightefoatheconyb® & AUk tepatagsooptis nddtezenned thy thes feed

rate has to 22 r s SHchet the wei ad | i N to heavy
feed fracti O(E&?lég’dspeﬁ%g’%ﬁg %}19%3 g’g%n&ssp}é? E%%ré o?gﬁé{%tﬁtegtgjfhp%&%d per
hour of heavyidesstr df fHigiteocy orgparetonpdelchngs ofyclheepsingsreawireghe | i ght

and heavy fegd.{ragtiQnsstdfie ahavsnst aheds 0oRALL i8RsosalisnetnuRisque.
rel ati ons or equations 15 describing flow distribution in the_ convection

section f} onPitkitc Fhat uFAGINEe nERkFEG LR 2D ITWERTRT o\t 46 EBPRFGI°Kof t he
radi ant cel | tgaineSpar®l wakcubatsad: Td)caiurber1 iz eoi b svequbsetdrer

pyrolyzing the light fraction, (2) nunber of coils required for pyrolyzing
the heavy fr#ct in(?%,e(e?,) 20 feedrate per coil required for the heavy
fraction and (4) Iheedratefqrerdcarbodégentr.eda f orapyr olfy Zirmgpéhderdtdgvy
fraction. controliling the heating of each set of coils is provided such
10 as controlling the fuel gas flow to rows of burners adjacent
to each set of coils or by having each set of coils in
separately heated radiant cells of the furnace as described
in the twin cell concept by the above referenced article that
appeared in the ePTQ magazine in the 2% Quarter of 2000. For
15 many sets of coils in the twin cell concept separate control
of the fuel gas to rows of burners adjacent to esach set of
coils may also be used.
Other advantages o¢f the present invention include: 1)
The ability for processing the whole desalted crude oil,
20 and/or wide boiling feed mixtures in one cracking furnace,
utilizing the heating in the furnace’s preheating convection
section to separate out the various feedstock fractions in a
series of heating banks and vapor/liquid separators.
2) In a preferred embodiment, separate and optimum quench
25 systems for the pyrolysis products from the different
feedstock fractions are used to maximize run-length and
recovery of heat by high pressure steam production; i.e.
using traditional Transfer Line Exchangers (TLES) for
gquenching pyrolysis products from the light fractions, and
30 Direct Quench (DQ) alone or in combination with TLEs for
guenching pyrolysis products from the heavier fractions.

3) The ability to mix different feedstocks in transportation

and storage systems without sacrificing the benefits of



The follow ng table shows three feed mxtures with varying anmounts of |ight
feed fractions, wth different desired target feedrate ratios, and the
correspondi ng nunber 25 of radi ant passes needed for the |ight and heavy
fractions. wonrbbg4ésno feed fractions cases shown in therfushdogwsng t abl e,
by feeding these two fractions from opp site ends of the feed header, and
by controlling the flow rates in the Iight feed passes to the actual
feedrate fromthe table, e.g. 30 3 passes at 3989 | b/ hr for each pass for
Feed M xture 1, flows in the other passes when evenly distributed wll be
at their respeciliyzéngorthect fasdisabess Bax nitheid zeenpadtigeof optienali ght and

heavy fracti .0 the feed. r | i t o
D 605] 026498 PE RIS B0n, By docaBEs leeasv;fggge%‘?%%ret fa0/tlonage g 1S Ees are
adj ust ed sl it |grdvigast meny t benpdil'tse ause P the Saws ubded rtanko folrown in

the table sogifatcar WAale n'zlggﬁéecpfco@ﬁls§§Scﬂr%_iHﬁe§'eéc9rin'%f@ﬁtén:lyghitndand heavy
fractions, For instance, for Feed M xture 1, wWith a 5 target |'ight to heavy

f eedrat e Tat FP1G090. BB LinKe FRYuiTE@SnURBRY SBYI | gRIeT a8t | B9 PdSses was

cal cul at ed ter&idg82nd1GWRYRIng @hbhNéwit2@iHG xid@ @fpéhe |ight and heavy
fractions, the _nearest whol e nunber . of fegg gasse% is selected,. in this

case 3 passed are GBVREE % 37 iTGHEVPACIIGh EHP R AE2THE WP e¥bibifdPng act ual
| i ght to heafseds¢edkrit deiayi hcrithe, passesessirichergbyreagntsiedheo 0. 929.

Feed M xtur einlle-l;()to%I Ltjhtee éd\é}qaggegs M:é(él}ge%.z Tﬂcto%le%g}r?g of the whole
10 wide-boiling feed {freguently runs into problems with the
lighter fraction wvaporizing too early in the convection
section tubes, creating hydraulic back-pressure that limits
the feed rate to the furnace, unless more pumping capacity is
made available. Thus the invention overcomes this problem.

15 PBrief Descripticn of the Drawings

FIG. 1 is a schematic diagram representing the process
flow of a preferred embodiment of the inventive process for
one fully vapcrizable wide beoiling feedstock that utilizes
one vapor/liquid separator and a single cell radiant section

20 with two sets of coils.

FIG. 2 1s a schematic diagram representing the process
flow of another preferred embodiment of the inventive process
for one fully wvaporizable wide boiling feedstock that
utilizes one vapor/ligquid separator and a twin cell radiant

25 section, each cell having one of more sets of coils.

FIG. 3 is a schematic diagram representing still anotherxr
preferred embodiment of the inventive process for a feedstock
containing undesirable high boiling point components such as
pitch that utilizes two vapor/liquid separators and a single

30 cell radiant section with two sets of coils.

Detailed Description of the Invention

The invention comprises a process for wutilizing a

pyrelysis furnace to both separate and pyrolyze separate



Hvy Feed M xture 3 TotalLite Hvy FeedRate, |b/hr 85,000 11,968 73,032

85, 000 33, 337 51,663 85,000 48,127 36,873 % Light in Mxture 14. 08
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fractions of a wide boiling hydrocarbon feedstock at optimal
conditions for those fractions.

The feedstock may comprise a range of hydrocarbons,
including undesirable coke precursors and/or high boiling
pitch fractions that cannot be completely vaporized under
convection section conditions. Examples of suitable
feedstocks include, but are not limited to, natural gas
liguids (NGLs), natural gasoline and condensates including
those not co-produced in gas fields, long and short crude oil
residues, heavy hydrocarbon streams from refinery processes,
vacuum gas oils, heavy gas o0il, and desalted crude ocil.
Other examples include, but are not limited to, deasphalted
0il, o0ils derived from tar sands, o0il shale and cecal, and
synthetic hydrocarbons such as SMDS (Shell Middle Distillate
Synthesis) heavy ends, GIL (Gas to Liquid) heavy ends, Heavy
Paraffing Synthesis products, Fischer Tropsch products and
hydrocrackate.

The pyrolysis furnace can be of any of the commonly
employed designs for pyrolyzing hydrocarbon feedstocks to
produce olefins, including single radiant cell designs such
as illustrated in Figure 1 and twin radiant cell designs as
illustrated by Figure 2. The only requirement for the radiant
section design is that there be flowrate control for each
pyrolysis coll or sets of coils or in the case that straight
tubes are used instead of coils there should be flowrate
control for sets of tubes in the radiant section.

The convection section design can also be any of those
commonly provided for liquid feedstock heating, vaporizing
and superheating of the vaporized feedstock, however it is
preferred to have a single pass design, such as shown in
Figures 1, 2 and 3 for heating and vaporization of the
feedstock as that minimizes the number of wvapor/liquid

separators required and typically results in high 1linear

39. 22



Total # of Radi ant Passes 20 20 20 Appox # of Pass 2.82 17.18 7.84
12.16 11.32 8.68 Target Light/Hvy FdRate Ratio 0.948

WO 2009/026488 PCT/US2008/073965
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velocities of the feedstock while it 1s being heated and
vaporized 1in the convection section tubing. High 1linear
velocities in the range of 1-2 meters/second and more
preferably 2 meters/second or higher are especially important
5 din the tubing for imparting shear force on the wall of the
tubing to help prevent the formation of deposits on the wall.
Therefore, such velocities are most useful when the feedstock
contains foulants or coke precursors.
Multiple feedstock pass convection section designs can
10 alsco be adapted. However each feedstock pass 1in the
convection section where the feedstock is partially vaporized
will regquire its own vapor/liquid separator(s}. For
instance, it is not uncommon to have a pyrolysis furnace with
6 convection passes that feed 6 assemblies of radiant coils,
15 such a design would require 6 vapor/liquid separators for
making a feedstock split where cnly a light and a heavy
fraction are produced.
Heating of the sets of pyrolysis coils in the radiant
section of the furnace where the fractions of the feedstock
20 are separately pyrolyzed can be done in one or more radiant
cells, i.e. fireboxes contained in the furnace structure.
Typically one or two cells are employed. If one cell is used
it is preferred to have independent control of the heating cof
each set of coils such as by independent fuel gas flow
25 control to the rows of burners nearest each set of coils. If
two cells are used each cell will have independent fuel gas
controls so such a design can be preferable tc a single cell
design since at least one of the cells and possibly both will
have a single feedstock composition if a wide beoiling
30 feedstock is split inte light and heavy fractions.
Flow distribution to the sets of c¢eils in the radiant
section of the furnace is especially important to ensure that

all colls have sufficient flow through them to prevent rapid
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coke formation and short furnace run- lengths. That is
accomplished by feeding all radiant coils from a common feed
header as illustrated din Figures 1, 2 and 3 where the
feedstock dis split into 1light and heavy fractions for
pyrolysis. Where only +two fractions are created, each
fraction enters into an opposite end of the feed header and
the number of coils of the furnace that are used in the light
fraction set of coils and in the heavy fraction set of coils
will wvary primarily according t¢ the temperature of the
vapor/licuid separator, the steam to hydrocarbon ratio in the
separator, the total feedrate of the furnace and optimum
flowrate per coil used for the pyrolyzing the light and heavy
feedstock fractions. Where there are more than twe fractions
created in the convection section by use of two or more
vapoer/liquid separators the same basic feed header
arrangement used for two fractions is used together with the
additional connections provided at intermediate positions
according to the amount of anticipated wvapor from the
intermediate fractions created so that minimum mixing of the
fractions will occur in the header. For a feed header with
only two feedstock fractions entering at each end there will
be only cone coil or coil assembly that has a mixed feedstock;
for a feed header having three fractions fed to it, with
proper placement of the connection of the feed line of the
intermediate fraction to the header, there will be only twe
coils or c¢oil asgsemblies that have mixed feedstock. To
provide a more flexible design capable of minimizing the
mixing of feedstock fractions for more than one feed
composition in the header an alternate connection to the
header is desirable for the intermediate fraction(s).

EXAMPLES OF FLOWRATE CONTROL:

The following example shows how the parallel radiant

section coils or passes in a typical furnace are split up



11 12 8 Actual FdRate/Pass 3,989 4,296 3,704 4,697 4,011 4,609 1In
anot her application a twin cell radiant section (Fig 15 2) arrangenent is
used where a light and a heavy fraction are cracked separately in separate
cell's. In twhakowassasst he nunber of radiant tubes dedi catpedniseoognmsdsi ng t he
i ght and heavy fractions are fixed anrli the required ratio of light to
heavy fractions can be achi eved by m xi Rg I n the appropriate 20 anount of
the lighter feed m xture with the heavier feed m xture. In the follow ng
table, using 71,772 | b/hr of Feed M xture 3 and 13,228 | b/hr of Feed

M xture 1, aifitdalot seigetoff eediantxbasseasMank Boprided Ebet mated dediteed 50%

LEont Lract L Pffiana e AChPYRLL AL LN BATP HESIIRLLHNAE,  Qliledeeed rate
their optimal cracking severity. To simplify the examples,
the same dilution steam to feed ratio is assumed for the

5 1light and heavy fractions.

