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| MPROVED PROCESS FOR PRODUCI NG LONER OLEFI NS FROM
HYDROCARBON FEEDSTOCK UTI LI ZI NG PARTI AL VAPORI ZATI ON

WONDIBERSRATELY CONTROLLED SETS OF PYROLYSI S Q'1/8S2008/073965

Field of the Invention This ?nvention relates to the
processi ng of a hydrocarbon feedstock having a w de
boiling range in order to produce |ower ol efins.
Background of the Invention Pyrolytic cracking of
hydrocarbons is a petrochem cal process that is wdely
used to pimdiee ekretkps suchr@puethyl eogrr pyePhene,
butndrenesrobukBch eng;pandkauomat & 0% SUET1as hepgeneaTION

t ol uengip ardnxytENe.coeostant sngs feedstroekstorcarss
conventional olefin production plant is typically

subj ected to substantial (and expensive) processing
befor ed tneeaghes-ihe ol efin plant. For instance,

normal Ty, whole crude is first subjected to desalting
pri or'PES beiErditeni | 1%d 36 Sot Her wi Bke f r RePropated of 2

H§Hﬂ%d%r%bHr§gé&¥t6gkFﬁﬂﬂfﬁg(gr@§&éQQ§MJ§MPQa§§e in order to
gasol i ne, kerosene, naphtha, atnospheric gas 0|Is

Reein é§§eé|P%e¥%R§3 and pitch, (also called " shor t
sesifdo®l osherd f.88dyern or "Vacuum Tower Bottont)

Asan alternate to tne production of vacuumgas oils
and rﬂytr@ﬁyts@n@truaﬁﬁsna eénPivtHicenenst Hese (ngm@gﬁmlcal
Gyend hepnane &' gnge1 £sideqors | Qpgqnesi diers: dsS such  as
produced. The short resid cut typically has a b0|I|ng
¢Hngenchabrbegl ez atbud ilenper aburadifimeat @ndt hapnd 050 Fuch
{286 Clncal + BLODSPNEIL HIESSUI fro ALLAT ikEMBUBL: Olck Nor -
ort resid fracti‘on from crude oil  ong resid,
@un&@ﬁnDOﬁélbyefanyp@ﬁdvhelwnfph@mtons ovpEonbi nat ik ted
e S d
Fee oAty o PSS Rosh Do Rl P L SR RS s v
e péﬁﬁvalp@ﬁnthefkshoxmsvaﬁnqr n@qm&ﬂkx>kmh@$@dcasda is
Laedst ook oy epbi A SLABTMIATK Y BLORESHRch01ea or
otherw1se fractionated into a plurality of parts (fractions)

reaches

such as gasoline, kerosene, naphtha, atmospheric gas oils,
vacuum gas oils (VGO) and pitch, (also called “short resid”
or “short residue” or “Vacuum Tower Bottom”). As an alternate
to the production of wvacuum gas oils and pitch, sometimes a
combination of these (usually given the name “long resid” or
“long residue”) 1is 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 o0il or long resid,
conventionally, any of their fractions or 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 olefins

utilize a pyrolysis furnace that generally has two main
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utilize a pyrolysis furnace that generally has two
mai nsecti ons: a convection section and a radi ant

weewvha@ss | n t he conventi onal pyrolysis furnaceCT/UR®08/073965

hydr ocar bon feedstock enters,the convection section of
the furnace as a liquid (except for |ight feedstocks

such as ethane and propane which enter as a vapor)
wherein it is heated and vapori zed by indirect contact
sedthdmet: &l uengastfsomddie dradinant: seetben oéctheh. In the
furnace and optionally by direct contact with steam

THY Fee@eEbc kPTG Fal FYEPASEed WEh SIEARcERE "t heeedstock

deedst oekd steat Bt X$Mr eckbidhenri ntncodpeathdhrough 1iquid
crossover piping into the radiant section where it is
it Aty fReat ed t atepteSstPesUEY pR Tt 1A FaRgPNg PP Which

abaout 10 o0 about) 30npsdéth te i sahtRYr gh¥Si@porized by
t enper at ur es such as in the range of from about 1450 F

rBgect) ntabbutiiiBeROF £880 €FS £80Pr BYF deddhtoutrtion

Pyrolytierdacking Qfcithaifieedystream dbgcd@suliiNGrean.
olefin rich pyrolysis products |eave the furnace for

TRt t hEPCHOWEK r ddm sEPFardtiYon M@ dpr 6EéSsi FGeaR/ r é@eht the

f%%ﬁﬂ%&%H/@t@XﬁOhY§t§m§fl§V&KH%(ldtﬁ%@@cgaugﬁrgu h crossover
fractions containing pitch is shown in US 6, 632, 351.

P¥Pitte 35D priccessiignér gaetoPn Teewzst bekidr aeteeley grgated,

dragtibon.{s) E%i@éﬂygr%%l%Iﬁd,ab%t&erlode@@l tbBEr 30
directly into a pyrolysis furnace. The process

ROPr itsed vibdedil ngYrhky srudeeidragprep udechi s f ¥actiongnge
SOM AN NG R 4GBt Opa fdd Sl Stt%g%g%%h?%?‘ W Lo e t&e to

convecti on section, mhere the crude oil or crude oil
B racitdeoris cronoai Mﬁgl]@tt@hca@@kmt@ﬁj Wi¢ hferd hetfdamst The

§és§9ﬁﬁre%eaetf%r t S}}squgfrg} %%sOfle%tv | e&%t Afhace
. to

ro uce a eat [iquid mxture.
fnnaﬁnn;hes ﬂPWh@W&ﬂMﬁl&E@ﬁﬁﬁheoﬁlﬁﬁd &ﬂqg§@Spneheater,

st ea r%c%ggegdégﬁ% %s%PFggyéq%H] e 01§ ggg %éﬁé% oil

vapor/liquid separato separating an
Tremmiong tbetgaSlmQQﬁNKﬁelbl@@p@nlnnthé vapor/33lgui dn the

%%ﬁﬁg?torssa%g ?% let@%edgggg dogaér gea%%fcg ction(s)
er provi in"the convecti on Zone

containing pitch 1is fed, after desalting, directly into a

pyrolysis 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

first stage preheater to an exit temperature of at least 375°
C. to produce a heated gas-liquid mixture. The mixture 1is
withdrawn from the first stage preheater, steam is added and
the gas-liquid mixture 1s fed to a wvapor/liquid separator,
followed by separating and removing the gas from the liquid
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
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preheated gas is then introduced into a radiant zone
within the pyrolysis furnace, and pyrolyzed to ol efins

W@rwaesass at ed by-products. Wiile this is an PCT/US2008/073965

i nprovenent in the overall process, there are stil
[imtations in achieving higher yields of nore

val uabl e products, particularly fromthe |ighter
fraction of the vaporized feed. These limtations are

e diG tllie pgopyeast . t antolief ivns sbekngnl LRpteded®dntt hgr the
m | der pyrolysis conditions required to prevent rapid .
?%ﬁ&?%%ﬂ?ﬁﬁq%ﬁF¢r%%ﬁ%%r6F9s§§l&ﬁ HH&”H@&&?“Frd&&i%ﬁﬁleVlng

gidher jnetde Pyrabysi sacehbse apdb@icid) therdawnstigamron
_ggench.exchangers . US 6,979, 757 discloses a process
§ 1 i A HY Sthol '&Faqtdde oidf asthe f eEFGER orfFRe These

pPyralsios st uspacenRf ap ohwef i RopredycthonPl 8Mkrins being
wherein the feedstock after greheatlng is subjected to

it achePial B2 acki it fas SVEPeds W t FEBHitieRFedrequired to

Sl | 08 CONdbke ONS, WAk bnSubskanty.al ) 1\kapoF i 28d, heavy
t he vapors being subjected to severe cracking in the
Ferfi et se@LEBAT of 1t héTeur REERL Y Thi s Pridéesgnfgor in  the

Sbdatly Ehahted-asdiyet-le 351 patent as the entire
vapor streamis subjected to one pyrolysis severity.
US 4,964,432 dPdclPésesoacpracesscand systemfoprvhole crude

YBPOLL zbngheayy-gag.oi lnprigrhgst herrmh cracki ng toerin
olefins, by flashing with steamin a first m xer,

Buperidan ig aive Waper drie fieshitegk midesecordonities 1s

108 ddaw d f rpmd e st Hxer n o SUCh; & DEOFLSS LSntrolled

primarily directed to mnimzing the anount of

cHViftatarnst eandieiis edinfrtod vapos i adtiiadd vof vReavyzerhs the
' ay] a - i nt__of t FE (54 .

%ﬁéiﬁyt%ége%oEygﬁgcgggckfndxgggghe&%%g%vm%if% g%%}igedlant

sttt idinr edt edlet ducneat i nfhien racceptsablse spypi bbhyby slimited as

Sadst Q%‘ééf EQ%@{ 2 %%""%%%i%@%&@&% a%r%a e‘i@%gﬁﬁcted to
aving undesSirabl e coke precursors and/or high boiling

pia glydorlgestibonsveAgai-n this process is limted as in

the %ég qn%64,432 discloses a process and system for
vaporizing heavy gas o0il prior to thermal cracking to
olefins, by flashing with steam 1in a first  mixer,
superheating the wvapor, and flashing in a second mixer the
liquid from the first mixer. Such a process is primarily
directed to minimizing the amount of dilution steam required
for wvaporization of heavy gas oils having an end point of
about 1005° F (541° C) prior to pyrolysis cracking of the
heavy o©il, and is not directed to creating an acceptable
pyrolysis feedstock from an otherwise unacceptable feedstock
having undesirable coke precursors and/or high boiling pitch
fractions. Again this process is limited as in the ‘351 and
‘432 patents described above since the entire wvaporized

feedstock is cracked at one pyrolysis severity.
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MB2 patents described above since the entire vaporized
feedstock is cracked at one pyrolysis severity.US

W@2@9926488 di scl oses a process for steam crackp@myus2008/073965

crude oil feed by first passing it through the

convection of a first stean1crack|ng furnace, then
separating out in a flash drum separator a vapori zed
fraction (naphtha and |ighter conponents fraction),

and ad ifuid, wactdierlotbe Bapiohasandold gt cracking a
fractlon i s then pyrolyzed in the first_cracking

FitIrace! fﬁ@dlPéufﬁréEp%?%ﬁ%ﬂﬂf%QMﬁhFﬁégﬁl5§ﬁ B?QNﬁCtlon of

separat ofstbsmWdhdnawg angdrhed,t aHde sommeatingn out in a
section of a second stean1crack|n fur nace, an

thstteaftrer i At % S¥corrd FPRSKAIEPYmM ighor (Pgptha  and

Vapote f r @Rddles tsecond (Separ ately i$ &B@ul@yEQEMgﬁﬂaln The
a second steam cracking furnace. The use of

sERHTR @16t damiéPacKFAGLEOR natesar | J@moltmeq ughtféwe first

Eractien andathe heawi erfractbparHfed her&i Ude Otlash drum
feed to be cracked under different cracking conditions

$PUFUOR 26 YiePHSVTHAREVEFT ERetip e BTV echeOBeparat@ of a

SEagkd NG S M nacesiean spenacyer é(n&om%ltléﬁ/eﬂt%%esl%t%hod C& cond
Mor eover, the process claimed in the M3 patent cannot

b dnsity: eRBATREC 0 deconnBEaf et WG g cPeedseparator is

CUPASILdI9Ns s YR 4 612,495kl 05esSk A Pracess.cand the use
system for the production of olefins from heavy

Ny dF 6e apbBArd tedst oTksCr Yk stupraseseat iy st e lighter
Aydrocar ban ahe M ah, Re$3UEe; and, %%%d%egﬁfr%éﬁ% be

to preferentially renpove coke precursors.
prathegat @ddhydr dchirdomt SCﬁfhehl@@pmca’tdedlpmso Bo optimize

f
¥réﬂger %ﬂ%m%eqea%h%rufra%%l%%ol% %ﬁggggeggégﬁfﬁg furnaces

acti‘onat1on cél um he Tighte eavi er
¢aractd onsvare ¢Qﬂthx)pxq@¢ﬁelVQDSCéurnMeeehﬂwxngtmwwprocess

Cc‘leapl € ﬁaddhaent g@gl Spat-g;ﬁ% l&%ﬂ%cﬁfe %r acéésorﬁfrachan%ed to

cracked in one radiant eavi er ctro
decamacked Dham@Enqnﬂaad padpaﬂttiﬂnd t hus aIIOMAng t he

Lo, YECL e 0 U ecnknd semmialely A thekin g, oo
pragmction 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 1is then separated
into a 1lighter and a heavier fraction in a conventional
fractionation column. The lighter and heavier fractions are
fed to a pyrolysis furnace having two separate radiant cells.
The lighter fraction is cracked in one radiant cell and the
heavier fraction in cracked in the other radiant cell thus
allowing the two fractions to be cracked separately at their
optimal cracking conditions. The heavy bottom product from
the fractionation column is used as fuel o0il. While US

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

cracking fractions of wide boiling feedstocks at pyrolysis
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the fractionation colum is used as fuel oil. Wile US
3,617,493 and US 4, 612, 795 teach the benefits of

waeepanza4ed y cracki ng fractions of wi de boil i ngPCT/US2008/073965

feedstocks at pyrolysisconditions appropriate for

those fractions, they requirée additional equipnent

beyond one pyrolysis furnace and are only applied to

f eedst ocks with undesirabl e heavy feedstock conponents
Sy tasnpl t §horddriasef uEbhertdorewncthétions, they require
state-of-the-art pyralysis furnaces having two
%%5%Fé?§lféﬁﬂ§ﬁ5€ﬁ¥z%ﬁ¥%ﬂﬁr%ﬁﬁl?YB%%Yﬁl%yfbﬁ?%ﬁ%s?§d are
SMrnace, e gRer feslithcas thenStenesangs MEbsESFy feedstock
di vi sion of Shaw I ndustries. Further details of

PHBINFEILS PuFhatesLMiYh one and two radiant cells

crackitng; twor f.eedst ogkswsi niat-angossd Yo At rRPLFRUM yrolysis
cracking conditions are revealed in the article:

DY HgE Sty Lefle Hiar FE0es2tehAREFAEC T e PEf adigrAntdy Duilt

Q§”ﬁ¥ﬁ%Lys@%?W@EnQéetEg%fgdﬂy% andn\\ebstae EPEPOT Ald Ofbbster
publ i shed in the ePTQ nagazi ne, 2nd g%arter I ssue of

%@c&ioaag%% §1av 1 fePust pogRveFUrFResudiRtaedp gid thgrolysis

twa feedstoeks that are sty tanequsl y cbedst octhecing  two
furnaces are already separated, i.e. they are not fed

ferdatecker saselagnersi higlad wWirdewdi Iciragkiapgeonditions are

feedstock.y The priar.art «Gited abave.does,poicdeachanging
how to efficiently separate and pyrolyze the various
fhracPbadid™ abwi dehboiR-i i Feadsebckne o Sebrai mnchdiebster

& ghast 1Bat entd @y iwhehd of ehef insushng. Oy 0P ouarter
stean1cracklng furnace with one feedstock. Wiat is
heaged i Wi maoeved 1prddess Hhaeveer min sstde designs the
ﬁ&&ﬂ?&%&sﬁéo&s@:&?ﬁ% ng, of sﬁnﬂyt%rn%%%(%an fgedst _furnaces

aving a wde boiling range to produce |l ower ol efins
jre hilgleerdyyiselvdrbyegepar at etyecracki my- t fred viar i Dus furnace
%! %Ctéi%%ﬁe%iéé‘eb?oipfi'n 'raﬁggdkéégﬁéc%d‘qu those

ractions in one furnace. Summary of the |Invention The
presdite | prénti ot elcttes! t ebavpr otess fnot pyeatlyzimgy to
g%%%é%%n%%&'EQ%aEQ@@eaM§H8ﬁkﬁ%ggetﬁgd53%§599nfractions in a
wide boiling feedstock to obtain the highest potential yield
of olefins using only one steam cracking furnace with one
feedstock. What 1is needed 1is an improved process that
permits the economical processing of a hydrocarbon feedstock
having a wide boiling range to produce lower olefins in
higher yield by separately cracking the wvarious fractions at
the optimal conditions for those fractions in one furnace.

