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Summary of the Invenuon

The present invention relates to a process for pyrolyzing a heavy feedstock in order
to provide a more economically attractive feed for the manufacture of olefins. In
particular, the present invention is a process for pyrolyzing a hydrocarbon feedstock

25  containing undesirable coke precursors in an olefins pyrolysis furnace comprising:

a) feeding the feedstock to a first stage preheater provided in a convection
zone of the furnace, and heating said feedstock within the first stage preheater to produce a
heated gas-liquid mixture,

b) withdrawing the heated gas-liquid mixture from the first stage preheater to a

30  first vapor-liquid separator,

c) separating and removing at least a portion of the gas from the liquid in the

first vapor-liquid separator, heating the gas in a vapor phase preheater provided in said

convection zone, feeding a portion of the heated gas into a radiant zone of the pyrolysis




furnace, and pyrolyzing the renoved portion to produce
ol efins, and g)renoving the remaining liquid fraction
fromthe second vapor-1liquid 15separator. |In another
enbodi nent, the present invention relates to
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In another embodiment, the present invention relates to a process for pyrolyzing a
hydrocarbon feedstock containing undesirable coke precursors in an olefins pyrolysis
furnace comprising:

a) feeding the feedstock to a first stage preheater provided in a convection

20  zone of the furnace, and heating said feedstock within the first stage preheater to produce a
heated gas-liquid mixture,

b) withdrawing the heated gas-liquid mixture from the convection zone of the
furnace, and feeding the removed mixture to a vapor-liquid separator, separating and
removing at least a portion of the gas from the heated gas-liquid mixture, and feeding the

25  removed gas into a radiant zone of the pyrolysis furnace, and pyrolyzing the gas to produce
olefins,

c) feeding the removed liquid from the vapor-liquid separator to a thermal-
cracking zone, and subjecting the removed liquid to mild thermal-cracking conditions to
produce a thermally-cracked product having a significantly reduced heavy fraction

30  containing components with normat boiling points above 537 °C.,

d) removing the thermally-cracked product from the thermal-cracking zone
and feeding it to a stripping zone,

e) vaporizing and removing at least a portion of the thermally-cracked

components with normal boiling points below 537 °C from the liquid fraction in the
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feeding the removed portion into the radiant zone of
the pyrolysis furnace, and pyrolyzing the renoved
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stripping zone. 5Still further, the present invention
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c) withdrawing the thermally-cracked product from the thermal-cracking zone
and injecting steam having a temperawre of at least 400° C into it to vaporize at least a
portion of the thermally-cracked components with normal boiling points below 537 °C and
produce a heated vapor-liquid mixture,

d) feeding the heated vapor-liquid mixture into a vapor-liquid separator,

e) removing at least a portion of the vapor containing thermally-cracked
components with normal boiling points below 537 °C from the vapor-liquid mixture in the
vapor-liquid separator, and feeding the removed vapor portion into a radiant zone of the
pyrolysis furnace, and pyrolyzing the removed portion to produce olefins, and

) removing the remaining liquid fraction from the vapor-liquid separator.

In yet another embodiment, the present invention is a process for pyrolyzing a
hydrocarbon feedstock containing undesirable coke precursors in an olefins pyrolysis
furnace comprising:

a) feeding the feedstock to a first stage preheater provided in a convection
zone of the furnace, and heating said feedstock within the first stage preheater to produce a
heated gas-liquid mixture,

b) withdrawing the heated gas-liquid mixture from the first stage preheater to a
first vapor-liquid separator,

c) separating and removing the gas from the gas-liquid mixture in the first

vapor-liquid separator, heating the gas in a vapor phase preheater provided in said




conponents with normal boiling points below 537 C from
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invention it is possible to increase the hydrogen content of the recovered hydrocarbon

20 components that are pyrolyzed in the furnace, thus increasing the amount of olefins that
can be produced from a heavy feedstock while minimizing the amount of coke precursors

in the pyrolysis furnace tubes. For example, with regard to feedstocks cpntaining or even
primarily comprised of the heaviest fraction of crude oil (a fraction sometimes called
vacuum tower bottoms, also commonly known as short residue, short crude oil residuum or

25  the pitch fraction of crude oil), the increase in hydrogen content of the portion of the
feedstock that is pyrolyzed to produce olefins is accomplished by use of the mild thermal
cracking conditions in the thermal-cracking zone 10 remove the highly paraffinic alkyl side
chains trapped in the otherwise “non-vaporizable” portion of the heavy feed, i.e. portion of

the feedstock not vaporized in a conventional vacuum distillation tower. This “freed

30  product”, containing a higher hydrogen content, is then used as pyrolytic furnace
feedstock. The cracked residue, containing a reduced hydrogen content and having a
reduced viscosity can then be readily blended into, ¢.g. #6 fuel oil. The result of using the
combination of the vapor-liquid separators and a thermal-cracking zone is to upgrade lower

valued heavy crude oil fractions into higher value pyrolysis feedstock, without an
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heavy hydrocarbons. Exanpl es of suitable feedstoc 12
i e i or aeste o factings ccr%mtgelatct*é eRSFTRE SO HE ‘B‘Fg"ll’a At
a%gagggaﬁoﬁgﬁbdues heavy hydrocarbon streans from

refi nery rocesses, vacuum gas 0] I S, av
ol o R ags pERster 7 A Savptop airton B yoi g « Bagk of wbes,
| ivHedefiihd Qnicd@HS @b albkle Riated piiRBy bplerivective Heil @arBRr from the

Distillate Synthesis) hea ends 0 i d
5 hegustihy&as BHER, tnothl';ar@%l tgsection grlibﬁe v sti {'Hcl)%gl th one
deseodiked, @ah@maum adioefoag resmlge feedskick tra?plsagroggh the ﬁrst stage

1 -
It HEGneq o rzl SEde ea{ﬁd {? ﬁIGth\{ epa ch rdu’?otés ﬁvag)réﬁgﬁi%f ﬁl%cf%st k

ven I on e an
arnvhilt yqaeisg afke preoeassinstligps st Wéeehavemnd datahy abaeﬂe oﬂ ‘andlor

r Or{Cg]er%sSt usétfge%st kﬁﬁ% X‘&S%leatoqﬁﬁf&)aﬂﬁge ﬁﬁt&&ﬁ oft Hd/or long residue

I'on W I'n a process step. The ol efins
10 pyfraotlcyls iwbich dp melceon@e P@ﬂlfged thgi ftfﬁ stee Brergter. Jys|useshhepsin, goking

oi:l WLLRE fe@:@énpﬁﬂﬁr@ tﬂ«' Jégosﬁioh of a].ﬂ-fonﬁ@&ietfai’bﬁﬂacé&k Qolld8 Eincluding

first stage preheater 12 of a cgnvectjion

Tars] boks and e, MERIGiangr & 15t SHEICh Oncih (ult o6 1 Reipe frbes
' %uﬁﬂﬂ%gﬂrl dt%nﬁh&%oﬁﬁg bh@@ﬁenoﬁhﬁﬁ@ iRkt §tipe pﬁdhéﬁt@mtb&s i $o long

the tubes are heated prinma nvective
| i e TS 5o i BT GihuS BAF Feibe B ing of those
15 I agiradat isseedike@n of the pyronS|s furnace. In one

nmbodi t th d d /
fe eeg slt gg%ef Pﬁ@)&o %{ E(El%'@glﬁ Oétﬁl_&ea A uS%Q gng ecrrrgﬁtaﬂﬂg?feme heating

1 2qurfhdes iafd Bigathedsurfacea thee migeliqid fractinhs thht propoiceking come into

eva or.at. of .th C k
ﬁ tsvg S‘Phe opt1 leterJPeztgu:% gtt \bhl%‘lt ﬁrg a %{j E)? %tmdl\;\i fteehclstoc

a is hertkal inite f“astdtagr pfrcmntgr oighe @hneecﬁ@lea@p & B, tojayoidl temperatures of
20 etflé gaﬁ'@cefs o erﬂt\i ﬁtagoeﬁe@ﬁeﬂoﬂg epBiilionPdhth@, Wil @gbend

rESI racti ons not pr onot e coki ng in th
t hepofr mesxartts'elargreldp o8 nectﬁt*ré?ng rggidug MSWF&F%WPPSNEBM’%“F@“ of the

MeRNMsiobPin' GPESIERE piidlel, BSH Y péi'@vﬂﬂeﬁlbé arddpé&thtionlof the @EpFB-liquid

of car bonaceous SO?IdS i ncl udi ng ﬁl %éf £ i i
CafepBROT A it eiersphgdimepiet glﬁrlF‘ﬁB%O"o PAYYE Op &ostene

hegLdsRek MRS if WRSAraRtab@predeadt @1 a8 lefild empéraemctm kgt nmt 300°c and
phenonenon in the first stage preheater

25 asmpiegreiesehly iopn et feaparatuge b atdetst &4 &t 1%1 F ?LE H‘te“‘ o the exit
: 'Sg%ﬂ:q% tltl)x}e%? g{a YRLO% ok thd BB $RK Bﬁﬁea%fr it g @an%@&ﬂﬂb&@@&fc to

Further inhibition of cokln%
obttaiin825°6y Rdchinigizeytheh the ttemprastare \of dheo erug, gil YDA h’ﬁg residue

S ufe@?sfo%ﬁ 1rgﬁﬁ ﬂ@l tLbeQBhﬁE ﬁfslcjf(t;g%‘i)%eatté}%a Eteovlef zﬂéﬂnﬂnuum generally

fractions t ronote co %ﬁqcorre into contact wit
Thasing s ﬂrabmti‘e axligr long residugyfievesihiopgh the bes ugite thsr?atpstﬂm at