A furnace with total feedrate of 85,000 lb/hr has 20
parallel radiant passes. Feed mixture 1 contains 14.08% of
the light fraction and in order for this light fracticon to
crack to its optimal severity, its feed rate has to be

10 reduced such that the weight flow ratico of light to heavy
feed fraction needs to be 0.948 pounds per hour of light to 1
pound per hour of heavy according to computer modeling of the
pyrolysis of the light and heavy feed fractions. The above
stated conditions define 4 unique relations or equations

15 describing flow distribution in the convection section from
which 4 unknowng needed for optimum flowrate control of the
radiant c¢ell coils are calculated: (1) number of coils
required for pyrolyzing the light fraction, (2) number of
coils required for pyrolyzing the heavy fraction, (3)

20 feedrate per coil required for the heavy fraction and (4)
feedrate per coil required for pyrolyzing the heavy fraction.

The following tabkle shows three feed mixtures with
varying amounts of light feed fractions, with different
desired target feedrate ratios, and the corresponding number

25 of radiant passes needed for the light and heavy fractions.
For the two feed fractions cases shown in the following
table, by feeding these two fractions from opposite ends of
the feed header, and by controlling the flow rates in the
light feed passes to the actual feedrate from the table, e.qg.

30 3 passes at 3989 1b/hr for each pass for Feed Mixture 1,
flows in the other passes when evenly distributed will be at
their respective correct feedrates. To minimize mixing of the

light and heavy fractions in the feed header, the light to
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heavy feedrate ratios for the passes are adjusted slightly

from the “target” ratio to the ™actual” ratio shown in the

table so that a whole number of passes are used for the light
for Feed Mixture 1, with a

and heavy fractions. For instance,

target light to heavy feedrate ratio of 0.948, the required
number of light fraction passes was calculated to be 2.82
however to minimize mixing of the light and heavy fractions,
in this

and the

the nearest whole number of feed passes is selected,

case 3 passes are devoted to 1light fraction

corresponding actual light to heavy feed rate ratic to the

passes is thereby adjusted to 0.920.

Feed Mixture 1 Feed Mixture 2 Feed Mixture 3

Total Lite Hvy Total Lite Hvy Total Lite Hvy
FeedRate, Ib/hr 85,000 11,968 73,032| 85,000 33,337 51,663| 85000 48127 36,873
% Light in Mixture 14.08 39.22 56.62
Total # of Radiant Passes 20 20 20
Appox # of Pass 282 17.18 784 12186 11.32 8.68
Target Light'Hvy FdRate Ratio 0.948 0.781 0.888
Actual Light/Hvy FdRate Ratio 0.929 0.789 0.870
Actual # of Passes 3 17 9 11 12 8
Actual FdRate/Pass 3,086 4,296 3,704 4697 4,011 4,609

In another application a twin cell radiant section

(Fig

15

20

25

2) arrangement is used where a light and a heavy fraction are

cracked separately in separate cells. In that case the
number of radiant tubes dedicated to cracking the light and
heavy fracticns are fixed and the required ratic eof light to
heavy fractions can be achieved by mixing in the appropriate
amount of the lighter feed mixture with the heavier feed
mixture. using 71,772 1lb/hr of Feed

Mixture 3 and 13,228 1b/hr of Feed Mixture 1,

In the following table,
a final target
feed mixture with a pre-determined desired 50% light fraction
can be achieved at the same desired furnace total feed rate
of 85,000 1b/hr.

Feed Mixture 1 Feed Mixture 2 TARGET Feed Mixture
% Light in component mixture 14.08 56.62
Target % Light in Mixture 50
Total Lite Hvy Total Lite Hvy Total Lite Hvy
FeedRAn: OBTHF 13,228 1,862 11,365| 71,772 40,638 31,135| 85000 42,500 42,500




Total Lite Hvy Total Lite Hvy Total Lite Hvy FeedFi RegYki 13,228 1, 862

11,365 71,772 40,638 31,135 85,000 42,500 42,500 17 The invention is
described below while referring to Figures 1 and 2 as illustrations of the
i nventi on. yRebRsHichE PCT/US2008/073965

17

10

15

20

25

30

The invention 1s described below while referring to
Figures 1 and 2 as 1llustrations of the invention. Referring
te Figures 1 and 2, a fully vaporizable wide boiling range
feedstock 1 enters a preheater 51 in the convection section
50 where it is partially vaporized. The preheater 51 and
other preheaters in the convection section described below
are typically banks of tubes wherein the contents of the
tubes are heated primarily by convective heat transfer from
the combustion gas exiting the radiant section 60 of the
pyroelysis furnace.

The vapor/liguid mixture, 2 leaves the preheater 51 and
enters a vapor/ligquid separator 40 where a vapor fraction 3
and a liquid fraction & are produced. The wvapor/liquid
separator can be any separator, including a cyclone
separator, a centrxifuge, a flash drum or a fractiocnation
device commonly  used in heavy o©¢il ©processing. The
vapor/iiquid separator can be configured to accept side entry
feed wherein the vapor exits the top of the separator and the
liguids exit the bottom of the separator, or a top entry feed
wherein the product gases exit the side of the separator. In
a preferred embodiment for feedstocks containing undesirable
high point beoiling or non-vaporizable components, the
vapor/liquid separator is described in US Pat. Nos. 6,376,732
and 6,632,351, which disclosures are hereby incorporated by
reference.

The wvapor fraction 3 leaves the wvapor/liguid separator
40 and enters a preheater 53 to form a superheated wvapor 4
that is comprised of the lightest portion of the feedstock.
The lightest portion of the feedstock is mixed with dilution
steam 22 and the resulting mixture 5 is routed into one end

32 of a vapor distribution header 33 that supplies vaper to a



5to Figures 1 and 2, a fully vaporizable wi de boiling range feedstock 1
enters a preheater 51 in the convection section 50 where it is partially
vapori zed. The preheater 51 and other preheaters in the convection section
descri bed lvad oovo/adsgsst ypi cal |y banks of tubes wherein therassjggissssof the 10
tubes are heated primarily by convectigﬁ heat transfer fromthe conbustion
gas exiting the radi ant section 60 of e pyrolysis furnace. The
vapor/liquid mxture, 2 |leaves the preheater 51 and enters a vapor/liquid
separator 40 where a vapor fraction 3 15 and a liquid fraction 6 are
produced. Theratepoet!| iSquivhesepahat orixtane befafeesepariat ang dhthticinng a
cycl one sepagalor. .a-GenLL szgSrheaatfeh‘?S%Qré#%Be% %tefc[ f'%nCtx'tﬁQétéf”ch%eV' ce
comonl y used i n heavy ol processi ng. e v por? |qU|d'separa of can be
confi gured tbldcEeept perderemtr yhe( ftedstomiepafindi hetivapsteani ¢xtanse t op of

the separat ofpand.-{heJel- QUi s ngXi4a t Bes bakt amREat h§ 3ePAAt PLqai e @ top
entry feed wherein the product "gases exit the side of the separator. In a

pref erred® entRFHiiRENECEHT Fodd®EScRSB corftiEitArAgl intlesi TaBPBL hFYH I8 nt

boi ling or nen-saPELFEARY 65 AURRNeRLS1yIdhend51Vapeddd ipdut doseparadeor s
described in_US Patk Nos. 6,376,732 and 6, 632,351, which disclosures are
her eby i ncor Porst&d by reference. The vapor fraction 3 |eaves the
vapor/|iqui d sepanatoorpFecandd eptiesdimenpr eligattere 53xadetbdck neantsaiper heat ed
vapor 4 30 t [ rl th ' t iopn.of . the feedstock. The
| i ghtest porti r?r%}:&?%g %éengs g?g%k ?grllénoq‘%télggw {Eﬁg%i | U llgjlodn S o(=3Jalm and t he
resul tind0 mmxiaheetsri Bly osererd dmtallors e 32Zeeft d2vappr bei sriedhwd on
header 33 thateSUPR | §5:43P0 FQBngl &l ehigal8kord aWhene thepmmpure of
feedstock and dilution steamis further superheated. The superheated

m xture of tPRFAPght @St FoPKFPbn &Pt heiftedStotk tARd *8RFIXIDONOEHEEmM enter s
thg crossovefen@ie@iag@re%fﬁadeiEsrelh@at@ﬂ Eilmaﬁdtr}tﬂﬁliﬁﬁ(ﬂ%af&ulighgsﬁﬁtih&n coi ||S or
tubes 61B contained. in t radi ant sectjon o e furnace 60 at pyrolyze
the Ti ohtest por FROHE oF Lhe Fowmepoeks cest:Sed, Brpiey apedoatbitimont . 1
t he feed$i ockilaanbai ss tesgeriat yeeas eXs,i titv aheahg ase nirgiet-hadodwottad f oul t he
10 preheater .. Some _or | of.the steam 22 iLpjected inta _the
stroam o 1 ectiny TRY 22harht of s ora At S SrSIPEY Thots Sibwar Thi s
will |ower thee r'éqlipewbrsut hey twemper af ur edigfutihe prehreat be Bdedarid nini m ze
fouling in ifyaddhide i bdienbafentis dBsatdhed: DarichRent 8Ll agdst ock 15
dilution gas used Is steam 20, 1t should be understood t%at wat er may al so
be injected FGiPhedtvRioCkas tauIRS NPTt NEIeBHL Put P AASour ce of
a dilution gas-dmayiberdsedidnn B agr ofadiahut iseRtséeapt the PhidEdey,
requi rement of té){?\e dilutjon ft_s being that it does not undergo any

[

signi fi cant FYGFolSEMR $akt | Bht T h 955581 £ Bf of *tH¥Fr nace.
Furt her examydEsgef, dhdtitdaan ggasesd ages nethamres pritagar, cbhydsager, nat ural

gas and gas [ad Urss, DI ||, contal 0l ng. L NGse CEIRonents, To il m ze
coke formation in the radiant section cm?s, it st desir apfe 10 a&d
di lution stemnttiont heib figdedst dekifaldet itonsdpydolyZzed shedmeta gdheant

section '%51 ti@eﬁ%?@f?&fctﬁgggt pgrc?l 48 1n0cpoupds of steamper, peund of
on Dbel ng a

hydr ocar ed to the radiant section, depending on the average
boi | i ng poi MM Wfdredgeh Leo2eakbon-ParPends ¢hestesd Feraddued. of