Summary of the Invention

The present invention —relates to a ©process for
pyrolyzing a wide boiling range vaporizable hydrocarbon
feedstock or mixtures of hydrocarbon feedstocks having a wide
boiling range, consisting of a wvariety of hydrocarbons of
differing carbon/hydrogen ratios and/or molecular weights in

a pyrolysis furnace having a convection section and at least
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feedstock or m xtures of hydrocarbon feedstocks having
a wi de boiling range, consisting of a variety of

woyapo@shons of differing carbon/ hydrogen ratPCBEUS2008/073965

and/ or nol ecul ar weights in ? pyrol ysis furnace having
a convection section and at [easttwo sets of

i ndependently controll ed radi ant section pyrolysis

coils to produce ol efins and other pyrolysis products,
SRNPrkstNg: od . iheapkAge@dDy pacbhadd ylamporddiaid t heection
feedstock, and feeding the partially vaporized ,
PEEdstSdck £8145 vapor MECGUCE sepalator Vi eNep Pyrolysis
produce  sepapat eiv@por and liquid phases; b . feeding

the vapor phase to a first_set of radi ant pyrolysis

coi | ¢ -ofPaHe "y Pay SieS Ll hHc B2RAet 2 thet Iy df oifs  and

are glacked taRrodyserolefy nsyapdhe LdACkEOSdstock to  a
conditions in the first set of radiant pyrolysis coils

bei ng/2®6HY LoAPEY $PAHCHIBY ey I€PadRi RGOSBTRr Peparate vapor

appropid atguf@rpthe.guality of this first feed
fraction, ¢ . heating and fully vaporizing the |iquid

phas® f rAR%IRE Vidfor7aRui Bha%parat or fiFeedisng tdfe radiant

vapor, thgseteated £ 0.2 seeong, sel 0t s adi:anlceColhsrOf the
the pyrolysis furnace where the hydrocarbons are
cr ackedregapbodtcea bt ef FhaCkehe &P acRT o TondvrtGi6ms$ /i n the

the second,set .gfgfadiant pyrolysi secoid s haing,r  ragiant
controlled to achieve cracking severity appropriate

for theogualPt yoblst hrsngecontr¢eed fractfiorvantrereiarking
d . theparti Sﬁﬂagﬁpﬁ%teoff&a%%%ueiE@{;yétStﬁpé'J_Sirst feed

associated Wt e particular feed fraction are
mat cHedcttocaechi eve specific target cracking severity

in order .enh e oV - d [ f.
s oG, e e el RO, AP apBRe o
pr of itthabi Vepyr/1haw Pr efeppretdoenbotiaremy wheee véeor thus

feed%&%%%egonEglné second set of radiant coils of the

pyrolysis furnace where the hydrocarbons are cracked to
produce olefins; the cracking conditions in the second
set of radiant pyrolysis coils being controlled to
achieve cracking severity appropriate for the gquality of
this second feed fraction, wherein
d. the particular set of radiant ©pyrolysis coils
associated with the particular feed fraction are matched
to achieve specific target cracking severity in order to
enhance the overall production of C; and C3; mono-olefins
or optimize yields for overall improved profitability.
In a preferred embodiment where the feedstock contains
non-vaporizable components or a large amount of high boiling
point foulants and/or coke precursors, the liquid 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 ligquid and



10

15

20

25

30

non-vapori zabl e conponents or a | arge anmount of high
boi Il ing point foulants and/ or coke precursors, the

WO p@afozb4Beavi ng the vapor/Iliquid separator is PEI/YS2008/073965

partially vaporized and it is directed into a 2nd
vapor/liquid separator where the undesirabl e feedstock
conponents are renoved as a |iquid andthe vapor from

the 2nd separator is fed to the 2nd set of pyrolysis

€@ | Sapdecorahnghy, oFh thpsrquaf ers edegnbodioentz™t het of
present. invention_relates to a process for pyrolyzing

Y A 18 150i°P A - r afGECRY i D'dar bdh FeddSF6ERT 67 nPRe U 8Nt

ofe Ny ear bowcheedst eekstbavi 9a apwb des Poidd ngyFaRgeng a
consisting of a variety of hydrocarbons of differing
EetboRPhy dFoger 1t | BEaneR Gtohrolfeetdf ar Ckweight 81aRgres of

ﬁ§H¥dﬂyﬂE@punQQ§k%@QE%shighnﬁ%bliWQ DQHHE Olboiling  range,
non-vapori zabl e conponents in a pyrolysis furnace .
FIA Ifg 1@ 9c ofectd oY 2Fé€tiYon Cand "aPrPeas®otswo et sdbffering

EaH AN RYEQLY SESt £ /bR RPdeEL 1D Rradues ohefiMsSiuding
and ot her p%roly3|$ products, conprising: a . heating
WP Parilal Pyotapert ZngPeHE f¥edstockRPoandap e df pigponents

1hezpartbalbys vaporizedpfeedst gk @@t YaROLLLEGYLdana at
separator device to produce sSeparate vapor and liquid
Phiesesfh . seigedPhg 1ate APapoPY Phese & oCatt#r stilseprefr Lo
Fadi Rt BYESLYSLSs CiHS %&r Dfspyr§¥d6ﬂd%sﬁUEBﬁﬁPiM@ﬁjﬁ
the hydrocarbons are cracked to produce olefins; the

cr acki-ngecondiot isons HateRil Y f VRBPr setnDf thadferdstock, and
PYT Ol iy GOl | el pg Contiol | eghdo ARhi eveegLashi noes 5
severity appropriate for the quality of this feed

f r actviepr/¢igquhéatdnyative Pegutd phazeducenseherdie stvapor

vapor/ |4 quid. f to a tenmperature sufficient to
vapof#%% ahgéét oﬁ§%$ t he hydrocarbons, feeding the

heat éd tisedimasehd xtape twhassetond Vaper/ Isiequiad radiant

ffgﬁ{pggg)ggggg SERATALLRY Hhe YaRak Rhase: [Lomt g ere  the
hydrocarbons are cracked to produce olefins; the
cracking conditions in this first set of radiant
pyrolysis coils being controlled to achieve cracking
severity appropriate for the quality of this feed
fraction;
c¢. heating the liquid phase from the first vapor/liguid
separator to a temperature sufficient to vaporize a
portion of the hydrocarbons, feeding the heated two
phase mixture to a second vapor/liquid separator and
separating the vapor phase from the liquid phase;
d. feeding the vapor phase from the second vapor/liguid
separator to a second set of radiant pyrolysis coils of
the pyrolysis furnace where the hydrocarbons are cracked
to produce olefins; the cracking conditions in this

second set of radiant pyrolysis coils being controlled
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d . feeding the vapor phase fromthe second
vapor/liquid separator to a second set of radi ant

wW@009E88% coils of the pyrolysis furnace wherBCT/Kg82008/073965

hydr ocar bons are cracked to produce ol efins; the
cracking conditions in this second set of radi ant
pyrolysis coils being controll edto achi eve cracking
severity appropriate for the quality of this feed

f ractdconchaBde ecradigmyisegethey | dspttsbphase rohi €he quality
contai ns_undesirabl e and/ or non-vaporizabl e conponents
f r omthéPdécbped viairsrriorquPidsepar at or and di sposi ng

of ite. asemokiayi dnprodyeta gndicalliynagohugin®i hindesiraple
feedstock to a gasifier or feedstock to a coker. In

yet AWGYREr PrEfEPPRE &b nEtECTMéPe & High the  second

ten”p%fa%lﬂ/ﬁlgélp@fé%p%%rseé}ﬁf ad 10y o%ﬁ%@ablfngtl gt e 1iquid
range of -770 to 950 410 to Sf
i ncorFerEcéd Fép%%ﬁ%Vé<%%d@§¥féﬁﬂe ﬁ?@ﬁsb%$¥|%@ a gasifier

f eedsf,0¢k00mpORENY &5 el esidence tinme of the liquid
in the high tenperature vapor/liquid separator is

cont r'él | €8tt o2k hEreal IBFedrPaERIt he PGSt tand Ve Bluce Pigh

addidiqnak feedsyoc C@mﬁ%tt% fapetheis dir@n@hé:%al £
t hat ﬁ%ve F éniéﬁ%ts ess tﬁanb?loob(% -538 fgé °

%ﬁﬂ%sbﬁe@ﬁ@ pﬁ%s @ o éﬁﬁané@1ﬁheUVéﬁépﬁiﬁﬁﬁoﬁooﬂemove
hese deskr %Qgﬁ beedst ocke comprnentspohBge di | Uld Ofesigence

steamrequired to neet the dilution Sfeamratio target
tiore t RE sere ofl ipadd antn cohes Eighpl FedPwi athi neapBard ¥ omauid

{Fﬁa@o&h tsenp%rl@wleedsetp@r @EQEméfl;?dgggclE o-hbe tWoig ang

ase hydrocarbon m xture entering the separator to
]spﬂr@mqﬂae adidf t i age yassedsteckgasmporerted fsimgheheapaant ajoils
BLASSULE OfpLhe gyg%o%agb%ésg NhOf VaRRl-PhASE. gfgt Ne:) o
separator an h cause nore vaporization of t
dtingperdhetro cocowrssukn - aﬁ@theﬁ@ppefeﬁmequmbodﬁﬁenn ofhechese

<ﬁs§r%% e'%e%%ﬂk ng%gm Sgnggattﬁ O?%lﬁﬁglsaggé m requlred

ogen-to-car bon ato c ratioin pyr ysi s
Tpvod@ets s protucesh bgteach r¢tio target for the set of

radiant coils supplied with wvapor from this high temperature
separator 1is added to the two phase hydrocarbon mixture
entering the separator to provide lifting gas, 1i.e. gas for
reducing the partial pressure of the hydrocarbons in the
vapor phase of the separator and thereby cause more
vaporization of the liquid to occur.

In another preferred embodiment, the process is
controlled such that about the same hydrogen-to-carbon atomic
ratio in the Cb+ pyrolysis products is produced by each set
of radiant coils. Generally, hydrogen-to-carbon atomic
ratios slightly above 1.0 are preferred for pyrolysis
severity control since ratios Dbelow 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.
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of radiant coils. Generally, hydrogen-to-carbon atomc
ratios slightly above 1.0 are preferred for pyrolysis

W@ 2wen2d4g8 control since ratios bel ow that i ndi PEE/ES1008073965

formati on of conpounds nore Rydrogen deficient than
benzene which has a hydrogen"to carbon ratio of 1.0,
i.e. the formation of undesirabl e anmounts of

mul ti-cyclic conmpounds.In particular, the

Ty dregen-dia=63r bameat ofideobahi-ot+Saldeirer @d Dy ratio is
procedures_and net hods descri bed in US patent

% I8 IBET, hiFER CarSErDsBre W%t]ﬁ%?%b?/e?%&eﬁor%% etf mptent

1ef2,ence . WBY cway okcexanple ig Ohgﬁébﬁﬁ_o thésisddated by
the invention, using one or nore vapor/liquid (V/L)

6r (s) the feed mixture to an pyrolysis unit

can bg sepacat edahpio iiSoARDr oRy iateski-acti ORS, i@vdhtion,
et hane/ propane, C4 to 350 F (177 ©, 350-650 F

(A 3AT Oy @seeweeow(e%e%eev/ ) f DL RATSILYS) s tihg  feed

weparat ecbubes borbhesradiant seeli @ Ofegn fdddBCEnto its
with a pitch fraction, e.g. 1050 F+ (566 C+) i f
iﬁ%ﬁlatﬁelwq@r%\?ed ®rom Lheanesestirle and: nge  350° F

o yged. sExcepbefar {he; 1060 Fey (5660Ct)sfpi tECh)343 566°
raction, each of these separat ed fractions, and/o

@oﬁﬁﬁ maEPOHS L of 1t hethagarrebeubed o ride Ir)ﬁdtlﬁfléugﬁc*tw of a

E‘&Haecreemwﬁ%t $, ofi cadiant ¢oh | Se (@l sppder ned (NASSes’)), ir
hin’'the same pyrolysis furnace. Each of these

@Jr%ﬁ,qnton@ewnm rpassed hioughthia stepirtoek ondradi apyrolyzed.
§§%éﬁ% qgﬂ;réﬂé %%5b@ QQVQ5%%@ @QPrQBEE@ﬂﬁe ng each of

severity for that feed fraction
flrect |S@@a¢a§eenfrm§nﬁouIaddhevecanmrg?ﬁepn@oplf b etan be

SEIPREALUL 8, a@qrgh%ﬁe&h@es dence ti n@etsﬂh%e%da@%t _coils

ractron woul'd have shorter residence t
énicsd ohermedi r‘p@mdz t) t enperat the. SHryesepwetly sgfs furnace

ﬁa@cq{ aQ% %ﬁlesg qu:lé ﬁ!ﬁsc'ovﬂ?yelp%%hsctlfﬁryoufg]hexl@é '&EQ{ set of

m xture mor e raction
rfoimﬁenct@lmpenpmls]esi can lgeveadecavappahise dte crmokking

ée']\;esriltiygrgorf rﬁq%ti oPe c? %ractalpcp OF’J' at ethseevf é}g@/er fraction
radiant pass would have a higher coil outlet temperature and
higher residence time, whereas the 650-1000° F fraction would
have shorter residence time and lower coil outlet
temperature. These sets of radiant coils would also have
capacity flexibility; e.g. 1if the mixture has more 1light
fraction components, more passes can be made available to
crack this light fraction to the appropriate severity.

