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| MPROVED PROCESS FOR PRODUCI NG LOAER COLEFI NS FROM
HEAVY HYDROCARBON FEEDSTOCK UTI LI ZI NG TWO VAPOR/ LI QUI D

WOEGERARINDPORS Fi el d of the Invention Thi s i nvent PONUS2007/064599

relates to the processing of a heavy hydrocarbon
feedstock to produce | ower ol efins. Background of the
I nvention A common process for manufacturing | ower
olefins is through pyrolytic cracking of saturated

hydr ocar harr e eI iReRKSs CIant 2RODITRYALOWRRRONISFISECh as
et hane, PRORANEAWHHEDROMSREONGEEMY RIIOEIAVING

fractions such apwoppRpPOR/1306TI988PARIATORdUCer s Of
| oner ol efins are always |ooking for | ower cost

RydeaRMPRALfeedst ocks that can be economically
upgraded by pyrolytic cracking processes to | ower

ol ef il inyeniien regadestio tatpeqcissing of haeavahgdigearben leedstck for
%Q&C??WG%EE% to a |l ower ol efins product are any

araffinic hydrocarbon material that contains high

Bavikpriopnyl gfdhainventionon- vapori zabl e coke precursors such

as crude qil _and fractions.of, crude.oi.l, such as.. .
pet r o S b AR RES AR g BLA e B By B crackingof
aesitcll bylacebat tfecdabéksecdntamma hydskabd@neyphi ot ethiaig ypropane,

do not mmk d f ocks f Iytic cracki
iR e R ey a5 s st CS R ever §* viRbloR e e, S pEulds of lover

demiaed i19Byssieckingfor Gfwek t@d hidresagdon yddedoyitsi that elirBlbkécdgomically
furnaces. recent. advance i rol.ysis of crude.qi
SrEs GBS Pl SHE Eo it BB T v N ROt are o
iSrs E32hdbnveldiod Re a' 18Rdr PRAGESHIRCtCArél A8y Pataffinic hydrocarbon
f eedst ock or crude oil fraction%s),containing pitch is
m@ﬁ“%fW%EWFVnﬁﬁ%%b%hﬁ%P%PV§ﬁ§PﬂﬁWﬁ§@@?C@ﬁéﬁﬁ?%@@%%FhasCﬂﬂe
SPARIER8Snsf R AIdRGill fu6h & piS1eR reQliued. UARi1Otuaf bREAD AR Ieum
containing pitch to a first stage preheater within a
TEPAREE Arcotrzdive rapgh érest Hendppindehoi flo gpt erakrigoyl feedstocks for
ﬁﬁ&?ﬁd A& SO BEGLY @Gy B B&J‘coﬁfp?etéi? %&Qiz@"iﬁ e oh Rt edtion of
stage preheater to an exit tenperature of at |east
BEsEnleyprlyduseckmgieatess gas-1iquid m xture. The
m xt [ i . i L
T sonk Rl R LLOPLARE AP ORERIER s
shaporin USque3d.3sépér tie o331 frotdsonedidbyil Sedstpet dmvgudeml fraction(s)
AR NPl DR Bl B PR U e e
gu@hedt@r crpdovildedttions tbeaigiapvigehi tona Fonestagbhpreheater within a
gﬁeh ated gas is theQ¥in%roduged.%nto a rqgiant.zgne ed
VHIRD CR gUPSH P&i°8 P e BUTand TG00 yomants JicBrifngene
Witdn 8RR st frehyatd@ dil6tiSemPhratue: dihit £adtS78T to produce a heated

i nprovenent in the overall process, there are still
gas-liquid mixture. The mixture is withdrawn from the first stage preheater, steam is added

and the gas-liquid mixture is fed to a vapor-liquid separator, followed by separating and
removing the gas from the liquid in the vapor-liquid 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
associated by-products. While this is an improvement in the overall process, there are still
limitations in achieving higher yields of more valuable products due to coke formation in

the convection section and vapor-liquid separator at increased separation temperatures
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[imtations in achieving higher yields of nore
val uabl e products due to coke formation in the

w@ewvacoion section and vapor-1iquid separat orPEL/US2007/064599

i ncreased separation tenperaturesneeded to increase

hydr ocarbon gas feed rates to the radi ant section of

the furnace where pyrolysis takes place. US 4, 264, 432

di scl oses a process and system for vapori zi ng heavy

1888edab lindPEas® hydrEcat Al dAB kee@ rabKionBe F4Aiaal &LiidtSof MY furnace where

flashing with steamin a first mxer, superheating the

R¥APBYS kstPlacP-ashi ng in a second mixer the liquid from

the fig §§64'Q?Qe(ﬁscl(§9§£‘p1%c&5 Qﬁ@%téﬁ?’f&lg%iﬁ rﬁgltﬁéa\g" gag%h%ﬁilor to

to nerely vapori zation of heavy gas oils having an end

theyimat cradkingyopleline sy [aphing Wit sggm o g §1ss me&eaékpqﬂgeabng thp @apor,

DRI fhva B nSix B Ue Hui BELE thel s GhEAT ISAth 2 1

accepfé%ngspyro y??s‘%ggﬁ?ﬁockefrgnfan gﬁﬁérgfmﬁsmammﬂmty

dirgled épmaislyevapersg owekheaaw tagils haesd amdridepoggogabout 1005° prior
r r / or, hi boi | i ng..pitc

LIB Sﬁrgéeigsgg &I?‘a_lcgiﬂgno(?i ttﬁ(g rhgﬂlg d&!rljregl? 1S ﬁott cﬂref:te@(f& ?&ﬁ%\é\ﬂ aacceptable

m@mmf@dd;tocm omss otgerwﬁsealﬂaaaptytblh yfderdstoak ﬂl@‘nng aedtstradk coke

gher yield, without
%Oﬁzmﬁﬁéhgggggﬁ$gn qSCl%S or coking in the

c o NV ekhdt @neséeltis am umroxteldq)rmmhatlpleﬂmwdhs &fpas@aichigitocessing of a

equi nt. Su ry, of t ventjan Th resent

AL RO 81 GBStk 8 At P BYER PTab gt Bl Higgvithou causing
patdep@ble Gbulthgh@asskink eia dnd e@lived:tnmosre&ﬁfn 610thP fv@p/drdﬁluﬁl separation
nore economcally attractive feed for the manufacture
SPIPEIB i ns. This is acconplished by first separating

Qi 8P@E iiReakidqor ti on of said feedstock containing

undesi rabl e coke precursors and/or high boiling pitch

f r actlihg fgeseHailVEinh delatse @ aniPeselqf RIAPIBHNS @dPliitfep! a heavy

CORNRE I OfeSRCIb ARk & AR LiABSicRfly §ttltayt91'e Gala Y &fé'rﬂa?duﬁacture of
furnace. The process that is clalne conpri ses:

Fleledi Agistik eccp@@h@teé &k firsh sepafdting @n S‘ﬂ‘ﬁ’(yéﬂif?ﬂéﬁé@ﬂl@l‘f sald feedstock
PRALAE ) CORY REELEH PO b bIRP HLH HihEns fha ganmo be
@@@elp vefhveiacenndeo cwwsdumese@tldmet@n@dom 4 fygigaldpyrolysis furnace.

o)} the heated gas-liquid mxture
(%eSthgls ]hQEC&ﬁﬁg%eheater and conmbining it wth

hl gh ap errp&leehlngj riee §tedaonki 1o @fifst sepe peghodter prquidlal in a convection

RRRRT Rl RS L% AT el R LGRS o
Iﬁhﬁmgaﬁemad@mﬂ@ﬁﬂﬁmﬁmﬁse super heater provided in said
convection ne.to erature. of abou

70008 f o8 g inel e hesE g FJhus rel Bn B yfcphegher and
@m)a{l@g it tvinamigh Admkyatiielstehm )in @ﬁrst hgohaqiiesepgasrt 0 a

second vapor-1Il.iquid separator, and the
c) separating and removing the gas from the 11qu1d in the first vapor-liquid

separator, heating the gas in a vapor phase superheater provided in said convection zone to
a temperature of about 450 to 700°C, feeding all or the majority portion (typically greater
than 60% by volume) of the heated gas to a second vapor-liquid separator, and the
remaining portion into a radiant zone of the pyrolysis furnace and pyrolyzing the gas to
produce olefins and other pyrolysis products,

d) withdrawing the liquid from the first vapor-liquid separator, and heating the

removed liquid to a temperature of about 425 to about 510°C by combining it with (i) the
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remai ning portion into a radiant zone of the pyrolysis

furnace and pyrolyzing the gas to produce ol efins and
wo@eiwen1pyy ol ysi s products, d) wthdraw ng the PCTJUEZH07/064599

fromthe first vapor-liquid separator, and heating the

removed liquid to a tenperature of about 425 to about

5100C by conbining it with (i) themgjority portion of

the vapor fromthe first vapor-liquid separator after

thhjoli§ fobtlch R iheh@pbellorh MeSkCy apbiPRfue &p@iator BitdrNeis further heated
convection zone and optionally wth (ii) additional

i8 i rsnraheatrT 41 BN wHoT €¥disng oIy M didbadditoaalsuperheated
feanf Qﬁ’cﬂféed{ﬁg’@i@ chihGiHEFstRERAS ALRbnd ShoSRRAT &phArand
renovi ng the gas conponents w th normal boiling points
bel oW 5906%afatipgranh&cthqvig de faagcomponenys wite ngranab giling points
t n
R St KT BPREREBLo] AR P S BT RNRE B o e
IlemeV@l@S tndo pradehnt eone oé fhiepsrodyse fotnher andyny il yrgiggthe gas to produce
the remaining liquid
@%@gﬁﬁéﬁm?%?ﬁ&%eﬁrg(gﬁ(%}(;sh%%vapor-I i quid separator. For
sone fappl raatvingnsheakdmaiteg ligsidr égetione droins theneecond  vapor-liquid
%Eg%rator (e.g. cyclone), as disclosed and clainmed in
dtents 6,632,351 and 5, 580, 443. For exanple, for
| i ghtPFof sedlstappictibinahll abat @i lqutcdcl @ieciepaatoy €ey. ky@bde), as

8, LB AS SRR RIS g 1l ore 1ol

t enpebatiingde, fOf K0 fde@3sckt AN i Gital @ich aguéry @idht @ude oil or
al nost conpl et ell)é vapori ze the feedstock. Alsq, it is

Blagsorandemsate or PO AFIPRS fhall ek énngeded heeasegplatitely low cyclone

ERBUatRE K 51i&H tRs aBant YRI*Cahre Clel@lRd0id BInRRM c&lPERIyOVaporize the
| ong residue, if very high tenperature dilution steam

fieedsfogleh ey Lt HRMOABALEO fasasnigshaf corcloprarvishisessockeaigh ds typical

ctrﬁ’dea(\!lﬁ' £hahingh ofrq l;e%{ie tig rmgr@gw Ee%?pefaﬂlré 'aﬁu&ﬁlnéf&% §Ofkadily
section because t he eedstock is only heat ed