Accor di ngl y, n@idoBE 8880 dbdidy QRaStBaMMEatEe: A0 Widdri18ar Makbyndigyr egui red for
the heavy fraction than for the light fraction | eaving the separator.
the average beoiling point~and hydrogen teo carbdn ratic of the
feed fraction. Accordingly, a larger dilution steam ratio
30 will normally be regquired for the heavy fraction than for the
light fraction leaving the separator.
The liguid fraction 6 produced by the wvapor/liguid

separator 40 enters a preheater 52 in the cenvection section



The liquid fraction 6 produced by the vapor/liquid separator 40 enters a
preheater 52 in the convection section 19 50 where it is conpletely

vapori zed. The resulting vapor is further heated as it travels through the
preheat er %2 saslhds@gves the convection section 50 as apgufpeidigezad vapor 7
conprised of the heaviest portion of tgg feedst ock. The 5 superheat ed vapor
is mxed with dilution steam 23 and the"resulting mxture 8 is routed into
the end 31 of the vapor distribution header 33 opposite the end of the
header 32 where the m xture of the |ight feedstock fraction and steam
entered. 10150 ashpref etred enpodiaent vapdrithe. | Tiguitksheavmagrddoe is

vapor /1 i qui d. separapor, contai ns | enparatyre, sensiliyve. copponents that will
crack and depom? cOka"Bh fiot  hes i ng surfaces stch™as componéent’s with

boi | i ng poi ntesavabovbe6850nFe(i343 Gecaiomt hbspheri csupedssped, vieghen fhe |iquid
| eaving the J3.vapos/biauhd $eRMALOT AQ ks Q YrRarddedlt Yoy aporiged in the
downstream preheater 52. To avoid formation of coke deposit on heating
sur f aces,” t Hawexbeptechfvapggorisz atiix6A MWAtRheiprieitdatdreas? 25s aRe| ¢heo about
70% on a weight1basy suandrbhe fiknabud@pardieat-henchs soNPt etrad Japoa speci al
vaporization_ 20 nozzle by direct contagt with sugergea ed steam _For this
purpose it iEIrePRred 155968 e thePREVY® f LBUsEBLK Vapdfi 7%6FBh ndzzl e as
descri bed i nwHdSed t488nH2Aireherethbel {ghtalfevdposdiz atraoniof 4k fteedst ock

t akes pl ace Pinr)ceag annul us of steamformed within the nozzle and sufficient
steamis 25 Used ?b super heat the feedstock vapor so the condensation of
tar is ptevent edInnaumrrederekdosmsidisant pi pf nghe liquidrhkeasiper ltdat ed

m xture of this heaviiest Qggatfa%rof {heafigedstQake and,,di | ution Stegam enters
the crossover piping 34 and Is routed into the radiant section coils or

t ubes 61A 3CF¥BRPArFedhat tHeélr HPaRt 2REcIIRIFLES cPhe Pur hale B0 1PHat

pyrolyze theshgavtesiuddOhki efm@indnie eedxAtkng pointsTHBoTd Moat @ through
each of the radiant section coils is adjusted w t% flow control valves 30

at the inletHF the 202G BIPRTEChBETSBREhahYEt HhbesIES WRRYE'S F&%ni xt ur es
of dil uti®n wipean aqdd eegdstacie f4nacti onsy atzetsaper hagbedzdefior ehkhey are
pyrol yzed. The ¢ osi tion of the feedstoc outed to _each of the.radiant
coils is det eorwrrrjisng%ar? 5%9??0% rrg\:}t'er‘?Ij %%%%%r%ﬁ%%?%onofofﬁgﬁ? o{ie Otl1‘1Fow to the
furnace 1, tdre heéawrgf saptaced,| edhd ngxtdre vaporvalppgqueak iepaiat ahe40 and
the dilution, st 224 nj.egted Lot e shkobt fractdnenpand thg diLution
steam 23 injrbe%t ggg% nt250 Ehse_ Tre1eéz§_v{§/g'fgr)oa(%:u':%i gn. V\lﬁt%] v’?%gs.e measurenments the
flowate of fiall ivgrerizaiconon sandPiEd ese@ant misxt PSE1eht EPPAY 1debapor
di stribujd omdieadenyatii PAS téMad2 aneht bgoddnewrat esofant he mgawpikraction
and steam m xture entering the vapor distributiqn header at %OSI tion 31 are
det er ni ned. PRIPGEE meht ofS t RFSIRAFGFdub? cBfd i MEe8E ehfetITG*15 t he
final preheatgorbbatieineriyznes tbe dadbbsedfin ah anta®We 6L afhetei Ithet hat wi | |
pyrolyze the_light and heavy f tipns, of the feedstock and the pyrolysis
resi dence tifr?'éla?nv?%oorsléag%?lysqfr %ﬁ%s%%%%?v#a%%% sapga%eptjinmarz]e%nqu&é%t her with
t he operati ngf t Ergeer doumed ovitinien vidporddazdei éndeparftoientt ke tiot al
feedrate,to r f.dilutjo t d. . tao-the |ight
and heavg/stfr&a%tﬁl %ﬁs%e%h%ggfégegs%%%CQ Va%o\?\i’ %h_%ﬁsec%%ﬁmggg%%%ﬁ gtﬁre 2, the
heavy feedsttgk ifreeaveshednih [unghetéeedynatkedn REpiem are predom nately
pyrolyzed in 25 epil s, RlAcans GLBLLESPEE NGl Nl &t el gfaiednkn
separately fired radi ant section cells. This arrangenent pernmits the
pyrol ysi s sehf@dptgcihfancheilughen afithae SPFF et otiPSPPERY | BHE"0 Be furt her
optim zed byader oW dicwgetihencapels | tiyid® adicusén t beilheadd ngiek eaah set of
coils , . . :

30 contained in the radiant section of the furnace 60 that

pyrolyze the heaviest portion of the feedstock.
The flowrate through each of the radiant section ceils

is adjusted with flow contrel wvalves 30 at the inlet of the



30 directly by adjustnent of the rate of fuel gas conbustion in each cell.
In a single cell arrangenent such as shown in Figures 1 and 3, heating of
feedstock fractions in the coils and the 21 pyrolysis residence tine in
the coil s iveoseqvbiseds ed by adjustnment of the feedrate pef/udiokiorsdsshi gher
feedrate per coil is used for the heaVéofeedstock fraction as that results
in a lower pyrolysis residence tinme and”a |ower coil outlet 5 tenperature.
For the coils where the lighter feedstock fraction is pyrolyzed, a |ower
feedrate per coil is used as it results in a higher residence tine and a
hi gher coil oaHH ebft erqaer adxtangept itamek| y55 t heeheatthag wifxtsets aff radi ant
section coils.in.a single cell furnagce.can.also he_ 1 i e provi di ng
control for ?*&#{ﬁﬁglsfé%? FP%M%?%ééFSﬁE SEBrRer Y o %éﬁg%iggt%%éﬁgecoils.
Referring totiéyuwre Byralwwede bBn¢ i svgppoanygect eddsheckeatmogkniegged

undesirabl e o g, ho %epqiaagar;;gn%mnti% BOLRIRa® RERNeALE nakd N the

Ui
convection section 5(J where | partially vaporized. In a preferred
enbodi ment, BeagwErertowiofthdi fekdlof1o¥ehtn Bie Waraece (Inothghdbw 9ts

injected intgyddie preheatiay tuhl ngapystiiRfuiar {dpamiere t4ie bpitidle

feedst ock vaporization begins for the purpose of .insuring an annylar flow

regime is quitikiyoBbfaPHEd*7 n“ﬂ‘?é:tﬁfieﬁg’é? ethe bR \HBSF?‘?‘? ofth tthext ure, 2
| eaves the pashedber stkamndlenirgestad| antd enper akure Fapotidn.quiidhsepar at or

40 having a yvery high separatign efficiency_where par_fracti 3 and a
liquid fr actllc%eny% rE%terq'1es u5?30e Sed™ n 1o°r‘f'é£ agﬁbééi r‘%g]ﬁt ,ﬁ?ﬁg ? 5%%%%%0@91%5 heat ed
to a tenp@rastran i nixtheepreheatiep Sthe haepr@s phonptagievagsederoratof t he

naphtha and Lightier, ¢ompongnts f%w%&% beedsd ogk TREMERRY hhastdan 3

| eaves the vapor/liquid separator 40 and is heatéd in a preheater 53 to

form a superhettued vaporing Ehatvarercohpriibugionr hasderi yhtRosttpon tilon of the
30 feedstockard tgesrmipe®d W th dilution steam 23 and the resulting m xture
5 is routed into one end 31 of a vapor distribution header 33 that supplies
vapor to the findIpFemadt & sEewdde Vi fed i S 1161 E&G8t 6EkEEHY di | uti on
22 steami§ s suwperheat edretdieresUPEF haat @chimext wre ohurdtke |éHhtestaporti on of
t he feedstock atnd diluti'on steam enters the cr(%%sov r ipirrll 34 and is

routed i nto THe FAdi At SedPPbn %ol s PSFOtiites BB cofitai Red i ot He radi ant
section of thead&ibusnatetitd fdealstpyk okyd etlchepyirbghtsstrgqrodenon oing he
feedst ock. in those coils. These flow rates are optimized together with
the operating temperature of the vapor/liquid separator, the
20 total feedrate to the furnace and the amount of dilution
steam added to the light and heavy fractions o¢f the
feedstock.
With reference to Figure 2, the heavy feedstock fraction
and light feedstock fraction are predominately pyrolyzed in
25 c¢oils 61A and &1B respectively which are located in
separately fired radiant section cells. This arrangement
permits the pyrolysis severity of the 1light and heavy
feedstock fractions to be further coptimized by providing the
capability to adjust the heating of each set of coils
30 directly by adjustment of the rate of fuel gas combustion in
each cell.
In a single cell arrangement such as shown in Figures 1

and 3, heating of feedstock fractions in the coils and the



In a preferred enbodiment, to mnimze fouling of the preheater 51, sone or
all of the steam 23 may be injected into the stream 2 feeding the separator
40 via a mxing 10 nozzle, (not shown). This will |ower the required outl et
t enper at ur ay@boobos4gsr eheat er 51 and mni m ze foul i ng I pdus2008/073965The
liquid fraction 6 produced by the | ow ﬁrrper ature vapor/liquid separator 40
enters a preheater 52 in the convectiofn“section 50 where it is partially
vapori zed. The 15 resulting vapor/liquid m xture 7 | eaves the convection
section 50 and enters a nozzle 42 where dilution steamis mxed with the
heavy vapor/byplivdibydreadaeben mixeurie 7the ephanmcesvapartiraleon wof

feedst ock co h,_npor ilin I nt h 1000 F at

at nospheri c %?ce{%g&rggt 3%) ﬂq ?%esdlﬁ%% n o 8? i S‘%Oﬁlsg routfgee gra % Fhhi gh
tenperature vaporisl eed cfogepmdtaarVYMemon@ éraﬁerrlymhagm@@paeamlt@n

ef ficiency whgre fmeéa:p?gfréi@sqt' QR a ANk auknlquh&l L1 a6Hd:0n011 ghe dir oduced.
The vapor _fraction contains nearly all of the dilution 25 steamrequired
for pyrolyzi BYFHIAFATE he Foadi B $8ELF oriMEER| stherr dAPRERY vARBAF19%ui d

separat or 4lrtdieivapek HyAcilizen, 9a eNdwRIS @eﬁ!’:@&e%&f P41 Wheresdd dss
super heated and then routed into the en of. the vapor_ distribution

header 33 opposiE&tife ¥hd®of 'PRRT hEGHE I\ﬁﬁertelmfehémﬁl xd uPEIE (e i ght 30
f eedst ock fractiedn ’emntbeeheament anegdonally, the ahpaeire;rred erbediafent ,

smal | flows lLut i M, (nQt _s a e \apor
outlets of tﬁéedl\c%a or ?Ql déao lSarga)lt org'c')L ie £e utq“%%‘ﬁ%m&%tf |2)|ently