In the series of V/L separators, the last separator
(that separates the pitch, 1050° F+ (566° C+)) can have the
option of adding recycled pitch (1050° F+ (566° C+)) or
addition of pyrolysis pitch to maintain complete wetting of
the wall of the V/L separator. The V/L separator(s) can be a
cyclonic device or simple flash drum with or without a

demisting device for removing liquid entrained in the wvapor.
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In the series of V/IL separators, the |ast separator
(that separates the pitch, 1050 F+ (566 C+)) can have

W@ b@opi4son of addi ng recycled pitch (1050 F+ ¥GB6S106§/)73965

or addition of pyrolysis pit to maintain conplete
wetting of the wall of the \}7 separator. The V/L
separator (s) can be a cyclonic device or sinple flash
drumwith or without a demi sting device for renoving

Thuirhient bai red kppd h@fV‘a,pJDrse-lﬂ"a&a%bQi ce abttheideaPay the
of V/IL separator is _deternined by the coking
HHopEnsPEYPUS itHe Pf qiig b]e%%ﬁdse}ﬁ%ﬂf%t eaeW%ﬁt%erth the

e ghest ceff Lebepeys Sapanat-ar sustcls as,CYekangsi hgi Adyuired
requi red when the feedstock contains undesirable

@tﬁ?poﬁlé?\t §e8UeH s PPECh That"ife 1Be dgPerared asch as

amponent: i-anhhe Heedsi Ok dP dhemypbakbysi $nCohL Sfeedstock
ypically only 2 or 3 V/L separators are needed. In a

Bt ey Pedoebodli frentS - a TweaRsLbY ¢hbleperdent VYl separators
cantfLldeling the heating of each set of coils is

provi ded such as controlling the fuel gas flowto rows

of bufnefs %dfjfé*ééﬁtj tRRAERCEEr F @GRS o by AeRsHEENtLY

eaohr et naf +£01 hSad Mpsepacate! ¥e@e<§f ec%ﬂ%d'l%nf)r@@iééd such
of the furnace as described in the twin cell concept

by THEraBveIr efer énrkdiad thldve toharvappéabedne hs tglacent

€PTQ, pRYazine, ¢ ncBE‘@sz%‘% @&argg{,ﬂ% 200Q. £ JBNY.0i1s in
sets of coils in the twn cell concept separate

gomedle lof hehéefluskpdgant t e+ bwso bf ther Aerzaerlj at edtsqgbed
gachset, af 011 Sy ahsohe Hﬁ@&’e rgﬂ?e%n%@}éagiéﬂ@ﬁe that

of the present i nvent’i on”i ncl ude: he ability f
PSS n@ the aH®P emmameedncmae%l IQuaah@I;ton@w For

éHJ %%dc {EUESSthQ 9 fﬁcgéﬁﬁng%ce Engggarazf control

uti |IZI ng the heating In fhe furnace s
conviect fonl sexct | on t@ﬂ%e@@rmenenﬁt ddie ogarti ¢gs each set of

éoeieldssh%g)(aﬁ acfions {n a series of heating banks and

vapor |qU| separators. 2 ) In a preferred
enboditirent ,acsepargte afd Wt | paARagUenclveaysensirfagude: 1)

%Q? B%E?ﬁ!&i%o@r%ﬁ%&k%sﬁ%S”Hhﬂf Qﬁéigr%ggalted crude oil,
and/or wide boiling feed mixtures in one cracking furnace,
utilizing the heating in the furnace’s preheating convection
section to separate out the wvarious feedstock fractions in a
series of heating banks and vapor/liguid separators.

2) In a preferred embodiment, separate and optimum guench
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
quenching pyrolysis products from the light fractions, and
Direct Quench (DQ) alone or 1in combination with TLEs for
quenching pyrolysis products from the heavier fractions.

3) The ability to mix different feedstocks in transportation

and storage systems without sacrificing the benefits of
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feedstock fractions are used to maxim ze run-length

and recovery of heat by high pressure steam
w@e@doaddBon; i.e. using traditional Transfer LPEEUS2008/073965

Exchangers (TLEs) for quenchi;ng pyrolysis products
fromthe light fractions, an&'u rect Quench (DQ al one
or in conbination with TLEs for quenching pyrolysis
products fromthe heavier fractions. 3 ) The ability
derdlyeidif f enesd fredsitecks | Att ranspor trakkbentand optimal
storage systens W thout sacrificing the benefits o
%ﬁ%ﬁﬁi%yyziﬁ&lﬁhéé@piééﬁ§id%%§idﬁ@Pﬁéi@“Peéﬁ@ﬁ??%elongtlcs
SR 1 pRbvseverhdyy dhisrisddwplidd ess f egd sBpertreand tank for
storage | ogistics and(frovides many benefits: use of
tHe same feedst aARIt oY difFer¥ntCcoréddsd Feddcedeystry and
Sacaly Yingehegd i avgnt giypandshar ildg popLEREs@ndrequire
ships that may otherw se require cleaning and fl ushing
GRS 9 CORi AUPS O Pies SVATYh S sepdr 46PRG- and

ey isRgalkrhghhg VAR ddRehon: §8) WHd.e raaleedsiocksiSie o
bei ng vapori zed, the pressure requirenment at the inlet
Breqhe tkurfabel 1 YEdeadd: PFBe RS Ty i A8 ipBRt at the

wide- boi | tpg eed.fL equenthycEUNS 1dHQ REQRLEBE WiHh whote
the lighter fraction vaporizing too early in the
Tefrectilondsetddontrapes ) tef eatnhg Hydr aprlelems  with  the

pﬁﬁhﬂﬂJe%?&é@h&ha%abbgﬁg§n&th&ﬁega§@§e:&p %ﬂ% convection
furnace, unless nore punpihg capacity is nmade

i dcabl ePeFhus evé 1Ay éndiron L ovebeoer 41Uy prigitem imits
iéag%]effee[ae§%5prb°@hé)ferl?l%c@r, _a%ﬂgﬁs;eFerCi‘e %u‘m?biﬁg ca acaity is

emati c diagramrepresenting t process flow o
@ erveadabibodi et thfe ttheenhventdwer qomecessis aprgneen.

d4ldy papoibeaph &M de boblingsfeedstock that utilizes

a single cell radiant
sect iFGF -wilt it wo S@tegnagficeoiilagrakl Gep2efentalsrhgratpocess
I
énd | yuVaporagabl mbdicder it | ol frepdstobk ddkatthatt | wiziglsizes
<%Q§xﬁﬁQ%WﬁﬁhﬂHEds88&?ﬁégé”a§§“é‘%fﬁ@l@ %gkh Eggigg% section
with two sets of coils.

FIG. 2 is 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/liquid separator and a twin cell radiant
section, each cell having one of more sets of coils.

FIG. 3 is a schematic diagram representing still another
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
cell radiant section with two sets of coils.

Detailed Description of the Invention

The invention comprises a process for wutilizing a

pyrolysis furnace to Dboth separate and pyrolyze separate
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section, each cell having one of nore sets of coils.
FIG 3 is a schematic diagramrepresenting stil

wae@vioaispr ef erred enbodi nent of the inventi veP@r/uosmwes$073965

for a feedstock containing undesirable high boiling

poi nt conmponents such as p|t that utilizes two
vapor/liquid separators and a single cell radi ant

section with two sets of coils. Detail ed Description
ofaddi®nlsnventi @i ddhgoi NVent h P LEMRONS €S casPEOEESS dimal
utilizing a pyrolysis furnace to both separate and

WYY LaSsbpar Bbets fdERreR8f a wi de boiling

hydr agar besed eedst ogky atcdﬂ@)tr'lg@l Londhbbons fayathos@ons,
fractions . The feedstock may nprise a _range of

Hydriseaeh orrdes ekl Pt dBEP FRBYRE LORBC P BoSEr 01 1ing
@ndhor £ hi @b boi | Eng: pibehof r act | ang that yCanntribea under

conpl etely vaporized under convection section
CUHHATIORs. ERahples oPrsiitiabfe f detdtdeRs i A€l udgiitable

RgaR kot 1 hdided £y natur abe 9asidiicadi dso (NGh$hral gas
nat ur al asollne and condensat es i ncl udi ng t’hose not

e prdsdu n gedtyidd d¥2sYong atir sRerEeRTAIES offcluding
8 dues, ceegwd@a@a %argfagnf%i@@rrslcrrrgoryn@efshegfycrude oil
processes, vacuumgas oils, heavy gas oil, and

Hesaiucsd Geads BYFTOCHHe" exantpiies rrel a@é1inbay BFecesses,
oty Myt ed tﬂ’s deashhal !ﬁ;§9 Qjih, olds decbvedyfromtarsis,

sands, 0il shale and coa and synthetlc hydr ocar bons
@ﬁhﬂﬁ‘&?ESW@SS($W§ﬂPdW}dHPé Brst PPTatemSyad hegi sfehsdialted

ends, o GIL (&as,d o H&W'Q% h%é}{éis,engﬂ Heayy BapafddaAs ang

Synt hesi's products, Fischer Tropsch products and
ydriedriac kateoca Then pyswily siss PMidSnadSbedanMbedbt Rhytigflate

igﬁ}ﬁ%%ngnhgggggggagd gﬁﬁ' féy ﬂ$&ﬁgh¥2h89v ends, Heavy

ocar bon stocks to produce olefins
Eﬂnﬁﬂﬂ;manﬁynﬂhe@eblp¢@§ugms,sdbﬁcasr|HM@@Spat@dqdmcts and
lgb é%a%k@ d twin radiant cell designs as illustrated
|gure The only requirenment for the radiant
sect iThe dE@iStTCglIYSIS thatnadeer @abebf| ovr adey coft ridle foymmonly

§§%¥%yed 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 coil 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 1liquid feedstock heating, vaporizing
and superheating of the wvaporized feedstock, however it 1is
preferred to have a single pass design, such as shown in
Figures 1, 2 and 3 for heating and wvaporization of the
feedstock as that minimizes the number of vapor/liguid

separators required and typically results 1in high 1linear
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pyrolysis coil or sets of coils or in the case that

strai ght tubes are used instead of coils there should
wheoopassat e control for sets of tubes in the PEHUSINS/073965

section. The convection sectjion design can also be any

of those commonly provided for l'iquid feedstock

heati ng, vaporizing and superheating of the vaporized

feedstock, however it is preferred to have a single

PESS14eSIsgh £ SUEE @sc8BowHk | Ankiguries s, pdiagdndaktes and

heati ng and vapori zation of the feedst ock as t hat

YARA MiZ2Es %%etﬁﬁnﬁ%WV@Ft&ﬁﬁoﬁﬁFﬁdGPd1§§ﬁé¥htor§lgh linear

vemtiradsandnt yphcaldangeesykt s1in Mders/second and more
linearvel ocities of the feedstock while it is_being

Nt AN 2VEPBRT /e IRt RE BoRVRELT Gh SSEECiahlY ub‘T‘Wtant

Hi ghnd | pe@nyetoci s dimqt N eh@nd® 8t bn2 the wall of the
nmet ers/ second and nore preferably 2 meters/second or

HiJHEr tar 8°BpRETE N Yy GNFpSPERAE PR Thelorgsihg pBrine wall.

tHparddRg shearvinsce ienr the mebt ©fcthewhdhi Bfet Seedstock
hel p prevent the formati on of deposits on the wall.
THereefsr éoudaehs vl ocike @5arestst useful when the

feed%ﬁQQKPQQnE@b8§t$QM|§Q§§ Bhn$OKE JH ESHSUS designs can
Mul ti eedst ock pass convecti on section deS|gnS can

al K0 @@ adapredd- Howelpaevedchepedstiassle tpass PASEheln the
COMMRGL QN s88F1 40N, NS ech"eh%fe&@géé}@%"s i3 RALEL @l L ¥oorized

vaporized wll require its own vapor/liquid separator
)l | FRsruiingst diice, AW | aRET/ LRGBREDNS SRR TR (@ For
pydalysi s sturpage. V‘Md?;m%o%oﬁééeﬁéézé’”a %sﬁgatfu&??@e Gith
assenblies of radiant coils, such esi gn woul

¢ ecpiivieEt@ onapessEd qulil@lt s@p%ﬁr dt m@%@ﬁlﬁakpﬁgradlant coils,
%@&Pséo%sﬁgh L pRar %ea d '9{% f;]‘ 1Ialea%/e¥>arators for

raction aré produce at|n
miriolgy sé s feeidssoth tsméltamme secty on o'lflthte dng nacdeavy

yggg e 4h rgrﬁg%aggg , of the feedstock are separately
on

yro yze e in one or nore radiant cells,
Heiateboxed ddwt aated dah phe fusrisaceidtsr uct urtee radiant

%%B%%%%k%?QQ% qaukﬁge Eerea%ﬁee¥958¥§g%slgfogﬁécggédstock
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 of
each set of coils such as by independent fuel gas flow
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 to a single cell
design since at least one of the cells and possibly both will
have a single feedstock composition if a wide boiling
feedstock is split into light and heavy fractions.

Flow distribution to the sets of coils in the radiant
section of the furnace is especially important to ensure that

all coils have sufficient flow through them to prevent rapid
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it is preferred to have independent control of the
heating of each set of coils such as by independent

wo e@b/oyas8s8 f | ow control to the rows of burners PEHRDERDS/073965

each set of coils. If two cel]s are used each cel
wi || have independent fuel gas controls so such a
design can be preferable to a single cell design since

at | east one of the cells and possibly both will have
@led ngbenfepsist aell compesi thoihdd aumh deeboihsnNg  That is
feedstock is split into |ight and heavy fractions.