Fveighds Henroaly oiseeyslone ke néasiednie iapmnd |@hpf§@@ﬂt®kete@mr§twe in the
&Bvécﬂgn %Qaféﬁcﬁecﬁﬂe G&\%tféegﬁoﬂée?s bﬁl§ H&hh g t%%&athﬁ? \?{egfh coke

tenperature steam ere two=cycl one co
haatpnelsemsswlnwmdeooif ihe @mp@v@pmlswlohe‘hpfltsl mjxgng with the high

tgl%?érgtﬂre\gsb hLE Wﬁer? hgl t% &glnﬁego%t t%fgﬂ ﬁyr%gegtplrng%q%gﬁ]& g’spemally

rea y ‘aval e (0]
letpdaltieth ddesigh xihag vefy agh eanbsﬂamod(dlmlbm stedn ys it gdadlly available or

éer?pe ahcl\’]n;gte %rgfﬁllelin% creatr%a gﬁg}xinlg %fh b eg(‘i%sé govglﬁl Yer}/ éngh temperature
@liviantsag@ous ift theusiBodntfCiliioneseatno isaimitdd. hemt ihag: oOfses it is
the feedstock in the convectdcﬁn Ssection tg io‘ﬁ E %
IS SO HEPNE Qb ol e Peifs ¢ ﬁ]ilenge $Jeqkoiehe convection
deemebHalet Bigh &mpeat@chiewacla keffici¥hixt Aigk icR@one temperature can be
vaporj zation of the desired h%dr ocarbons in the

3@9’6’]"% éor paxigeing) aporizaiipns (oh ehe edrsiixh Sy diprastnne el By cyclone.
8@fdaltg VPRRatddWahBepEARYE %&'t@ﬂl@e@aﬁ)bpﬁ thB@bnvection section that

originated in the 1% cyclone is used in place of dilution steam or used to supplement
dilution steam.

Typically, to achieve commercially acceptable pyrolysis furnace on-stream times,
wide range boiling hydrocarbon feedstocks that contain pitch such as black condensates,
crude oils and reduced (e.g., long residue or short residue) crude oils cannot be directly

cracked in pyrolysis furnaces without first removing the pitch fraction. By incorporating
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originated in the 1st cyclone is used in place of

dilution steamor used to supplenent dilution steam
wayprasiohy, to achi eve commercial ly accept abl ePCT/US2007/064599

pyrolysis furnace on-streamtinmes, w de range boiling

hydr ocar bon feedstocks that contain pitch such as

bl ack condensates, crude oils and reduced (e.g., |long

resi due or short residue) crude oils cannot be

Shel @ Ghdry h@h%fﬁ&&lcz RyOYAR! iX $heScInVEIBE 88ctivh o @t pyfrdIy§¢ furnace,
removing the pitc fraction. By i ncor poratingone or

RisPeonpiginedeqdsiorisnc) beyed disgedy jtg) theHarmagsnyslaut grior fractionation,
tﬁ@ €§dl<9{é(s2faelh£‘ %séaytr) %rM&JeSthff ﬁ&éﬂaf?a%uolp blt &)h"b%?&ﬁ ajhp 'félaﬂstock The
f eedst ocks can fed directl é furnace w thout

Ip&ch @iref#nr @@tqvw]ﬁ@mdmlcaﬂ waragfindg ﬁ@c@}@ tse”ﬁlngvetlns@dv inggulfur, metals

Eﬁl &htb‘é Iaug:gt CfEd QEifEr Jl@&d&g[&(?@ mnt BIthCOke or can be used
e pltc stream renove romtypica

fpaﬁaﬂbﬂ@kmdmeeﬁsnmwk@ is relatively lowin sulfur,

geﬁ ler[rch %Qﬂ; tnrsgg O?ng%g{%ls ?&m?&e ég (r% E)Ec}{al alevgf%]ilt s([)utgd 1t0 ﬁlre use of

@iclond b@adtmlrg tocbmpon@mfeedsﬂvk soen \neght ﬁeertstosbmmmrmtmﬁs and a large

nﬁoun o«?ﬁg%j%{e%{ggr% uée étgag%e %I?E glO{I%alJar olis%f%%r Vfl%onfz%téo&l S({?élg?(vyefeedstocks
inithe eoﬂwegfa)nffﬁdmt amdka hiehrpe iatfesdeati@ idhedp fhiiatoged@eidking in the

of. hi tenpgrature steamare no used for
St FEUOT on T HOTVI B2 FARELY e ah diipseiri eauire that

&latiohflMmeandamfchis@ifacs taganihf e dodvat i seStld’hei)d)fn@tlallécDor additional
reduce coking in the radiant. secti on.

598 BELq HROBEe t@?/ Eedtiedks High Esdgionk tﬁ@%%%%’ﬁ? pRd,the addition of

168808t BRStead tHat A0 MBI ANG Fhrt tof 8RS IBenS WirhRCHr@e®Bcah e used

the convection section be installed or additiona

tgaghipyepisedpiasl veperizatey sutlicie doF weyatigerl pifghgrith cut points up to

Ilq@GISIQ(QpF 45%@@0@? Hﬁdaﬁl ﬁfﬁd Alﬁﬁ b?%o o%oﬁ)fof tv@d' chlones in series

amount s of steam t hat are nor ma part of the

with ynteimediater heabeg, pixveask leigh piyeh asmatloo tgp¢ratyees, in excess of

[ f

55%6132(5 \%ﬁt&%\éﬁp BE Oéé%lt (gl%d&U{ltoﬁe%&%Bu%l Jogéﬂﬂl?g g%&%z-rg%;ons in the

tabﬂs ditghemveghios cbanlbyeyond eerpreratreo norofally weedcip einateedstilling unit
th internediate heating, extrenely high pitch

&S%%$§¥%%n tenperatures, in excess of 9500F, (5100C)

can be adbtiai, tedradeshalirhe hestni ngeqmdnoh amoln tizdapirngd more energy

lJ.quid fracti.ons in n ect i on.

S L AR e B G Sh Pt RGeS By gaining

fadistockh@r @& vheait eamablt hyddcirbomd for pyrelyfis. dCeSSE t@b chdlenes with

BieFRePin bR B RO ] DSRS0 (1 S ventaze o

Bedgtabfeqd rdiatd @EhMBu? bt Gilrtiof BiM irRjuRed foe BEhsih @ s FeddStock.
recover the val uabl.e hydrocarbons for pyrolysis. Use

et Descriplion glihe Diawines; nt er nedi at e heating of the vapor
fromphe | f; lsrasisch@ﬁﬁﬁdlco raﬁ‘a AhS fphasniin ftgeth@q)?&@ ssafly@nirage pdrerred
being able to reduce t e anmount of dilution steam
q{@:@g}npe@g of the 1r|ry§atﬁerf§0qehsethpté§@§qsdw vapor-liquid separators and a single

cracking furnace for heating the heavy hydrocarbon feed and for pyrolyzing the light

fraction of the feedstock vaporized in the vapor-liquid separators.
FIG. 2 is an elevation view of a vapor-liquid separator used in the invention.
FIG. 3 is a schematic diagram employing a single vapor-liquid separator according

to the prior art.
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Brief Description of the Drawings FIG 1 is a

schemati ¢ di agram representing the process flow of the
w@e@ared enbodi ment of the inventive processPCTIES2007/064599

utilizes two vapor-liquid separators and a single

cracki ng furnace for heating the heavy hydrocarbon

feed and for pyrolyzing the light fraction of the

f eedst ock vaporized in the vapor-liquid separators.

1B t&fed D s &ipditn 6f @Y dlveAbnvi ew of a vapor-1iquid
separator used I1n the tnvention. FIG 3 is a schematic

di agri@herp Bydrergrtansiest(ie- Rararbanglipdstesk papainge undesirable

ke %féé{n@&s ta@abp ﬁlgH Hoflfn %&:h [R5 @d s QR R RAN bP tcbﬁ’lﬁleféﬁy twﬁ%nzed

I nventi on The heavy hygrocarbon feed (i.e. hydrocarbon

lfnééfd SeyeRIcBosCRIh corsliimde $iay amr@r@@l@erq@g@@é rhgayys hydrocarbons.
glll Oz{s dgi:cgfﬂeraﬂ IIACHJEIQS Bétlt dJﬂlIrI ﬁl?cﬁtah&) 0f OIhlafaﬂl fr @&ﬂﬂé p&ﬁt heavy end

COITp etely vapori zed under convection se% tion

feavtidist proses) mmjee@l@mdf ivecentaimmglee pfecyreay pr foulants. Examples of

1 erej n. ingl
Jﬂl}/t%ﬁg Fg{ljsﬁ]@cﬁlsc’ %ncHﬁ EJ'P aﬁee}l%t %ﬁgd Egr é% (godil(ﬁtlg ﬁgﬂ)glgl sl}?rt crude oil
Iendhe[srlwatfy bmeqarwaentamsrfr@n frefindnt modestehatacoom pas mlschﬂaey gas

of sui L
(F éla(g [ S(’)llor%t{hgrg x%nmgf'ets llgﬁlé({rp %ltlt rthofts féllg}t(?cg%oe g%egplballted oil, oils

depiv&l ﬁf)ml @angamlndois bigid agd vekd, idl syhasdlcd He®ocdi@ayguch as SMDS

mreflne ocesses,,. vacuu
QU B0 PRl S Mo byl it RGP S ey MBS ey
thtﬂ@@nmm& pRBcts) Fischdrmirdeeh p@du@haa;amb&btﬁa(aw I, oils
derived fromtar sands, oil shale and coal, and

synt Hée Ill&veﬁw‘l’léélﬁ“fc%?fgb@ﬂ% pvhils redgppae (“Sﬁlél I ‘ap/ppy dfjugtration of the
iPleptibh.! Bl oDNEdIesios) e ﬁié)@c%fédﬁ ,théFhlvedti6R $naly Qndthd@Ung number

heavy ends, Heavy Paraffins nt hesi s products,
o e rof TressECHens st §a%{hépsmhfﬂd&?%a<§% or frgfeen a described
dolNE Qﬁd &@tlhfﬁog Q3 J’ﬁgcegﬁétayv W i Fink ﬁ?l%fyrsls rﬁgrn!lc% 161i9fed With a
as an illustration of the invention. is to be
depded srwle ik Pragrudenel] Siagpas gpntpin@zinigle dd iepteringynt tle figestage
Q%aggpg?gfr a AN diypes. N process steps between each
escrl process step or between a described source
and daéstlirsiatago proedtdri 12 ia tlpfr coegsios seion Thepiohlef # hek of tubes,
\91¥er<9 11 ¥h§: c%ntfe{ﬂjtr NAGE tlilb%s %11% heﬁ d Ihgﬂ? b? %&rﬁ/eg % h%%t%g%stgll }rom the
fTacti ons con n|n ering
aontbosttdnegdm mstmgtf@ge tlp:r ﬁmt esectfbﬁ oif tt& pymlyelstﬁumacezonla one
at er

egrébOflmbeﬁl ag Sﬂ%e 0611(2 a?l Er{dgorggr}%(re% uet ds oc fﬂv ﬁlc ngﬁghe first stage

p'rél’ﬁ’h&f]tls it s hdaedtiol kaaﬁmpéretufbeameh‘i pmnhdmredayorbcyon of the feedstock
vectlve heat transfer .from co tion S )
et e L L LS8 BSur TS P8 a R oft andror
Mg R8idGe fdelstUREiteNbQdRIME RS full@Sevhfteat€ tHedeudri dil @aght Wng residue
| ong residue feedst ock travel s through the first stage

iscHfesdhaldomet promojescakingrip fhey [ sisiage REBFAeTy As uigd; efpin, coking is
RERIRS RPrBMRRONIRL NAPbsitifeof BEUAFHR carbonaceous solids, including

tars, coke and carbon. Maintaining a wet surface on the walls of the heating tubes

substantially diminishes the coking phenomenon in the first stage preheater tubes. So long
as the heating surfaces are wetted at a sufficient liquid linear velocity, the coking of those
surfaces is inhibited.