WO 2009/ (1)(2648@@%@8290&@%31965 Q@mpmévémr Gbﬁd@r@atqa@n fépwtBP staws t he
downst ream uppeat,edpi PidQsc THE SURET fgated m xture of the heaviest portion
of the feedstock and dilution steamenters the crossover piping 34 and is
routed into the REAPEFNSER iTHVEBI Ps 8r "HdBeboBHiANS WoFtaitRedsSTIT4 he

radi ant SeCtb&&aﬁﬁuh@%ﬁd@’sﬂ@ﬁ]@l@@u@ﬁ%oﬂﬁh@' yafhﬁ Rempemettast peEddson of the
f eedst ock. e flowate through each o radl ant section coils is

adj usted with PFSW%% rol Val vBR S8 utciiRe St’ﬁcéf‘o%f PhéPrFRal tprigheat er 55
wher e t hés m paties 19f vahdritzean sireanpsdife ri@dt étﬂoddlglbht,arnd sheayyfﬁcﬁedst ock
fractions are Séjp]{arheat eé:l befoor%aéehey arg orWoI)y;Led n ec(—;Ce%lo 03| t| on of the
f eedst ock rouf d 1o éach G the"? an SI's aef'ejrm hed™ romq‘el ow et er
measur enent spofhaatert gtlaindg | pwtt cprtlhe 1tgr Mfaeee 1the hiniftliew deevsipork 3

| eaving the youieHRESA LA neangt/ Lhgu qugésée&@rﬁ%s% -0 8Rdahlig il ution
steam 22 injected into t I'i ght fraction | ow of ~vapor Ieavmgthe
hi gh tenper afti'e *¢apBe /15 quie-Sepki-aterd drakbe tHrehaREeX i on st eam 23

injectedapnto thllﬁﬁehe?l ¥ f1136Ld AlxtMEED 2 hRSRBERRHI SrERkst her fdewr at e of
the light fraction and steam m xture entering 20 the vapor distribution

header at po%??‘?rc?n 23 194 PR GGy ZRROTH lﬂHéd heSRAF A PaCE? o e &t eam
m xt ure ent eréng Hilgd yamfatdbﬁtéfﬂwueﬁnyhﬂmi@r adtrapesi ida@hid? Arasnd

det er m ned. ] f the individual coil flow.rat tering the
heat exchangae baﬂ‘ﬁug E‘Tdae% elrorlh %es ThePht eg of *r &dF an mgﬂglsec ‘i gt% coil's

that wll pyfeddsteckhes |Heghiedard meaweﬁml ormstT@f ptrhleeafwedélt odietand t he
Pyl O YS! 95T SRLARNGE LUl b03E 160} SoncHICRRy ML Al EucRf 8 DI Z€0

t oget her "wi t oper i ng fenper atur s por seéparators,
the total fete aﬁeé*dﬁéoqlhe furnace and the anmpbunt of dilution 30 steam added

to the light and fhgav¥pds agtd@nsnok the dLadsd %bor/llquldﬂg@pgpaeé&tl ng
tenperature of the vapor/liquid separators can be controll ed by many

met hods suchﬁl%_sa{ﬂ %ﬁeh%%l'iﬁdcljdh f breheater 53 to form a superhéated
vapor 4 that is comprised of the lightest portion of the

30 feedstock. It is mixed with dilution steam 23 and the
resulting mixture 5 is routed into one end 31 of a vapor
distribution header 33 that supplies wvapor to the final

preheater 55 where the mixture of feedstock and dilution



WO 2009/ 026488PCT/ US2008/ 073965 24 superheated dilution steamto themor by
bypassing a portion of the liquid around the preheater being used to
partially vaporize the feedstock before it enters the vapor/liquid

separ at or . yRgsdob/idsasdypassi ng of the preheater can genempglrhi2dsbsogdone as
long as the linear liquid velocity at I[de inlet of the preheater tubing
does not fall below 1 neter/second. Befow that liquid inlet velocity, the
injection of steamor water to the inlet will be required to produce an
annul ar flow regime and keep the liquid velocity at wall above 1 10

met er / secondstd=@r 1% eﬁdﬁr@eksecwrmai snhpsng:riealtge r&nﬁumésOthheOREgmreemur sors
and/ or foul ant 5 SII’ t ta |IC|UId veI bt he wall
of at |east %O ters g f%edswa? (g tdolrltljlglundesfcg f?Ehe scope of
the inventi oa:rrqmpvencbudaengan’gﬂ rengh ers mdte@pestcoftlm w@ssnme@s‘u@@t ween 15
each describgd pr %%esc%bégewr%&ﬁ}a%sa éndsﬁé:rwﬁmogee@l&n%fde&tel nation

within a process step e maxl mum cracki ng severity for a

wi de- boi IfJfO gfimage| séletdEti nBU DY ZChe thexi Thamter hckRarfisve?t t U6 t he
heavi est fragdd@Rockypically defined as the average hydrogen to carbon 20
(HC atomc ratio in the ol%rﬁ)ls 1lagroducts W t.h, f|v? car bon at ns or
nore, (the HClﬁntﬁepéSie’B%ﬁ"{ HAHEC a tO%H e At | ower

t han 1. 00. Tﬂsn&mxlaffum,cra@ka gy SeMerdf ytrfeorstwlaml e3cnadebéexsppiteidhe pitch
fraction), wo when t V racti.on i s _cracked,t T..of, 1.00.
Since the 25 naph%h PR |32n %CEIhng c?ht?des%rﬁgg qut Qrt:L qugﬁixc

oper at i né0 t emqrerlat ur@ot" GOPWh) as Thhe VEDL (ilawed- Ghaclclqulxﬁd f@la@tatons in

reduced whol t [ S I lsiypi t £d: it 0 t he HCRAT
of the VA0 f?% te:fgﬁ%%% c{}etﬂgggrgee%ag.ép%me%\%rﬁ Iﬁ‘dltzg fﬁ”&ﬁﬁt@ha cattn be cracked

separately 30 inTafothavid uFrreEaon of PﬁP%‘ﬂfgﬁﬁi aottHer 1ot TerPPERRFETt coil s,

the napht ha ¢aheigiackedpihi meren@sy@rlat ypié}@atrematszcomﬁt rdened by
having the sane COT for V& in co-crackin Anot her asToect of the

present i nvefRTVERTES™ t BLEOt WE r’f@?ﬁ%dle 1aeP€F?ﬁ%lﬂg VERerized.

~ hydr ogenis o- eaheangt ovdgo/ai k@i Of mikeufH+ Traekives ofhd heopyeolisi s
products in or der t m)nltor and cont rzl t&e cnreq:%kidggu gverlt wi t hout 5
encount er i ng alc%le%t at?lny ﬁlnaﬁr oki Ir]fgjgzra e. I'sTis tau cf*ﬁ afjslg 840, 582,
and US 7, 238y84d \m'rthhtues@b@sgurwca;r/él'qnm)rlpmrastcedb@mmxtur@hé’ '®82 and

' 847 patents Qyi.d eter Qg 0 n atomc
ratio of the + py‘rava[ﬁ%g?ggfl qui dgprf% l{%{[@%‘ﬂg EB&’%TV (t):\%sg{hr%l 1%5%%% yti cal
result to bebaifhoyeeints afsistemhed cdi¥ of ¢hetd@rgekerig pEGRIIY of the

pyrol ysi 8y progessesdtii hfehi RN ¢ hes 1 esilda afntbhe anahy Hempk S 60kr ect ed
for the nature of the hydrocarbon feedstock and the yi eld of the liquid

fraction, theRBLGLEKDr FEPRERO i FRctPYIRD theViat ePofR f SPRBFF 0P 0 15
coke in the pyridliysts @eRCh paeeSTacthen coramecedigeisultranayort us be used
to nmonitor and control the quench coking rate. The followi ng Table A
lists vari oud % &608"¢Hht may be enployed in the present invention, and

gi ves recommendatthensaR®r fioractlhen ncorberinef neapby /4lilquiid tdepdi dtiore needed,

t he poss Iefedsrea thro .cracki f a
confi gurb%)l ons é%enc i ntlc} fumg‘\g}: géﬁgl Lileén[% %Qt %gd%%g? EQ%Ql efers to
Di r ect QJenc¢pJaiwd |Er@hmmedv@@onfddené@cﬂﬁpatrhé@raﬂu theewnacksaekPbe

quenched by gi pgpcl i} gy@r%*%eén%ﬂﬁmre@@omeq@atglea@hé@iedﬁo;ndisttmIt are
only for the purpose of maxim zing the value of reécovered heat fromthe

pyrol ysi s coffuterf Lasnat sheyerhedyetferdtd ofrer Righrihvédsnr Beadam3 wo
2009/ 026488P@d§5@@0’&'{@7e%%65f2@e header where the mixture of the light

30 feedstock fraction and steam entered.
In a preferred embodiment, small flows of dilution
steam, (not shown) are injected intc the vapor outlets of the

vapor/liquid separators to superheat them sufficiently to



Table A 2) M xture of Naphtha & V&1 V/L Separatorl Light + 1 Heavyl)
Light to TLE, Hvy to DQ 2) Both Light & Heavy to DQ The above feeds can be
fully vaporized in the furnace convection section 2 V/L Separatorsl Light
+ 1 Heavy 2p¢l2d0epmist ors generate a pitch stream not segtruskuogengdsscr acki ng
furnace 1 V/IL Separatorl Heavy Separ at gé bottom pitch stream not sent

t hrough cracking furnace 5) Any Conbi hations of 1, 2, 3, and 4 except the
(1+2) conbination2 V/IL Separators 2nd Separator generates a pitch stream
not sent through cracking furnace 1 Light + 1 Heavy 1) Light to TLE, Hvy to
DQ 2) Both Lptpvend Hea¢gntetiXy 6 Reeds doonhd, derdsH3:aw LuBegrardt or sl

Lightid HY Ilagpilﬂigght Tkg l&;?érh'glageg( rﬂ@éu&g QQ the heaviest portion of
the feedstock and diluticn steam enters the crossover piping
34 and is routed into the radiant section coils or tubes 61A
5 contained in the radiant section o©f the furnace 60 that
pyrolyze the heaviest portien of the feedstock.

The flowrate through each of the radiant section coils
is adjusted with flow control wvalves 30 at the inlet of the
final preheater 55 where the mixtures of dilution steam and

10 the 1light and heavy feedstock fractions are superheated
before they are pyrolyzed. The composition of the feedstock
routed to each of the radiant coils 1s determined from flow
meter measurements of the total flow to the furnace 1, the
flow of vapor 3 leaving the low temperature wvapor/liquid

15 separator 40 and the dilution steam 22 injected into this
light fraction, the flow of vapor 1leaving the high
temperature wvapor/liquid separator 9 and the dilution steam
23 injected into this heavy fraction. With these measurements
the flowrate of the light fraction and steam mixture entering

20 the wvapor distribution header at position 31 and the flowrate
of the heavy fraction and steam mixture entering the wvapor
distribution header at position 32 are determined.