I GWEISOERDGY| GROTHNE Mol ks ctASiGPtCoPRaYi AT ehe r aaiiught feed

wsactd-onaef the druznrace is espaeckal |y, | pPoLL@Nt3 t Phere the
ensure that all coils have sufficient fl ow t hrough

FHRAR 6 <pr éVentPtHpi dédike foPhht i B aftPadWor frfarhalee for

ﬁ&ﬂlega%gthS whihat b%l?CCQHﬁ|lﬁiﬁ%ngMsf€£%8|1gr@b£ed each
radiant coils froma common feed header as illustrated

e diigar €8ters 2n5Ad23 RRBPRlEhecteedSt Bk feekprgader and

e O dnioght cando heavyr fracthonscE oFn Py raley sissa Yhere 1ight
only two fractions are created, each fraction enters

Tro1en Spposit 6Ceh 219 t He Feedeneadéraahicr heehuibeioils
&ﬁLﬁob5§yo&nﬁﬂ%_H@&nagﬁxhnﬁhgargouﬁﬁg | Pethe- i@t of the

fraction set of coils and inthe heavy fraction set of
YRRQ¥¥LMQPPdv§?QaEﬁHQﬁarﬁﬁv atedr df g ¥G ke bPenpeE it ure the

Qépatrbaeco\_/:apot{}{é ' ngQlS%@E@EQé otfhetl§é eaM-LQce and optimum
hydrocarbon ratio in the separator, the total feedrate

pfovire of penacel anes sptiaruimel @m@hézlp@r thei LigBeRidrheavy
Eégaéﬁﬂ%%'x%éBQléﬁ§ l'WﬂgfeaQQePgagﬁeﬂﬁﬁg§%%%% two fractions

fractions. Where there are nore than two fractions
cresdteagd im the comvectiion secttiion Byy useeofoft wower or more

LT g t the ic f
ﬂ%%j%r ggﬁd | Ll 1%&%§5a Of 13, Fﬁ@ne_ﬁﬁ§h§ %Sg header

rangenment used for two fractions is use
dogetdeeeni thethéoaddie i bredticosnest iens proviided witth the

A aeriedy at &, posiLi NS ?ﬁcgvoic?édqg ak0 1he gIOUNL O gt ions

ant’i ci pated vapor from it er mediate Tractions
@¢@Qndamgsotbhath$nrﬂmnnntnlmfngan¢l¢iuaﬂédacwapns miidm the

PRl ie PR RIS BERe I By one
fractlons will occur in the header. For a feed header with
only two feedstock fractions entering at each end there will
be only one 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 two
coils or <coil assemblies that have mixed feedstock. To
provide a more flexible design capable of minimizing the
mixing of feedstock fractions for more than one feed
composition 1in 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



10

15

20

25

30

be only one coil or coil assenbly that has a m xed
feedstock; for a feed header having three fractions

wo eaovz488 , Wi th proper placenent of the conneR€T/082008/073965

the feed line of the inter jate fraction to the
header, there will be only two coils or coil
assenblies that have m xed feedstock. To provide a
nore flexible design capable of mnimzing the m xing

Ditd eedsteek bracdding feksBBr end hady ae freed rates of the
conposition in the header an alternate connection to

e theader H°§ Vdesi9%4bl E730r ¥ e 7Ht eChBATFat &St r &6t i i ieve
{1891 r EAVRIES O FLUGWRAIE GONTROD, Thenfold,oWmg examples,

exanpl e shows how the parallel radiant section coils
't pagdes HAVRL Y pPEART f iPnadc&are?sigl i S upsArBeEwdor the

sl ehdar adbapt rpassesnsand how the feed rates of the
| ight and heavy feed fractions are controlled to

achi évef ¥ HEIG® optihafoktackperaieve?rtt v G0 sithplhif yas 20

the examlesanthe 8288, di buthonisteam 1 ocbeed fatiod dss of
assuned for the [ight and heavy fractions. A furnace

Wie hlt@tfal T 1aEdrat enf 185, QORY Lt Hess 201 Par al1agition to

sadhant o passesopFeRt NMsXbuter ], contal Asd4:08% afast heo  be
l'ight fraction and in order for this light fraction to
Jé@cgm@dt oSUdhs ©pth nEbe sEoePht yIlot sThbed Pat d1MAS e Beavy

Feduced such Lhats the b\@ebg@%fﬁa&’%%cﬁgsi?& Abull GRt1 16t o 1

heavy feed fraction needs to be O. pounds per hour
Rﬁumigﬁﬂ‘@éul 95U®§“ﬁé@cﬁ@ﬁﬁl@@ h@avyﬁaé@ér@pﬁglt@g of the
%ﬂﬁ%%ﬁ"s :?fdeclﬂengi%ﬁltt NegPKEQLYSES.Qf chhe ddght and apove
eavy feed fractions. The above stated conditions .
tleftiate doudigues ebafions dor vegus | oasatdeses i lpirngedhaowons
&g{?ﬂﬂﬂl%gl%ﬁg%nc%2%1989¥§8$|?€ %ﬁ&tbggvéé§ﬁ ﬁw%égﬁ$%n from
unknowns "needed for opt I mum owate control of the
vladirant welrowei Inecged dakcubatedn (1ywmirerorofrodoidfs the
gf&%nrHedcggi PySQlyzing th 1Jd1%*%tedf:raﬁﬂ Orhufmﬁo%)r NYEDEN ;1 ¢
of colls required for pyrolyzing the heavy fraction,
(Suifrecdriate peroktwiilng egus r édghor frhetheavy (Bractumbar of
3995£4kequired for pyrolyzing the heavy fraction, (3)
feedrate per coil required for the heavy fraction and (4)
feedrate per coil required for pyrolyzing the heavy fraction.
The following table shows three feed mixtures with
varying amounts of 1light feed fractions, with different
desired target feedrate ratios, and the corresponding number
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.g.
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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wWorooveass wi t h varyi ng anounts of

feedrate per coil required for pyrolyzing the heavy
fraction. The follow ng table shows three feed

light feed fPEDUBIING()73965
with different desired target.  feedrate ratios, and the
correspondi ng nunber of radi'ant passes needed for the

i ght and heavy fractions. For the two feed fractions
cases shown in the follow ng table, by feeding these
tavorf r egdd.one froamoeppesi tenengss ofs the f eedudeadesiighely
and by controlling the flowrates in the |light feed

bads el o tHE St AT Peddr at'e frsthHe tapbHe, seogn 3n the
PASSLSAEN3989 Wiy febeeach passed arrdfFeedaMext ufige 1 ight
, flows in the other passes when evenly distributed

W9 NP Vat TRREL PR T eSPECEVEAROP r ebdT fi&Edr JgsureTp with a
AR Zi8 gHeXided Hfavhheckightc ande heayy Hraged | ong i fequired
the feed header, the |ight toheavy feedrate ratios for
PHPGFasees L avlet adfasteer sPRghtt yWi P oRPLABLAERE gBp" be 2.82
KAtd Rt ot hgniactyahi <1t i & shewn signt Reqgt ableyserdhatons,
a whol e nunber of passes are used for the |ight and .
Heaviiedneaét oAse FerPehstianteed meeSEeedsVPRiapesd, ,in this
M dd QBtﬁk&%%sl'gbé th@@@%Y ﬁﬁﬁdQQb%tra%kQCQIO@'%ﬂﬁi the
the required nunber of light fraction passes was

el afranedneo agéual g2 iabhever Nee v AeRtz&areximgioef to the
the.dd gt candobeayys fdact gng, of e nearest whol e

nunber of feed passes is selected, in this case 3

passes are devoted to light fraction and the 10

. [Pe ixfQre . e r e?@%li'xfﬂlréé’

the passes ifs {herehy, adjystiedytp 0.8929. (ke L XU UT @40 Hvy
FeedRate, IkhrFe€ed M Xt Ur @5 dooFee eV 251085 [€ 880000t 33311 31@68)V Y85,006 alsg 127 36,873
% Lightin Mixtk€ Hvy Totfal qhbge Hvy FeedRatsga21b/ hr 85, 000 56162968
Total # of Rat&BnORR3sd35, 000 332837 5 1, 663 85, 600 48, 127 [36,87%48 %
Appox # of Rasglht in M xture 14288 3%.182 56. 62 Tetal 1#160f Radi ant1.32 8.68
Target LightPivg SefatPRatig()) 20.9Appox # of Has9.78182 17.1 8 |7. 8018882. 1
Actual Lightgivy FdFgpe Ratigg T&Mget Li ght/ Hvly PdBAte Rati o 0 94887. 781
Actual # of i3s®88 Act ual Lightlkﬁy FdRatle Ratio 8.929110.[789 0. 8702 8
Actual FdRate/Pass 3,989 4,296 3,704 4,697 4,011 4,609
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In another application a twin cell radiant section (Fig

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 1light and
heavy fractions are fixed and the required ratio of light to
heavy fractions can be achieved by mixing in the appropriate
amount of the lighter feed mixture with the heavier feed
using 71,772 1b/hr of Feed

mixture. In the following table,

Mixture 3 and 13,228 1lb/hr of Feed Mixture 1, 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 3 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
FeedRate Ib7hr 13,228 1,862 11,365| 71,772 40,638 31,135| 85,000 42,500 42,500
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Actual # of Passes 3 17 9 11 12 8 Actual FdRate/ Pass
3,989 4,296 3,704 4,697 4,01 1 4,609 |In anot her

wa@ppbioeass on a twin cell radiant section (Fi g BGI/RS3008/073965

arrangenent is used where a Jjght and a heavy fraction
are cracked separately in separate cells. In that case
t he nunber of radiant tubes dedicated to cracking the
l'ight and heavy fractions are fixed and the required
ratio of light to heavy fractions can be achi eved by
m xing in the appropriate 20 anount of the lighter
feed mxture with the heavier feed mxture. In the

fol | aweng: babh€uoISkBY kel iBehb/dyinf Frede Muxtrubeigg to
and 13,228 I b/hr of Feed Mxture 1 , a final target

Fe8t G Xt @E Wi a3 é_léPé-tH%Fé?r?ﬁ rield fdl'%iir“éf@n@é%l- i ghterring
{5 agthorecan begaghi gw@m% t\fﬁgo%%@oﬁ:ﬁ%{&@ BAHNBGL range
total feed rate 25 of 85,000 |Ib/hr. Feed M xture 1 .

PP WISkt Ur €73 STARGEPTFEEATRF xPlir énod-RRgRPRYACtion section

comapeat i x{dr g, 1d; 08 p6 8- Jarget Ydi ghtnbfer 51 and
M xture 50 Total Lite Hvy Total Lite Hvy Total Lite
HAPTLIPIGAC G2 11, BFs 7onVT2 D, $38-31, d85-8Hegodrelow

ﬁ% 5@9pf’@aw-r5§nj<§'v%@t itQﬂ)eisS Mﬂnbegh@elcg}%Mé €of the
referring to Figures 1 and 2 as illustrations of the
FrvAentd on. DRSS mmgare LE §ur esnTeanave heqlt fuFqysfer from

ViaporLzabhl & W desboickiing range feedstecksdo@nfersy acr the
preheater 51 in the convecCtion section 50 where it is

paralivalilsy fuapeeezed. The preheater 51 and ot her

prehegters io@/%‘ﬂ& f&ﬂ%(ﬁ%{)r%r) seqlhbonsdeger pped. bel.owy jng
are typi carply anks of tubed wherein the contents of
¢iee tubbesvanar /Heated pepanrtidy 4y cormvect i vaodreafraction 3

fer . ¢ . ok . o
LETSL LSO BRI TRt ting Ve Tofhant o
sepanater 2 degaves t henypr ehepdert &l anch@mdemg aa cyclone

&%ﬁQJTL%QUiQ %SR@E%&S&eﬁoamgﬁﬁﬁﬁﬁ #ﬁ&grogr Ct%%Qcéﬁéﬁgkion
alliquidfraction ar € produced. e vapor/liqurd
device commonly used in heavy oil processing. The
vapor/liguid 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 boiling or non-vaporizable components, the
vapor/liguid 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 vapor/liquid 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 vapor to a



10

15

20

25

30

separator can be any separator, including a cyclone
separator, a centrifuge, a flash drumor a

wo ca@enea@ssmt | on devi ce commonly used in heavy oPCT/US2008/073965

processi ng. The vapor/liquiq¥§eparator can be
configured to accept side entry feed wherein the vapor
exits the top of the separator and the liquids exit
the bottom of the separator, or a top entry feed

phereitr rt hes pradust gasesiexide t be Fedasebckhend dilution
separator. In a preferred enbodi nent for feedstocks
tioithili Ay riheEsFrRBreeHidth poientS U6 PPAgeGrmixture of the

nomieapordAabbe eenpasentsastbex vapar bhiaui sh sepadtiters
is described in US Pat. Nos . 6,376,732 and 6, 632, 351,

Wi cHEAFSEYRSURES1afe Wer @BY | heorpoiafed HiP r éP8r erE-ant

seckh®nvapan sf ractthers3 dheavesthhgeyaper {he QUi@iant section
separator 40 and enters a preheater 53 to forma

Superhebt Erapafsr hath&yres véenpPesedIdbicttherditginestt the
porddienrof the feedstock. The lightest portion of the
feedstock is mxed wth dilution steam 22 and the .
resulffi ng RIrREEFecs CEPPEURRRti ntd e efRPBL sk acontains

VAR Gistri butison;beader33nthal SupRLi €oMaROr 01  the
apreheater 55 where the m xture of feedstock and

dithadten stleamdts farthkt slipéhheated! THe 'Superhedtdted
Mg upge ofscthenl ightesy; por then Q. the feedstock andy;ying

dilution steamenters the crossover piping 34 and is
poiRled | Ot t BEovadi adihisectildn toV¢s Ghet ulseBli@EB outlet

Ined i Bet g, radi seel i ofy of; 1ifg LUEBAcE, 80 n it
TR Ehrory o the i Geest portTan of 'ChG featelock: '*
In aipridkernethentuidienn s fes heifabdsock  cohe aferdstock

élef[ﬁc%ro%t Ue $e3 Eisv%t%gﬁp‘%p?”"% Eﬂéﬁléﬁ‘ngédufl&’%@sé&% that
preheater 51, sone or a of "the steam 22 nmay be
Wajeactiedy |t the styjeam® freedi g t feedsdpakateer 4@ght in
%/}Lea %5@ )faianc% QOZ !1 ’S(glp ée So@;gn) i'lu-‘[ri]io ﬁ%ym%gv@er s@% in
required out [et %eﬁ‘peraj?ure of the préheat er an

mianan z€ faulutigni nst¢amWhiche ipriee yenbegnimmtes:it of the
QfﬁﬁﬂkQF%a@e&%H%g %%%tf%%d%kggknot undergo any significant
pyrolytic reaction in the radiant section of the furnace.
Further examples of dilution gases are methane, nitrogen,
hydrogen, natural gas and gas mixtures primarily containing
these components. To minimize coke formation in the radiant
section coils, it is desirable to add dilution steam to the
feedstock fractions pyrolyzed in the radiant section in the
amount of about 0.25 to 1.0 pounds of steam per pound of
hydrocarbon being fed to the radiant section, depending on
the average boiling point and hydrogen to carbon ratio of the
feed fraction. Accordingly, a larger dilution steam ratio
will normally be required for the heavy fraction than for the
light fraction leaving the separator.