30! Oﬂrﬁmﬁ ﬁ%kl%e EREWSE pekeate?, il Absablé fb théaguré ﬂﬁﬁntﬁiaﬂwat the exit

eater of the convection zone so asgt d
P Pyesbe Bt PPROSKATEHLDE PAIYoSh Faftod UG HIEE aressor oo
I efblpbratuf 3RC adj@dat el tﬁ:@k@ geRBRS i fldwo Regirie tif gmoduvdd| Huring the
dep end upon the partic I crude oi | and/or |ong
regﬂHHEMP%é@§¥6@ngdﬁﬁ@§$ e‘i)ressure of the
feedstock in the first stage preheater, and the
performance and operation of the vapor-liquid
separator(s). In one enbodi nent of the invention, the
crude oi |l and/or long residue’feedstock is heated in
the first stage preheater to an exit tenperature of at
| east 300C, and 25 nore preferably to an exit
tenperature of at least 375 C. In another enbodi nent,
the exit tenperature of the feedstock fromthe first
st age preheater |s |n the range of about 375C to about
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In an optional but preferred enbodi nent of the

invention, a feed of dilution steam 13 nay be added to

the crude oil and/or long residue feedstock in the

first stage preheater 20 at any point prior

W?zf""’é‘f"’glz%e gas-liquid mxture fromthe fi rs%eﬁé’g’g’%”“‘“"’

preheater, but preferably at the position in the

preheater tubing just prior to where |n|t|a

vapori zation begins fqr the purpos insuring an

annul aFbefRresiiee adipinghs Lirst, E‘J‘F%‘kfrﬁheﬁ'ﬁf g% Rt PRECHE 1y fimited. The

PRl Rithin ke fsttREE pRhaie iy gderailiboiliinganinge ¢f By4tBapA7.6 Bar,

stean1|s 0 a e crude oil and/or |ong
@é%@?&gwlgﬂlgﬁeﬂ¥lrst stage preheater at a

|O0I nt ’Bd(hﬁh&ahhlhothpwmhmn&n&&epbsiﬁma@fe:okmgﬂmaﬂ)elhyhe radiant

dovvnstr the first. 0 r t in th

vvﬁ?clugn acf §n$1 aFSéS i %g%l VLP%F% ok pr elr%dr SRk 1oy e

Micativagiion eubne ofiBe IﬁEnags,edhhoomgax ig fodk ttslhe &magp dnasheommonly to

feedst ock f i 36 orated into th

Bt P oh 0B G kRl S {olbrobedihdomed s e

0 wbﬂ\etuoofsemheoffa wsﬂysgtfmg@evlamembpérmeﬁs desprihed begpinthe fepd of
0 rdﬂﬁt{ont As i Q%Héaﬁa &IIP@H ish Qgpo\’ ARAY infebtRDWpBSit 2o hd)Brsd Mg@ pfeReater.

ealn coil 1s a bove it's dew point and

C vl s camite sagr il RIS TBRte Hhe, evapprafion;ol dhevgade o GppiHjgne residue
PifRIaRGkC OFRE Gl1dtlde dab FeodAiAREted WhieRbllO blsd r&%ﬁiseﬁlaésﬁbﬁihmg and
and the furnace heating _bank |o ed down a |

THeAIRAMAR g figWaegipe phibe &eﬁ%%é‘%%&éhﬁ @ %ﬁ ﬁ¥ m‘*%ﬂ’ﬁ% remain
\SN lﬁef}tb@érﬁﬁ(tm& R stimgi&f ﬂkivﬂ Efampkt 6ﬁﬂlﬁm¢1fga&s gﬁ?ﬁiﬁm%l sgbmf eethane,

th respect to dilution steam jt.i ref erabl .

A DRFE R0 AR DA TR st e e 3 fiion
Olgas eandequpplangted edihdigpit € dightt yedtytivdameredecdstatk tuple as ethane,

nOF TRt BRBEOH sy SR e bl gl kGGG SR eos s

crdﬂdﬂmo;tdade/or | ong residue feedstock tenperature at

the i n{ﬂte &,ﬁ F&lt%}efer%ﬁgmgg é‘lﬂ(}?thgfmvgﬁt{oth 84 S8Hlich steam

not par I's preferab é}asufflm ent

td3a114ydwad¢qde@theewdewé pnd@r\mmgéespdeﬂ dredgpckfin g Sirsh gtRaer preifater

" ak Gy Tﬂf&)’n@f"lo il bt dQRe SR 3iqRiH SR RikfeSfonP the Gk GragOprbtitater, but
crude oil "and/or |ong residue feedstock are W|th

r cRjeraRly athg Position ipfe preheater fubing Jus) FEPT grhere igit ‘Id‘éFP"ma“‘m
didepint @5} RS %ﬂﬁfbderﬂanJuhﬁg fh raﬁﬂuiﬁtﬂi@ere@i’n&h@&ﬁ]&klyaduﬂl@ﬂ in the

downst r eam of n anpunt t o abq
of Prebedehn Ip @8rmarg mefffe‘ﬁfl‘ﬂ'?‘iﬁlgﬁei“bgﬁ t*?&ﬁ[ﬁ‘m%i’lﬁog d?‘édém@e (hp o
r aﬁl?ﬁﬂ fong @é%tdﬁé) Feedstdck 0@ U@ Htirkti sgige [Jrﬁhﬁtelr @6a paint éxgernad edpyrolysis
Preferab t he ampunt of , st.eam sho n

b atnglemmbaik s o Wit e iSEhep DRt rn b2 End R not
IO aﬁ@ﬁm age pmferrv@lfhetrai migilz 0ourpcid éa ted komix taposteain; agd) hg feedstock.
e pvrgfé (? e§£ LR{]J? ﬁﬁe@ﬂea@ﬁﬂ%n QQJIIH Sfi[? QD lﬂé’ vapor
con SPI stock inler e erature,
q uca:ﬂeu af yhedﬁstcsptgq: mat—licuiid wpirgpr A} i @@@EW ﬁlﬁ‘dhq Y@or flowing
ag@ﬂgff&w&%e&fn i mes M%ﬁi&*&@%&ﬂt A hy tdiaBhsaicadMars occurs

to the c e ol l " and/or |ong residue feedstock

30 j o the vaily of the pipifts GoRRASHng e Vi@f SR P5WissePaEsph 49 the furnace

15066 HahiElobdidddtwRidead B4 Or | Ong residue feedst ock has
been heated to produce _a _gas- liquid mxtu: h
"‘6‘62;}? Il“i“ﬂ%m ©

wi t hdr 3 tempsTeivrh ef the ddpticny gagds ah & FENMER
14sfeBnan vd bl dvBERapat & dikfdoRSte@miead peferably added at a

PR A AR B Db P TR AT g

residue feed, which is withdrawn and separated from

t he vaporized gases of the crude oil and/or |ong

resi due feed. The vapor- 20 I$quid separator can be
any separator, including a cyclone separator, a
centrifuge, or a fractionation device commonly used in
heavy oil processing. The vapor-liquid separator can
be configured to accept side entry feed wherein the
vapor eX|ts the top of the separator and the |iquids

_.l—.a



10 No. 6, 626, 424 shoul d be used. The liquid stream

15 separated by the vapor-liquid separator 20 is fed

to a thermal -cracking zone 36. The thernal-cracklng

zone conprises a vessel where the product na¥

WOoBpIaLb a "soaki ng" period. Any device or gywpms%oz

may be used to achieve the soaking period. For

exanple, referring to Fig. 4 the soaking vessel can be

a vertical drum60 that is 15 connected djrectl

t hiethéd ipjeciinm &Nt &5F engure gigt e dilygion gpsoes PRt |C6qﬁiénsevm?é¥ 8'°?eﬁ“é"y at
G%{IZ?%? ﬁ%@g ﬁa‘é%ﬁ&fe o ThdrBEloN, ?ﬁgﬁuéoﬂéectsﬁ@k bRl 4t |tlQV&i5_]ect10n

ownward entering the top of the drum ugr
| ipoju dhe preprureat dilusion ges is 1ok E’%réﬁé@ythiﬂﬁ@d’l bt if peetegablysuifjcient to

ﬁjl&@ EIFE%%(%H %vtepﬁ LRI thnge ©f RodstdeR @lolvv' rﬁka dprﬁGF(ﬂﬁldbrn@s \pressures

her mal™ crackin ntrol lfeﬂ}t%%Bar
5 eﬁ@d@é to theeradetil aoggr lopgresidig &Eﬁ“%e‘i" e
drum ai'i‘fydgfuapl%é t&ﬁﬁtdﬂﬁﬁdnlsfélﬂm iikts mﬁm ﬁteg’eqﬁehbamrhtdﬂm“fﬂﬂream
tenperature of the thermal cracki the
i of & Branameptyr KA Orsk et SiFEm B‘Bi‘g a@ﬁ%"‘t ERpeTa ? fed to
Ofthe! f@ark Wedion lifidugh hepher datiosadan bb lgedr séferelig ¢chet dmppni of steam
the thermal cracki zane i s y adj usting
¢ Rl gt PelersdhpB 0 a7 P B B o bRty
10 t enper dheUgefentage chfevapmmbd obthalertts/inca gasrliqeidymigturewighig the first
suc as requl a 12T Qbare, th £
E‘?’ﬁ%é?%abeoagus ﬁ“& S eané ﬁg%&gt% r.oE SRS ey ©
f iopsdnakdilntionsezanaided: and e tampeBIgicipEonal sunprbeptod,gilpiiqn steam
naa)ﬂ?elaeto g Jeecgl éﬂ?ﬁo lcgr{geres?dh@%éﬁ%&keﬂ tHé kst beage ShiRae? 12 and
at i's ro irst cyclone for control of the
fidosftlstltggmbﬁ)tne tenper ature and accordingly control of