Adjustment of the individual coil flow rates entering
the heat exchange bank 55 determines the number of radiant

25 section coils that will pyrolyze the light and heavy
fractions of the feedstock and the pyreolysis residence time
in those coils. These flow rates are optimized together with
the operating temperatures of the wvapor/liguid separators,
the total feedrate to the furnace and the amount of dilution

30 steam added tc the light and heavy fractions of the
feedstock.

The operating temperature of the vapor/liquid separators

can be controlled by many methods such as by the addition of



3rd Separator generates a pitch stream not sent through cracking furnace 2
V/IL Separators, w Thermal Cracking of Pitch 1 Light + Light products from
Pitch Thermal Crackingl Heavy w Thernmally conbined with Heavy feed

fraction, TaghdwbicyssCr acked |ight products cracked heawceais2qsd@hssnot sent
t hrough cracki ng furnace 9) Long ggl due (650 F-1) 1 V/IL Separator,
w Thermal Cracking of Pitch Light prodG¢ts from Thermally cracked Pitch 1
Heavy w Thernally conbined with Heavy feed fraction, Thermally cracked
| i ght products cracked heaviest pitch not sent through cracking furnace 1)
Hvy to DQ 2duperheatdheiiflalkhom stg:aex aoptiesn are biynbegweted ntyoai potssionat e t he

present inven d ar.e _not ntended to. un i he co of the

i nventi on. %xgrfﬁ) qfldPlﬁogléSS|%he (ﬁmheW%red%e%lgl ﬁlg'e%ierga ioaellr‘ir be fully
vapori zed wi trekpmeeV/ﬂheSe:imadattock befgye Pibcesserecohdi n@ppeflmlﬁrl or Art
The processi 0g, g, érconpaea;?_ S8(ik0. 80 8 $ibhga {dlf Nage eguiagd W th

transfer I|ne exchangers ( experienced very short TLE run-léngth at a
COT of 14%0 e (9r82 & Wue 88 @mlﬁgew‘ererﬂ&qéf-dr%ﬁi%éﬁﬁe@tatt@reela%?ﬁ &fed in 15

only 7 days)nd n pér%&eko t@%mh Vgokeasepalther TE161N1l anglh/séoemdCOT had to
be lowered to 139 wever, .at such | ow cracki gg severlty, as

neasur ed by ) t&FBrﬁLtq? iGIPh YRGS pbPE i G SSELPReChyPBidfsio%

products, theafas doysite Vinekds wikl ebsoré@yidekatcocraoking aof simslareed was

made flow regime and keep the liquid velocity at wall zbove 1

10 meter/second. For feedstocks containing large amounts of
coke precursors and/or foulants, it is desirable to maintain
a liquid velocity at the wall of at least 2 meters/second.

It is to be understood that the scope of the invention
may include any number and types of process steps between

15 each described process step or between a described source and
destination within a process step.

The maximum cracking severity for a wide-boiling feed is
determined by the maximum cracking severity of the heaviest
fraction, typically defined as the average hydrogen to carbon

20 (H/C) atomic ratio in the pyrolysis products with five carbon
atoms or more, (the H/C in the C5+ portion or HCRAT), having a
value of not lower than 1.00. The maximum cracking severity
for whole crude (except the pitch fraction), would be when
the VGO fraction is cracked to a HCRAT of 1.00. Since the

25 naphtha fraction in the crude would be at the same coil
cperating temperature (“COT”) as the VGO (in co-cracking of
fractions in reduced whole c¢rude), the naphtha cracking
severity is 1limited to the HCRAT of the VGO fraction at the
same COT. However, if the naphtha can be cracked separately

30 in another furnace, or through another set of radiant coils,
the naphtha can be cracked to a higher severity than that

constrained by having the same COT for VGO in co-cracking.



20 unprofitable. The short TLE run-length, at COT of 1440 F (782 C), was
due to the heavy fraction of this w de-boiling range condensate (having a

| ow hydrogen-content), being cracked to too high a severity, although the
i ght er porwéaseoisadshi s feed was cracked to a | ow severrcus200ebizessl shows
25 the feed properties of the |ight fr?gtion (380 F-) (193 C) and heavy
fraction (380 F+) (193 C+) and the Ful"Range (FR) condensate, their
respective individually cracking severities at COl of 1440 F (782 C) and
1370 F (743 C), and the sinul ated et hylene and Hi gh Val ue Chem cal s yields.
30 Also shown areother yasdeds whietththpsedaad wgsntiacksd ta wef uhrace with

a Direct Qe i . i f.or I .f.he_.pyralysis
products. Al r?%(}ll?g hggl%%ﬁg%g% n%%%&ggr%g%.t%efggﬁ?%ﬁgt%?l& dga roo%fll. 92%to
19. 24% , whitke 28+ driRFtied t hfr ddsormuyiod vEug nacedeeirs | engtodetr héol i ght

fraction is gididorCragked aindrghat iRl y d.Quigayerideyer sy | i Miiagdpy the

hi gh cracking severity of the heavy fraction (at HCratio of C5+ = 1.05).
Cr acki ng W e B FRRYP Fe8F CARBI LY JROPe S0y torithed 3BHE- 580FRIW

Rae0. 5660. 4341. 080 Fead, st2,9%44a 4433. 4284, 007 Gracki agsSyeireby d9eC C5+
COTLi ght Heav%/FR 1370t Fd;;. gll. 401. 63rh144 F1.541. 1%;., 35., FR Feed Y.idel ds, wm%
C21 14* HVC 11 4238C18ST . 884Y V4 < PPLE Rin-T6hgt - t 082 EHBt Provide

methods for determining the hydrogen-to-carbon atomic ratio

of the C5+ pyrolysis 1liquid products. This allows the

10 analytical result to be employed in a system to control the

cracking severity of the pyrclysis process. Further, when the

result of the analysis is corrected for the nature of the

hydrocarbon feedstock and the yield of the liquid fraction,

the result correlates directly to the rate of formation of

15 coke in the pyrolysis quench process. The corrected result

may thus be used to monitor and control the gquench coking
rate.

The following Table A lists wvarious feeds that may be

employed in the present invention, and gives recommendations

20 for the number of vapor/liguid separators needed, the

possible feed streams through the cracking furnace, and the

configurations for quenching furnace effluents. In the

table, DQ refers to Direct Quench and it should be understocd

that all feedstocks can be quenched by direct oll quench and

25 recommendations for not using it are only for the purpose of

maximizing the wvalue of recovered heat from the pyrolysis

coil effluents by the generation of high pressure steam.



1465 F1.421.051. 26192443. 37 <- CoCrack in DQ Furnace *HVC = Hi gh Val ue
Chem cal s, H2+C21- 14+C3H6+BD+Benzene B. Process According to the Present

| nventi on This wi de-boiling feed can be processed through a single
VI L separ atwoo 2dopomtkss t 0 produce a |ight and a heavy fr @ctrrusmos/iBesshi ch can
then be cracked separately in the radigpt coils and quenched separately.
After heating this feed in the convection section of the cracking furnace
to -470 F (243 C) at a pressure of 80 psig and flashing it in the V/IL
separator, the vapor fromthe separator becones the light 15 feed fraction
and the liquid fromthe separator beTzhdes At he heavy feed fraction (as
illustrated in Figure 1). Wen the light feed fraction, separated fromthe
heavy fraction of this feed in the V/IL separator, is fed through the
radiant coils at a lower feed rate, this light feed fraction can be 20
cracked to a higher severity, i.e. to a | OWRlsduddinfoden | Busfemadons of @S&klt 1 NQ 1 N
hi gher reveral | pyrol ysi skysairgmgueac\Wt h t he hezdysfrmact | offwaméiuet ght

fracti gps«ef the feed beiwvigeoakacked i n separatentAdi antnmaddyGpat heir
pyrolysis products can al so be quenched separately, PByUDSgrdTLE

respecti Vel Vi..dB6o 29 PYIQlysls products frlQ&%Qae | i ghty 868 Jokaction only,
W

w t hout those fromthe heavy feed fraction, “hav e se Lisoimes © ook | ng rate
i N a TlrEsotdasian setld v@wiedighe e cbcghrteief r acti on to be cracked to the sane or
hi gher cracking severity in the radiant coil 5 and still have acceptabl e

t he TLEchdOruetghd: Al t etnativel y, bot h pr aduct st r eans:«cer@equenched by
DQ Si newigrhrerdizbghits and P = fregedrif rgetEmns are cr alRedesdpardtely in the

thro

radi ant coils, by |oweri ng“ghfr%kéngf?mé‘”ed rate of the light feed fraction through

the radjant .coils, both fged fractions can 10 be cragked,fo a higher

severi t)lymie.d“ég at HC i nSGQﬁoﬁngi&w&ﬁ)tseﬁ@@gﬂlltTvﬁg i n hi gherD overal | yields of
desired products than thesesffeom co-cracking. The follow ng table shows the
cracking severity in ternms of (HHC) ratio in C5+, and the overall yields
Wit h t hewdifidiersent s gquench, Lons:  Separatg,hagki na of Liaht and Heavy
Feed FratPrBie™FR Feed Yields, W% GaH4 HVC Light HealNE mestdench System
usedTLE DQ through cracking furnace

6) Peeds from 3, and 5 3 V/L Separators 1Light+ 1 Mid + 1 Hvy 1)Light to TLE, Mid & Hvy to DQ
3rd Separator generates a pitch stream not sent 2) All to DQ
through cracking furnace

T)Feeds from 3, and 5 2 V/L. Separators, w/ Thermal Cracking of Pitch 1 Light + 1) Light to TLE, Hvy to DQ

Light products from Pitch Thermal Cracking 1 Heavy w/ Thermally ~ 2) Both Light & Heavy to DQ
combined with Heavy feed fraction, Thermally cracked light preducts

cracked heaviest pitch not seni through cracking

furnace

8) Feeds from 3, and 5 3 V/L Separators, w/Thermal Cracking of Pitch 1Light+1Mid 1) Light to TLE, Mid & Hvy to DQ

Light products from Thermally cracked Pitch ~ + ¥ Heavy w/ Thermally 2) Allto DQ
combined with Heavy feed fraction, Thermally facked light products

cracked heaviest piich not sent through cracking

furnace

9) Long Residue (650 F+) 1 V/L Separator, w/Fhermal Cracking of Fitch 1) Hvy to DQ

Light products from Thermally cracked Pisch 1 Heavy w/ Thermally
combined with Heavy feed fraction, Thermally ¢Tacked light products
cracked heaviest pitch not sent through cracking

furnace



Cracking Severity HC C5+1.15 1.051.11 21.60 47.01 Relative feed rates in
Radi ant Coils0.94 1 Quench System usedDQ DQ Cracking Severity HC
C5+1.05 1.051.05 22.54 47.76 Relative feed rates in Radiant Coil s0.89
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The following examples are intended to illustrate the
present invention and are not intended to unduly 1imit the

scope of the invention.