Further inhibition of coking is obtained by limiting the temperature of the heating

surfaces and all other surfaces that the liquid fractions that promote coking come into
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whil e | eaving coke precursors in a liquid state. W
have found that with a crude oil and/or |ong residue

wo emwdstmek, it is desirable to fully evapor at eP€T18S2007/064599
crude oil and/or long residue fractions that do not
pronote coking in the first stage preheater. As used
herein, coking is neant to represent fouling by
deposition of all fornms of carbonaceous solids,
doRGbUi O hE @E $malGaKRrand at iR e MRicHiRinBoP Bnd rddRlue feedstock
surface on the walls of the heating tubes
ig hepdeBinttheafirsystagenirefieaiseal hmoeRiMgOPhEhHe ryd tgmrepures of
thé B@attmg L@aRePMENERNEFestiMRER ce1Stel 981& (ﬁ‘:%ostltlﬂiﬁl (tm&h Wil depend
surfaces are wetted at a sufficient liquid |inear
upeh ¢ ragticulaherudokil g/ esflongregduediasdsmelesomppsitinhi the pregpure of the
t’é StdaE Tn the H%sPétEgngf?etfé tef QK E pbrorRRERI & Spdd¥ich! e \J%lgor-hqmd

e tenperature heatlﬁg surfaces %nJ al
%ngratarﬁés fthane pméoclhmqun @if fheaiovinting, thhatrudsr @h@tl@om bl gsidue
faegc[TFOHi( ?s:i] gegtggr‘l] Engtgle first sta%e ﬁea%gaoganreexétl t%m e? rtlgrté:g);t?l ?{st F)(%O°C and
eatpaderably tihign it @mpslﬁalg@om eheatBroCofintoiRr eAPNBEEAONhe exit
zone so as to avoid tenperatures of the heating
spsraesof thedeedigk fomdabinst jiagepedereriatefe spreot about 375°C
0 on t p ' .

HSRERE P RADR ATl he (ATRERIC Oe HRPBL S Bine resiaue
fedristopk es8k rtlea obestdiehd @nsdﬁétgaqkeheatelt ¢thangds ostr st¢cmgeuum, generally

rehea er erformance and operati on. o he
BifoFbF st GO apUFIPES ST AR eRBEHA AP e boratore
wiiivien temmhe titve stﬁgel{delealef iGin désitable e Gesisase tHel %nfp@ﬁdﬁé make exit
i s he din the f|r reheater to exi t
R aPaor sttt moneeiet Bbp b SRRl G oMoy B greaRamib e and
@fp&¥iute hRMRGLALUIS €hfat ah h@ast BA® Q&Gmel B @fdABEed during the
enbodi ments, the exit tenperature of the feedstock
Yapogatip Upus kegping e walh pbihe 40@e wedledln t he range of
aboutThd 1RG&si® vihaH the X29GadRes: Q@2 110 Gs h&aﬁarﬁdﬂlﬁlﬂy limited. The
tenperature of the crude oil and/or |ong residu
e tvgern heditsestaghrehgpiesisgengrplly mithigta wagege 50 psig-400 psig,
Ig&g?ggggﬁygg§n$g§f@wgbpgrcontlnuun1 general l'y rising,
as the crude oil and/or %ong resi due flows through the
t ubesoujprthes iptit thenpedustion endadeppkilierhof eokexdsperiallyen the radiant
sfebt{(ﬁlt of® ttl?eg ﬁlrﬁ)ffcg%ﬂt oF ass slt 1ﬂ %he ??ﬂt El@ep[l[oﬁ (t)fo ligﬁgsfggcﬁtotcﬁse in the
nperature at the exit port o rst stage
q@nedtraam egctibw ohtht Hemawsny ddmtlomrgaz anied d thei fngacti, amwet @mymonly to
nreeoﬁS g)?ee?qao(\)?\r}strog %rerf;eadltstlé’l){:keheaé u% \gf%grlqutlol% ﬁonlgzsa }ncorporated into the
apap@ribz sdciianof atﬂyuxﬂyd(eﬁlmmg Ih be embdimmhts tdheribetbhengn, the feed of

wt.ted. The pre re wwthin the first st ge. p heat e
5NE isde AouPs B Br YAoPr i e oecrve pyipbeliife PRt pien breheater
Al}i}egafsicﬁﬁ be ﬁﬁeﬂgﬁhlﬂf plbﬁﬁte@ thel &algﬁmjg?jf lthye (kMJdeh%Jiharﬁl/dradS@ereﬁdue
o 50 ps refera rom.about 6

t5edsgek. ToT]?eué‘? Hign %ﬁ% hﬁe th’F %1 B?tﬁfé‘ﬁ@%/ {:ﬁﬂ il d%p?é?glﬁ%ﬁlﬁ and
194in@RKE, th@ SIPRGE@hk Yf kHe f&atobR tHrdlth tﬁ@@bémmébytth@ tubes remain

furnace and to assist in the vaporization of liquid
\f/g@a gfl{lq)%\[@éd 3 ﬁrattlﬁgd flow. Examples of dilution gases are dilution s eam, methane,

nitrogen, hydrogen and natural gas. To further assist in feedstock evaporation the dilution
gas can be supplemented with a typical light pyrolytic furnace feedstock such as ethane,
propane, refinery off gas, and vaporized gasoline or naphtha. Preferably, the dilution gas is

dilution steam. It is possible to use low temperature steam (meaning steam having a
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convection section of the furnace, a dilution gas is

fed to the furnace, nost commonly to one or nore
w@ooritoise of the feedstock heating and vapori zB€T/082007/064599

zones incorporated into the convection section of a

pyrol ysis furnace. In the enbodi nents descri bed

herein, the feed of dilution gas is a streamthat is a

vapor at the injection point into the first stage

BipLeREAIr at BAY 1998 GABN0E),Usech WY 6hoP bOERL@Sattd&eam) or even
evaporation of the crude oil and/or |ong residue

Yaeidd seRr. s TReadilplei dhe gargupted dlilnfipresipay ob RirlF gddadycan vary
WasQ. assists in establishing and maintaining the flow
regime of the feedstock through the tubes whereby the

t ubedn pe ppiianaljatt pederspdbnzbedinggnholsthe gvemticaga faedwf dilution steam
ﬁ"xﬁﬁpi)@édd% todﬂhlf: U0 Bil ﬁ@/grslok"}%?e fél'ulz QL kSh BRMirst stage preheater
met hane, nitrogen, hydrogen nd natura gas. To

4t any peint paitetthd exif efetis aeliqued mpduratiicon theHastditdga tpranater, but
}%@f%raB%nat t{ﬁe péneiqetﬂ(—ts ﬁ%h(\—!\c‘itérq lﬁn%ﬁ%t ?@)r t!ol \Qlllgre ?Xtﬁa@v%ﬁdr&ation

Urnace feedstock such as ethane: pfopane, refinery
lwpins das theapmulposapdringeidg gasanie flow majpiet taquickly obtained in the

Pr.ef er apl the dilution.gas i.s dilution ste It is .
bEaFhT D ¥ ol B Rl bhRRuaR b b st (T aBh AR f b o
dndxor Mehgakadqpefeadsuick obfiheafirsl @agt praidk@Er aod p3idDeErhal to pyrolysis

i ch. may.. or not be superheated stea r even . water .
s oGy B B 4B P THGES BT ofrieT Qi ol is no
B{eRa) i0fs pratedd (RaderixmiaMoxAd 32 W wed ¥ mikAhadea@PindaR@deedstock.

but preferred enbadi nent of the invention, a feed of

Tis Ao mspfeede'arpdd 8 Traier paouy qbarredrettpb didiipnstegin 134 sy vapor

duRBGoTBS iy ﬁagee\%g&ﬂﬁiﬁi idpartald@ 20 i SideiSh 2&urP HRh@B N EFor dowing

aq£ point prior to the exit of the gas-liquid m xture

Pripndopastieriist copggaoppetantherk ihakvayy apeicaly gewtpofend no

RAGEARA drfart BEuR! &8RS e HleNDpih Y SbnREGRY the Qap¥rShfet of the

initial vaporization begins for ?he pur pose of

separetor any thendcarnaigaat bgnkow regime is quickly obtained in

t he I fer - i P

oo EnER il dy G L' €18 SR Tony o in

Jtroary in es paieesf el s Witk roopect e dlinat steanagie ippefraate ndded at a
LN Xt e |t [ 1S, fur ' i

ol B GhE R b Y e LY S o MR Eiock messrea

antthd igjeationgxidteo essureathatrtbgdilutiod gas does soproaflerse,eubrt hatferably at

m Xi ozzle 42 be used to mx the steamand the . . .
IPsbAS OtV e Grletis iy dpit FEAUG Bodigk dmRPR AL the injection
IRUNhe PlessakRgrdne@ieds & dovpdr@ulgtyaaniel3but i OprtRbKAREcient to
outlet of the first stage vapor-liquid separator 20 in
BOFICEEPNNE R & 1@%_@?% efe‘?ﬂ_ék%]t{ ﬂPWof\?xﬁ:eﬁth’ Rjcql ggution gas _Pressures
LAWNES (h€ RMdE BN VR E/b} Vg $65dde FReRRBK afe&viﬂ{iﬂ\@iésraﬁ’é%oéﬁ(hkﬁ) psig
demgP0|nt and no condensation of tars occurs on the

et 3’0 B¥)t he pi pi ng connecting the vapor outlet of the

sepangal gés_hadﬂlg & Ek?d AN &téeﬁ‘ff‘m_t(pﬁﬁ@ Hirst fll#age ﬁl@ﬁgtag% %ﬂdf&%o%stream

the dilution gas 1s at a mninmumsufficlen

ol mtaai amauhieursorabavh (.- hal G dge olisieyn ateke. W hvrpagpadeed being
9 téj tﬂe%léhgrﬂ sgétﬁ)ﬂmiltﬂohgﬂ ﬁigﬁér%t%sa&h)bqugcﬁdPI%%erﬁ)ly the amount of

steam should not be less than 0.25 kgs. of steam per kg. of hydrocarbon feed.
The percentage of vaporized components in a gas-liquid mixture within the first

preheater may be adjusted by controlling the feedstock inlet temperature, the quantity of
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tenperature above the tenperature of the crude oil
and/ or | ong residue feedstock neasured at the