15 the inbgls hEIRE At diSr foﬂ%&aeuetfta&km he& badhlkiente DREICe a gas-
St agnant conditions in t

e thernmal racﬁé{f"g&&‘ §4tm %tva or-
mlglmd rpigeres t if prithdseng) from dhegfiralRiags Pr ng® VP
t NRuidl sephkaort20 a Dﬁea&mg@ﬂﬁquﬁ mﬁm i'T™e vh;tor—thquﬂ) gapamer removes the

| ocally unstable are 3 L9 ne .
 AFPCPRPTIZSSk BOFHORPE 3§pﬁ£ﬁﬁ O opg festhc 0 q“ﬁ‘{‘%] i Sutgrapn and
t hepaaited fréia Uﬁlvﬁg)ri“zhfgalsdssqiﬂltlté amuetotiandvpmms wsidpeofpgdy The vapor-
rotate. It sho be not ed. t th € %gég
20 o fhigudsepprany %aﬁg’et e & t%rhlem c?flxge?%)ﬁglt&al%sol ated
f r feadtieragomndeyich epmmdide usdrin éleavwcml mﬁcesmmz@eshmsepmm
ot in.the ta thp bf 4l
! e8P ity fbecpiide BBy g bl RONE, Sy o b oo
drmnmﬂleelscquCIs ssxnt meshsvtt@m@f dhatsepaiorapT HrioRieREY &e@ Wéﬁe‘“tﬂbe product
"H%Eés%? 8 s @%ﬁ?&{tgﬁsﬁctﬁﬁgﬁdﬁlﬁhgl 3.quid resi dence

e pitc romthe cycl one travel s_downwa ain th
25t hr oug e tvepasrigwis sppATter ePeFAS SEMRSFABYT (S a‘rfﬁﬁF%tﬂd“““ ain_ the

{eﬁl?&‘at{lﬁ & tﬁ@gﬁsﬁl ufdl mfid 3RRihahe ding@ 6t | B’DS‘?CI t6 525°C, preferably
desi bl e, ver |ca or axial bacicm xing

uneiigi l:habsinge o )0PE to,FOPTC. (g yrporiliguid @ﬁmp@ﬁweoqaﬁ]be adjusted by any
reRkLOe rlﬁ&ucﬂn}g'ﬁg@:fsm& 'tﬁectgmbé?at&@ Rf tHRGEABRbCICH G Kie TP 8y use of

as It trave ward 5 in the drum and herfoEhtl ream
t oextasnad hiest epshiangers andigr Oy Crrasingels iPerEr T eV of ution ste

30 DAkl Xd 090 b preficitl FnBEAmBNY, (B¢ MPOFlidued Séﬁﬁrhtﬁns ﬁésctﬂhﬁ in US Pat.
drum di aneter such that the.ratio ﬁf t he tp) 1,(,’Ii,er‘g)fe
t hBot AG7HE12 aad 613300, HYFLAIFlPSHIRR AT "("'é’P’ﬁ‘éfPrpafa TRy &R

the dr ufmdpieferdedle@fbodibe®d, it apsriel gates! feews tthed ficarvapwe-liquid
used al t hou Dratio qof 6 hi gher
ToSBRaTE A m%a@envfafperasvavw a8 ip Tl RE BT Blrotysi

bottom of the cyclone along 10 with the liquid, a
smal I amount of superheated steamis injected via |line
13Bin Fig. 1 (line 65 in Fig. 4) into the vapor phase
above the liquid level in the?drum which flows upward
in countercurrent flowto the liquid flow ng down from
the cyclone. This flow of steamis adjusted so that is
does not entrain with it any liquid | eaving the bottom
of the cyclone causing liquid to flow upward and
reenter the cycl one. 15Referr| ng agai nto Fig. 1, the

o o o L R
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20 zone, it is desirable to reduce the tenperature of
the liquid | eaving the second vapor-1liquid separator
rapidly so that only a very limted anount of

addi tional thermal cracking is done outside Q
YRSPHHIT® acki ng zone where thermal cracking %E%Eﬁ’wo“wz
purposely controlled. Accordingly, a quench streamis
used to rapidly reduce and control the tenperature of
the liquid I eaving the second vapor ligquid sep frato ¢
AIfHIPRSE) dih OTdlpry o (iERaSE, the (euaperapure o th b ST 8 UREFH] spiEpRyiare ©
t Routl eI ﬁeﬁmhhﬂujndenﬁ;re&rﬁr& h& s eceaad7y apat pénlmfdhe stream 34,
separ at or IS preferred to_use a verti

cal
S S ot |G P SEUHAS BP0 oL i o vapor
f Qiuill Refarapuf (B Aesetdtd sta@e phdated 21 tidge pyesipedad vlefins rilThe major

t hi d t about i ch
B L B e S L B A0 6l 58 e
t I sssind malieaﬁdpongmn ofl thérmbdty-prhchedcomponentrieith srmalcheiling ppints

BRI 3 B Ol 08 3 A e o B pors
cymkednarh o titic §7 ﬁpmamjthm@yeﬂa«rw fope Bin hmixing ppgzle 40. Any

% g&lﬂ:c@ '£e¢a%b$gﬁeﬁbﬁymb NhiRgURLN8 delEb&Os] €8 Pat.
recycre

into t of the drum above the
|W@614é4/§10ﬂd|bauwdspray ring. Hot vapor fromthe

cycl ongnARANSrban PS gﬁﬁt&@gy thé Oﬂ(?oﬁr@ﬁﬂ gepgmbm i€l Fedd & hdrmal-
condensi ng on the 320 C of a

sieEcking posg 39¢ The thsemalemeking Hrn? GBS ‘é%iﬁ XYB“”F e gredigt may
t OB skt lo@Nséikinb N eridh. UHhﬁJBsHI:S of *h@selsmﬁﬁbe dsbd’]tg atiievk (’rh‘ermaung

vapor bat her bet en t i
arPﬁn fPf exBErP]&rre Ea 4ftge sqaﬁ]u%getsfeg %)_F a v%r?lcal m 6% that is
S upgriebediifdiny to&mamotm ®1 bhetop em;rypmal teivngfwheteehediquich sepa(ated

PP T by 6B el s Shf i g0 o e B
t hﬁquﬂeempﬁdatma pod {ésrdqnnedlmpaﬂxaﬁm wie| ddjusted it Hietryally ecrack the
u 51319 %cg g tllle e%[enﬁg l&%;m:h %ﬁgkl %mesb%ﬂr}olfe&’ beither controlling

I cati on. |l e the i nt'enti on of
t hhes tesq:gxapwenf hd@érlg ribg gromy sworreyapanirolipg ifresigrace time. The

t ﬂ%@ém& FARGH H‘Qm@aﬁ chafind 868SIOMBK dnbin i BorkBREITRY adjusnng the

cracki ng zone where tenpéerature and residence 10 t | a1
areperREne emperare of teneyclong, 8 abayp itpind;theresidenss, ggg in e Tierma

t NeLRBL 642k kioRgb1Rl bY Ngjub|RASS aglkia Wkl 64 [iﬁi&hbtd&bﬁ YThe cyclone
occur outside of the thermal cracki nsaﬂ]éorh gd}} | al:we
b SEERFERIE Y (RSI CORFAEK PhG XY O5 PR SifeR PHE 3&5‘%
f | dnfolants 6PGPErBeatedd @NGTIN s@hd Cat NG rdwdﬂnﬁb ﬂielfhﬁ&yalmmd@the h@:ond
m Xi.ng npzzl e at the. en anc of
P, et ey P o P e St dfobn ok B4, R0 o
nahe firagtionefor esmoer cﬁtthﬁrfhstbyclanespmmaﬂlfﬂ Ayl dcpordingly pentughof the
acl‘?\g Iat&meggtg?}?lgmy&gc h t he second cycl one.
VEr

Srrice I'esi del ce %ime of the liquidis_
smal | Sngeguiopdigorts it thatheimsal orseling zone Got kit repglt in localized areas
Cr 3GKIRG ctr:?cFHﬂ? rt.l?et le{ Eis Q.hgf Sidf oPEankilg it 8EIRE l&raﬁﬁ fhsb@le are
er ma

zone, very cracking is done outsid

f
30 t harotderk byradtion of Bk rericlly enieting Aapar phae abave bt agiskievel | in the drom

S O@aﬁﬁﬁg th§ Gblia GO Bk laRsh & sI&WAG rGkBC kaflodid 8blhsledihbd the G&P4F phase
It is undergoing thermal cracklng begause

t hq;qeqsmqf the seyen gad cyRlops, abave di ﬁqecnoé A ofp e another. The
t h@nfdcQbLof 4nt QG ﬂl@Saﬂﬂ)@ ﬁ\ltthfﬁtﬂﬂ périlorldFi@ainafl abies ae thqma Reslel to

as .a soaker  a associ at
P e D P G ol AR S A e sction
liquid tenperature will be reduced accordl ng to the
rate of thermal cracking. Typically, the tenperature
of the heavy cracked l|iquid d9 it traverses the
thermal cracking zone will be reduced by 15 to 25C.
For exanple, a tenperature of 440 C. may be used in
the first vapor-liquid separator and this
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30

25 w1l produce a heavy liquid of nearly the sane
tenperature that is then fed into the thermal cracking
zone. However the outlet of the thermal cracking zone
will be about 20 C |ower or 420 C. The advantage. of
WG 82 econd vapor-1iquid separator is toF S%U%P"éoﬁ“m
to operate the first stage preheater at nodest
tenperature, 375C or even |ower and avoi d any

si gni ficant 30 coking formation in jt. qrtant
atfcheRinimaiaRR: - seeiopal digd Fagispee Ak ‘ﬁcﬂl@t Plgﬁ Tepm thp gyclone
f aAslRGkwAre aMbpe welieunt. Wil 2\Aea65 abbuhtblniS@p aétdh @ a fadial or

readily recovered in the seco or -
s Boypatplslirection 15 C{eﬂfagsefeﬁgpl %qrgl%gf]ﬁrﬁgflg Pﬁg&éﬁe?b le, as it will result
a[ﬂlibﬁtunﬂrfrmﬁbénﬂhhbdlﬁnédfqﬁéﬁ mmu.eenetrman cmmg pdne af it rra@etsalownward