Example 1
Processing of a Wide-boiling feed that can be fully vaporized

with one V/L Separator:

10, A) Process According to the Prior Art

The processing of a condensate feed in an existing
furnace equipped with transfer line exchangers (TLEs),
experienced very short TLE run-length at a COT of 1440° F
(782 °C) due to coking (end-of-run temperature achieved in

15 only 7 days). In order to achieve reasonable TLE run-length,
the COT had to be lowered to 1370° F (743 °C). However, at
such low cracking severity, as measured by (H/C) atomic ratio
in the C5+ portion of the pyrolysis products, the pyrolysis
vields were sc low that cracking of this feed was made

20 unprofitable. The short TLE run-length, at COT of 1440° F
(782 °C), was due to the heavy fraction of this wide-boiling
range condensate (having a low hydrogen-content), being
cracked to too high a severity, although the 1lighter portion
of this feed was cracked to a low severity. Table 1 shows

25 the feed properties of the light fraction (380° F-) (193° C-)
and heavy fraction (380° F+) (193° C+) and the Full Range
(FR) condensate, their respective 1individually cracking
severities at COT of 1440° F (782° C) and 1370° F (743° C),
and the simulated ethylene and High Value Chemicals yields.

30 Also shown are the yields when this feed was cracked in
a furnace with a Direct Quench (DQ) instead of with a TLE for
guenching the pyrolysis products. Although the yields
improved {e.g. ethylene yields from 11.92% to 19.24%), while



1 15

separatortoal | owseparate
this w de- 20.R9bdsid30 condensate feed, whi

28

still with reasonable furnace ru
is still cracked at relatively
the high cracking severity of

ratio of Cbh+ = 1.05).

Cracking Wide-boiling Feed Whole

Thi sexanpl eshowst hat t hepyrol ysi syi el ds canbe
| nproved(e. g.ethylene yields inproved from11. 92%

greatly
t022. 549 , byusi ngt heV/ L

cracking of the Iight and heavy feed fraction of

| e achi evi ng 3eqRRbARNBedsUr Nace

n~length, the light fraction
low severity, as limited by

the heavy fraction (at H/C

Light Heavy Combined
380F-  380F+ FR
Wit Frac 0.566 0434 1.000
FeedH,%w  14.44 1342 14.00
Cracking Severity /C C5+ | FR Feed Yields, wt%
coT Light Heavy FR C2H4 *HVC
1370 F 1.81 1.40 1.63 11.92 28.19
1440 F 1.54 113 1.35 17.59 4024 <— TLE Run-length too short
1465 F 1.42 1.05 126 | 1924 4337 <— CoCrack in DQ Fumace

*HVC = High Value Chemicals, H2+C2H4+C3H6+BD+Benzene

B.

Process According to the Present Inventicn

This wide-boiling feed can be processed through a single

V/L separator first,

to produce a light and a heavy fraction,

10

15

20

which can then be cracked separately in the radiant c¢oils and

quenched separately. After heating this feed in the

convection section of the cracking furnace to
C)

separator,

~470° F (243°
at a pressure of B0 psig and flashing it in the V/IL
the wvapcr from the separator becomes the light
feed fraction and the liquid from the separator becomes the

heavy feed fraction

(as 1llustrated in Figure 1). When the

light feed fracticon, separated from the heavy fraction of
this feed in the V/L separator, 1is fed through the radiant
coils at a lower feed rate, this light feed fraction can be
(H/C)

With the heavy

cracked to a higher severity, i.e. to a lower in C5+,

resulting in higher overall pyrolysis yields.
fraction and light fracticns of the feed being cracked in

separate radiant coils, their pyrolysis products can also be

quenched separately, by DQ and TLE respectively. The



run-1ength,and cracking at the severity appropriate to the available
furnace quenching system 30 Exanple 2 Processing of a wide-boiling feed
that contains a non-vaporizable fraction (crude oil), with two or three V/L
Separ at or S wa Joebi26a4s0CeSS According to the Prior Art  popmusaeedfissssexanpl e
illustrates %ow t’he concept of separate cracking of the Ilgﬁt and heavy
feed fractions of a w de-boiling feed 8n be applied to the processing of a
crude oil or feed m xture containing a non-vaporizable fraction. The 10
followi ng table shows feed properties of the different fractions: |ight,
medi um  heavyyaJ sﬁbt%‘bcfu'bﬁgtf%ﬁ @k 1hire geuderMicthob haliry,r aspestd ve

boili ng ranges: Feed operties | BP-350 350-650Q0_650- 10501050+Tot al

Li ght Medi um HeRRAy BEPRhTRf 126y USRS Wi 2AF 198 JE30- BAYF 12105760 2957830

630- 1100+30- 4400+ n\V\& %, @huéeéil&o%:za@ 622:1848. A3LBQoN 0 Mel Bracked

Feed14. 9913. 6812. 8512. 02 N rst V/ L sggar atar, flashed at - -390 F
(-199 O, with @%iP0ei 8ﬁ % er"ﬁtr"’\‘ﬁy:L bETEEA Y afor i §At 2P at$9 ot 0.5
and a preSsuamsd @ftllﬂ)Ohep& gcpeptiides théelll ghh-Taehf r atlticamati BRy350,
Initial Boilj ) d q r i
(cont ai ni ng t g\%C# ee%%%mgctg%%n %%“ea%ggﬁoﬁev%%oﬁlglagl gﬁ%rac iton). This
light fracti @)‘Ffjl Segyackeddi fracseendf aradi amckedi |serarafekuced féed rate

(relative torddienkeed:tal enpfi1ddeeihgavie f eegh fract iv@n)kne Theghd aric fraction
fromthis first V/L separator, after further heatlng 25 to 770 F (410 C) at

80 psig withtZAhtrot FBﬁO‘%’e%et AR 06 Papor iR fifecFittd G 0.55 is
di r ect edid ntige thracaes ons aV/hl:.gEé{:)a:fe'iieQIityt he. g/ap@rﬂmt mhicsh becores t he

heavy (i.e. the medlum+hav rac%< onsllst in, the abqgve tahle
fraction of THEIFanH. Thapreies cupREkha et oensts daruial ciiuees tha
those from co- Cracklng The following table shows the
cracking severity in terms of (H/C) ratio in C5+4, and the

overall yields with the different guench options:

Separate Cracking of Light and Heavy Feed Fractions
FR Feed Yields, wi%

Light Heavy FR C2H4 *HVC
Quench System used  TLE DQ
Cracking Severity H/C C5+ 1.15 1.05 1.1 21.60 47.01
Reiative feed rates in Radiant Coils 0.94 1
Quench Systemn used DQ DQ
Cracking Severity H/C C5+ 1.05 1.05 1.05 22.54 47.76
Relative feed rates in Radiant Coils  0.89 1

15
This example shows that the pyrolysis yields can be
greatly improved (e.g. ethylene yields improved from 11.92%
to 22.54%), by using the V/L separator to allow separate
cracking of the light and heavy feed fraction of this wide-
20 boiling condensate feed, while achieving acceptable furnace
run-length, and cracking at the severity appropriate to the

available furnace guenching system.



for heavy fraction cracking.Liquid fromthis second V/L separator contains
mai nly the non-vaporizable fraction of this feed the first 5 (wthout
toget her severity VG in which is not cracked in the radiant coil. V/L
separ at or and heavy the non-vaporizable fra be

W t hout cr‘g(ggogdb%?gasckl ng Gas Ol In the foll ow ng tgiglrﬁjgb%'}sbﬁs
corresponding to the maxi num 10 crackl F’i@ severity for the Heavy feed
fraction (at HCratio in Cs+ of 1.05) is at 1423 F (773 C). The lighter
feed fractions (light and nedi um fractions) when co-cracked with the heavy
feed fracti ofkafachgated to this same COI, resulting in a |ower cracking
severity as measure(:l by (I—VC|n 15 C5+ of 1.65, and 1. 19 respectlvely for
the Iight and9 A9 < SRS thate §o0G 2
conponent feﬁbofrﬁaalbl@nframhdnhe(Wealdulpyr obitsi Stwo ebés tareeshown in t he
fol |l ow ng tasble gée Separator for pitch removal W % of Crude39.22 Light
Boi |l i ng Ran COrI, deg F1423 (HC Ratio in C5+1.65 W % Et hyl ene
Yi el d18. 1 W 9% Bv64dsd ccording to the Prior Art

This example illustrates how the concept of separate

S . F he

cracking of the 1light and heavy feed fractions of a wide-
beiling feed can be applied to the processing of a crude oil
or feed mixture containing a non-vaporizable fraction. The
10 following table shows feed properties of the different
fractions: light, medium, heavy and pitch fractions of this

crude with their respective boiling ranges:

Feed Properties

IBP-350 350-650 650-1050 1050+ Total
Light Medium  Heavy Pitch Whole Crude
Mol Wt Range 30-140  140-200 290630 630-1100+  30-1100+
Wt% of Crude 39.22 29.54 22.81 8.43 100.00
%H in Feed 14.99 13.68 12.85 12.02

15
The first V/L separator, flashed at ~390° F (~199° (),
with a diiution steam to hvdrocarbon wvapor weight ratio of
0.5 and a pressure of 100 psig produces the 1light feed
fraction ({IBP-350, Initial Boiling Point to 350° F (177° C))
20 and a liquid fracticn (containing the heavy feed fraction and
the non-vaporizable fraction). This light fraction is cracked
in a set of radiant coils at reduced feed rate (relative to
the feed rate of the heavy feed fraction). The liguid

fraction from this first V/L separator, after further heating

25 to 770° F (410° C) at 80 psig with a dilution steam to
hydrocarbon vapor weight ratio of 0.55 is directed into the
second V/L separator, the wvapor of which becomes the heavy
(i.e. the medium + heavy fractions listed in the above table)

fraction of the feed, which is cracked in the radiant coil



29. 54 Medium 350-650 F 1423 1.19 19.02 41.80 22.81 Heavy 650-1050 F 1423
1.05 17.04 38.79 91.57 Overall Pyrolysis Yields 1423 -1.36 18.13 40.78 8.43
Pitch 1050 F+

WO 2009/026488 PCT/US2008/073965
31

for heavy fraction cracking. Liquid from this second V/L

separator contains mainly the non-vaporizable fraction of

this feed which is not cracked in the radiant coil. Without

the first V/L separator, the light and heavy feed fractions

5 {without the non-vaporizable fraction) will be cracked

together in the same radiant coils. The maximum cracking

severity of the lowest quality feed fraction (Vacuum Gas 0il,
VGO, in this case) sets the COT of the whole furnace.