WO pjogatioon point to ensure that the dilution gesI/USm®E7/064599

not condense, nore preferably at |east 25C above the
crude oil and/or long residue feedstock tenperature at
the injection point. The pressure of dilution gas is
not particularly limted, but is preferably sufficient

dpoad1 ldawidnNit@et AdABd, AW thedeMbél@mFcastapiolal b@RelRh©E KilkdRWicam
rates. Typical diluti onggas pressures added to the

et Ui drudaral ael/or kg roskBip s pedea S1edER Stee PRI 2t he

rang@yRf HQrdtRQiRSHDr (o Seskific FecBbk hak bedShedRd i ABliRe a gas-

to add dilution steaminto the first stage preheater

Il evxtgrowii st pelhdrawh from fhe fant seesumeheatst thyoughoine B! & mixing

: | 9 Af:

K24t S fREen Shn SHEPTUBE gihuorny, HELARPIRAY IRy 8L e

ve-vapeded Ppisioe oaltheycradveoih amiiort loeg resitlec fred holutbld isnwithdsevn and

ergasr%te(tl Jhrfﬁgl tﬂe %ar’ 0 ?éd %a(s’és &Itﬁg@ugg bil lcsugd/or(:)ﬂ:)n }/e?irdgg f‘ereg).o Fhe vapor-
ed. € percentage of vaporized conponents in a

lgmel bdpguaica cam ot wang separdiom indhelify # syclpreefvpaner, aregnuege, or a

fad'.us&.ed dby. cont rolll in Iﬁg fee.&ist ock. i nl et . .

traech%%a 190 JFEce FAGRAATTE U ISPOpTT BRAFCHE Y Siposiga,separator

ad de donfnctdtih eccepryplreatry fed afhe@it ihe Rajor sxipahd@ato the separator

di |l ution stea dded the crude oil and/or |on

Pl G et ERUTA of fls FPIEPT SF AJED SHENGEY YHoFEH the product

dBsexi i stdeld eheGbparandiuch ad Bo@n sy due feedst ock has

been heat ed t,o,ci)roduce a gasliquid mxture, it is . .

Wi t hdrrhﬁy\)ﬁfp?fr]&fﬁﬂl REPARPs PP NG I HPEALET &y S‘tfﬁ?l_@?}g‘ﬁ’ Ppjpiein the

fhpdi@uf i 1Y ALighi8 M&nROFihemel@n@ YBPBPC! b WI5EL, preferably

separator 20. The vapor-liquid separator renoves the

wigna teparge € d0EoY ©iSen° (o f Thehaperliggal enperady @n bk edjgsted by any

PRI TE aoedle kit P THR BRSBTS e by we o
axesnal heat feeedngeFhendvapgrihergasing the parpataoire eatior@ovant/the dilution
separator,. including a cyclone separator, a . o
FERCPRE L 188 rh ) PiogRe P e B UG  shmiry s desstibidn US
neaiys. 0b37QTIX assi 61632,36ne whago disciogutd age hafeBf Ghcdpitated by
b§ configured to accept side entry feed wherein the
F&pdfc-exits the top of the separator and the |iquids
exi t 1k hee BRiéam ehbddi@erd SRR &pofizedObasds R @t Fivst fvagsh-liquid
wherein the product gases exit the side of the .
SRPHPRTbIC SHEHCBY SHEWSUPHIFEY 322D tpranyegiet 2qnp g fig pyrolysis
RERA! B QerOBGhALdsP the! @FPEL@ELSENE Srrsidf frb&l £BbichOemperature of
maintain the tenperature of the gas-liquid mxture
ORI °¢ e armagrgaun fleBpBauieg105 2% excep € br@bh yoyjontifthe stream
0 0,50 r -l j:qui
e D BT g e g v for
taiperstuiengynirpleottiengpermalt wper-lofuid fepafiweds thyciecdndatage pecheater 21
f y, . of ter. C : ;
e A8 g e B O b SERBRARES B Bpeber i
wtuedm theudeechdt wpottliquid sepapraf3er vie dinendodnd®@ht If ddsged, a small

SRRl (SH JeAH! rglays eﬁ?oatgeagd(agd {osthf(::I Stream lge?\/gngl He Hlsperheater via line 45. The
major portion of the vapor is mixed with the liquid 15 from the cyclone separator 20 in a

mixing nozzle 40. Any mixing nozzle can be used, but preferably the mixing nozzle

described in US Pat. No.6,626,424 should be used.
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Pat. Nos. 6,376,732 and 6, 632, 351, which disclosures
are hereby incorporated by reference. In the preferred

wepdodiivent , the vaporized gases fromthe firSPCT/US2007/064599

vapor-liquid separator 20 are then fed to a vapor
superheater 32 in the convection zone of the pyrolysis
furnace in order to increase the tenperature of the
stream froma typical tenperature of about 427C to a

Maxi MuBsd SAP S4pdE-UGBd Bparak ®eeEhiff b B irsfy fh% @ s@hrator,
the stream | eaving the superheater, stream3

igfs IS MABAFOITE  ISYHPRC SEPARYT bé'S riBuitiention gt th%ﬁff@fl‘étvap@ liquid

s%ﬁeﬁ!itﬁpl BfrehibR &ﬁﬁﬁﬁéjntél AR mokh 4 lﬂoﬁlng%ﬁftsafegsr thak 894 @e(or even
second stage preheater 2 1 to cgyro zed to ol efins.

Irgher haflise ppigkst depandine @m@eémee@nﬁeﬁ weknigomtee vapor-liquid mixture
‘2@%2&? glt%g%uﬁé t1h1\§/ Ingfﬁlﬁ‘flﬁ ﬁlg ?&‘H)\ﬁ%né gg g{eregfél?ﬁﬂgﬂ,slrtﬁasl c1es1rable
tarednae thef temp@atmerﬁyheallqmd ﬂ)@vme dlesdsecond; Yagosiquedypaparator rapidly.

%(fec%ﬁ;]%%t %eﬁéﬂps%r&ﬂg zsgl?s\%ld t%ﬁp{c}l épzl%duc% aaa- ?gntﬁkh%rt?rﬁgerrgt{n%rbf the

laym:d I@ane‘ngbp afrcancbvapzf)hqmd sepataxirn @hhm@l agy &pe oAngssetimeyrhg used
BEEErF IRl Bl DGR el D Bl F e
@&enohidlocapd funddrapathd the ejoadndt @rpoﬂffmmd)@e}ﬁramﬂ taf tHaO ptﬂ‘p@se and to
first vapor-liquid separator,
WEPlotH? Eeng’éﬁ’&ll%\flbgns Kamy i éb(?“ﬁ@%ﬁ)\t ?dﬁ““é’f 18 tgﬁ’ée@]é’c%?ﬁﬂ’ted to be 2
¥RAPQhmutd \Ql‘iﬁréj nS SRAR4R ambsnttd® tﬁe@xﬂﬁlv&a&ﬁig%ﬂqm&%w@et I addition,
normal boiling points |Iess than 5900C (or even hi
BoracPrvapereusd wrepaivamay de Acsigned aypedoenieydiorowil 2 t0p outlet
fof @Evipe aH@&Q{orﬂ buffied y {He%lhtﬁﬁ%né{‘ﬂ'nla? iRorfdiRe £ BNt EdMEpartment
n1n|n12|ng he potential for fouling of the equipnent,

fot receivide sher iyl eliminageide nedtefor e nprarag vaseel of recjpe the pitch. In

e t
thé gwg%—reld &%YBC Bgndgtnpeﬁ @ﬁfﬁgﬁ‘ gtaéeégg og ltslllg ear)nqs ?ﬁﬂggeeg l%)r withdrawing a
p@ﬂnmﬂ@m¢b@m@emandﬂbmnhq¢wntMEEMEnp@KaEun@mwtbnmeodng1tmm
rlgﬁl:%%ﬁ% it tg ﬁ}” cpr?n)}tpgapé? algegnggiél sp aclhle cgﬁlpll m Cfo?lpcm ec% C(\)/oelec% ﬁ:cycled
liq'uqulnd) thds mpn df e dreahavevhp hquldi ileq'ull \da S emay ah®IThe chole(Srecycled
err rtic dru ate under. neat h

R8T SR S P b S artay Bk R st P RS iRl o
HeQove b tstiice tolf éhet IRIRIEIE AU @ viaportthRing thd fesieTogd abab®1stpréfteCfrom
which is generally accepted to be a tenperature where

SRiriaE gbe AERMd corteminegm PRSPl lianideRy Heectipr pf e apall flow of
Rpa6Scd (uadtitndns it Be RHGRRINARRS drhih Ak d RERALATR (o form

nmay be designed as a side-entry cyclone with a top
pupPeharfieybetigen figgorm ardhbeclodm out | et for the |iquid

and 'Tthe Yid EPRY AL « Q:g&ﬁ £ fo fstlrl typically be fed
recel vi Eg Hﬁ&ﬁl C]UIS ?‘% Im nép\%h ?ﬁanégg% ]IOI‘ ayp Y
teelar atr@mdné §§é] unut@r péobenoe carhlee L};Sﬁ(i o fuplpitthandprrebapowdt.
e.nbo hg"?l@\;aht gass'é o%ﬁ%eﬂqﬂ% utﬁgg%{@t?ll is tootgaa a%ﬂe %gc—g}{te the
wi th ravvlng ort h al ne
mmmg@rpiehemeaatm trlodess egtdn denepecdtone3 7560 ok iengn ]otWeamtdi avoid any
significant coking formation in it. An important added advantage is that the vaporized
portion of the feedstock leaving the first vapor-liquid separator is readily recovered in the
second vapor-liquid separator and it together with almost the entire amount of dilution

steam injected into the furnace convection section are used as a lifting gas to promote the

vaporization of components with normal boiling points less than 590°C from the liquid
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recycling it to the drum Rapid quenching is achieved

by introducing the cooled recycled liquid into the top
wo@Roorheroty um above the liquid | evel via a spraRCrUsm07/064599