The ligquid fraction 6 produced by the wvapor/liquid

separator 40 enters a preheater 52 in the convection section
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dilution gas used is steam 20, it should be understood
that water nmay also be injected into the feedstock as

w0 200glze48h t he 351 patent. Any source of a di | BET/UR0GEE73965

may be used in place of dilutjon steam the primary
requi renment of the dilution gas being that it does not
undergo any significant pyrolytic reaction in the

radi ant section of the furnace. Further exanples of

g | witd @0 gases @ eihaneapBirt begenthdyds ogeitng vapor is
natural gas and gas m xtures primarily containing

%@%&%ﬁﬁﬁ%t%@ To ﬁifﬁu‘fﬁ?r%et&é%g% fét ipéﬁ‘hpﬁ.t?ﬁeéz and
Tadiant t1sectbOfe ©0IdrS, sddich desi kable 4 addadibuta@Br 7
steamto the feedstock fractions pyrolgzed in the

?%ﬂﬁ%%@@dséﬁiiéﬁeiﬁeﬁﬁéeéﬁoﬁﬁﬁtéPnaBGUt16?2@??6539$¥- The
Punds 0t astaIpPers peund of s hydrocarpan being bedaha the

t he radi ant section, depending on the average boiling
Pointti&ed THydrsged t6 carBer FatPotbe the feedt the vapor

&1 AGLIHRR1 ACORIGRGl 3 Bpbas g&r dhbluli@n SteamrakhQer 32
wll normally be required for the heavy fraction than
AT He'q ightturcacti irel davining fPRESepar BYrtiorheand steam
diquigy fraction 6 produced by the vapor/liquid

separator 40 enters a preheater 52 in the convection
sectilon50 wheferted | smeodisttel yivapbei Zéduithdeaving the

109 1 4apOL her as. i S o
R

s@utdren t50 tasta wlpgerdréatkedndaptaroB icomeres e dfott heeating
| est tLan 1St 06K..: e o

Jo e el PSS S B ot w0 ¢

(65U ) ngtnernosehdriic pregsedei ntleent Hédicedd g81doteahing the

B L et P S s T RE gt T St o o e
dovacttirennapdeseebnmy et er €t dwpid pgrogfretied ehbodisredrosit
éi %E%t&% Uigu4PQ%¥ng Eﬂg.%gﬁ%kkliggiQ7I%B%%%EQEn in the
contai ns fenperature sensitive conponent’s that wll
eracketand Sdepositeldoke ehohbt 7headn ng ser flac esa sic hrras the
8%?@”§Q§§rf¥§€1o%°iié”%oﬁgigéédaQRV%a6§§E£ia1 vaporization
nozzle by direct contact with superheated steam. For this
purpose it is preferred to use the heavy feedstock
vaporization nozzle as described in US 4,498,629 where the
final vaporization of the feedstock takes place in an annulus
of steam formed within the nozzle and sufficient steam is
used to superheat the feedstock vapor so the condensation of
tar is prevented in unheated downstream piping.

The superheated mixture of this heaviest portion of the
feedstock and dilution steam enters the crossover piping 34
and 1s routed into the radiant section coils or tubes 61A
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 coils

is adjusted with flow control wvalves 30 at the inlet of the
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(343 C ) at atnospheric pressure, then the liquid
| eaving the vapor/liquid separator 40 is only
w@aoowiozd4B8 vapori zed in the downstream preheat BCT/BR2008/073965
To avoid formati on of coke osit on heating
surfaces, the extent of vaporization in the preheater
52 is held to about 70% on a wei ght basis and the
final vaporization is conpleted in a special
yapor iozat hes: nezzlhenby rdi f@6ds cont aghe ¥ t Rrsupriheated of
steam For this purpose it is preferred to use the

P FeEd§EBCR Y afttd 7R 0ATRBZ L™ S SdsserrBeatesh rygore
hA9& 829 whekectihe Thoakovanardizat ioen @k thedstock routed

feedst ock takes place in an annulus of steam forned
WPt BEE t A RBZ zFedhirl stffiti Bht Ietedmiss usew tigow meter

maperhedtctherf egdstock vapar 30 thhe reendensat i ok of 10w of
tar is prevented in unheat ed downst r eam pi pi ng.

The
ERFT héat e83HLRY ur'dof RS/ he@vi @stSPHEEteA of Ot hend  the

deedsipcks@ne did utin tlieamentels 1@ CrassQvYeh and the
piping 34 and is routed into the radi ant section coils

Srlutipes B899 oABailfe@citrdt e cadiamt Ne@EYi diresttiPRe With

frenace. 60, that, 1Ry raly zer &:hes heavk eshepariyhen quacttrﬂ%n and
feedstock. The flowate through each of the radi ant

slean oRledilre |%PQ%T1@§teHh®MtW@PPWomﬁh%ﬁﬁ#hﬂthﬂﬁlvb%a@ﬁﬁ at
ﬁgs é¥%ﬂ @be%ngfthge?ﬁgﬁrége Qﬁﬁ%ﬁﬁ%@ﬁ%ﬂge%réy@fén5§hd steam

where the m xtures of dilution steam and feedstock
fiiHothcors tar eng upet heaced dhef orleut by heeglepy pbl peedtion 31
Jhe caapesition of the feedstock routed to each of the
radl ant colls is determ ned fromfl ow neter
neas@rderm@rqtnsn‘of off he-heot igldifvicwato acieé filowacertkes, ¢mfeering

an & fgﬁagapp‘%}eh%at%?v' 0 %@%e‘:’ﬁ?ﬁ’éé' LqQui d, \Erﬁkp% a%?r AMiant

i l'ution steam 22 injected into t
f$edcitdnon cand st hehdt | uribh st;eamyzs i mject édglmnt cantdhe heavy

vy, fract hese asyrenen he f
DR S et i DR TS T N H S ine
drapgro o siorllllsut Toashedder Jaattepaosaﬁa @rptsmlaad t@@ether with

flowate of the heavy. frac§ qn. a eam m, xt .

I TG aRd VEPRrE T T o MesIGr R postk ey
total feedrate to the furnace and the amount of dilution
steam added to the 1light and heavy fractions of the
feedstock.

With reference to Figure 2, the heavy feedstock fraction
and light feedstock fraction are predominately pyrolyzed in
coils 61A and 61B respectively which are located 1in
separately fired radiant section cells. This arrangement
permits the pyrolysis severity of the 1light and heavy
feedstock fractions to be further optimized by providing the
capability to adjust the heating of each set of coils
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
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are determ ned. Adjustment of the individual coil flow

rates entering the final preheater 55 determ nes the
woovbeee48d radi ant section coils that will pyrPCTES20081€73965

i ght and heavy fractions of,the feedstock and the

pyrol ysis residence tinme in %%ose coils . These flow

rates are optim zed together with the operating

tenperature of the vapor/liquid separator, the total

peedratie tocthgedfdy na@aeanﬂnt hevcameynt s ofi di kyhteB11ed by
st eam added to the ght and heavy fractions of the

FEHLTEEk. W e ef & BGTFiGre 2  PiHEheRAfrate per

feedstockebr asti one andy qaédfs€§@l}$tﬂ£3%tflbﬂcbboﬂh§tf €results
predonmi nately pyrolyzed in coils 61A and 61B

Yespett el §Y WHiYEH Sar &SI 8eRERdE 1 PR sepfr at &PYRF | §eigh outlet

{éh%eaf%ttu%%ﬂ'@@rceiﬂes chhig a%ﬁélﬂgeﬂﬁ{g Q%%H‘cé% th&dstock
gyro ysis severity of the light and heavy feedstock

Htiogng st PYEeLaPEher 6PYFHI ZREIAL PIRRA didld tife used as

capabkhity tQ adj ustnihe heabibnge of 1gaChREt 2 0hicaAkkS coil
directly by adjustnent of the rate of fuel gas

TontRist FERAPE R 8HEh cel IRti9qad 18i ngtiee cBRRT AT atgendpts of

§££ﬁnﬁ§:§§QW@H'QOEHQUE§55§-§E f%’cér¥ﬂﬂdﬁiagg can also be
feedstock fractions in the coils and thepyrolysis

FEBIdedc N inreViiAipAecedr T}l | 50k ofts ofusdd g flow to rows

Sdidistent b Lhe deadiate perscoil. A higher feedrate
per coil is used for the heavy feedstock fraction as

t hat Redsulrisgi foa Fligwee pyr ol yside rlesi Hercerangre erfgiock
+&¥‘ﬁl§:&%f eeggt&%%& r%l%%%t BB?llE&f;féfhec %%'rnkaén@ﬁ?é et crs

raction is pyrolyzed, | ower
3 e@dreata@t@er 5¢oidn | shasegngsction e§@btsonn S8 hilgghey it 1s

}Eﬁﬁ%l%%ﬂ%{evtabgﬁ 9%9 a ) %hgﬁ:e%é’ﬂe? gatdl'in%%erét Y& fiow

onal’l eating set's ant séction
¢idslutioca §¢ﬁgmeocewat¢mwnauﬁzcﬁwwalSQSbenadyt@dedﬁhythe

urne%?qgﬁggés%olo & ;2 col%ieh%lES 41O 12T O Ohecastook
vaporization begins for the purpose of insuring an annular
flow regime is quickly obtained in the preheater.

The vapor/liquid mixture, 2 leaves the preheater 51 and
enters a low temperature vapor/liquid separator 40 having a
very high separation efficiency where a vapor fraction 3 and
a liguid fraction 6 are produced. In one embodiment, the
feedstock is heated to a temperature in the preheater 51 that
promotes evaporation of the naphtha and lighter components of
the feedstock.

The vapor fraction 3 leaves the vapor/liquid separator
40 and 1is heated in a preheater 53 to form a superheated
vapor 4 that is comprised of the 1lightest portion of the
feedstock. It 1s mixed with dilution steam 23 and the
resulting mixture 5 1is routed into one end 31 of a wvapor
distribution header 33 that supplies wvapor to the final

preheater 55 where the mixture of feedstock and dilution



10

15

20

25

30

Referring to Figure 3 , a wide boiling range feedstock
cont ai ni ng undesirabl e high boiling point conponents 1

W@ni0ens6488 preheater 51 in the convecti on sectiPCI/B82008/073965

where it is partially vaporized. In a preferred

enbodi nent, a small flow of "dilution steamor water,
(not shown) is injected into the preheater tubing just
prior to where the initial feedstock vaporization

Hegims sf ehipbhBe PrePosrOfsubasHEL NG an Al aF £heW ightest
reglne is quickly obtained in the_ preheater. The

M i §hi I xtiGrEStock eaires ﬁﬁéuﬁF%%eé¥€@m51eaﬁﬁrs the
e Ied | AWihemear aldd e v aporddd quith separ ad@faft0 section
havi ng a very h|%$ separation efficiency where a vapor
$¢Hct ion *Su}%ﬁﬁ @l i‘aﬁiﬁ?ﬁ]ﬁ}e&ct%r‘pﬁ}@ ariprdducedopn ot the
one, LbodigneRhatt hgyfeedst ockd s 1he@tedtt Op@rtion of the
tenperature in the preheater 51 that pronotes
%Vgg8¥§$ron of the naphtha and |ighter conponents of

the feedst 9ekee They VaRYaifeaet i @ 3uilgaves thR1ing of the
vapor/liquid separator 40 and is heated in a preheater
IEheeteer mla s Heat @bl vaporhg ShEeM g 3cawpr iksediniected

Iﬁ%% lkﬁgtgﬁkegﬁrtiO?e@éi&fetE§GQ§k%95to£tZﬁﬁ Qiieg__mixing
with dilution steam 23 and the resulting mxture 5 is
roiRled | M- oAecBRd- 3Thaf d'Mdpotode st EPButiasy iedderutlet

B3nddat SUPBEI £85. AR ket Be final; preheatsn baywhere

the m xture of feedstock and dilutionsteamis
superheat lédiuithe raggerhedt etk aductedr vofthchel 9w gheiz¢rature

PAsdd A1 i ot e pedsfockoand, it Lons sheam.ant 65s 1he tne
crossover piping 34 and I1s routed into the radi ant
sertdan ooidestarnt Bhes @B cont & neariyedlhe vadiamed. The
S&6HQn of VSESrw{ GE %%&% pyr ohyzg Ehﬁ%hégh&?é&ection
portion-of the feedstock. In a preferre8 enbodi nent ,
soctmian MG eafdubnpegrof at hezptehdat ethesd, Sdmgion altkam is

Pl S EIAET I, Dol S RS AT e 7 oo
ghiemte . vabhosization owér fdmdgteqli r ednputdrets with normal
boiling points of less than ~1000° F at atmospheric pressure.
The resulting mixture 8 is routed into a high temperature
vapor/ligquid separator 41 having a very high separation
efficiency where a vapor fraction 9 and a liquid fraction 11
are produced.

The vapor fraction contains nearly all of the dilution
steam required for pyrolyzing it 1in the radiant section
coils. From the vapor/ligquid separator 41 the vapor fraction
9 enters a preheater 54 where it 1is superheated and then
routed into the end 32 of the vapor distribution header 33
opposite the end of the header where the mixture of the light
feedstock fraction and steam entered.