{ ft
oo o s Bplar s 0 Botvated; e Pinhoe) oBfaed Pube? backmining is
c ﬂﬁﬂlﬁ%ﬂrbys propdr rseleunbmaf thip diulni digmeperismthshdt gegaticefthesgmt, L of
f t h d | |
! or{l}x %el cF]aclglg%zone ! gm\;lngegnaél g%%]%tgrgcg{ﬁ?eodﬁrﬁﬁ %h']ﬂ@e 4B %atios of at
ctlnmérq:mbeswedralmmghlallqﬂ mwpﬁérgrehlﬂlyr lrseGiﬂl,‘ﬂeﬁg t he parti al
press uroeprgfenr e SfaRAHTER r&ga&e thofh TengAPRIoRNA R Fe1ohe along

t hereb orize at Iovver t enperat ures
| witrahsHianidea spteamp of rmrhpwesrqamgs mwefﬂ%rlé%@ igfigy 1 (line

SigH e Fig. @9 P IHRPBE Mpot pHasd dlovd! thefifid 1bvel @ dRirhm ¥hich ﬂbﬁy\@'waﬁim
tenperature., In'this regard use of the un-

SR SO ORI FoR e opHo. T Qg of seam s

V%ﬂ]ﬂited éoCkH&tCis 6P R6AE Ok nABithAt Sﬁbpﬁ’érﬁffﬁ@hng the Gbtkdih bOMe cyclone
st eam f or fting gas. in trgtg econd vapor-1liquid
"c‘é’ﬁ’g

s &g figyid Wcﬁ%“ ng gente Bt he cracked
CONMPONKeTéfing dpatnfe Flgi D,uildihﬁhﬁmecrhrﬂra& poduct tyded th drervedond vapor-

dRe PERRRE STt e Wikt AREREEN PhbANRidenaryr oy v
f eiillat ®ake fivataposligualepiraedi.¢. it thiyealdfol resy cyglonic separator. As the
Var??r{noll ofqtﬂe gec rﬁdoﬂp&tlﬁﬁ(ﬂd sgy zﬂ@ﬂ: {Q I‘él!ng\g; tﬁ&ﬁalﬁ@&ﬂ&d &};nponents

I 'ng gas, operating tenperature of the
S euﬂ}rmbmm rbgﬂmg pojats dless dpa 5316 i the; lighig; 1oaving Agythermal-cracking

AGLAY ghs%h)/abfefl& re@ﬁ’c%%h&bllnbér%n@ for &0 h&mﬁ RaFRS he Becbi \tab& hquld

second vapor - | ul d separ ator I1s also mnimzed. Sti
a SeRaFa é%Pl(HJdSﬁath!ta’g]é ageryHiRited gmpyi of addisienq! e Chacking i done
SeRRidatR e thrhdledackity Adnk ONerd hﬁnmrmkhh@asvpmgosblbesonmmd

f| rst vapor-liquid separato he in t
FHBBD R IR AL FHIL BRI FPOR G yppggar of the
r aiqgie 1esafung EiRESAd WpeSlicald sepdriigr. AMogapapiybs bfivetsel may be used

achi eve equ h te er at ur
apre T Gt g B P s RS ed o e
t hievertizhll cym:ft e ated ahdemapio memecsmd vapor-liquid $epgratodfor tatpumppse and

the t cracki.n Lnce.the

¢ R BB AR =D RBBPN I i -8 abiosh 37 e M Ry 3Eeciled o be

Vv apanpezeate |wlhgthtno tsigsificemt hiyount afctkeoialreiiing wsl) take place. A quench

bt 8-duch,§)%\’l43 il 1s| ﬁ(ﬁxgedabo' Jtl{dnra%flﬁ)%oﬁ %&o@&@ﬂx@%ﬁ&’c&ﬁﬁn& in the

t eintpemaﬂmeethoiﬂle tshend egdeng, veghiog - arqiuredyoyegaarr@tfér dgn Rapid
Bl GBhiby RU8Hto 2A8p SBFCdrum

uug%glgﬁgﬁ%cgl%mﬁgﬂher tt:le eraturrgwté?;egnqt he t t er?r%

C reeei thrgh@Mevet dhrp enrait mmeﬂptgawc@@m%cwhn%%@r is pgvented from

f Bg ale PO i BoPbOAUEASlow of

vvr%t?hh% @R‘é&%‘é‘% ntgs erbl%lbow é ?\%\ﬁ&not he fi rstoW °

vapor - Irqur d separator I S operated at 440 C., the

outlet of the thermal cracking 25 zone wll typically

be in the range of 415 to 425 C. and the second

vapor-1iquid separator coul dlbe operated in the range

of 460 to 480 C. The range of operation of the second

vapor-liquid separator will be higher than the thernal

cracki ng zone, typically between about 460 C. up to

537 C. with |ower tenperatures being preferred to

m nim ze coke deposr t| on or fouling of the equipment.
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The process of the invention inhibits coke formation

Wi thin the vapor-liquid separators 20 and 35 and in

the first stage preheater 21, by continually wetting

the heating 15 surfaces within the first sta%
POMRUNE2 and surfaces inside the vapor-| i quf§T/US2007/064602
separators and associ ated equi pnent upstream of the
second stage preheater. The process of the invention
achi eves high recovery of crude oil and/or |ong

" eugeshsaiod Siliion PR FRA0AASHP IRFERD oS reiram BIRue (e PFFaLHRg to form
vmboﬂ akibr @eﬁ@&ﬁﬁ@t(ﬁlﬁn kay% aﬁtdyaane{pfwmlegﬁga [istributor can used for
eratures int second vapor-liqui arator. a

ngmn Pﬂshgéumfa StGRm fiitq fhe ﬁ‘g’ @&?ﬂqﬁ% t&%@ﬂ*ﬁe‘wﬁ&fm to use

V&lﬁﬂlﬁsﬂhﬂmﬂﬂbﬂav&&pﬁirgaiaor whi l e 20 sinmul taneously

i nhibigi C rmat i Th of .t he

i nvent #ﬂnﬁgﬁ% Z:bge(si @’&W@P‘%ﬂ“@?gw 11$1 26909 YaRgr liguid

phqamtcﬂr\anhm@ngfbeamaq)emﬁm oil ion cekek dexdsdrdeksem toha gasifier for

nogmlmmb0|llng poi nts hi gher than 537C to cracked

oneﬁ%s with normal boiling points |ess than 537C
and a Waily thei iglenticacaf\this \equipméerty dssgnc is de lde diearynplb nk the ghermal

a i I

“SeABhYBPE (RS GFRFL ARl S B e
2@@@@?@3@@@&@@@@%@9 oh the iitepded eyl eracking of éhe feedstock will
a%@vﬁ&b@ﬁo&iﬁ ahgaaew tﬁkgmeﬁﬁa@ Efab @RS Inb OTHA is Hesduld thbAl Eddking

feedsto ytic cracking furnace 10 defines, .
a Ypy statt WFfbthé Feﬁevachgrsz Eaches thpgnal cagking terapegatyreiintide the,mixing
f HoRAC @) thé BhtraREOYH (8 FirdRGASnel B vAM L Yibd Gﬁt‘iﬂ the Gfaal@l ipieh is
t he hydrocarbons of the g@} fraction % th dr
f TSP SaPRI-TFHEYY fGREAea T SRAC R BYCY REPHgptor drum
C ruddtnaady thedsetdnd i:ﬁ:bgney Helvelved Ginee (hé aidedce e bf the héiuime tsmall in

mol ecul fin ch as e pe 0 e
TS Bt el el o R0 periile iR oPA0 Btn Bl Gracking
f rzoma, pyry diktlet themak adkingds fenevaside HO the hheomgjrrbing aote. 28, in a

A%oﬂe%o%gl Ql%y %elf%&?mg b33 gll c}zécﬁedcl{qgfﬁkﬁﬁgtﬁaﬂwg bt is undergoing

conpri ses OV\BI‘ I'ncl udes ot
dakermalt ¢rocking because thesmalt ¢rackingt isr ans entotienyie drdsess edngd | therefore

t nﬁ;u&ﬂa@mat faﬁcﬁm blﬁl@at&P QBEél§§1§d fngfﬁg %mlﬁly 8 DGAAibOM its associated
nmpounds that may suitably used as feedstock for
p;ﬁﬂ'eiplyfqt (':Vhélie aharns] grackipg &é@gn& He&e« e eroglied Appid wppperature will be

V@Qﬁfzédzdcaﬂd@?% th/fa! of kel |cMclﬁﬁ§q{ﬁnE‘£g | thel u;hgemmre of the heavy
hydr ocar bon T eedst ocks. Such rocarg

on Co
gé’Ff‘é'r“’é‘i hayidap{ gavergine @am&bﬁgchw?ﬂwv@e FIroed y %101 %S?é For
5 ekanpe ra&émlﬁemm'e BEAI0I *TgmBObd usagmttﬁerwxawrm@daepaj}at&]a%m

Bar.. of |es ref er abl

il i ey 0w obpesty Miafind ERST SR - 383 13 % toma
r e:qaakmg ebnat Hblever the ettleodf thdwberhial tckiigage will ®b eane?( °C lower
F%&Q?} ks that have been derived directly by
fractionation of crude oil and that predoninately
cont ai fibccagmmeage pf Iving & secomdvaporismivtest paorlis ade plig teraperate the
affﬁst‘éé%l: eatdPdt ‘?noﬂ hdpkHufe. 57563} é&%ﬁ}] Ea&d%@&d%%ggﬁ'ﬂﬂcant

tter rocar bon feedstock w th er yi el
| oRkipg Bmastondn ftoAn pmpastayt sddedoadsankag ép thay m?a@ww%mm of the

hegaisi 1%@&%@&%&@@#1@\@%&%%&&9&@ rEEoberEmttheCs‘éwna'vE‘por-

conponents W th r normal boiling points. Al's
t Hisuid seragriert ane liistoggither with \alimosh e faire aomnt 9 dﬁl&wﬁtsgemeawected

b&nt6 ?ﬁl ﬂJM&:{?rc@ﬁF@&ﬁﬁQedan E.If:ﬁ@ddtals l@:ﬁﬁln'g)gasd@ Shdi@dihe vaporization of
pyro IS ur naces erm cra
%‘b‘/r% ?OSH’BEEP‘S?Q%&BF% g pogps f tﬂgne%?yr% frgmy the liquid

vapor I|qU|d separator will in general have a
viscosity |l ower than the viscosity of the portion of
hydr ocar bon feedstock havi ng!#he same nornal boiling
poi nt range because the | ong paraffinic side chains
have been renoved fromthat portion of the feedstock.
Hence, the m | d thermal -cracking conditions nay
conprise those that are known to one skilled in the
art for thernal-cracklng reS|duaI petroleun1fue| oils

o oy o Y. Y. e o Y
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25

aromati ¢ conpounds present in the fraction of the feed
havi ng conponents with normal boiling points above 537
C the 'freed alkyl side chains are easier to be

vapori zed and glve hi gher pyrolysis product vyields
MﬁgwgﬁgﬂFﬁe remai ni ng pol yaromatic ringed co&ﬁ&@ﬁﬂ@”m““n

have high boiling points and yield nuch | ower value
pyrolysis products. It is 30 desired to thernally
crack heavy conponents in the feedstock only to,

he
eXeaxing thpdherpple cracking 7Ane nHien ERing 225 SFRUPES Yaporizaton of the

PleBfpdchtani tﬂeﬂh quitl phae bylramkiag hb eaviy ﬂrefsﬂiaid: of thuse chttionents in the
inclu