The cool ed recycled liquid can al so be introduced back

into the drumthrough a distribution ring immersed

just below the surface of the liquid |evel. Hot vapor

fromthe cycl one above is prevented fromentering the

165k @B dire @PASRS ITRYp &Rt Bethd Rbht&d %ds Grbin€lh ¥upoie@el kied to the

of a small 1| ow of super heated dilTution steam 43 into

aeP@dtV&Borpl&utq BHUBPT i@ o (freapiot helyps Bgresnt phthedreated gas

n@riie Pori{GP&Y thORLdd€as REANEE Mhd slagorﬁrs@%b %Mea‘t&tﬁs f:nyﬂila %%e of 0-

The 1 quid product 39 fromthe second vapor-Iliquid
Heypdyrag pArcaff-| The Ning g4s| Bropetes waporigation ph e campergnige the liquid
r
s Bl e PR Q€ AR R B g B tercey
allape rthdrm @v@oseqoarlawelr teinpetamrdsen ameé tho sappreway éhat kpvering the
0] t r
iy 1 PR SRt Bheif RS o btk o BIRF Ehbife. By
rhwnm&hngotme iamount, ofAlrftlngrgnBr tmeqmcbdeqbeadvg mtma@atmrs of htaet second
he vapor! ze port on

\fa'p?r ]th A pe(g?ragor &lllglélﬁg ragé SCCOI‘(F ng:f%g‘l& HOSSlbl OV er Se(% ?onhnatlon in

théecseC - Mqimbsfephﬂa@u ischispepaindkal S@lha furlhelt angattmrof%m\tﬂﬂg two

al nost .the entir nt of dilution steamin

Tt Puince GubMotors G & el 4k SRy eparor o

el inlidpaadegag sﬁ@r@ﬁ@ﬂ@ﬁ €het dRVOLEPOKEcTiah itOR valle EABPONMpBratures
w th normal Dboi poi nts | ess than 5900C fromt he

%lhoeymgdb%a%ﬂa%wﬂ S yegICqpehOEh PRETEETLD O ‘fondrapor-liquid

ﬁﬁzﬁfﬁt@{dtog@&vﬁf ﬁl@btt&Qh&%@&ﬁ&ﬁ%bﬁlﬁoﬂéﬁtmﬁdmg oA f‘éﬁl@sodif(iess than
For liquid separator is in_the ran of 60-

8T G fremgeg by leaing the fikw XRrog ligeid sepseri@the porti on of
the heated Hiost ijtth@ gec‘bﬁd (NH%I‘ H&HE Qéi)alsattcﬁfgﬁogéﬁgﬁ?\ta%Bniea light

in the range of 0- 40 volume percent. The fting gas

PP&Istt 68 VeS| ‘stﬁ aaredl mﬁ@gd@nﬁ% ﬁ@rheéow ﬁ9Q kebyl ggudfch large

thlib%ﬁ{B op}{ftﬁlg%glt fgtetng)%raﬂﬂg tof "Eﬂe R (;ul(i fator_ can be held
nponent s hase an ows t hem

Wmcalbrpmmtzbmat thaovﬁ@OO(E énpexaaltplﬂ é3)° Cnornhgwhr t Méhes dlmefiayapor-

Lin e nr r
F uﬁf seggra elgf{{'edtzg[ %gﬁﬁy 4§(t)0@‘a, tﬁo%co&i %}P%g E@? H%géaraéor could be
cmmsaltatﬂl in |thegangeeofaﬂ() tnd805€. ITihe Mrtgg of) alae,rattolne)f m@cpaccmeld/apor liquid
{ eratueof { econd v, hLay

SRRRPLIAP o FREIT Bt el AP TP kAR s
lﬁ:ﬁngQﬁ&if@rrédlb e hin@re doRe tldfp@sﬁem': onfduvapdithel dqqipménts epar at or
|sa o mn rt her advant age of havj

o VEBSFUFS dezeepirt sRe 6 Piag PR Bt v e 3
aﬁa p@gupbﬂrlaafcemgy theedfitios bf ¥ apar ahd@ubdisepaksahard 1t thdixwure is
i ndependent |y superheated in _the convection section to

themyice] do Fhgrigeong iage fsBratT il e dY hegiil iy (Rerecand sE8p prepater as it

ﬂ&vsﬁ:ﬁﬁhﬁi’ @badRa@be Lomisabh § LERIRIHErRBardt BectiB€oSBE Athce. In
vapor-|1quid separator to recover nost of the

the agsrbrrecwsypehl Serunirrgldsicrmmys puttateds Bily pedgated to near

(trl']ﬁsrﬂ b'éf%QQQteanﬁ%thJrQ Gt 'w'hf?cH'sggn fRavd Reustdee cfa!chﬁé and associated coke
vapor-|iquid separator.
deposition in the preheater would occur. The mixed feed subsequently flows to the radiant

section B through line 22 of the olefins pyrolysis furnace where the gaseous hydrocarbons
are pyrolyzed to olefins and associated by-products exiting the furnace through line 23.

Typical inlet temperatures to the radiant section B are above 537°C, and at least 732°C at

10
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Since the purpose of the second vapor-|iquid separator
is to renove vaporized light products, i.e. products

wob@sa1790Y mal boi l i ng points are bel ow 5900C bRCTIE82001/064599

a large anmount of lifting gas, the tenperature of the

second vapor-|liquid separator can be held typically

much | ower than 5900C, for exanple 4800C or | ower.

When the first vaporliquid separator is operated at

B 8xit, hofkORBferablyt N GeaSeBONY M@RRE-PrBdbl beERAE MPT a‘ﬁ@%@"C to

be operated inthe range of 460 to 4800C. The range of

mparigcrashingfol idng ase st chaapaelebileuiodos epdecatag reight plefes, i.c.

p
LR BB RO UP 1R AP0 AR L
iddpdssibui e ot linowt i tngetoflerteh erapgieng riediend ntenhaat edlrogen, and
] [ r-11quid .

Iglétg%?a rot{{/%:rggﬁ%cﬁteﬁg%etfan dlﬂa%af? o pergdn raﬁlgtgz %ﬂ)?gl%%%sé Ethylene is the

@etthintinamn pofduet, spithally aamgingtfrob 16itb BOI ek, Stednomthe widight of the
xtur |s then fed to the second stage preheater 2 1

‘é?ﬁ%“%eg ??g%\?é% in the second stage preheater as it

f | owsI'ht hfrodegh of ubéESn\l'eﬁ@drﬁ thhliits C@ib s trhaion g\aﬁlﬁﬁ thas cmpor liquid

t he radj ant f the furnac In the

SPayRR o aR S R0 he Pine arians oh hyebg e Vet e diedresting

Jusfaded lihirPihe lﬁﬁsatstags préhda@aknddurfatts tinddRl (BYW dbot-8HNE k@athi®s and

at which significant feedstock cracking and associ at ed

%W@t@é?ﬁl’}@m@pwm%m{ Heheeatdstags PRBA occur. The
M xegy f(ﬁ)?ﬁii SHRFSAHAR 1) dekipWs ﬁ}ﬂi’olgltlikecrﬁ@@dgai@)he &RC LA Betion

through Tine 22 of the ol efins pyronS|s ur nace where
AHEe dasesusnhparsieansens farmyrgyially segking tey BYdregarheong) of the

@%MH%&\%QOI{)}% Bfeoﬁi,%go%kqwtﬁér&gl §1@1@ { Pfoﬁé&%aﬁa%%&& molecular
I'Tne 23. Typical 1nlet tenperatures t he radi ant

weightjodHing segheasginene 5SEPEY lengnand dutadieae t Th® @yea ptefia-rich product

Iﬁ&e fr |p$ o@é 1%f &h )6/%8%6{%1 ﬁgs%%%glgqgndu?tn% ”%st stated above, the

pre era tween to pronote
myragtd argekofg pr@imgt angrisfsdoverciding buohdedes eghet derivatives.

ol ecu' @bse\& hgreolllse FreEl J‘Lhe ]ﬁh(e ractl(g]ns c?rfal}\)érllsrég (RE lr1)10(5]rocarbon

nunbers g € range o ol'e
qoyipolinydsi hatf tay a;un{eahlyl bk uded abutedatoek Mat trhditivrtae qbytod)ytlc crackmg

R o BN PP yadiehs: B TTR rpclir AT sy B0Certon

faddioakO Mtidic hptredeteh Sconfpotiyds ene gel&rztllyethpsfeeﬁlm@daﬂﬁhs that have
product, typically ranging from15 to 30 w% based on
liqli‘@a]v@ﬂlﬁ’rgttelaf’er?tlﬁ@s \F’é’iﬁ‘éﬂgi’@b}mg dRY PRS atTh@ Ba elclesdhygy 590°C,

vap gré'f%/ Z'legg tHaH%BJf’Hd Snf QK %g{l}lgg gpﬁdﬁﬂﬂl f‘éécfs{(])klg plteE]s%res required at

separators 20 35 and in the fir
the aglet pf elhaeatse rsta2d,, prifypate o nifdednierkh ythavehave rigen Irderlmlatlurero;gy by
ﬁ&flg%ﬁg‘? OWCItum% r811 § tﬁ Tc'ed01§1 ae ¥ P({n?al?l? g&ﬁ onglﬂg vﬁtﬂ&f)\%grel’?ormal
i nside the vapor- |qU| separ at’ors an soci ate
t&qum'gppmmtt arqos:tuaﬁzﬁmomef piaffinge momdurs taad eerplr ®higabater hydrocarbon

SUARLY AL 608 SRR SRSRra2.IoLAGE BRHEIHALS g v
ﬂaédswcﬁbeSermearfﬁ)nf ofudp ilohyt donalid Yorapameks vgtht Ri@her normal boiling
prg)){rgsr og?s(r) kt)t%rs]es feeIlst(gclilse with lower normal boiling points can be easily processed in
traditionally designed pyrolysis furnaces.