In a preferred embodiment, small flows of dilution
steam, (not shown) are injected into the vapor outlets of the

vapor/ligquid separators to superheat them sufficiently to
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tenperature of the preheater 51 and mnim ze fouling
init. The liquid fraction 6 produced by the | ow

w0 eoper@Estir e vapor/|liquid separator 40 enters BCT/US2008/073965
preheater 52 in the convecti section 50 where it is
partially vaporized. The resulting vapor/liquid
m xture 7 | eaves the convection section 50 and enters
a nozzle 42 where dilution steamis mxed with the

A tVapehbdh gia ibrhy diroced hon ol Xt HE € dowin@ teBRANCEheated
vapori zation of feedstaock conponents with normnal
Bty pOthtSRFENees89t Rantuio00t Ftat AtabspHeriertion of

PHEestl Rt obhe ahasHh T A0 M xdire BiteS sl @nggrbm@v@: piping
hi gh tenperature vapor/liquid separator 41 having

Vergnchiigh ro8paPat N eFP | BFFV 6408 Gapbt FF Sethesn 612

S rRd 1 oui dpbractdionillsare iy oddcade TAEVARON 60 that
fraction contains nearly all of the dilution steam

REUivzed ther RpyT Btz inng tiieni af t Hee rigdideiPcSect i on

coi | spheFreamt-Recvapebhdh duheh sgparpt ot a4l thes ¥apQn coils
fraction 9 enters a preheater 54 where it is

Suprthiedreed vand thel Fonteel i idbvahe’emf 3 ofinted of the
YaROr é%éﬂéét@%t%@nwﬂ%QQe%hé3m9Q99§ééeofhglfﬁEHdH d&m and

header where the m xture of the |ight feedstock
thaactlilehtamn &t éggvent Bpedtaar afp@@$@WF%daéﬁbo@@@ﬁﬁheated

Eggﬁﬂe'&%%wsagg %&kHi&B&jSteﬂﬂg édﬁﬂbs%@@@ﬂ)oérghe feedstock

Injected into the vapor outlets of the vapor/liquid
sep@Ecattor sad supetiseatadinem satisciientpyerobreyehitom flow

I{%@J&er}ﬁéﬂ‘ééhu‘%%m%téa%% g@ tr{%t‘l‘i"‘”ﬁ%‘&qe%‘ ynheat8dace 1, the

pi pi ng. The super heat m xture of the heaviest
porti of ofercle §eédsvoek am¢ didwt Fempstaamentepsrthiguid

§g QYEer p£ﬂ§ §ﬁ%e§QéE§‘59ug%gaﬁn59 t?ﬁec%g Q%Fo this

ction colls or tu confained in’the ra
S£ghu onffcttilve, f urthace BOW hatf pyragorze Idaylhgavﬂésﬁ high

P 0E, IEclredaceli o b {1 o1el SA Ucan
contrrjeictedl veso 3that Hdaevi ﬁkettgéntrWaﬂh mabspreh@ammﬂments
é%% %&%a Qeo?1§ﬁé”f¥§ﬁy f%gk Eégnan §%eam mixture entering
the vapor 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
section <coils that will ©pyrolyze the 1light and heavy
fractions of the feedstock and the pyrolysis residence time
in those coils. These flow rates are optimized together with
the operating temperatures of the wvapor/liquid separators,
the total feedrate to the furnace and the amount of dilution
steam added to the 1light 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



10

15

20

25

30

the light and heavy feedstock fractions are
super heated before they are pyrolyzed. The conposition

wo@Rooblz4BEeedst ock routed to each of the radi aneCTUB1088/073965

is determned fromflow netey, measurenents of the

total flowto the furnace 17, the flow of vapor 3

| eaving the | ow tenperature vapor/liquid separator 40

and the dilution steam 22 injected into this |ight
fu@sticaredt he1hit own oftaapalo eawi kg bheohbghsing a portion
ten‘ger ature vapor/liquid separator 9 and the dilution

et e5ht 23 T} ectEW I ht B¢ hPECHEhARF _fl?@a?é’tq d%ﬁeﬂ/\i’tc% Phese Ly
raasur-emepts theqkkbowk at rofret hee | ieghtrEr agld 00agH8/ 11 quid
steam m xture entering the vapor distribution header
%?Paﬁééﬁotri-on?@ftéﬁ%l ]Phl%aif’rjdw gtfe O t%@_hﬁé‘é_@f/ F?%c‘ﬂ?%ﬁfally
B diteam Mbxiuse @it arindgrt heqyapore 1 Sthl BUt ERA inlet of
header at position 32 are determ ned. Adjustnent of

e PRENGIERal teBIPIf I00RST dtds Eater PRGOThel hegfer/second.

LXchange bank 59 deternmyaescihe, numberpfodiadi yH” steam or
section coils that w il E)yr ol yze the |ight and heavy
K

f3ect i ohsthe thécteddstodR arfduiihedpyolBESIY Cresirdetitigllar

ficma i:@ginlf@sgngmkleép- tﬂé_esfi diQTN '\I/:@j:cﬁﬁt%/r ea‘@p&rjanggove 1
together with the operating tenperatures of the
Nelpor/scicgirid separ atf6rdsteples t 6PaFaf ety atarged theunts of

farnace and the agpunt £ 9f; didutisen ;st eam added {0 fh& rain
't ght and heavy fractions of the feedstock. The

pperatidnget eapey atturtdrcofrat heo§ aploridasguicd msepas 4t or®d.

can .qnt.rol,| e ds,su ' nvention
addi ?Lfto%%oftgougeer ﬂgﬁéﬁ@ﬁ%ﬂﬁﬂ?ﬁ%ﬁ g?%argng?%étﬁ%n?gg be entio
mypassthyda poythonbef thd [tivgerd cdr qurmtbasise prestsedteveen
é’aeém%e%%%quS @9&54?% !éfcei\‘éaBQ%é?wéé}? d g%‘%%&?ﬁédbgé@{@e and
it enters the vapor/liqurd separator. Partia
dygpassitngnofvithen pr ghreattes caprgeneral |y be done as

| ong Jinear_ l.j.qui d_vel ocjt t.the inlet. e, .
pr ehe@tsee%lg% ﬁ%}ﬂﬁg& oéekslqj og i gf[?g%e%,%%alt‘%etee? ?é%:rg df&d o
Belcowitnleat dyi ginied niamietimvelreckiyg tdeeiinjectfi orheofheaviest

§}§%Iyd%n %@t§£a%£§tég%fﬁéhe%sm%£é gg%%é% u%&%goggn to carbon
produce an-annu

(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
naphtha fraction in the crude would be at the same coil
operating temperature (“COT”) as the VGO (in co-cracking of
fractions 1in reduced whole <crude), the naphtha c¢racking
severity is limited to the HCRAT of the VGO fraction at the
same COT. However, 1f the naphtha can be cracked separately
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.
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flow reginme and keep the liquid velocity at wall above
1 nmeter/second. For feedstocks containing |arge

wa@emant@sof coke precursors and/or foul ants, iPCT/BS2008/073965

desirable to maintain a liquid velocity at the wall of

at |least 2 neters/second. It IS to be understood that

the scope of the invention may include any nunber and
types of process steps between each described process

st ep bthetwegpeat degcrinked seunee iandndest i Aat k6N use the
within a process step. The maxi num cracki ng severity
oo TSI BEEIERGRE el | BY HABTMtREA2bYOR hat oG miric of

efackisng severidy 6f the hgaviesdid racbhopest MR cabhyr to
defined as the average hydrogen to carbon (H C) atonic

PRit®h n BRe pyiBItySits pltiuctCEa@itRIf | V@ VEARBEN at'Birfgout
HcdmfRribbhenEbbebathe ﬁ%&hFEHEﬂd@Wﬂgfé*jy¥@1& is taught

havi ng a val ue of not |ower than 00. The maxi nmum
Bt adki ngy SEverdry ¢ Wol & %?%d%ykeﬁéé%$ tHecgpPeeRes are
fraetdQnked V‘}Qéﬂecirbe when t RegYGQRf4 acghon ;ﬂa%e%fté‘?k&%mde
to a HCRAT of 00. Since the naphtha fraction in the
@ﬁiﬁﬁ@%mﬁﬂ%jQﬁigﬁmlﬁﬁégséﬁé éuidrogper e T ¢y RenpEroitigr eratio
&f COle) @s. the ML (in 160-.6Hacki g, Afs fracilans i foys  the
reduced whol € crude) , the naphtha cracking severity
drlyticeéd re6 i he TRICRATeBPloYed VED fradttoh W ¢hietrol the
SR G s Hawever, ¢ ifyd he . napht ba, can e eracked when the
separately in another furnace, or through another set
ofsyladi @ht tleoi baaly$es na@hﬁhar@@t\e%ef@raéh@d ngguge of the
faher sexerbysthan Lhat (gonstiained bye haviig thceion,
sanme COI GO 1 n co- crac I hg. An er aspect of t%e
meesmuhmv@cmnedwt@ tdg rese€lvhéeongthkodagke det efqrimgitngn of
#§§3h¥9r99$n'%969 ? ﬁ%ﬁgﬁc fé%é§§(ﬁTﬁ$ec§%Eected result

raction of the p ygls pro ucts 1'n order to nmonito
reayd Clong r be mhedc¢QCMngtsevemwtymmmndMthe quench Coklng
gﬂgounterlng unacceptably high coking rate. This is

aught in US 5,840,582, and US 7, 238, 847 whi ch
d|scﬂm@uﬁédlamengn@ab@eratédsherewnloﬁhef@&zsamda84%ay be
{atents pro%hde nethogs for

detern1n|%g
T se? invention, ves recommendatlons
)Pr(}’gen t'o-carbon atom ¢ ra

for the number of Vapor/llquld 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 understood
that all feedstocks can be quenched by direct o0il gquench and
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.



of the C5+ pyrolysis liquid products. This allows the
analytical result to be enployed in a systemto
w@eowwd488 he cracki ng severity of the pyrol ysiBCT/US2008/073965
process. Further, when the regsult of the analysis is
corrected for the nature of e hydrocarbon feedstock
and the yield of the liquid fraction, the result
correlates directly to the rate of formation of coke
in the pyrolysis gquench praegssa The corrected result
may thus be used to nonitor and control the quench
coking rate . The following Table A lists various
feeds that may be enployed in the present invention,
and gi ves recommendations for the nunber of
vapor/liquid separators needed, titg pyastbl & Rl .
streans throud% t he cracki ng furnace, and the
DCondensaie o onf | gur at i on's M PEFquenchi ng f ur Wage! &ff | ughies® TLE fip oD
the table, DQ refers to Direct Quench and it™sHoUI G BE
2) Mixture of NAREI@KEE 00d t hidt s@dadr f €€dSt 0CKS Catnb enguencheeko By, vy wng
direct oil quench and recomendati ons for rdbhiiss i gy P
The above fecdpgprgte TSR =f B e/t opliFpese of maxi m zi ng the val ue of
recovered heat fromthe pyrolysis coil effluents by
3) Crude Oil st Enagg@AIEr At | CIVLGhaalat gh pressur e sti@amelabl e rFaedywne
containing non FpogrgpiyBiclt hr oufiy SGonf fgerr athisomsetsfior  Quenchi n@ BFeEed & Heavy to DQ
Process Arrang&fheft €facki ng Furnace Furnace Effluents
4)Loma’Resid1(])650CJ;onden:~:atewlsgzagrSeparator 1 Ltght + 1 Heavy 1)
'f7ght to TLE ﬁMﬁEOE? 2L Both Light & HealVy''t'8 DQ 2)
gl a

Feed

? Sep. L PItCH §

M xture of hhp]% VGO 1 VIL Separator 1 Light + 1
Heavy 1) Light to TLE, Hvy to DQ 2) Both Light & Heavy

5) Any CombinhtOhs 6. T @4 .AROVeEf eeds can beful |y vaporized in

the (142) comttndi@f Ur nace coEEFdNn section 3) ''GUHE™Q | 1aREH OF HywDQ
Condensat e 2 MSemSeparatigrsitdi ght + 1 Heawy:'E) «E+ghtQ
to TLE, Hvy t'&“DI"Cohtdi ni ng non-vaporizable Pitch 2nd
Separators generate a pitch streamnot sent 2) Both

OFeets rom} pight & Heavy T-6»B@ t hr ough cr ackiHig' Yr' Faceissy TLEHingHy 0 DQ
Resi due (650 Eﬁ@?@%@%ﬁ%g@%ﬁﬁ?&?ﬁ? i Heavy 149§ to DQ

Cc

Separ at or botton$%| stream not sent through

7) 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 products
cracked heaviest pitch not sent through cracking
furnace

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

Light products from Thermally cracked Pitch ~ * 1 Heavy w/ Thermally 2) Allto DQ
combined with Heavy feed fraction, Thermally ctacked light products

cracked heaviest pitch not sent through cracking

furnace

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

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

furnace
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cracki ng furnace 5) Any Conbinations of 1, 2, 3, and 4

except the (1+2) conbination 2 V/L Separators 1 Light

G290asy 1) Light to TLE, Hvy to DQ 2nd SepaP@t/us2008/073965

generates a pitch streamnot,sent 2) Both Light &

Heavy to DQ t hrough cracking furnace 6) Feeds from 3,

and 5 3 V/L Separators | Light + 1IMd + 1 Hvy ) L1t O

TLE; M( & Hvy t0 D Q 3rd Separator generates a pitch

stream not sent 2) Al to DQ through cracking furnace

7) Feeds from3, and 5 2 V/IL Separators, w Ther nal

Cr ackifg GHIO"HER £XMgRES+ P LTgRedes o, L HWP e teQthe

Bt GHHn PrioduGtcs obr amMaPidreh nther imle fgedc kiontirkiuigavii Wt the

Thermal Iy 2) Both Light & Heavy to DQ conbi ned with

HERA Feélief LA 0P -Thermal |y cracked |ight products

cracked heavi est pitch not sent through cracking

furnace 8) Feeds fronB, and 5 3 V/L Separators,

Kyeridendl Cracking of Pitch 1 Light + 1IMd 1) Light to

e Mid & vy foadRdighty peeductsc fdRMuEhet MRl | Yaporized

cracked Pitch ¥ T Heav y w/ Thermalty 2) AUfo DQ

worhivned Vit BepeaArFeed fraction, Thermal |y cracked

i ght products cracked heaviest pitch not sent through

cracking furnace 9) Long Residue (650 F+) 1 V/IL

Qe pdis CThe¢ ] tCr A6k AY Bitch 1) Hvy to DQ

Li ghtrypr odugtss firom Thermallyqcr acked (Bubich; | Hgaveys Wing

/ Thermally conbined with Heavy feed fraction,

Theravsl | ypasrigered vight provucrs driackedxhbavyest (TLEs),

BUSEN oS enl: L INIRHAN GEACKLNG ERACETNE Eob! B AQ40c

exanpl es are intended to ilTustrate the present

[‘WZentGlondamdtar eohdngi Meeddet-twn uheubardtiuret adigeved in
e of e ihyentiaon. 1 i.n f

o boriehg  obd 1ot San B T el 1y Vasorrs ehtuf g th:

Md. SEpatat ao bA Jowdredess AGCOfding74d tde. Pri@revArt, at

The processi ng]éof a condensate feed in an _existi

FUThACY GHAFRPRY 37 19 (PansFerer TP haiger s FTTER )zt io

in the C5+ portion of the pyrolysis products, the pyrolysis

H 2 AEL1©

yields were so low that cracking of this feed was made

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), Dbeing
cracked to too high a severity, although the lighter portion
of this feed was cracked to a low severity. Table 1 shows

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 individually cracking
severities at COT of 1440° F (782° C) and 1370° F (743° C),
and the simulated ethylene and High Value Chemicals yields.
Also shown are the yields when this feed was cracked in
a furnace with a Direct Quench (DQ) instead of with a TLE for
quenching the pyrolysis products. Although the vyields
improved (e.g. ethylene yields from 11.92% to 19.24%), while



experienced very short TLE run-length at a COT of 1440
F (782 0C ) due to coking (end-of-run tenperature
w@eiwwerass i n only 7 days) . In order to achi evECT/US2008/073965
reasonabl e TLE run-1length, t COT had to be | owered
to 1370 F (743 0 C) . However, at such | ow cracking
severity, as neasured by (HC atomc ratio in the C5+
portion of the pyrolysis products, the pyrolysis
yielidsyiwer eecs@ohaws & hat red @ckifig1ehgthi stheediyms fede-ion
unprofitable. The short TLE run-length, at COI of 1440
L (7‘8%130C,C35a0k€\‘f9asatdujée%%tltvr?éyhdﬂy $ctitagn o tHigted by
wdenbgh | icrgdckange seondensate (Mavi RBady | @Waction (at H/C
hydr ogen-content) , being cracked to too high a
SEviet ity o4l rhbuiw the lighter portion of this feed
was cracked to a | ow severity. Table 1 shows the feed
properties of the light fraction (380 F-) (193 C) and
heavy fraction (380 F+) (193 C+) and the Full Range
CragiimWidechoitjngfeed Wholet hej r respective individually
cracki ng sevef-'ig'[‘tl es Heaw c@pmbiped| 440 F (782 C ) and 1370
F (7@ 'he %?o Tl atg?F et hyl ene and Hi gh Val ue
Chem %»—%0/\}/’ sho are the yields when this
eed was é’racke in urnace with a Direct Quench

(DQ) i nst ead @FacRMgtsbveﬁtyﬁ)el'ésiOF | R PR6 Reldg wiche pyrol ysis
producteor ATOGWIN WaRy YT ETEE 1|[N2wed wec J. et hyl ene
yi el ds137o0em 14.892% t 14019. 24%3 , [whibestidsliowi th
reasonadgbe furidace rins-| engsh, [t hesd i gho.24 r aetTiLBRunHength too short
still cracked at relatively I ow severity, as limted
by the™§Pbh cr'déki ng'®everi'®y df Pke heB¥y fraeofieein DQFumnace
. ‘(égt, HCratio of C5+ = 1.05) . Cracking Wde-boil inqg
HV éé‘ﬁhW&‘BP%e”W@HF%WGﬁPﬁ%‘%”??&% 380 F- 380 F+ FR W
Frac 0.566 0.434 1.000 Feed H, %v 14.44 13.42 14.00
Ky ackiong sSexetbtyidd € LoheFR-Eeetk Yireleds,iowt % COT
Li ghtThI—iIeav FR C2H4 *HVC

s wlde-boiling feed can be processed through a single

V/L separator first, to produce a light and a heavy fraction,
which can then be cracked separately in the radiant 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/L
separator, the wvapor from the separator becomes the 1light
feed fraction and the ligquid from the separator becomes the
heavy feed fraction (as illustrated in Figure 1). When the
light feed fraction, separated from the heavy fraction of
this feed in the V/L separator, is fed through the radiant
coils at a lower feed rate, this light feed fraction can be
cracked to a higher severity, i.e. to a lower (H/C) in Cb5+,
resulting in higher overall pyrolysis yields. With the heavy
fraction and light fractions of the feed being cracked in
separate radiant coils, their pyrolysis products can also be

quenched separately, by DQ and TLE vrespectively. The
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1370 F 1.81 1.40 1.63 11.92 28.19 1440 F 1.54 1.13
1.35 17.59 40.24 TLE Run-length too short 1465 F 1.42

WA 2@5/036486 19. 24 43. 37 CoCrack in DQ Furnace *POAZUS2008/073965

Hi gh Val ue Chem cals, H2+C2H4+C3H6+BD+Benzene B .

Process According to the Present Invention This

w de-boiling feed can be processed through a single

VI L separator first, to produce a |light and a heavy
pyaclisar, pwblGh: €an-drhemebe i ghackesy sepaitabel ¥nif, thechout
radi ant coils and quenched separ at el g]& After heating

HHS® flded Mot Re2EBnieRd i bir Sectivofilof PRES cPatkity coking

faNdaGe ot 01 70nis (243Wenly 8heal PIRS SR t86n806PSE Leracked
and flashing it in the V/IL separator, the vapor from

thet kepahi ot Helkdires thﬁékllp@htsef’%éﬁti‘ reet tlon EHdate coll

Adguid 1hr eawehsca@gp@gr@teortheeegﬁeeuﬁlneeﬁ&avy heedrnatively,
fraction (as illustrated in Figure 1 ) . Wen the

PoghtPHseE s SACEPBA, C3BpAP atBa ¢ PhePheatyndq detd ontght

Ha thiesvieegodn tf'i%cYA!an§ep<ﬁr@t Qkacksqf eéieﬁat}ra@,%gg} the tne
radiant coils at a lower feed rate, this l'ight feed

FHAorrCds - b Yo radieed o talehlf@ﬁér r@é\?erqft yohe  lelghftp feed

ﬁra%n (tWrgllghn tgé+’ra6§§HJct bBQlén bbghefcQyefaldtions can
pyrolysis yields. Wth the heavy fraction and i ght

¢ avtddws! 6P eheipbed Vg tor deked Ph Bépatated+ of 1.05)

fadi:ant, Al $1 e LyRYLO Y$H §1 8 OJHCLS s £ALy a#a%&% than
quencheé‘i}I separately, by DQ and TLE respective

ey r 6rysi scprodedtia gt r om tre préhpwm@d tfalbéet i ®hows  the

Jint LOOWL Lhose, Tromd hee heawy) eed:{ragtkan, whldl tne

ave a lower coking rate in a TLE, thus allowi ng the

dvghtl If vaet dfonwiioh bdiecdadkedend dabendametoprnhi gher
cracking severity in the radiant coil and still have
accept abI e the TLE run- Iength Alternatively, both

p SeRh o ki nghofd pndjdeay agtiohs DQ. Since the |i

and heavy feed fract| ons are cracked separ a'f%'fﬁﬁl}g vig! h‘tét%

r adi ant C%: : S}/ i tt heHga%ed rof 1 gftve
f eed f%%%l% ts¥1 Fﬁ@ﬁ@ adi gnt. coil,s, bpt 91 %Oeed 4701
1) Je%%ﬁ Ea%ﬂ@a?edo tp a higher sever -
Quench System 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

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-
boiling condensate feed, while achieving acceptable furnace
run-length, and cracking at the severity appropriate to the

available furnace quenching system.
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resulting in higher overall yields of desired products
than those from co-cracking. The follow ng table shows
wao bwooraski ng severity in terns of (H C) rati oPCTIUSEHN8/073965
and the overall yields with e different quench
options : Separate Cracking of Light and Heavy Feed
Fractions FR Feed Yields, w% Light Heavy FR C2H4 *HVC
Quench System used TLE DQ Cracking Severity H C C5+
Hxakp1k. 05 1.11 2 1.60 47.01 Relative feed rates in
Radi ant C0| l's O 94 1 Quench System used DQ DQ Crack| ng

.'.ﬁg S f aiﬂa l .- h n’ RS &

&mﬂz@tﬁ@ |f‘rMcﬁ1nt g@th(heg &&9 1 thdhs e%@rmhe %h%\@ V/L
t hat the pyrolysis yi el ds can be greatly 1 nproved

/l ene yields inmproved from 11.92%to 22.54%,

Ry Ltsﬂo‘%gzstshﬁcyéfdﬁﬁfaeroattgé boigt | Ow separate cracking
of the Iight and heavy feed fraction of this
wi deldillsi radBHdensat e H@éds WY ethehicepragt of separate
acLaptapl & furdagequnahgngthyyandegr ackibpgot bhea wide-
severity appropriate to the avail able furnace

i rgesy seEnPEXarpl D Wd&@s@rﬁ@eéﬁl%\g of a crude oil
L df?eé)c@'rhii\ﬂnfee%ntt@@uklﬁ@méa'n’&% @aﬁ&f‘i’?&ﬁré zahl®ion. The
fraction (crude oil) |, two or three V/L
Seldarrangr stabpe @’r@tﬁess}feﬁécop@@?@ﬁt@% hefpritbe Adifferent
A S 1@43mPhe gkl uﬁ%ﬁ@ﬁﬁs how§ hengopcept Pfa SBRMALE this
cracki ng ‘of the'light and heavy feed fractions of a
Wi Wb eiiltihnghe e dresre e vappPhii dng orarteesgr ocessi ng of a
crude oil or feed m xture containing a non-vaporizable
fraction. The follow ng table shows feed properties of
the different fra€&edddepertigsght, nedi um heavy and

pitch fractions of this crude with their respectlve
boi I'i ng randjs350 350-650 650-1050 ~ 1050+ Tot

Light Medium  Heavy Pitch Whole Crude
Mol Wt Range 30-140  140-290 290-630 630-1100+ 30-1100+
W1t% of Crude 39.22 29.54 22.81 8.43 100.00
%H in Feed 14.99 13.68 12.85 12.02

The first V/L separator, flashed at ~390° F (~199° C),
with a dilution steam to hydrocarbon 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))
and a ligquid fraction (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

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
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Feed Properties |BP-350 350-650 650-1 050 1050+ Tot al
Li ght Medi um Heavy Pitch Whol e Crude Mol W Range

W@ 00942648810- 290 290- 630 630-1 100+ 30-1 100+ VRCH/U82008/073965

Crude 39.22 29.54 22.81 8.43,.100.00 %1 in Feed 14.99
13.68 12.85 12.02 The first V/IL separator, flashed at
-390 F (-199 O, with a dilution steamto hydrocarbon
vapor weight ratio of 0.5 and a pressure of 100 psig
Produsesy t heatt ot Eeeekfiact i ongll BP£38R, thAkt isdlcond v/L
Boiling Point to 350 F (177.C)) and a liquid fraction
{EFHE& O nﬁOQ‘??éq?eaW%ll?JeSédtfl?adtqrbﬁaﬁﬁal?ﬁ%le fraction of

NN ViaRer vzabheikr asti @Mdckedhirs dnieghtbdf EAELEOM | S without
cracked in a set of radiant coils at reduced feed rate

theel Btise Vo 1¥@aeéa r at8eof 10hE ARAVHFEEdTPRACETRH)IONS

(wikidd quind f hagti 9P f1oMithi s hicksbn)/ Lyseparid orgracked
after further heating to 770 F (410 C§ at 80 psig

Wdarherditut Fom §eBAmMTEEIAYEr 6€atbon VAPorneitgm cracking

5@\%&&; 0% %ﬁe' §OV%§@Q}%U%@.lltgt ectherseaant hcuum Gas oil,
separator, the vapor becones the heavy (i.e.