Ther ma] - cra | condi tions nma
¢ AR RPasE pakip ﬁ‘agﬂl et Dol s i D ey i groch g some
p@fay Qiht aﬂﬁn&g e p@esidﬂebﬂmkﬁzgé adigponent pigais alloves @kd boligh lower
i qui S er r.acki no
o el T s speied e ST R PRl B p Lok bt teaving
enlhaoﬂnsnmpbx-hquh?eSepmm a cuppienigtoodilndont steans erdﬁhdsegaS in the
al [ t I t
cShORE LalsPuia SEallBh ol P W iealle e T VobBfons 1 he
n diqnid | phisei ldving tp@ﬂmxml sirckieg BARGre in méqveaor@mmrwsm—
Wigk e OL TR 1i0dr | oR@n RO -k Vreadhldck Mﬁéﬂvéptaﬁzea & el first

that aspha t=ne re precipitated in the thermal
c rvapdeilingd sengeator) ﬁy PHasimizingsBe amgant \of élft@scﬂas dhecrerped fapeFating

a i RRAMO I HRYKeBBd IvaSdr 18N8 CepdrathiO kI irdm bR vid @5@&&% the
liquid product is produced that cannot be eas
s tPETSEity P qokefomraatiop i the; sseons ﬂap%mﬁmfiyﬁ?a@éﬂfrv?%oéaﬁ‘ﬂl@g Stilla
d |ffuﬁié§ add@RagRof ﬁ%ﬁk&%ﬁzkpdr@iqﬂd Bé&parakdys i@ @t ft iaBéwsQhe ﬁpor leaving
cra

Syt dand et Rt RREEIR suredun B o e R e ©

ora el ehigd oD tbpei@asd nllovang thd enmbidigypivalatidene adequately high

oSy PR ar B, e R P R ot AR chfica
emoppmmms&dnﬂmlmWémmumgﬂEMannﬁonmhngumeand st or age
facil ' 'h&?)the @fosggptﬂg’ seQI;nd%B&nggep%Bﬁgﬂ tb 'iéfndv@ wlﬂaﬁzed light

Sedi nen raction test A nunb
| e,tbﬂsmwyamac@edlprmucma e. mawélwermrm@ Beilipgpdinis e b@w 5%7r °C by

PikE B 4 BugaladLf: of % BRASFArObf thh ?ec%ﬁcﬁhipbﬂ lﬁancp;epa.rator
t he pltch is the She Fbt Flltratlon nunbo

ERR &8 el atgemperprmg; Bipjcalycmaghoioperhan (537G avzt. Wﬂl!nb dyeher

g%ﬂp&&%@&ﬁﬂ m&m&&gg&ﬁﬁqﬂg ZEJQ% teﬁnp?r?t%re&g Qequﬁ'ﬁi in ofder ld Peilitate
O CO ne | C | SCI O (] er o

i ﬁE‘B?‘iﬁb‘?fé‘Ef-‘e‘Hefﬁ‘ﬁlbf UL A TG PRy Bl 7°C. When

NURHRIs prml LR fusd §ebﬁ'§lo101,s Zyﬁermwél)l'?ﬁit theheutleesti thel thbrneil kracking

oAl PSR o e apels B e oipt PR SHRoad S ifhepagaco
alvoultl bb 2p&ated impthe smpe of 460 tb H80 FGN g’be cingd oﬁ)crpeabmuof the Second
Ba raprgrqllqmgosg}gaﬁaﬁ& llBo%rm%h%p gla rtﬁ‘!nﬂ%f H-?cﬁ%%héj t 1ca]l§] Petween

zone alr ne
t Heboyrelito 6€aun<ior@7 ¢Endith loyres tﬂmplemm\esm@g preferred to minimize coke
t”ﬁgﬁﬁi Fﬁﬁﬁﬁ &é%q Hh&qs a tinme period of from about

eco to

s out 960 seconds. Preferred conditions

,-

30 i ncl ud@h%hﬁaWérSwmﬂgé‘r BERITh gits Shroserendataperdiqpid sapaie visline 38

Ofan@*?soéﬁgerﬂé@dtw t:lﬁ:ba{ﬁl“}iloﬁr 8Pa SmatPdisbufl Jfi KBRS a1 Othe fufi R0 is

about 60 to about 480 seconds with | ower tenperatures

arfeeredinghe peandatage ercheaifs $1 BRe] i geasdein dherseepnd glagrsprelisater as it
m ﬂﬂw?f‘ﬂﬁ'&lghfﬂlﬂaepﬁbi&u B, bdribhst g8%6 BES iteaadi€ adciided the fumace. I

cki ng from non- nlfor ratures in the t
B oY siagnehepice P "&H"%‘fzi&‘g%g Fop e gt e s Py eheated
and inlet tenperature both control the rate of t her mal
cracki ng reactions and can be use interchangeably to
obtain the same 30 extent of 2hermal cracking of a
feedstock. As an exanple, as shown below in the Table
hi gher tenperatures require the shorter residence
times to achieve the sanme desired extent of cracking.
Typi cal Tenperature vs. Residence Tine for the Sane
Extent of Thermal Cracking of Residuumin a Soaker

_______
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Soaker Inlet Tenperature, C Residence Tinme, Mnutes
425 16 440 8 455 4 470 2 485 1 By use of the
present invention it is possible to convert between 10

and 40 wei ght percent of the 537 C. plus fr '

?vﬁ)ez PEREP?® 0 the thermal cracki ng zone to 537%%@&%0%%602
vapor product recovered fromthe second separator,

thus resulting in significant 5 increase in the

val uabl e ol efin roducts uce

i S R R e e R
f esitsdepesition Gn ﬂh@mmrafmﬂmeﬁn dihe ﬂ'fmetlifaedfsulﬁsﬂ@mﬂly( floves. to the
hydy. o t t h

OFERERASTE R e 26,9 16 Dl BYIOH P ToAB Bhscous
t adrocathons afmepwhlyad re cbldips caodi\zsntlat@m hy-pobdegps exiting the furnace
distillatij of f eedst oc Th [

g 138 25T Bl i3 GRESRE o TR YA 8 16, more
f prefaatdy Meaperoac,e;ﬁosi prefepbboatdéas03B78E, dndaekasn@3ECuk the exit,

sustaefabeh et GRRG AR ot e O e 157, o promon

C QRi¢KIG] 'bﬂnmg anesHoft chiig ﬂb]dicﬁhslﬁ)i aeffnur rlmﬁcmag/axbaieﬁns pyrolysis
a pdan

h
R IR R PO o i B8 e s Bl RiBogen
t hn@mghantehmdaﬂmv esodiaeal ddin, paﬁ:nfﬁmh.eand mtogtatic products. Ethylene is
i
o S Ralbrodte, SRl ARV #1o0 RS b GBS wefgi me
Uvan@ﬂtibﬁadbtoclgr may be fed to a single feed pass
conpri $fd fai:esm tLv@xlntF;F {i]%d:hl%eéolée NofthE0 ri?ﬁ&ﬁne%e\’\@'am liquid

U bends t rough e feedstock flows fromthe
i FERaratary2q and 39yad @tmfbﬁm't sirge prepegter 21, by eopinaplyaysiiing the heating

PrseiefeRin ik Bt gthéesﬂretﬁﬁt@x%d BirRbRahRde theSvapOiRfuldseshra¥rs and
one or nore single pass banks of tubes ghs osed in.the

c despeiated %“%ﬁ'e“%?ea{nﬁ’é “WF‘SPS‘/ Up8e PrEfpaAtelc d5rigvention
StagkiéveP high eb @y SftudeloBAndler BnBics@leriRB&S nﬁﬁoﬂiﬂﬂ\ivi%e phiginable
pas bank o{5 cﬁbes bub ref({eﬁh_ggi{y is a 20 B%l t iogﬁLe louid
OBQH?P"% A4 3Eparptps Yrﬂ% Spperaliry S e R h PR

r e;spamcﬁcaad h veTe latife alpdiit@f lifting ps ip aresemgd tdpomlugtd separdter, while
m nin zed i S ef err.ed .enb

TSty e o Soblabs SPRAAPAE el fentiop achioves e
f e:enii&tsmnibymompﬂlpd; h@nraplsasmgh@qgaﬁ sergntiy infgleaisieclowith normal

e

f ahansﬂsp%ﬂ ineiat vemg high rdcheerpoff hoseraskedt doepbreed sit eaiablagirolysis

| e dstoctl( in the furnace thereby increasing the amount of olefins that can be produced
from a feedstock beyond that which could be achieved by stripping, fractionating or
distilling the feedstock.

Pyrolytic cracking furnace 10 defines a pyrolytic cracking zone (the radiant section
of the furnace) and provides means for pyrolytically cracking the hydrocarbons of the light
fraction of the feedstock and the light fraction created by thermal cracking to thereby yield
a product rich in lower molecular weight olefins such as ethylene, propylene and
butadiene. The lower olefin-rich product passes from pyrolytic cracking furnace 10
through conduit 23. As stated above, the pyrolytic cracking product comprises lower

olefins but includes other derivatives.