The pyrolysis furnace may be any type of conventional olefins pyrolysis furnace
operated for production of lower molecular weight olefins, especially including a tubular

steam-cracking furnace. The tubes within the convection zone of the pyrolysis furnace
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vaporized fraction of the feedstock to thereby yield a
product rich in |ower nolecular weight ol efins such as
werdwheney propyl ene and but adi ene. The | ower PCT/US2007/064599

ol efin-rich product passes from pyrolytic cracking
furnace 10 through conduit 23. As stated above, the
pyrol ytic cracking product conprises |ower ol efins but
i ncludes other derivatives. As these terns are used

Ihgr Bd Branbfifad 4 Bhk Jriaset h@Fargwmrltmbtshﬁ@ebéﬂmngg@fob QRingle
npounds that may suitab be used as feedstock for

Rals%&f the t?ﬁ%%tocwltrev%h the C‘@’r"ﬁ%‘t@inr?@mf U ifBe Bdets the feedyteek may be split
&%@Ql&%ﬂgffee\ﬂa{ﬁ%é %h&gco%ﬂ%séﬁ/ 5f0fhéﬂy| shd ghtytuﬁesqgefceﬂnected with U-
I'i qui d hydrocarbon feedstocks. Such hydrocarbon
featpoumds baled lyeriaglaiitoy patsssemphsedrob sunb eifseht iges ggreonnected
Wl ﬁaden@soﬁltduglg w‘hﬁmﬁrtﬁé feeqﬁqck %@Q 1%91 tIHQ 'nhétﬁ!& the outlet of the first
tenperatures—at 1. 0 ess an 5900C, nore
qmgefmfﬂawmy P@@gawmahﬁ B@V @agﬂalvrdhmee iy ¢q1puprx§sd af ompoermadre single
e g he. i fi
]ga?sggaZﬁ(Q ugeast elssp%g%lz g&% %Hn&gchoﬁtz?ﬁ%(gfvtiele] lﬁlgg f&ﬁ?ee e &econd
qhige @oﬂhleg;telbya}f Flache onaglé pass of moltiptbepaed lj»anh nﬂtubbsdjut preferably isa

I on nat, el contain co
x‘é%llgpl r]%assp C‘)bla ]%/ 5so E%t 1ts5 LngSF 1€ r}%?pe 18 geclé]f:e(l V‘% the re ence time of
I@iﬁﬁbchﬁlﬂs passing theduigRrit hy cirhmtranz&xbn ]fne&ﬁBtpﬁsCf&reM Eﬂnbodlment, the

R R S R R R

mwingtohabr SORIMAMD GNP REIth 911\ tH chic@lwranwaf mﬁlg ré@mub ifd@@stock
jga+nts Al so these feedstaocks with | ower

§ iirhiga Iﬁblflﬁlﬁé)a%%nlb@r é%@rhe@tl%r% élg@ét&)nl oﬁ the feedstock that is to be

pyr@gieliiignad kaifesdcanged h@)éﬂ&h&ﬁ'asseﬁ)hiﬁ!@as@lﬁ&hea-ﬁhg bank is used for
pyrol ysis furnace may be an of conventi onal

snty Re VEpF Eplyélilesfnﬁwaﬁerc@ %’P%lft“@ﬁ Wahingaeltpaki B tupps may be
hﬁﬂgmtﬁgkéﬁHtﬁﬁm%ﬁhggbeQﬁﬁ&&ﬂéﬁ“%ﬁﬁﬁﬁkéb®xmh%%%%%hﬁﬁm§hmw
tubul ar steam cracki ng furnace. The tubes within t

condlgers ofubssne of the pyrolysis furnacenay be

arra I t
eSS kSl OGP b B o i 58
futthaydghvnsthre mcsunly e thie ripind redingto tﬂqevapcprtleluld fehgator(s), the linear
f t it a I fie c
\é:egoﬁgi ioggié %?cy (Qleansdpor lsng %? Hl%) %g(ys?olrc% oy C%%H@(?Dt egfebte? S peduce
thlbeaﬂdsnce(mlmerrﬁyhekie]ufcbd htgh temiravgie @s higba rpmxiface{:mn@pnoﬁ@das coke

S ter ected w
o ookt B RS B S ORR N o s S vl o
ﬁr@mbtb&omuﬁlbﬁtof afthinNRuid lagdr wifagey peahgaherube surface and provide
Preferably, the irs tage preheater is conpris
BTG SR bkt fght el BB TR s G RGe gtorion of
@REV BilE Q@h@ﬂﬁﬁaﬁeldch@s Py &yl sndfdd nmqesmuttfeecﬁeelenﬁough the
stage preheater nmay al so be a S|ng$e pass or multip

X ek ofast ARSI e S At FORCORTHOP AN riepoalggg fhere is

DAt Bt of inSarRERSBHIR a PaRiRulaSreb R D6y A Hidhethe beneficial
residence time of hydrocarbons passing through it is

TiehPhi ke deduriin brgl todeniash érl vienisd dinedr cnerpe requirements needed

th %}ﬁ%%é fe@ds%&ﬁleanﬁ Qe sﬁﬁﬁ‘é H&lglr@}fﬂ&tsvﬁ)tﬁe hbb0® REohMBdate a higher
feedstock conprises a single passage
than optimum velocity range.

One means for feeding a crude oil and/or long residue feedstock to the first stage
preheater is through the use of any conventional pumping mechanism. In a preferred

embodiment of the invention, the linear velocity of the crude oil and/or long residue

12



10

15

20

25

30

havi ng one or nore banks through which all of the

crude oil and/or long residue feedstock flows, and a
worehoriLploee pass bank for superheating of the poP€T/U82007/064599

the feedstock that is to be pyrolyzed in the radi ant

section. In addition, a separate superheating bank is

used for heating the vapor fromthe first vapor-liquid

separator. Wthin each bank, the tubes may be arranged

flebsBCE Qd lenihc&EhPENEdIRE o YRA1 ambANAFMRUA Walehiiklo QRE feedstock
row, and each bank % have several rows of tubes. To
8

qonptERam ofi the fred BURIBIANG BriPTHOERBY pitB@sthefirst page prekqater, or at any

Iﬁ)ﬁrﬁ%sd%ﬁ Sh@at tﬁé fiR0GaddbrineRicNIA L e thtil% x&%%&%@ﬁh%ﬁ%ﬁ&ude oil
the piping leading to the vapor-liquid

qu
@é{@arlmgolieflél}e fepdrtocki theaielogisy ot iheyfeed thcfmhdh@ tibegpjricreases.  To
I e
FARLO i ARG R S0 ARRARS OEWall B A Shon S, B2 SRS Racer or
esrpedanthewaightyifghelicedsesk duneg the frest mmmﬂ@gtec@lhes but larger
Jn?Ju% 5]99 &)Sg t he heated surfaces of the walls. An
appropri at Tll near velocity will also pronote
f or e i man)ofcoalntdlmai Iole@usi; obylrdym fumiatesr rthy raditti ﬂg:tlbinetubes
%IIHPUI%tF s%lfﬁ 81e{1t oﬂe \I;e?r% o Jgstﬁnt 2 h?{?nrg ({p%léﬁon gft thosequbes
‘heposdetd @fnh@ifnvmbe prdNﬂek ﬁ)r hlheqhelfeallmg’}ﬁﬂrcracﬁng of ticese ofl and/or
cr ude. .0i nd/ ar | ong residue feed tock thro
bS5t leflSth e Bl R EE Mo A fgpace for
deoiend Oei@ioho6f @adodlepami sbétdn, eqlip@leRt dn§ nddte OREA HdiMhe furnace
ran%e of linear velocity for a particul ar feedstock

AemHich Ve R bh étﬂjéldP‘c‘fP A opdgt Wscogfuct cederlpg tregiment in the

I*Q@igﬁtr&eét@ndlhﬂ& NB$ el éﬁ‘odélsse(w (8 inb ERioBXhé SorRB&I08 ¥ection run period is
requi renents needed to punp the f eedst ock and t he

a4 leAptriy 1gng @ the aaphayt secpn fuR@etighes to accommodate a

hi ghey L HEN QRbHNM Meho Gvtidna Mg @onvelGorBaish &fs are decoked
feeding a crude oil and/or long residue feedstock to

nheregilpsichesiuied dapy tidsaqeency gs temamdg ang ingnoggent forgfigquent than
tﬁé’%gﬁ‘édcﬁrb@' tP@lf!Fp%ﬂ?gseE%%h@é%ﬁH% 1]5le1%raﬁ3{ ftf? c&%cuon section is
enbodi ment of the e

I nvention I nea
deheked rat @l éregudncaaidieot Sltiorg longst, diwed B@&s&b@ckom_sat tﬁahaﬁwtoe%tlmes
r..into .
1%3%% a%(i&é \%glaﬁt er@@(gn rﬁe%?ﬁgﬁgéchgéuel% ?Dgéoqq%%euﬁ?l%lgén %h(% anvectlon
@Cﬁdn)@n\d/lrétdllarm setchen 6f the lfursdcaglmyme@bmhtc@d at the saihe amy by including

i nt _desired S age eheater.. As th
Py Tiont RO\l ind b0 or b bed oREE sRAEIED 8 g o me
§e&§3’iddth§e beadsiraak by bﬁtﬁng/ elflowidf yremh ahdngir iree dhe tiigt Qtag@hpreheater.

ubes i ncreas chieve this effect nl .
e Y e e S i AP S SUER MY T e pglan
mtdrhrofﬂ{e flL@es dnaseehkon aldng widi i tirsOfndtsb@nd aagksﬁr@tcdaters
through the first st a%g preheat er tubes, but larg

anouft shecemppodungpisadpscripgd Ililﬁl‘ﬁyl s Fenis radiogy offlilition §team that enters

BY tsv¥&lon stafonag ﬁ%epahﬁ'@hé'aﬁﬂg Bitk, PRELAANb WG Sthe first and second
accunul ate sufficient coke everﬂbs 5 weeks to justif

$Hagq é’&?ﬁ@tﬁ@ tbgélp)hquip@rﬁe%mgttlwo@(éw pigyBigion steam to a temperature within a
range of about 450°C to 700°C, although higher temperatures can be used. Superheating of

the dilution steam is preferred to assist in the vaporization of heavy feedstocks where
vaporization temperatures in the first stage preheater are limited by maximum tubewall

temperature required to minimize or prevent coke deposition in the first stage preheater.

13



10

15

20

25

30

The process of the invention provides for the
preheating and cracking of a crude oil and/or |ong

wo e®@rdumid eedstock in a pyrolytic furnace w t hBC/US2007/064599

havi ng to shut down the furnace for decoking
operations of the convection section equi pnent any
nore often than the furnace woul d otherw se have to be
shut down in order to conduct the decoking treatnent

i Nt he yEdeb@bt enSRath@Noft MO @S entBY, §UperhBHOr&ERioR ke s added o
[ nventl on, the convection section run peri od is at

the st stage Nrefieatenabestiad/onbrLaprn Bee| RN e firshfagq pieheater of
tﬁ@%Inl%tlo%r@@&%rﬁﬁ@ttheo(fovxtn@@ea'rrpya%ef 11@9@1 séﬂaﬁlt&%v§ ﬁﬁilﬁ’é‘ nozzle 42
section tubes are decoked on a regul ar schedul ed basis
Atdedces vsed repiespolgamifagiiquedivesingiof the Whingvals althe mixing point.
freq

decot neeiBlie Py BERHRTEo LT RphARI A aRRRE Phssc having
dls GRedn alet 344 foergerayiny thainchwmg Rabliquidmstiro g e vaponputist 16a for

I { . i .1lo ar .