¥ r#éﬁ.t@ﬁﬁ+0ﬁ%%wysqtr8a@@ﬁoﬁ@T| P5tEH i"holke fuboyes -
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One Separator for pitch removal

W1t% 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,degF 1423 1423 1423 1423

(H/C) Ratio in C5+ 1.65 1.19 1.05 **1.36

W1t% Ethylene Yield 18.10 19.02 17.04 18.13

Wt% HVC 41.18 41.80 38.79 40.78

** Equivalent Cracking Severity

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 coils, it can be cracked to a higher
cracking severity. The maximum cracking severity for this
light fraction depends on the type of quench system used

in the furnace; the maximum cracking severity in terms of



the heavy feed fraction are heated to this sane COT,
resulting in a | ower cracking severity as neasured by
W@ Uo@o2aassC5+ of 1.65, and 1.19 respectively foPCT/082008/073965

i ght and medi um fractions) The pyrol ysis yields of
these different conponent feed fractions and the
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two tables : Two Separators: Lite & Heavy, Use TLE for
L mofhivalerg iotackieglBewmtitleavy Overal | Pitch Boil i ng Range
| BP-350 F 350-650 F 650-1050 F Pyrolysis Yields 1050

+
10 F
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
W1t% Ethylene Yield 27.47 19.02 17.04 2214
Wit% 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:
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COT, deg F 1520 1423 1423 (H/ C) Ratio in C5+ 1.15 1.19
1.05 **1.14 W% Ethyl ene Yield 25.92 19.02 17.04 21.48

wWOeEeRad8H3. 54 41. 80 38. 79 46. 08 Equi val ent CrBCRUSZP08/073965

Severity Two Separators: Lite, & Heavy, Use DQ for All
Li ght Medi um Heavy Overall Pitch Boiling Range | BP-350
F 350-650 F 650-1050 F Pyrolysis Yields 1050 F+ COT,
deg F 1549 1423 1423 (HWC Ratio in C5+ 1.05 1.19 1.05
**1.10 W % Et hyl enigec’sarhtod:Lifle! Mb8.H:dvyl BQ@dk A22. 14 W %
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BalpaiRatge t he MHEIISAM {356:654 fob5P110a0 R [Hyrdyeia Vigld$ 11864 fron
aAd deale its fedtl ale 1480 ust e#23 0 reach its pwn

Yf’(}ﬁ@()i%%g%cki ng-"éev riz‘ﬁ- a s1h%'§/vn in t*Hés’gfoI ow ng
I-e" Separators< kYt ¢, , |Heavy, > DQ tor All
Wi%:gﬁ%’clve(ji um He ;\{/é ers ; i t3§§§80i i ﬁg-%ng | BP- 350

G PR IS5 (G Ratio i G+ 1,05 105 1 b5

* * 1.05 W% Ethylene Yield 27.47 2 1.05 17.04 22.80
W % HVC 54. 62 45.44 38.79 47.72 Equi val ent Cracking

Severi.ty Thi xanple_s after_ separating.out .

t he gzhtl)céh eﬁﬁa@??o%RSVSt Eg%ﬁr%gg%r bf/é Ur thlen% gjélpta?cael r‘FgltCh

Oucttilve ldfghthe medidem &iyd fheawyrf sapdtraoniaf d¢dre the light,
dition V/ L separators,

0ol ysi_ s .feeds vvitgla I anéj by .
R SL3q € ﬁ 2 1 £ th
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F@sipachiave Vbt sedratadisantndobl sad e isey ehiet yedédrrates of
sach, of these foed fractions can be cracked to its ow,,
TSATUR S optiondl SPacki AG8eVerTT v ahd hot *He '
the severity for each of these feed fractions can be cracked
to its own maximum or optimal cracking severity, and not be
limited by the maximum severity of the lowest quality feed
fraction. In this case, the overall ethylene yield can be

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

maximum severity.
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[imted by the maxi mum severity of the | owest quality
feed fraction. In this case, the overall ethylene

wQ e@bd2ash be increased from 18.1%to 22. 8% w PEIT/US2008/073965

separate cracking to the maxjjmum severity.CL Al MS
_ 1. Aprocess for pyrolyzing a wide boiling range
vapori zabl e hydrocarbon feedstock or m xtures of
hydr ocar bon feedstocks having a wi de boiling range,
conprising a variety of hydrocarbons of differing
carbon/ hydrogen ratios and/or, gol,ecul ar weights in a
pyrol ysis furnace havi nga-—convectton section and at
| east two sets of radiant pyrolysis coils to produce
ol§f!ns gngp§ggggé p%%gly I%o r?ﬂggt%r ng8r|%599i<§ ‘range
heati ng and ‘partial I'y vaporizing eedstock, "an
f egdpngi tdiel ar thivalrbyaviapor | zétkedsgedgt ockrt 0 mixtures of
vaporfLiguld Seﬂoe@e{d%tt%EkgeVES\?i{q%’ p£°d%g§ef r%‘&% O range,
con§r|5|ng Separate vapor and quid phases; .
f eedinpngi 4 ey vapor vphaseyfr adct i dnydmwaarbionst et ofliffering
radi ant rolysis coils of_a rolysis furnace. where .
Ay BESFEORS a8 EPACKRI Y prbaaseLer of IRk the 17 @
cr agkdbngs condirtniaars henithi s fomsictsen ekcradnamtid at least
pyrolysis cq%ls(feing conirolled to achievg cracki n
SeVEP T3 Rt ORHT are PSFOLKe YUl ity ot ERPECE | phftths and
f eednér asiidnsic prbeatthg anefigihy:vapori zi ng t he
liquid phase fractio fronlaﬂe vapor /| jquid gggg%at M nd
and feedi ngcHhe'Yy Pasé  tHudeereat ey td &° oan
set of resdbiiant coid s wfrttibel1pyr obyst szddur negeimene to a
t he hydrocarpaons are cracked to produce ol efins; %he
cr acki NGPROMditI6As FHPAHE TseCONd S et CofPTo4tiCant T ractrons
pyr ol ystsmg0idisigbebparsontradredntiol aghi @vndhe,;
cracking severity appropriate for the quality of this
B. feeding the vapor phase fraction to & first set of
radiant pyrolysis coils of a pyrolysis furnace where
the hydrocarbons are cracked to produce olefins; the
cracking conditions in this first set of radiant
pyrolysis coils being controlled to achieve cracking
severity appropriate for the quality of this first
feed fraction;
c. heating and fully wvaporizing the 1liquid phase
fraction from the wvapor/liquid separator, and feeding
the wvapor phase thus created to a second set of
radiant coils of the pyrolysis furnace where the
hydrocarbons are cracked to produce olefins; the
cracking conditions in this second set of radiant
pyrolysis coils being controlled to achieve the
cracking severity appropriate for the quality of this
second feed fraction; and wherein
d. the particular set of radiant pyrolysis coils
associated with the particular feed fraction are

matched to achieve specific target cracking severity
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second feed fraction; and wherein d . the particul ar
set of radiant pyrolysis coils associated with the

w@2ooviozigBar feed fraction are matched to achi eRET/US2008/073965

specific target cracking severityin order to enhance

the overall production of and C 3 nono-ol ef ins or

optim ze yields for overall inproved profitability. 2
The process of claim 1l wherein the hydrocarbon

feedst ook bsasel @st &chddemdre Ble@up10brbdhtyion of C, and
vapori zabl e feedstocks consisting of (1) natural gas
|'i qui dsC{ NEXYP-CLEeELRS coRBenSBEET %% i i Y19 GG uryr ofoverall

gas oi l iphaphihaardigr:i gaspl ine, (iv) synthetic
hydr ocar bons, and (v) m xtures of vacuumgas oil wth
napht ha Hide®P6cpr eveht SG1Rdi #i c@t$oh Tof tp&r ar¥fFpcarbon

“afegggﬁééﬁmﬁkiébﬂéB%é%?%g%th%eingG%hgﬁt%gl§§o§§§%%izable
and transportation facilities . . The process of

cl APRRSCaET eF PPt iRgdridcatbonn 3 eedst gEaé cbifptides (NGLs)

M Xt Uf e8o0de MAGWYM @8S) Okl x Whtdy naphiha caddedabOrna and/or
prevent solidification of paraffin wax contained in
t hgapeedstock iin suntheat edrstorageoasd eransportrtiwies of

fa@hbﬁﬁﬁes_gafl- oihe pLoegss ﬁng%H§ ”‘%dﬁ@@reiﬁosaL§Eevent
feedstock is a fully vaporizabl'e wide boiling range

f e€@5tGeki cand wieer glar atwe v apsr PP Gl e Separ Bior seeeock
used jpgcombipnation w §h the convection sectiqn.Qf the
furnace to formthree separate vapor feedstocks for

t hBee sethe oforpadiantofpyradlaysi s3covthsrein | thhe prdeessrbon

Offggaé %k“ﬂﬁ%ﬁhﬁs, !dmiQﬁgﬁﬁpc%fiSv%cEthygas 0il with
vapori zable w de boiling range feedstock, and wherein
t hnephViaporftiequitd separcatorslace fusedidm ebdnhiaratfifon wax

W LB L De, SoNVECt i QR Seg BQE‘och the fyrpace.4o %Qéfgge and

four separate vapor feedstocks for four sets o
r adransepytragiiysi $acolisies.

4. The process of claim 1 wherein said feedstock is a
fully wvaporizable 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 wvapor feedstocks for three sets of
radiant pyrolysis coils.

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

6. 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



6 . A process for pyrolyzing a wde boiling range
hydr ocar bon feedstock or m xtures of hydrocarbon

wo ewdsasks having a w de boiling range, conprPGI/OgR08s8/073965
vari ety of hydrocarbons of djffering carbon/hydrogen
rati os and/or nol ecul ar wei ghts and i ncl udi ng
undesi r abl ehi gh boiling point and/ or non-vapori zabl e
conmponents in an pyrolysis furnace having a convection

seet pRNoaNth iy Joaast ahwposehsn-ofagadi-aBt epy¥p@bySdiScs in an
coils, in order to produce ol efins and other pyrolysis
pr8&&%%%?l%dﬂﬁFP§ﬁng?Vén9 he® T e saFELar|§nd at least

vappki gbng arf eadsteckpyantydeedidia 4, he pasitdad 186 produce
vapori zed feedstock to a vapor/liquid separator device
t 0OpPEHUT ST &HEENBY EORPT SIHTG¥Epar at € R PO %and

l'iquid phases;id .afeedingatihe vaporiphasest gedadidsd, and
set of radiant pyrolysis coils of a pyrolysis furnace

wher e tfeHydr oddrboms tarté LéF acKeHOF o2 Pt odtREBIoeki ngo 2

the cragkidg 1Gepdit | 9% 1Qft ot-hi §efidSt t8ety fau-adi A ctions
pyrolysis coils being controlled to achi eve cracking
sever i t ORHPPrope AEBAFdES tYRPGFuaPt Yot ¢ i Sesed

fracti of; goeqRALIHAD LR, LAYLE Phagesfromihe &4 rstyiant
vapor/liquid separator to a tenperature sufficient to
vapor i zZevzplptsritsi ofobis t vé hydrivearlyeas, feediqsy vhere the

heat ed { wp phase i xLpre 4,0 Acsecond yaporll i gubdips; tne
separator and separating the vapor phase fraction from

the |iquidrlphasectrdetiorm df. et Agrehe sadpoptphessiant
from the second vapaer/ hi.qui,d c%%E%?]{&?. Lo a-secand. SRlking
of radi'ant pyrolysis coils of the olefins pyrolysis

f ur nacesstheeria t herhyarocachohsr atéecracked vt oo pr stuee feed
oIefinsEr§@§¥§{acking conditions of this second set of

radi ant pyrolysis coils being controlled to
c. heating the liguid phase from the first

vapor/liquid separator to a temperature sufficient to
vaporize a portion of the hydrocarbons, feeding the
heated two phase mixture to a second vapor/liguid
separator and separating the wvapor phase fraction
from the ligquid phase fraction;

d. feeding the vapor phase from the second
vapor/liquid separator to a second set of radiant
pyrolysis «coils of +the olefins pyrolysis furnace
where the hydrocarbons are c¢racked to produce
olefins; the cracking conditions of this second set
of radiant ©pyrolysis coils being controlled to
achieve cracking severity appropriate for the guality
of this feed fraction; and

e. removing the liquid phase fraction which contains
undesirable and/or non-vaporizable components from

the second vapor/liquid separator.
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achi eve cracking severity appropriate for the quality
of this feed fraction; and e . renoving the liquid

w@b@gm2d4sgct i on whi ch cont ai ns undesi rabl e andP@¥/US2008/073965

non-vapori zabl e conponents frpomthe second
vapor/liquid separator.7 . e process of claim®6
wherein the liquid phase fromstep e is subjected to
thermal cracking to produce additional hydrocarbon

conponentks phavkpg bei kiAgnpei therdeh ovhd 0004 | 53 Q) ,from
whi ch are subsequently vaporized and included in the

f e88°P0 ® he' Sectiid °§&E%f P adF it Py r GIrystéeoi FS, mERfUCe

t heqh e Ngnkbave ShrRat t beRpdromd hﬁabhﬁﬁ”@oi@&ﬂgkiﬂ&ints
is renoved and used as fuel oil, feedstock to a .
gaSEiPer 1BPOf eBdsPéek foravboker 2r8 SUPREIPPRcEssvytorized

cl ahm G wherekn itbhree vapes/ lbquirdt sepasad okstalke used ant
in conbination with the convection section of the
f UPHEREY ¥ 0° TG imSrhPee §epaFate Vdporl fwedsPoEkSCH gfrom the

thegerget s ofadiadiant; Pyrehysks Cohls. uSead The PrACESSiI,
of claiml1l or 6 wherein the vapor/liquid separator is
sefeedetP s dh theagibupr consicsishgesf ta & | &steivessel

a yertieal drumesa horizonial cdrpm aanf ractd onathon/ 1iquid
colum, a centrifugal separator and a cyclone . 10. .
ThecproTesss oftirel aismdl B 6°Wheret+er hgith the convection

hydeogens t oparbon akom £.d ati0 ef fhe 0k PAELLPROf vapor
the pyrolysis products fromeach set of radiant coils

i sfasedteekcdimtr shrepeseracki mgdsever Pyyod ypitshgse 1s.
copls. r1l. ;Ihe-pLocess,of chapbm 30, waerel ”tlgé‘evapor/liquid
hydr ogen-tocarbon atomc ratio is determ ne by
anakyziaigen hies wetlegteof etm abzordranee cohsthei@s+of a flash
Pheuartes of t her Pesil ti ng Sbor Bancs 1o Thes - afh, s
hy dregencitag-icar baw lamom c ar atceotof IG5+ pos¢paorrtolr t ked a
pygg%yg&g_products from each set of radi ant
10. The process of claim 1 or 6 wherein the hydrogen-to-
carbon atomic ratio of the C5+ portion of the pyrolysis
products from each set of radiant coils 1is used to
control the cracking severity in those coils.
11. The process of claim 10 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 wvalues of the resulting
absorbance to the hydrogen-to-carbon atomic ratio of Cb+
portion of the pyrolysis products from each set of radiant
pyrolysis coils.
12. The process of claim 6 wherein said feedstock 1is
selected from the group consisting of (i) short residue,
(ii) long residue, (iii) desalted crude o0il, (iv) oils
derived from coal, shale o©¢il and tar sands, (v) heavy

component products from synthetic hydrocarbon processes



pyrolysis coils. 12. The process of claim®6 wherein

said feedstock is selected fromthe group consisting
w@boopioyess8hort residue, (ii) long residue, (iiiRpCT/US2008/073965

desalted crude oil, (iv) oils, derived fromcoal, shale

oil and tar sands, (v) heavy conponent products from

synt heti ¢ hydrocarbon processessel ected from SMDS, gas

to liquids, heavy paraffin synthesis and

Fi sehettdd opsedh amthi(eyi ) fagavyccendsqhii@B) heavy paraffin

hydrocrackate, preferably short residue or vacuum

t oWEPtBRT tonPre3. Flﬁﬁ@eﬁréé%@%c}bf agfai M1 ofe®"whepefn from

sahgapyslysite,f usRace s tywradiagt el bs. vacuum tower
bottom.
13. The process of claim 1 or 6 wherein said pyrolysis

furnace has two radiant cells.