14



pyrolyzed in the radiant section. Wthin each bank,
the tubes may arranged in a coil or serpentine type
arrangenent within one row, and each bank nay have

several rows of tubes. To further mnimze cqki '
: . H}% 602
M2 ER0 of the first stage preheater and |%E;ru f"r‘{lg"é

further downstream such as the piping leading to the
vapor-liquid separator(s), the linear velocity of the

crude oil and/or |ong residue_ feedstock flow shoul

sel ect 8 heE EERLER herele; e fight t?ﬁcﬁ?%] BFHRE ‘ﬁ?sgbhygmgaﬁmn
h icsllﬂp(?ﬁlﬁlﬁitaﬁayrsﬁitﬁﬁzhﬂ'éi uﬁaﬁ@ ffjeﬁﬁb«tfdmrdlj&ﬂ&rqoldogﬁmes that are
coke formati on on the heate ur f.ace

aSBRaBISr 9 AR A Tg AR %l%ﬁyycr\’ﬁimg %quédghy%;%an%?%%bgt&m%lfm
f Qiyarbtdrion efmpauddsi ate |genprilly thaseehydmeimbonsnthyt havet posgalt priling
tube surface and provide 10 suff.i Gl I oprt
R e
deRashly @8s Bin STKE, aMihirk Eqliidghepmial fredstock reswiesiramwiref at the
crude ol l_. and/or | ong._resi due feedstock. . N
e e et St S R RS SR R B gnain
C Qf eniki® bilaid i preddmibaplysiohtainrcompdnents with lewer opriahbgiling points
range of |inear .vel oci f i ;
b @%Hsalaﬁv%mgﬁ ]{aﬁag\{ c In attl}ﬂ'e a?cf teﬁd Q(?Bé P&%L E§dr(§c§ﬁwg§ tf&@hock with

| eneficral rates o oKe reduct_l on
10 begiter yielddiafilowes fvlifms orepyrayticr frackingt fugaess gy heavier feedstocks
M ERHLSE E&d@&?gﬁtdcoﬁ i :%Mtstﬁ@l lﬁﬁﬁfjﬁ&ﬁﬁlkboﬁﬂﬂ pbﬂ&. Also

si ZI'ng requirenents o e tubes to accommodate a .

hi thytve feetlitenks wish dawernererliling poipfran be casily piogesspd i, traditignally
fe&g{?ﬁbgg?mgrsggﬁmgg_ and/or |ong residue feedstock to

he

t Ir stage preheater is through t se of an
convenilho fmadseprkd hravhByrsaPon HIOQ““}SE‘gf"gW“S@ from '¥‘e second
15 MRGEHIRRAL sepiratbN Gill AV Sk Rave tah@sdokbityeiaten thid diet yiscofity of the
the crude ol l ang/eﬁr glngl r&gl due 20a}f eﬁilngt °1%tk S because the
e iRl hydroqeron deefiiork e Bpg e sERGRARPal PPIRE RO AR 8T
| NibRly bdirihic eids tildls haasesi Feamnediion ket petkeh gf wirpfeetagck. Hence,
prior to en

) try within the first .st .
an{e paf ﬁ'fenaaé?%/aflgﬂg W“ﬁ'ﬁﬁoﬁs PRE F%ttﬁ%? %gﬁgr eheat e ?é Slia&ised.m
t hibe bk gy itk icackivgupsidial perolenmifind ody andgesisiug togpdice the viscosity
20't gt?.%a%fﬁsltb% (lg_l‘n%td]l: e%%%tcga%ﬁn E&ﬁiﬂ"() AGh iﬁelﬁ]cal & Mg%ﬂia take place in

es i ncreases. 1o achieve this effect, .
onihy Il phaspuaintelativady lof tepiempuresy dnise fud, thaythy chainibreaking
mle%c%om@t&)qo Rlprdeted t§ S NARE Vith A idrBCariRh€sF 16¥er bidfns created. As
f esdstock thr h the first staqe pr eheat er tubecﬁ‘ od i

| nsusta iy TemARATEKEEE COMBITh 8 TeBIISHS PYeFe pHT-faess copfiigns used in
r a%h@?ﬁc G5t R h{«ii‘&ﬁﬁ)oﬁ Gtk AloSradube obiedléfing OWRat évdsiyed in
3-5 weeks to justify a decof%gﬂ ?Jgﬁra(ﬁl&n_of th S€ ly-ringed
25 ube shermplecragkiigerone & o raak Alf it AIEH Pecothals ST e ey Tne
Pr gbgadd dehpoitils Greashk il @e GfactibnQif ulbefeai havingdbmporents gith normal

resi due feedstock in a pyrglytic fyrnace w.thout .
PP R P RN ek i Bt RS Had S g R vaporied and
OpgRatiighes ioljshe pRanestidgnwhaesi ta emanhgepdlyaoyatic ringed

nore oft t ha e furnac | d her w :

ShERIEU T BPLEH A B St MEEIZAkIInS Ty ROAR pLpels 1
301 Ndéshed wankiranly Gekhbon compesnts Byth¢ fredsmclooaly ¢o b extens that there

invention, the convection.secti s ' -

| eBst" %EP“F%%‘E”B‘%“?? P ARt ﬁsdéeggfl%{%& P‘%ﬁ{l E)l i gﬁ)d & T_hemfml

| n cadathendigomzankiyniaciedect therimel-¢rapking témaperangd; @ thasmolaaackigp tume

section tubes are decoked on a regul ar schedul ed basis

at a frequency as required, and in no event nore

frequent than the frequency of the radi ant section

decoki ng. Preferably, the convection section is

decoked at a frequency at Ieai% 5 times |onger, nore

preferably fromat least 6 to times 5 | onger than

t he radi ant section decoki ng schedul e. Decoking of

tubing in the convection section and radi ant section

of the furnace may be conducted at the sanme tine by

i ncluding valves and piping to allow the outlet of the

first stage preheater to be directed into the second

o, o o o
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the downstream vapor-liquid separator 20, and in the
thermal cracking zone for the liquid |l eaving the
vapor-|liquid separator so that residence tines are in
the preferred range stated in Tabl e above ca

&20514%?% cracking of the liquid. A vapor 3?33’3’3@%9“6“2
stream 50 is renoved fromthe vapor-1liquid separator
mxed with a small fl ow of superheated di lution 30
steam 52 injected at _the vapor_ ou E&gtg% King i

v Bpurd and Gurtch therpakcaiching prssyu Aboy é*q'ela P AETmad cgpkipg g not
V 3R@iuliv senstBe Yeprbdssre dewpoi nt - and produce suf fici ent

superh atl of th or to preven ond satlo Q
tar on aiivey etl"ﬁ‘é‘féﬂ'r b‘?entagrf‘ﬁﬁ‘fmi"dlﬁ c@ﬂ e dir-h 3% a%erred o
owtdcletmcﬁaé e;tm\re@mth Inuchu highareqareadiar oft conifosensseinothel feedstock

i e ot ot P ool Pt Y R ot
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20a conmpletely wetted with [iquid and decreasing the
rate of, if not preventing, any coking of 25 the
interior of the walls 20a. Likew se, the outer surface
of the hub 25 is maintained in a conpletely wet
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the liquid separated fromthe vapor by the cycl one

flows directly downward entering the 30 top of the

drum The liquid tenperature and residence tine in the
drumare adjusted to thermally crack the |iqui
W@c@?"d’rlmfpy, the extent of thermal cracking 3’"5%"07’064602
controlled by either controlling the tenperature of
liquid in the drum and/or by controlling its residence

time, The enperature t.he her crackin ein
¢ el S BRD: HoR 5‘7‘“%18?‘3 'Tgﬂetfn‘&s &mﬂﬂw@ in a coil or
t cepertiné wpe aghpeéMent twithitOorel ©w( @&l €hel Genkl miEhdve several rows of
c%olled by adjusting the liquid level 64 in the

" For the preferred enbodi nent that has 2
vapor - Té fiiher minfisirentohing in &redubes of the first istagd-prehenter dnd inqubing

" 35t SorRad R ol Wt 8 et Wbyl o tneas
It trelotityeofriad crudmkalﬂ@r kop eeseimz daedgock rflom shbdd bé egléctpd to reduce

Bl ol LAY Bt g SRR e e
atformation mot!ne (beiltﬁl miaeee of ghet WadlsniAal sRprapgste |hée=1r aelaeiygwidl; also

t BgonfiMd foRPfifn OF iR laﬁg QR YARRALY etttk IheSGRALARY and provide
In the enbodlrrent shown 1'n Fig 5 where a stripper is

useficientsbeas doranay the yall gf E’Gd‘l‘"“iﬂw'@ DrEvEDH oF TRIAnGiZE T)S‘EPP%‘?“ of

]gfcorla& @Vﬂle}tlﬁ@tﬂﬁlshdt%&r@élodiﬁgs (%flﬁﬂtdatoﬂl Ulﬁ?&'lbdglr&g}gﬁ &easa)cg abugh the
oul I (0] e S In Stri er_ can pe Ol e
mf?heﬁf’g% firs} §iage s rdyre ‘?ﬁ ;;Blée fotesupn PoSEion, there is

t aﬁ”bﬁﬁrﬁﬁml raagezmsmva}oﬁtyefoﬁd pmmhafeemoek peyopdeRicly the beneficial

creat cl |n ool.ed. t her cracked pitc

VR R e R TP Y8 o 8 PRgey PG necded
| ite)pingp ihi jfepditoakrand terstdngrequiremés ofithe tubes th @caimpuhdate a higher
b ’ level . Cooled liquid is injected