QRGN A tobor AT ol £ Sl o8 b BRRuNORG L] AR, I Ltosey
spmceti Heonc drevielet i4nis selothi nhaving  pldradityt ofseonts 2 apﬁcetl hagound the

cugv egen%en%%b b%ub%n]?rg&:%%% C?OS%L tﬁe er%dln%flrest]ﬁ?et H]ét 1{ iy o eiir?&ming
ak-diged priehealdek disperbel g speshiegl on mwprbhmaseﬂamdheshlﬂagﬁ and, in
reh ater and by putting a flow. of and _air_int
CHGORT (151 e S P ittt PORPOAT el wEL B Op dgene Miure 14
quiheheatierart iR Wared o theaap@iliquidi schather PO tHereby QWeping the walls
the radi ant sectign of the furnace and decoke it al ong

3R cAmpIRElyrTsted Wih dadd antipcrp g R R BRIPrevERmE ARy coking of

BeRRdorsNine wHES 004, bEﬂte\k’fs‘é 8hdoutbr@fffcel ¢ (g hlboye fs‘fmalntalned in a
dilution steamthat enters the convection section in

apletedt wetrd spndiipnaliquigrarenadiopsyevidewutehgiripeg @fthub 35 due

tarigsuﬁﬁ%feﬁnfdm%& @@&:@%&h@l@m@ﬁﬁ 15LRGERRY wAHRRY BALd HiThbPS (o the
| ow of | uti on eamtoatenperature within a range

létfeﬂ@bﬁme WF‘Q@@Q@ tPoskroAhGureynds g Qﬁtah‘im@h)é Fhelhélﬂ%%"lﬂﬂtaujﬁ aisforcing
mfpﬁra&{gl%ﬁed SARPHLPSREL aé?afofttﬁb%u@'zs Y5 1Ry o?%F{h'e Svalls 20a by

prererre to assist Int vap orization o

depestigizoald siquid ertethy a\pldtngz'aporo iﬂh«t la]pp]aromanoé the |Vnpqrﬂ1gu1d separator

{ ‘?JiledS {nﬁarg gotfée%wge%ttg 1tnﬁE ?421' a{nﬁ]h{lﬁ 95 P&’ alm)é{thg r(H” {hE Qﬁg}%r Iof walls

Zﬂ)apsslnd gaodigiid mllxmra‘ i4 siters ttlaagmppr Rcmcats@araltcn %@et&s almotidued 15 is

nt of .t. ent| r t
%atn%pa%] O‘XIE’&%% P geetpli] 1%%0&1 taggZh hl?u% a?%slhe u]E)(P geduces if not
aadhey thdimarn of fitke @x kﬁelr@@ﬂfﬁbs frhe ﬂiqtuhELS todt@tiessd &fjend exits the
ction and the do t ream

eater of t cony Cth t
DR ot o5 L T B g B e g9 o6 P hidea
s e vhisR dulled bt QBDIoeprkidd @femtﬂ il typc&augeiewdm pthEh tHaehas been
tubing walls at the m xjng E nt. Referring to

ORB BB P BT o bRy @qudgcégg jowibtream

QRS $nali VN hsWd ﬁﬁa&@aunéé}néam @b ndARsTBl wEls ?éﬂ:d’lgflth liquid.
the incomng gas-liquid m xture 14, a vapor outlet 16a

Waen thisrelonnecsishds vrnbed ipthadetaedaueres qmb@élﬂr&nbﬁhﬁq iggorporates
t@v’éalalgd? Nig gﬂd rs@ﬁ%ﬂfdt(ﬁ% tﬁehrﬁ)zilésq%I e %@%ﬁ IPthe g:cgﬁ‘(% lond %@9 are not

on1the inl'et 14a is a hub 25 haV|ng a Iurallty of
q,sg(h asthp Sisst spelenedofahds iagign Hace they would recycle pitch through the second

cyclone again, reheating it to high temperatures and possibly causing it to become unstable.

The vapor phase 16 enters the vapor outlet duct at its highest point 16c, exits at outlet 16a. A
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circunference of the hub 25, preferably close to the

end nearest the inlet 14a. The incomng gas-liquid
woreoorar®id4 i s di spersed by splashing on the pPORUSHDT/064599

end of the hub 25 and, in particular, by the vanes 25a

forcing a portion of the liquid phase 15 of the

m xture 14 outwardly toward the walls 20a of the

vapor-|liquid separator 20 thereby keeping the walls

01 HURHEUS Y WRIntE thcWib tH viaptlibél 18nEd Bae meRAkdmEs bl liquid 15

rate of, if not preventing, any coking of the interior

S (Qurd de sparatof RSG0de. the outer surface of the

hub 29 idciRé BE BleNRE INeRerSBAMRICIN WRist B4 RNkl sed on

by a |I(%UId Iacﬁler that flows down the outer surface of

Glmapm ¢fuke hgnid dronize dhagwouklde captued belogmigp drap ha@ enoved more

r f
e g R SRRt 1o 3R R SR S W 25
Gasst ah obsrvagiong Weh ko birdetampbdal) dtsd ithe frovegéenef aalskirt’ 25b on the
[ e f
%% \gltll éé(ir}rﬁﬁ&g rillzllglg d%?pm%ﬁlpo th? %11?0%6)55% \Qeélebeg(gsvlv %@ﬁvaﬁ&bﬁé and
dollegriod wititcontidve telwwr thie rsjirty 2(bort. hubH cdq@pte rthqomntmlmd wfir] of the

e lSaR ' B STRENE B ol B gt o divia

firarhy eliel lob 23 asvwddde s 20ssitas td the og@s wall POk vithbit rddheirkdthe area for

R [ AR i i FBVeBtptot e hart-boieh oot 200

hbe amabf025lowa&b efaerapﬂ)vfdeai WeaSs prdsedial tmr@vlemwa, FLhrﬁher details
formati on of coke on their surfaces.

rEgHging fgwe Ohthe spnarapiaredipqiesed HeUY Rpeht N &&?&3% ﬁv&f%}t%klereby

iRrpdiiey B reidiencki qui d outlet 15a. A pair of inlet
nozzl es 26 is provided bel owthe vapor outlet tube 16a

t o prdkPdelapsdn b ves of 2 MiRgls erglong sqparing) aad ipised Forepgparison to
tH@ﬁre@e%@ﬁw&Q@neq" fn@alﬁ/ ﬁfé@leﬁt@@&lféaﬂlemtf%mﬁfeQIrHrp?ehfeQ:Er 12 is routed
cool i ng coll ect ed quid 15 and reduci ng downstream

to gkixingr natle gh. Wbrere rttsla ppmgct@hwﬁla@wrhm@ delgmisteanevia line 71,

r t [

a{(’:ﬁgztﬁt%) ﬁgatﬂg% gap%’? élluléi n{lktlg?e gdml\rf]%(% hlibell Vgg(%rr Mhs%ge}%%ié §2, where the
cearﬂ;@quvammartt wafnvered@od porathe Seplamrw@[jmﬁ -7B| gl bquid is removed via
. rator . US | seecon
BER AL G D5 LR 75,8 R USSR A0 S8R0 o
shheh inés. gn thei tmpeerhioyofiydtch dnfegioy @h ecg@intuddiort droougidetmbah the

AL LR8BI EL Ot BBl v oo
dwoktl ablyeled Tiaeidviapothhasem di6thenlr@n ntb hiee 6apOrthodtuheibove the
oint 16¢c, exits at. ou

duct. at its highes 16a.
SRR s i i B PEREP £t PR A VBB i eyt he boton
&lusd cyefonanthnaivile the ligdah] £ehAingnany of kupindatddstoath Waingbedtd via
toward the separator walls 20a. The di stance of the

IH§13 380 836 SRS RIASCERP WA PTG AR B asenyjplar g5 peichlswsgrpward

iRRo&REL IRt 86w @ tehQuidi fﬂ)Wlﬂjg aPrrsh 28 dybRhe. V‘@L&Heﬂlek&@d steam is
captured before the drop had noved nore than half

1w§tpd viading (1 intg thesjagﬂ'p {qaxing they qya]@qutoleglsw fhe mjgture is we 1 above
B ISR G 1qewenﬁéa§ngmpm§ BelaRes &l c9aoﬁzab§1%rty@§elc&{aﬁstygefg@eheawr

an air/water nodel) d"the presence of a '"skirt .
n Thiy eorhipipedBregyn| i rqumdr\@fti liee/3 fogfhe secandpihget myeheatep andhexits the

HAPRL 0P RREE YEhl RO LNGRY BRRS 11825 th@Peheater, 22. From line 22

it enters the pyrolytic section, B of the furnace where it is heated and converted to produce

olefins, which exit the furnace in line 23.
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collection will continue below the skirt 25b of hub 25
due to the continued swrl of the vapor 16 as it nobves
wao o0ovherdout | et tube 16a. The hub skirt 25b wasPGI/ESI0T/@64599

nove liquid fromthe hub 25 as cl ose as possible to
the outer wall 20a wi thout reducing the area for vapor
16 fl ow bel ow that available in the vanes 25a. As a
practical matter, about 20% nore area for flow has

been WhiQY e dndeh@sh ihts PE@S RcriBdd il @rM@NESthdSpkesently preferred
Further details regarding sizing of the separator are

Abodingsab deasppapis vprttRand@odigicgipms ais possife Bhthpse skdled iy the art.
$UdR QR AL GHd Wodi REEERNEE wifhiD the ScopeEb @G Ul QibkdEniGon and
of a single cyclone separator, and is used for

poeRsad Flee- t o the present invention. Typically, the
heated stream 14 fromthe first preheater 12 is routed
to a mxing nozzle 70, where it is contacted with
superheated dilution steamvia line 71, and the heated
vapor-liquid mxture is routed to a vapor-liquid
separator 72, where the cracked vapors are recovered
and | eave the separator via line 73. The liquid is
renoved via line 74 to an accunul ator drum 75, and the
pitch is renoved via |ine 76. Al though not shown in
Fig. 3, the tenperature of pitch entering an
accumrul at or drum underneath the cyclone is rapidly
reduced to a non-reactive tenperature of about 3200C
by introducing a cooled recycled Iiquid fromthe
bottom of the druminto the top of the drum above the
liquid level via a spray ring. To prevent hot vapors
in the cyclone fromleaving the bottom of the cycl one
along with the liquid, a small anount of superheated
steamis injected via line 78 into the vapor phase
above spray ring in the accurul ator drum which fl ows
upward in countercurrent flowto the liquid fl ow ng
down fromthe cyclone. Superheated steamis injected
via line 77 into the vapors |leaving the cyclone to
ensure the mxture is well above its dewpoint in

i nterconnecting piping between the cyclone and the
second stage preheater 21. The conbined streamis
routed via line 73 to the second stage preheater and
exits the convection section of the furnace, A via the
outlet line of that preheater, 22. Fromline 22 it
enters the pyrolytic section, B of the furnace where
it is heated and converted to produce ol efins, which
exit the furnace in line 23.Wile this invention has
been described in terns of the presently preferred
enbodi nent, reasonable variation and nodifications are
possi bl e by those skilled in the art. Such variations
and nodifications are within the scope of the