In the following table, COT corresponding to the maximum

10 cracking severity for the Heavy feed fraction (at H/C ratio

in C5+ cof 1.05) is at 1423 °F (773° C). The lighter feed

fractions (light and medium fractions) when co-cracked with

the heavy feed fraction are heated to this same COT,

resulting in a lower cracking severity as measured by (H/C in

15 C5+ of 1.65, and 1.19 respectively for the light and medium

fractions). The pyrolysis yields of these different

component feed fractions and the overall pyrolysis yields are

shown in the following table:

One Separator for pitch removal

Wi% of Crude 39.22 29.54 22.81 91.57 8.43
Light Medium Heavy Overall Pitch

Boiling Range IBP-350 F 350-650 F 650-1050 F | Pyrolysis Yields |1050 F+

COT,deg F 1423 1423 1423 1423

(H/C) Ratio in C5+ 1.65 1.19 1.05 **1.38

Wt% Ethylene Yield 18.10 19.02 17.04 18.13

Wi% HVC 41.18 41.80 38.79 40.78

** Equivalent Cracking Severity

20 B. Process According to the Present Invention

With an additional V/L separator, that separates the

Light feed fraction so that it can be cracked in its own

set of radiant c¢oils, it can be cracked to a higher
cracking severity. The maximum cracking severity for this

25 light fraction depends on the type of quench system used

in the furnace; the maximum cracking severity in terms of



** Equi val ent Cracking Severity 20B. Process According to the Present
I nvention Wth an additional V/L separator, that separates the Light
feed fraction so that it can be cracked in its own set of radiant coils, it
can be cragkgdododssi gher cracking severity. The maxi BefhibRghishg severity
for this 2511 9?1 %ractlon depends on the type of quench systemused in the
furnace; the maxi num cracking severity3fn terns of WO

2009/ 026488PCT/ US2008/ 073965 32 (H C) ratio in C5+ is at 1.15 and 1.05
respectively for a TLE and a DQ quench system and still have reasonabl e

furnace run-lengyd Theomedieun qrsdahe@vys fard 1f hactions 1368, c@Cracked, to
t he maxi num severity as determ ned

t heheavyf eedf r AtEi GRITIFeyP@I &g‘éﬁ%ﬁéﬁ?{y 8¢ SthtselfW® JPPFUIENE cases
are shown in therfadd QwnAgedddd.es: THeWeedium and heavy feed fractions

are co-cracked, to the maximum severity as determined by
5 the heavy feed fraction. The yields and severity for

these two different cases are shown in the following two

tables:
Two Separators:Lite & Heavy, Use TLE for Light
Light Medium Heavy Overall Pitch
Boiling Range IBP-350F }350-650 F 650-1050 F | Pyrolysis Yields 11050 F+
COT,deg F 1520 1423 1423
(H/C) Ratio in C5+ 1.15 1.19 1.05 **1.14
W% Ethylene Yield 2592 19.02 17.04 21.48
Wit% HVC 53.54 41.80 38.79 46.08

** Equivalent Cracking Severity

10
Two Separators: Lite & Heavy, Use DQ for All

Light Medium Heavy Overall Pitch
Boiling Range IBP-350 F {350-650 F 650-1050 F | Pyrolysis Yields | 1050 F+
COT,deg F 1549 1423 1423
(H/C} Ratio in C5+ 1.05 1.19 1.05 **1.10
Wt% Ethylene Yield 2747 18.02 17.04 2214
Wi% HVC 54 .62 41.80 38.79 46.54

** Equivalent Cracking Severity

With a 3 V/L separator case, we can further separate the
medium fraction from the heavy fraction and have its feed
rate adjusted to reach its own maximum cracking severity as

15 shown in the following table:



Two Separators:Lite & Heavy,

Overal |
1050 FE

10

15

Use TLE for

Li ght Pitch

Li ght Medi unHeavy

Boi | i ng Rangel BP-350 F 350-650 F 650-1050 F Pyrolysis Yields

COl, deg F1520 14231423
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Three Separators:Lite, Med, Heavy, DQ for All

Light Medium Heavy Overall Pitch
Boiling Range IBP-350 F [350-650 F |650-1050 F | Pyrolysis Yields [1050 F+
COT,deg F 1549 1469 1423
{H/C) Ratio in C5+ 1.05 1.05 1.05 **1.05
Wit% Ethylene Yield 27.47 21.05 17.04 22.80
Wit% HVC 54.62 4544 38.79 47.72

** Equivalent Cracking Severity

This example shows that after separating out the pitch
by further separating out the light,
of the with

fraction of the crude,

medium and heavy fracticn pyrolysis feeds
additional V/L separators, and by adjusting the feed rates of
these feeds through their respective sets of radiant coils,
the severity for each of these feed fractions can be cracked
to its own maximum or coptimal cracking severity, and not be
limited by the maximum severity of the lowest quality feed
the overall ethylene yield can be

fraction. In this case,

increased from 18.1% to 22.8% with separate cracking to the

maximum severity.



(1-1/C) Ratio in C5+1.15 1.191.05 '1.14 W % Et hyl ene Yi el d25. 92
19. 0217.04 21.48 W % HVC53. 54 41.8038.79 46. 08 ** Equi val ent Cracking
Severity 10
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That which is claimed is:

1. A process . for pyrolyzing a wide boiling range
vaporizable hydrocarbon feedstock or mixtures of
hydrocarbon feedstocks having a wide boiling range,
comprising a variety of hydrocarbons of differing
carbon/hydrogen ratios and/or molecular weights in a
pyrolysis furnace having a convection section, least two
sets of radiant pyrolysis coils, and a vapor distribution
header to produce olefins and other pyrolysis products,
comprising:

a. heating and partially vaporizing a feedstock, and
feeding the partially vaporized feedstock to a vapor/liquid
separator device to produce fractions comprising separate
vapor and liquid phases;

b. feeding the wvapor phase fraction to the wvapor
distribution header and then to a first set of radiant
pyrolysis coils of a pyrolysis furnace operated at a first
set of cracking conditions where the hydrocarbons are
cracked to produce olefins; and

¢. heating and fully vaporizing the liquid phase
fraction from the vapor/liquid separator, and feeding the
vapor phase thus created to the vapor distribution header
and then to a second set of radiant coils of the pyrolysis
furnace operated at a second set of cracking conditions

where the hydrocarbons are cracked to produce olefins.

2. The process of claim 1 wherein said cracking
conditions in the particular set of radiant pyrolysis coils
includes feed rate, residence time, temperature history,

heat input and dilution steam to feed ratio.



Two Separators: Lite & Heavy. Use DQ for Al Light Medium Heavy Overal |
Pitch Boiling Range |BP-350 F 350-650 F 650-1050 F Pyrolysis Yields 1050 F+
COT, deg F 1549 1423 1423 (HC Ratio in C5+ 1.05 1.19
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3. The process of claim 1 wherein the hydrocarbon
feedstock is selected from the group of fully vaporizable
feedstocks consisting of (i) natural gas liquids (NGLs),
(ii) condensate, (iii) mixtures of gas oil, naphtha and/or
gasoline, (iv) synthetic hydrocarbons, and (v) mixtures of
vacuum gas oil with naphtha added to prevent solidification
of paraffin wax contained in the feedstock in un-heated

storage and transportation facilities.

4. The process of claim 3 wherein the hydrocarbon
feedstock is a condensate comprising a wide-beiling point
range feed, with a density from 0.71 to 0.80 g/cm3, a
hydrogen content from 13.0% to 15%, an initial boiling
point from ambient temperature to a final boiling point of

about 1000°F. (538°C.

5. The process of claim 3 wherein the hydrocarbon
feedstock comprises mixtures of vacuum gas oil with naphtha
added to prevent solidification of paraffin wax contained
in the feedstock in un-heated storage and transportation

facilities.

6. The process of claim 1 wherein a mixture of

hydrocarbon feedstocks are used.

7. The process of claim 1 wherein a diluent gas or liquid
or mixtures thereof are added to the hydrocarbon feedstock

prior to entering the radiant pyrolysis coils.

8. The process of claim 7 wherein said diluent gas is

selected from the group consisting of steam, methane,



1.05 "1.10 W% Ethylene Yield 27.47 19.02 17.04 22.14 W % HVC 54.62 41. 80

38.79 46.54 " Equi val ent Cracking Severity Wth a 3 V/L separator case,
we can further separate the nediumfraction fromthe heavy fraction and
have its feed rate adjusted to reach its own maxi mum cracki ng severity

as 15 shown in the following table: 38 Three Separators:Lite, Med, Heavy.
DO for Al

ethane, nitrogen, hydrogen, natural gas and refinery off-

gas and said diluent liquid is water.

9. The process of claim 1 wherein the vapor/liquid
separator is selected from the group consisting of a flash
vessel, a vertical drum, a horizontal drum, a fractionation

column, a centrifugal separator and a cyclone.

10. The process of claim 9 wherein the wvapor/liquid

separator is a flash vessel.

11. The process of claim 1 wherein the hydrogen-to-carbon
atomic ratio of the C5+ portion of the pyrolysis products
from each set of radiant coils is used to control the

cracking severity in those coils.

12. The process of claim 11 wherein the hydrogen-to-carbon
atomic ratio is determined by analyzing the ultra-violet
absorbance of the C5+ portion of the pyrolysis products and
by correlating the values of the resulting absorbance to
the hydrogen-to-carbon atomic ratio of C5+ portion of the
pyrolysis products from each set of radiant pyrolysis

coils,

13. The process of claim 1 wherein said feedstock is a
fully vaporizable wide boiling range feedstock, and wherein
two vapor/liquid separators are used in combination with
the convection section of the furnace to form three
separate vapor feedstocks for three sets of radiant

pyrolysis coils.



Li ght Medi unHeavy Boi | i ng Rangel BP-350 F 350- 650 F 650- 1050 F COT, deg
F154914691423 (HC) Ratio in C5+1.051.051. 05 W % Et hyl ene

Yi el d27.4721. 0517. 04 W % HVC54. 6245. 4438. 79 Overall Pyrolysis Yields "1.05
22.80 47.72 Pitch 1050 F+ n Equival ent Cracking Severity Thi s
exanpl e shows that after separating odf the pitch fraction of the crude, by
further separating out the Iight 5 nmedi um and heavy fraction of the

pyrol ysis with additi arators, d adj usting the feed
Phtes ot hEsert ot S0t et 1r BEPaEer 2 Let RS rauA b il o, ¢ he
severity forlgaedpdii ddase WierdbbiachyoRsng§anr8a s FEKEhA® WHe<QWN NMaxi mum
or opti nmal cracklnglfeverlty and not be 10 limted by the maxinmm severity

of the | oWREE® QIARTIAL FBEF SERATRSRTS| ATEhPESdakR, COPRIRAE A IWidthy| ene
yield cancpe ww@&sl% fsre@aﬂo% L% 822,800 WL o SEpAR A Su LTankd g 4 0 the

HBX|nun1sever|t¥
vapor eedstocks for four sets of radiant pyrolysis coils.

15. The process of claim 1 wherein said pyrolysis furnace

has a single radiant cell.

16. The process of claim 1 wherein said pyrolysis furnace

has two radiant cells.