[ E%g%%ﬁg&g?ﬁlr’r‘%n\%ggan injection ring 66, so that there

i s a nBnemeans farfeaditigst arids et aad/oplong Frsidusofsbdsthck ppthe Eirst etage
t ti)?eh§é‘tQQ§ gﬁg&f‘%ﬂh&’r ofofl‘nytcgﬁvegﬁdﬁm %Lﬁﬂ%g RRHAY%EH In a preferred

circul ati [ 1quid ottom of the

dregifpdimprs ofj they inventioh.ofp lwaqr WCB’C%P%@‘*G@EWHW lepg residue
hbQsodkndednBanc@S by [HMing B shiad- am’ﬂaﬁn of hquldB@!lt&V\lntohﬁe feedstock

quench ring a zone of cooled pitch is created th
niRPAYeHR ohthe 5 PEmP pRGRFOF FPeenew"ef?éh% fimt stqee Pft‘.hwe frrﬁgany
d ponv@dsiied Withidi@e dfsumgeaptelheat@t s Qe 1iq6i0 wadr pipbides Bixthd ¢ridk oil

h tall d hol

S R LB P R o e e o
betclge\eamls yfface,dml}esﬁhanrqumes sftvaaperk ndedddostich ag 1 mmle_t%] gvater or
P b B {1 B & SRR AP bR BRG] PP
pr evenin fogoy i qwgumcml helefirsapgrolysis siormacasodhe maglianf se¢tion tubes

e I Iy
r B SR (R eledP TRl BT S oERRfRg oBellBh TPl e
t H&e greeese f t|h¢ iyergien previdercforithe mehEAgna wdtcweklm elfacqrpde @il and/or

BB feedlB& ih leﬁolyh@ 'ﬂ}ﬁefc@%\tﬁ&lt stnﬁ% shafd %Bﬁﬁ |the furnace for
CraC Ing zone i s control y adJUS ment of

t skgpkingoperations of e cweqtleﬁ éecg?fb‘éﬂelﬂﬂ%emeﬂ% HtOFFeOfFeéé‘Pﬂ&é]F?c@m

t iR Shdriisé Rfve ib 88 SRR dSWRRkirdbE 1o &3Buct $he RFUKInQ! e@helXyin the
adjustnment of the liquid |level 64 in the drum

SIAEHLSRCUIHRASt PBHE Proress RE tha iyRRtioRdbe Fﬂ“@?ﬁ“’? gegtignyrun period is
| @€ Rhdt ZAOnHds @RSad¥int tdogdrveh p&iodCcki Nng the liquid to the
extent of causing it to becone locally unstable are
avoi ded by action of the rapidly rotating vapor phase
above liquid level in the drumcausing the liquid in
the drumto slowy rotate. It should be noted that the
vapor phase areas of the druffand 30 the cycl one above
it are not isolated fromone another. The connection
of them causes the vapor in the top portion of the
drum above the liquid level to rapidly rotate. To
prevent hot vapors fromthe cyclone fromleaving the
botton1of the cyclone along mnth the Iqu|d a smal

Y o, . . - ~ -




10

15

20

25

30

20 sized so that an annular flow regine is nmaintained
whil e thermal cracking is taking place.

Typically, the heated streamfromthe first preheater

12 is routed to the thermal cracking vessel 7 i

WO MNP ned at a tenperature of from about %@%"%‘%ﬁw
525 C. Superheated dilution steamis injected at the

outl et of the thermal cracking zone via line 71, and

t he heated vapor liquid mxture is routed to a
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20 hydrocarbons that boil at |ower tenperatures via
cracking of the heavier, higher boiling tenperature
hydr ocarbons of the VIB thereby increasing the

hydrogen content of the |ower boiling fracti
?‘ﬁ%?“ﬂﬂ}lf’gfwcracked VTB. In effect this proces%%gﬁl:s?%'g@@m

hydr ogen from the heavi er, higher boiling hydrocarbons

of the VIB and incorporated it in the |ower boiling

B AT 2, B Bt i

Froasduit®3 tb A skippifid Rationrapaherap portibd efahd hérmaBy cracked components

TG = I R CIE o .

FriRgideEpal#@din be a top entry axial cyclone and with such a cyclone it is preferred to
provide a thermal cracking zone for the heavy liquid leaving the cyclone int a vertical drum
underneath the cyclone. To prevent hot vapors in the cyclone from leaving the bottom of
the cyclone along with the liquid, a small amount of superheated steam is injected via line
58 into the vapor phase above the liquid level in the drum which flows upward in
countercurrent flow to the liquid flowing down from the cyclone. Typically, superheated
dilution steam is added via conduit 57 to aid in the stripping. The stripped gases are then
routed via conduit 55 to the second stage preheater together with the superheated vapor
leaving the vapor-liquid separator 20 to be pyrolyzed in the radiant section of the pyrolysis
furnace to produce olefins. The liquid portion is removed via conduit 56, and is typically
used as fuel oil or in other typical uses for thermally cracked pitch. This embodiment uses
only one vapor-liquid separator.

Referring to Fig. 3, the preferred vapor-liquid separator 20 comprises a vessel having
walls 20a, an inlet 14a for receiving the incoming gas-liquid mixture 14, a vapor outlet 16a for
directing the vapor phase 16 and a liquid outlet 15a for directing the liquid phase 15. Closely
spaced from the inlet 14a is a hub 25 having a plurality of vanes 25a spaced around the
circumference of the hub 235, preferably close to the end nearest the inlet 14a. The incoming
gas-liquid mixture 14 is dispersed by splashing on the proximal end of the hub 25 and, in
particular, by the vanes 25a forcing a portion of the liquid phase 15 of the mixture 14
outwardly toward the walls 20a of the vapor-liquid separator 20 thercby keeping the walls
20a completely wetted with liquid and decreasing the rate of, if not preventing, any coking of
the interior of the walls 20a. Likewise, the outer surface of the hub 25 is maintained in a
completely wetted condition by a liquid layer that flows down the outer surface of hub 25 due
to insufficient forces to transport the liquid 15 in contact with the surface of hub 25 to the
interior of the walls 20a. A skirt 25b surrounds the distal end of the hub 25 and aids in forcing
all liquid transported down the outer surface of the hub 25 to the interior of the walls 20a by
depositing said liquid into the swirling vapor. The upper portion of the vapor-liquid separator
20 is filled in at 20b between the inlet 14a and hub 25 to aid wetting of the interior of walls
20a as the gas-liquid mixture 14 enters the vapor-liquid separator 20. As the liquid 15 is
transported downward, it keeps the walls 20a and the hub 25 washed and reduces, if not
prevents, the formation of coke on their surfaces. The liquid 15 continues to fall and exits the

20
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vapor-liquid separator 20 through the liquid outlet 15a. A pair of inlet nozzles 26 is provided
below the vapor outlet tube 16a to provide quench oil, typically recycled thermally cracked
pitch that has been cooled to a non-reactive temperature for cooling collected liquid 15 and
reducing downstream coke formation by ensuring surfaces underneath the nozzles are well
irrigated with liquid. When this cyclone design is applied in the preferred process embodiment
that incorporates two vapor-liquid separators, the nozzles 26 are used only in the second
cyclone. They are not used in the first cyclone of that design since they would recycle
thermally cracked pitch through the thermal cracking zone again, over-cracking it and
possibly causing it to become unstable. The vapor phase 16 enters the vapor outlet duct at its
highest point 16¢, exits at outlet 16a. A skirt 16b surrounds the entrance 16c¢ to the vapor duct
16 and aids in deflecting any liquid 15 outwardly toward the separator walls 20a.

The distance of the hub 25 extension below the vanes 25a was picked based on
estimation of the liquid drop size that would be captured before the drop had moved more
than half way past the hub 25. Significant liquid 15 will be streaming down the hub 25
(based on observations with the air/water model) and the presence of a ‘skirt’ 25b on the
hub 25 will introduce liquid droplets into the vapor phase well below the vanes 25a, and
collection will continue below the skirt 25b of hub 25 due to the continued switl of the
vapor 16 as it moves to the outlet tube 16a. The hub skirt 25b was sized to move liquid
from the hub 25 as close as possible to the outer wall 20z without reducing the area for
vapor 16 flow below that available in the vanes 25a. As a practical matter, about 20%
more area for flow has been provided than is present at the vanes 25a. Further details
regarding sizing of the separator are disclosed in US Patent No. 6,632,351, which is hereby
incorporated by reference.

Referring to Fig. 4, the thermal cracking zone as used in Fig. 1 and Fig. 2 is
preferably a soaking vessel where the liquid from the vapor-liquid separator is subjected to
a “soaking” period. Any device or vessel may be used to achieve the soaking period. For
example, as shown in Fig, 4, the soaking vessel 60 can be a vertical drum that is connected
directly to the bottom of a top entry axial cyclone 61 such as is represented in Fig. 3, where
the liquid separated from the vapor by the cyclone flows directly downward entering the
top of the drum. The liquid temperature and residence time in the drum are adjusted to
thermally crack the liquid. Accordingly, the extent of thermal cracking may be controlled
by either controlling the temperature of liquid in the drum and/or by controlling its
residence time., The temperature of the thermal cracking zone in the drum is controiled by

adjusting the cyclone temperature above it and its residence time is controlled by adjusting

21
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the liquid level 64 in the drum. For the preferred embodiment that has 2 vapor-liquid
separators, and is shown in Figure 1, no cooling in the drum is provided for the heavy
liguid leaving the bottom of the cyclone. In that embodiment, the thermal cracking zone
extends from the liquid level 64 to the bottom outlet 62 of the drum and the heavy cracked

5  liquid leaves the bottom of the dram at over 400 °C in-route to the mixing nozzle located at
the entrance of the second vapor-liquid separatoz.

In the embodiment shown in Fig. 2 where a stripper is used, the capability to cool
the liquid in the bottom of the drum is provided via a quench ring 66 so that fouling of the
trays in the stripper can be avoided or minimized. In that design there are two liquid

10  temperature zones in the drum that are purposely created by recycling cooled thermally
cracked pitch from the bottom of the drum, 62 to inlet 63 of the liquid injection quench
ring, 66 that is located beneath the liquid level. Cooled liquid is injected into the drum via
an injection ring 66, so that there is a more uniform distribution of the cooled liquid to the
sides and center of the drum, and improved circulation of the liquid in the bottom of the

15  drum. Thering is shown with 8 holes outward and 4 holes inward, as shown in Fig. 4B.