descri bed invention and appended clains.CL Al MS 1.
A process for vaporizing and pyrolyzing a portion of a
hydr ocar bon feedstock to
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ol efins, and separating an unvaporized portion of said
f eedst ock contai ni ng undesirabl e coke precursors

wa@ea/o179m9 gh boiling pitch fractions that cannPCT/82007/064599

conpl etely vaporized under convection section
conditions of a typical pyrolysis furnace, said
process conprising: a) feeding the hydrocarbon
feedstock to a first stage preheater provided in a
convection zone of a pyratysi pmfgirnace, and heating
said feedstock within the first stage preheater to
produce a heated gas-liquid mxture, b) wthdraw ng
i he heateeds Qésvd_pbﬂﬂhgi afll ﬁ}‘ryfélr?mg ra%ﬁdﬁeoffd hyRiroc@FRH §eedstock to
preheater, conbining it wth high tenperature steam
Aeftnsf @@Uj;q@grati% an yataPaeetd sportecanelt widgfeistepk containing undesirable
6RP BfechisGy aSER Ing_ffidkh SELAIRLHAL bk SARYI ized
gasg%?oﬁ1tﬁ% @Fq%ﬁghﬁﬁgﬁﬁ% ?ﬁ%st vapo?- iquig}zﬁseﬂi}%(]EH)%rlze
wdparcaneretiorheattiong cemigiogasoli m sypicap aryrqysass durnace, said process
3 %&ggater provided in said convection zone to a
erature of about 450 to 7000C, feeding all or the
maj ora) ty peding ol fdrédagbohdetdsdclgasa fiost atage pwhehter provided in a
vapor-liquid separato and the remai ning. portion jnto.
2 Fadr ant “UBsERBRRhS PRy Brbl Ral b g i GRyLRh §rmin
t he gas t mepiradiugepehatdr nsprahde athbaed gy ghiishisture,
products, d) withdrawi ng. the. ligui.d fromthe_ first
Vapor® | | qUiIEkiRErag Gratcthier i TR HE o it SResBbeater
to a tenpesmbibing itohitalen tenthRuir@stadipuid £EARLCHR:ombined stream
conbining it with the nmajority portion of the vapor
fromthe F1%@@tV@B%¥@¥4ﬁ@W%K§eparatpr after it is
further heghfend And AlntbvEleP@E REATSM B 1HghR HORY &8dtivapor-liquid
zone and feeding the streamto a second vapor-liquid
SppUPahering &)c »e Fat MIOhEAH HPERRBH IHYYitHn Gaid cPpisRYanene o
d fefipbdrutd SCIb&Us0No THS S RLARME aM 3P Ble-thdjGitly PoRBRIF BeHeated gas
feeding the renoved gas into a radiant zone of the
oy ssegish wppikiqrad seraraebrpgidothy z¢magning @ogiiag into apfadiguiceone of the
i: t [ ) Vi
b SRnALn B Rl B B 18,15 pRIBGL B oL Ay R rfces,
vapord) | i qwiithdreepmartat laquid fomThefipy vpeskquad sephraion ahd heating the
rein o] yti r [ 1] i P
LR MR L Sl R RS IS8 MRS 0 SR BB i yin e
aigotity PPABAGS tie yyooirgth itle: firsacikoniiguit epsatoe afdér if s danther heated
aboyt 1 Ba{ t o, about 3 Bar a (ﬁhe ein the gasequs .
P AL SPREHEARE B BS BEYEH PGP hE o 61?%/‘@1? UL g nd Vapor-liquid
epaabt,i ons within the radiant zone for a pyrolytic
cracking tinme period upwardly to. a naxi.mum of about 10
e ontie 3 rtauRe bl Gt fedes i e ms aHar GienSEal e Second
WpPOliquiid Gphrdtos FRAMRLIRS @K @1 €6 Mté b F4dgal zone of the pyrolysis furnace

and pyrolyzing the gas to produce olefins and other pyrolysis products, and

D removing the remaining liquid fraction from the second vapor-liquid
separator.
2. The process of claim 1 wherein pyrolytic cracking conditions include a pyrolytic

cracking temperature of from about 700°C to about 900°C, a pyrolytic cracking pressure of
from about 1 Bar to about 3 Bar, and wherein the gaseous fractions are exposed to the
pyrolytic cracking conditions within the radiant zone for a pyrolytic cracking time period

upwardly to a maximum of about 10 seconds.
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vapor-liquid separators. 4. The process of any of
clains 1-3 wherein superheated dilution steamis added

wo eoovheroneat ed gas-liquid mxture fromthe firBCT/ESRGB064599

preheater in a mxing nozzle. 5. The process of any of

clainms 1-4 wherein said hydrocarbon feedstock is

sel ected fromthe group consisting of |ong and short

crude oil residues; vacuumgas oil; heavy gas oil;

Tr UdQ“h@@mceﬁse&S@!ﬂﬁfﬂ t @€ 20k hereiRishid \ﬂ rLliQﬁﬂi ieﬁ)ﬁkﬁloi’saire centrifugal

sands, oil shale and coal; SMDS (Shell Mddle

BPet iquidegarsipRt hesi s) heavy ends: GTL (Gas to Liquid)

heavyrng Bg)%ess'd?%yofpﬁﬁlﬁ; f '3%e@[rp§1}ﬂ%é§tecpﬁlﬁlq9§§t§am is added to the

Fi scher Tropsch "‘products; hydrocrackate; and m xtures

heped @as liqued mipee frp@ldbesﬁrsma@myehéﬂercm ainNsing nezzither ei n

dhe LEIRALALUGGnDlor Liifind 1 AU FTRY Salob AR REIRRRID diccted

vapor-liquid separator 1s adjuste a nmaxi mum

freawer aewr @ngftinghd leng32doot orud@J pil reldueh eaguabgas jotlyhaafy gas
i h r r

(%ﬂ%m:dé 8H %a%)zlgﬁgeﬁnoglf gtésx(gegl% dA Eﬁttcjtr\%ﬁﬁ)c%h&c%% atﬂh%gﬁ yMB% (Shell

Mstdhﬂ])mtelimsmepls)elmam ¢rgls ;&G TIn (Gdseo Ligyidh) deavy end’Sh Heavy Paraffins

r e anou
R P e Bl oo A PR ek g ORES Rt o
Gepariat giodes @dinySif ethiu¢ls hatin emowgipeldaivgtl blthe shqluelf femoved
t d h th f f th t
e S SREH ERT eI T B e G, P O bou

sz@e@r&d cOHRO tirel siilicgl o8 @RAIGALD kudhSthQahé tiflel@ApdrQu@ history of the
e erature of between 460 and 5000C by adj ust.i ng t he
n

sipehescest dhat WhICh ftin ﬁSPB‘I‘lteél‘i?d@ lPFf’éﬁ’Etétﬁ iyihe g
’ﬁt eamaeResstd? ahher L@ Ao edid @e bRBuf@f @fhining liquid fraction
vapor-|liquid separator or b @@%}ﬁgst ing the te ugPer ature
fgpm theeseqong rrpraifpid serigpieHea chy@piomopghyfigui! is left to wet and
PRRM AR ces Of hd B§apfRcess of any of clainms 1-8 wherein
high tenperature dilution steamis added to: a) the
aporThourrpesss of aldim /i whareignidie t thaperaigsndn Vigpercond giapel-liquid
t ik, S

SRR A 1k F DB OF eOpyPUlp Bh BB L RIETE: e

t@lﬁlp@rhtarermldlhfgambmm el supetheatpddilyton sghmt dqléem@ahe dagddeed to the
st .

E AP ENRGP STALEL o by ARRAFS e WhRGub, ddfe T8 T rine e
secxindrvapcpdrqueirsbpemaitom he heated gas and the porti on of

he at ed .
b ol e PEp TR b€ Gk e R R BRGS0 b Ui adea
tpercent. 11. A pyrolysis furnace conprising: a first
stage preheater | oc tf?qqf' in a& con ect i glﬂ ]éone of sal d

pyr ol ysi e EparUEctd thefagian eﬁ%ﬂn CAB sEfsY gEiend
cont aibi Mg Ipdesited bk Ge ¢@k andieesidr e psSliquntiepiraddisgh
10. The process of any of claims 1-9 wherein the portion of the heated gas from said
preheater in step ¢) routed to the second vapor-liquid separator is in the range of 60 and
100 volume percent of the heated gas and the portion of the heated gas routed to the radiant

zone of the pyrolysis furnace is in the range of 0 and 40 volume percent.

18



10

15

boiling pitch fractions that cannot be conpletely
vapori zed under convection section conditions of a

wo yragioipyrol ysis furnace; a first vapor-| i quPAI/US2007/064599

separator for separating gas fromliquid heated in

said first stage preheater; a superheater for heating
gas renoved fromsaid first vapor-liquid separator; a
second vapor-1liquid separator for separating gas from

1. qui dpfrb QB Burhdcy bothfrisefg: | i quid fromthe first
vapor - F qui d separ at or and gas heated in the

supe rarfg%&S@ge Prghentes 19cagr anihe sonvectionzarserf spid PyEalysis furnace for

pyr olp¥sing hfyHIrO@ﬁ'E&l fe@([sto@)( b ¥ Ain gn(ﬂi@ﬁ’a‘t;l({ &flﬂa %@cﬁjrsérk hd/or high
and second vapor-1iquid separators. . pyrolysis

f ur ndedingpitel aaypnsithgisennsi e emimdetely wgnorlaefbu@ét@ndectlon
Vapor didofl b 1&&19%%?‘5@[& C@#@s‘}ﬁ]’ﬁh{a@ ugal separators.

. e pyrolysis alm’11 or 12 including
a i xeufrrg vapzZlgeidfsoparatpsdiongppeiaengyges famdliduidjidattd énsaet finygptage
t he IX&§£ ;tage vapor-|liquid separator and a m xi ng
nozzl m xi ng the gas and liquid entering the
secondupdrager V@ heatingigguiethosapaombod first vapor-liquid separator;

a second vapor-liquid separator for separating gas from liquid from a mixture of
liquid from the first vapor-liquid separator and gas heated in the superheater; and
a radiant zone located in said pyrolysis furnace for pyrolyzing gas from said first
and second vapor-liquid separators.
12. The pyrolysis furnace of claim 11 wherein said first and second vapor-liquid
separators are centrifugal separators.
13. The pyrolysis furnace of claim 11 or 12 including a mixing nozzle for mixing the
gas and liquid entering the first stage vapor-liquid separator and a mixing nozzle for

mixing the gas and liquid entering the second stage vapor-liquid separator.
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