17. A process for pyrolyzing a wide boiling range
hydrocarbon feedstock or mixtures of hydrocarbon feedstocks
having a wide boiling range, comprising a variety of
hydrocarbons of differing carbon/hydrogen ratios and/or
molecular weights and including undesirable high boiling
point and/or non-vaporizable components in an pyrolysis
furnace having a convection section, least two sets of
radiant pyrolysis coils, and a vapor distribution header in
order to produce olefins and other pyrolysis products,
comprising:

a. heating and partially wvaporizing a feedstock, and
feeding the partially vaporized feedstock to a vapor/liquid
separator device to produce fractions comprising separate
vapor and liquid phases;

b. feeding the wvapor phase to the vapor distribution
header and then to a first set of radiant pyrolysis coils
of a pyrolysis furnace operated at a first set of cracking
conditions where the hydrocarbons are cracked to produce

olefins;



That which is clainmed is: 1. A process for pyrolyzing a wide boiling range
vapori zabl e hydrocarbon feedstock or m xtures of hydrocarbon feedstocks
having a wide boiling range, conprising a variety of hydrocarbons of

di ffering carbon/hydrogen ratios and/or nol ecular weights in a pyrolysis
furnace having a convection section, PBéast two sets of radiant pyrolysis
coils, and a vapor distribution header to produce ol efins and other
pyronS|s produc artially vaporizing a

ing: . . t
feedst ock, and°fé¥ rg)ht@sépggﬁua'ldi ?h\?gﬁo?%@dggggﬁﬁf%&k to a vapor/liquid

separ at Orvﬂls&tﬁElcﬁlih_cDrSEiiéﬁﬁtfdxaQU QANg caPRRREILGrAgsEepasader vigpor and liquid
phases; . feeding the vapor phase fraction to the vapor distribution

header anda?Wéﬁz? P P &t e hydrererByprsr yspedtny | Sioihep iR ol ysis
furnace opgsatedsatnadfidsSttoat L o%ﬁa%%bBQ/QQHQ!L&' Qéléaz‘!@t%ﬁ e
hydrocarbons are cracked to produce ol efins; and . heating and fully
vapor i zi ngep#eatingi thp ey rpé@ﬁeorfrfaﬂ@nrptlhérvapbhm ll—:f&ﬂ‘”dd gdpseat or, and
feedi ng the vapor. phase thus created to the vapor distribution header and
then to a second set of radiant coils of the pyrol ysis furnace operated at
a second set of. cfeamdarn_ﬂg tcl*mndﬁatpioanphadser érphethgdsecamdons are cracked to
pr oduce olefln ces of claiml wherein said .crackin

condi ti on%? ?Orf% %ﬁﬁt%%ﬁﬁ%ﬂ Fet o MFadPRRF é@F%F§gF§l%%|W%?é%ﬁﬂ%hﬁs feed
rate, r eStldenﬂceOta g% cdreimpestatofd eahlllahenr pyrbegsisnpoilandf dinaiti on steamto
feed ratio, 3. Thejt% ocess of claim1 wherein the h%/dr ocar bon

f eedst ockOt&f %%?e%%%ﬁﬂﬁ% @ ageo SRS L PY GapBrPRAnPet fekdst ocks
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m xtures of gas oil, naphtha and/or gasoline, (iv) synthetic hydrocarbons,
and (v) nPRPUVeS Q¥eRidraium gas oil wth naphtha added to prevent
solidification,of f a i e eat ed
storage and tPeansr;)g("()%?t'g‘i:c:{%trlI orq: acﬁﬁ%q"td ?Hgge4.@r%'ﬁgl%§o‘g€£s§9(§?6ﬂ#%%n%ﬁ3 wherein
t he hydr omadmmrikeleeis&tmr/lon sica-cepdengabéeconpposenys af wrdetlsi | | ng poi nt
range feed h ad Sit romQ0.71 to 0.80 g/cnB, a hydrogen content from
13.0%to i%?f n n'g ﬂaﬁq%lo Isellijﬁlrﬁ °fit from anbi ent tenperature to a final
boi | i ng poi nt of about 1000F. (538C. 5. The process of claim 3 wherein

t he hydrocarbon feedstock co i.ses_m xtures of vacuumgas oil w th naphtha
added to pf%vewile FOt T $3 é%ﬁr%ﬁld‘f Haf’“&]ef:?hnmé?l‘éoﬁf%?]ﬁje%gl n the feedstock

i n un- heatefdst psagei mnthd nsReRtall aetf 8¢l khlii 88t pyBolJdes pipcess of
claim1 wherein a m xture of hydrocarbon feedstocks are used. 7. The

process ofnelades 1fefterEte a rislidencegidmer LPHRRPEA BRI o i@V 4 her eof are
added to %@gﬁ_hy‘d% fearhony; l‘-’aetq%tno%$ \%ni @k %geg_ngégg' 199 the radi ant pyrolysis
e d|

coils. rocess claim rein sai uent gas is selected
fromthe group consisting of steam rret hane, 36 ethane, nitrogen,

hydr ogen, tural gas andr flner as and said diluent liquid is
wat er . 9Tﬁiéhpr%’f:ess of fgl ai'm V\/ner ‘rﬁlflhghva%o?’?ljrd eh se%arnat or is

sel ected ét@méhasgfmmz@bmcsus@@ ak aubuashlyesseﬂst@cwemlacal drum a
hori zont al drum a fractjonation colum, a centrifugal separator and a

cycl one. 9358 1GHeL T IRGASESK HoaPm 8 GRer ein t he vapor/liquid separator is
a flash vessel. 11. The process of claim1 wherein the hydrogen-to-carbon
atomc ratio of the C5+ portion of the pyrolysis products fromeach set of
radi ant cof?s TRe wreerass dntrlelim R whaERiAgtBeverdeidiphaspserawil s.

12. The pg S erel he n atomc ratio is
determ ned9%§ éang;l' y%lltrag t’#ed u trtgl-e\%lmtg etclilé ggg a%%gpg@lpﬁ% C5+ portion of

t he pyr ol §dd st powaludtwl g dporc comploaenng hheival beslodgtheinesul ting

cheor bancse g Ny Q85 SLCERD, Ol 0,00, o BTLLENSEA e

process ofin€lai@d linhaieifestnitd teedskeokd sed b8l kydvaporpyedlysid de
boi l'i ng range feedst ock, and wherei.n two vapor/liquid separators are used

in conbi n&PFbir vith e *SBRIECr G0 1SHeF BRT FOPhEr‘F’Ii‘}rwa%etli%ﬂ‘F%]r mthree
separate vapor feedstocks for three sets of radiant pyrolysis coils.



37 14. The process of claim1 wherein said feedstock is a fully

vapori zabl e wi de boiling range feedstock, and wherein three vapor/liquid
separators are used in conbination with the convection section of the
furnace to form four separate vapor feedstocks for four sets of radiant

pyrolysis coils. 15. The process of 3 aim 1 wherein said pyrolysis
furnace has a single radiant cell. 16. The process of claim 1 wherein
sai d pyrol ocess for

sis.furpnace has two radiant cells. ..17._ A
oy ol Y1 nGYACHABE Do, FPRGTSArte MR Dc Bt T bder SERIBFORFwtarLs of
hydr ocar bgasfieedst eeksedaytdgk amdedxid.i ng range, conprising a variety of
hydr ocarbons of differing carbon/hydrogen ratios and/ or nol ecul ar wei ghts
and i ncludi ng undesirabl e high boiling point and/ or non-vaporizabl e
conponent sphn @Hep¥£8é¥§ésofFEﬂ@ﬁ@]hﬂWﬁQ&eﬁnCQB¥@6Fb9?9§¢£iﬁ&wu l east two
sets of radiant pyrolysis coils, and a vapor distribution héader in order
t o producEcbREREASS ante Ot$RE Py rasimsing tgoadwets, thenpeigeagion a.
heating a i akl i.Zi d , dj he partially
vaporizedgggggéﬁogt ?%ggﬂgé%%%?%¥%5%§%§z%ggétgggggéﬁgebggo%roduce fractions
conpri si ndesédparake Faporhmew detpuick phasest pyrolybisfeedlismg the vapor
phase to the vapor distribution header and then to a first set of radiant
pyrolysis coils of a pyrolysis furnace operated at a first set of cracking
condi ti ons2pherket heodysk asardicnise arre wheaekedthe peapdugeighedi ns;, 38
C. heating the liquid ghase fromthe first vapor/liquid separator to a
t enper at uFBPEEREPEI Bt S P EGbiTAR dhSo0EoHR PERELRHEr BEaf bBIRSE f eedi ng
the heat edo5u01 Phasee Mt xEal Qi d S8CRNGMRRAN LAY § 8BREE AL AR
separating the vapor phase fraction fromthe |iquid phase fraction
d. feedi ngotinenyaporePphasiudaloratfeadesorddvap6rFLlraai d separator to the
vapor distribution header and then to a second set of radiant pyrolysis
coils of the olefins pyrolysis furnace operated at a second set of cracking
condi ti ons2@hefie theodw=ly orfarderisn drie wheaekedthe pyddagenotefdarsion e.
renoving the liquid. ph fr i gn _whi ch contains_undesirabl nd/ or
non-vapor FEBH & ERhorantiid o B8 TOsCond VABoPPFPOUF® SShePHET . | 18
The procegsonfesathi st oherdiahtsaiod 16r dekinsgdcesdcbhoasli thé he particul ar
set of radiant, pyrolysis coils _includes feed rate, residence tine,
t enper at uFBRRESEDr SV Rty i Mp RORTd S9EGti on steamto feed ratio.  19. The
process of claim 18 wherein the liquid phase fromstep e is renoved and
used as fuel oil, feedstock to a gasifier or feedstock to a coker. 20.
The process4of Tk pPeaAB it ellpifthe 3 WHeir@iphibe hyonPgeepte ¢arkemj ect ed
to therma ki.ng: t o Q%q% - | tJ I C o} nents having
boi l'i ng p%Fﬁ%ggb% oﬁ%Iﬁ%O : ?@%@%gﬁ%&a%?€%92g3853ﬁ§egﬁgﬁ$F§ vaﬂ%rized and
i ncl uded abhstheafieedf dlheseoond isat off thedpantlpyisl yseducos land and t he
remai ning, liquid portion.fromthe thermal 39. cracking .is renmpved and used
L Tuel "oy SREERDTIS T YL Y meatt s EhE e ek B 5T The
process othel ydrdgenher-aiarddiy e owdporhltiguod sepapatoisn as £ wsed in
combi nation with the convection section of the furnace to formthree
separ at e DEPOTYFRR RIS F drFheashs&es 6f rFadiant BYFotyEs coils. 22.
The procegsiof claim 17 wherein the vapor/liquid separator is selected from
the group consisting of a flash vessel, a vertical drum a horizontal drum
a fractionation colum, a centrifugal separator and a cycl one. 23. The
process of )&l afym 17 yhereidy yl%i'i}yﬂﬁo%g'r%ghc@598%8&%&'{8@2aié0 of the Co+
portion of the pyrdﬁy5|s products fromeach set of radiant coils is used to
control té&eleraaki figprs ey idnpupn conesetdoigl of (i24shdhe pesitdss, of claim 23
wherei n the, hydrogen-t.o-carban.atom c.ratio is determ ned by analyzing the
't o vi of S ST B (05 SRt SEPaEhE: By r b 561 € oduct s and by
correl atidgrived vatdiescoefl,t htaneswiti agdabaer banae, t ovi higeavy
hydr ogen-to-carbon atomic ratio of C5+ portiaon of the pyrolysis products
f r om eachCYBRORAN Y f UHC Sy TS SYREHEFeC hygBoCHRRODIBERSRSHS ¢l ai m 17
wherein salthdeadstaak dvbselRet ed hnemikbe deqyp sepsteihng of (i) short
residue, (ii) long residue, (iii) desalted crude oil, (iv) oils derived
fromcoal, shale oil and tar sands, (v) heavy conponent products from
synt heti ¢ hydrocarbon processes selected from SVMDS, gas to |iquids, heavy
paraffin



40 synthesis and Fi scher-Tropsch and (vi) heavy ends from hydrocrackate.
26. The process of claim 17 wherein said feedstock is short residue or
vacuum t ower bottom 27. The process of claim 17 wherein said pyrolysis
furnace has a single radiant cell. 28. The process of claim 17 wherein
sai d pyrolysis furnace has two radi ant0cel | s.

synthesis and Fischer-Tropsch and (vi} heavy ends from

hydrocrackate.

26. The process of c¢laim 17 wherein said feedstock is

short residue or vacuum tower bottom.

27. The process of claim 17 wherein said pyrolysis furnace

has a single radiant cell.

28. The process of claim 17 wherein said pyrolysis furnace

has two radiant cells.