Below the quench ring a zone of cooled pitch is created by the mixing of hot pitch
from the cyclone that is traveling downward in the drum with jets of cooled pitch exiting
horizontally oriented holes in the ring. By this action, the rate of thermal cracking of the
pitch can be greatly reduced or even stopped if fouling in the pitch stripper is encountered.

20  In general, stripper temperatures will be limited to less than 400 °C to prevent fouling of
the trays so some cooling of the liquid leaving the thermal cracking zone is normally
required. The thermal cracking zone is located above the quench ring 66 in the drum. As
in the preferred embodiment, the inlet temperature of the thermal cracking zonpe is
controlled by adjustment of the temperature of the cyclone above it and the residence time

25  in the thermal cracking zone is controlled by adjustment of the liquid level 64 in the drum.

Stagnant conditions in the drum that might result in localized areas of thermal
cracking the liquid to the extent of causing it to become locally unstable are avoided by
action of the rapidly rotating vapor phase above liquid level in the drum causing the liquid
in the drum to slowly rotate. It should be noted that the vapor phase areas of the drum and

30 the cyclone above it are not isolated from one another. The connection of them causes the
vapor in the top portion of the drum above the liquid level to rapidly rotate. To prevent hot
vapors from the cyclone from leaving the bottom of the cyclone along with the liquid, a
small amount of superheated steam is injected via line 65 into the vapor phase above the

liquid level in the drum which flows upward in countercurrent flow to the liquid flowing

22




10

15

20

25

30

0.292 0.267 0.344 9N 0.124 0.249 0.193 0.654 Exanple

I Thi s exanpl e shows the predicted pyrolysis

yi el d advantage of thernal -cracked vapori zabl e product
ver sus rolyzing distillates obtained by further yery
HE%ﬂWVEQ%@n15 distillation of the VIB feedst J&l/US2007/064602
Presented bel ow are the results generated by

perform ng a process sinmulation using a conputer

pyrol ysis nmodel (SPYRO(r). nodel), licensed by Techninp, .

P Yfomm i BiTegey Thid ioesialy b oaSmyporiye qub « vely Hiced
C rab6itiofi thefthal cfatling haiohé Ghthe Hefith) @fackifig) Pone with the result that very
t her mal - cracki ng a yacuum t ower botf or terial .

¢ OEECR wniaRS i eed AR Toun i T ettt g sore.
v aayuhvitOmhpeused @t ihjecnahd disteibae this superheattd btk@m.| As shown in Fig.
prgse t-he .predi ¢ [ ' s [ .
SERREL hive T BaR Bl B o1 YheRealleietiip HRpOFL: Iy 4 gupte
prietpire distabufar Givithehe epen gide Ipeintrd oy netird twiokKs aelloThis flow of
v j ot

ST bl ok BB o oAt B {ES HarRTE B R cyclone
hycdwsingdro flow eavwird and mentdsghecgdonepor t i on of the cracker

produc RefeMAS Px%. Atin In YtnatiVOeASAInRNE dehh&nllscr&ﬁl\ﬁg lzbkeYmay
with the thermal'ly cracked product as cracker feed,

t Hhe nlased direstlv aftes dhe fingf prehetter; anddesfore theerapar-liapid sepagpiqee [n this
Wesnbéithete, @6 thernfaDéradkivl ZBRANY bélkihbr d doatingdhuie bt a ASsel containing

cracker feed,, Lhe caleulal g coll oublel Semerature, .

2 QfkcorphialA2IReFtlehia?2 Q0 dnVaioAL? soblidr! diunh Ivodid wdtk el the feedstock
Yi.el.ds Fromt

THEFRECT e FASRtoE: B G A AR Ehe s e pebests
( \ihBentttoguhe sbalet drhina Hoeavefitr a¥ingle o featidttddhalre: Wadd/isd teo much
vapor with the liquid leaving the first stage preheater to use a conventional soaker drum
because, among other reasons, the large amount of vapor would require that the size of the
scaker drum be very large. For a crude oil feedstock, a thermal cracking zone at the outlet
of the first stage preheater could be a very long insulated length of pipe with a diameter
sized so that an annular flow regime is maintained while thermal cracking is taking place.
Typically, the heated stream from the first preheater 12 is routed to the thermal
cracking vessel 70, which is maintained at a temperature of from about 425 °C. to 525 °C.
Superheated dilution steam is injected at the outlet of the thermal cracking zone via line 71,
and the heated vapor-liquid mixture is routed to a vapor-liquid separator 72, where the
cracked vapors are recovered via line 73. The liquid is removed via line 74 to an
accumulator drum 75, and the pitch is removed via line 76. Although not shown in Fig. 5,
the temperature of pitch entering the accumulator drum from the cyclone is rapidly reduced
to a non-reactive temperature of about 320°C by introducing a cooled recycled liquid from
the bottom of the drum into the top of the drum above the liquid level via a spray ring. To
prevent hot vapors in the cyclone from leaving the bottom of the cyclone along with the
liquid, a small amount of superheated steam is injected via line 78 into the vapor phase
above spray ring in the accumulator drum which flows upward in countercurrent flow to
the liquid flowing down from the cyclone. Suvperheated steam is injected via line 77 into

the cracked vapors to ensure the mixture is well above its dewpoint in interconnecting
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piping between the vapor-liquid separator and the second stage preheater and the combined
stream is routed via line 73 to the pyrolytic furnace where they are heated and converted to
produce olefins.

The following examples are intended to illustrate the present invention and are not

intended to unduly limit the scope of the invention.

Example [
This Example I presents feedstock and product property data for thermal cracking

of a vacuum tower bottom feedstock, also commonly called short residue or straight run
pitch. The data demonstrates the improvement in the quality of a pyrolytic cracker
feedstock, thermal-cracked vacuum tower bottoms as compared to unconverted vacuum
tower bottoms. Since short residue or pitch is also the heaviest fraction of long residue and
of crude oil, the data presented below also demonstrates that use of the invention described
herein with long residue and crude oil feedstocks will also result in a higher quality
pyrolytic feedstock being obtained.

By examining certain properties of: (1) the fraction of the thermally cracked
product having components with normal boiling temperatures below 537 °C; and (2) the
fraction of the feedstock having components with normal boiling points exceeding 537 °C
which were converted to cracked components with normal boiling points below 537 °C by
the aforementioned thermal-cracking, the improvement in feedstock quality can be easily
seen. A vacuum tower bottom (VTB) material was cracked under thermal cracking
conditions at a temperature of about 455 °C. A simulated distillation in accordance with
ASTM D2887 was performed for the VTB and was found to have an ASTM D2887 T of
460 °C, Tsp of 585 °C and Ty of 725 °C. The boiling point range of the thermally cracked
product was also determined in accordance with ASTM D2887. Accordingly, it should be
understood in the data reported below that boiling temperatures refer to ASTM D2887
temperatures which are also called simulated true boiling point temperatures.
Approximately 26.8 weight percent of the portion of the VTB having a boiling temperature
above 537 °C was converted to hydrocarbons having a boiling temperature below 537 °C.
The hydrogen content of this 26.8% converted hydrocarbon product was measured using a
modified ASTM 5291 test process and found to be 13.15 weight percent.

For comparison, the hydrogen content of the next 26.8 wt% fraction of the VTB
boiling above 537 °C was measured using a modified ASTM 5291 test process and found
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to be 12.39 weight percent. This 26.8 wt% fraction of the VIB that boiled above 537 °C
approximated the portion of the VTB boiling above 537 °C that was converted to lower
boiling hydrocarbons (i.e., below 537 °C) by thermal cracking described above. Also note
the lower hydrogen content in the thermally-cracked liquid (10.82%) as compared to the
higher hydrogen content (11.24%) present in the remaining liquid from deep distillation.
In the thermal-cracking process, the portion of the VIB having a boiling temperature
above 537 °C was converted to hydrocarbons having a boiling temperature below 537 °C,
and the hydrogen content in this converted fraction was enriched, at the expense of the
thermally-cracked liquid product.

As shown in Table I below, the difference in the hydrogen contents between the
26.8 wt% fraction of the unconverted VTB, (12.39 weight percent hydrogen) and the
product of the 26.8 wi% portion of the VIB that was converted by thermal cracking,
(13.15 weight percent) is an indicator of the improvement in the quality of the VIB as a
pyrolytic cracker feed that results from thermal-cracking. The difference in the hydrogen
contents was found to be Q.76 weight percent. Generally, a pyrolytic cracker feedstock
having a hydrogen content that is higher than an alternative feedstock will be a more
desirable pyrolytic cracker feedstock because it normally provides for a higher yield of
lower olefins, such as ethylene. Not wishing to be bound by any particular theory, it is
believed that the thermal cracking provides benefits by producing higher hydrogen content
hydrocarbons that boil at lower temperatures via cracking of the heavier, higher boiling
temperature hydrocarbons of the VTB thereby increasing the hydrogen content of the lower
beiling fraction of thermally-cracked VTB. In effect this process extracts hydrogen from
the heavier, higher boiling hydrocarbons of the VTB and incorporated it in the lower
boiling fraction of the thermally-cracked VTB to be used as pyrolytic cracking feedstock.

Table I
Vapor Total
537C- Fraction Vaporizable Pitch (Liquid,
Fractionin recovered  Frac of Feed non-
QOriginal from 537 C+ Used as vaporizable
Feed of Feed Pyrolysis Feed Frac of Feed)
Thermal Cracking
Wt% of Feed 22201 26.775 48.976 51.024
%H 12,691 13.153 12.944 10.823
%S 023 0.356 0.299 0.307
%N 0.127 0.219 0.177 0.687
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Deep Distillation
Wit% of Feed 21.976 26.775 48.750 51.250
%H 12.658 12.389 12,510 11.240
%S 0.237 0.292 0.267 0.344
BN 0.124 0.249 0.193 0.654
Example Il

This example shows the predicted pyrolysis yield advantage of thermal-cracked

vaporizable product versus pyrolyzing distillates obtained by further very deep vacuum
5  distillation of the VTB feedstock.

Presented below are the results generated by performing a process simulation using
a computer pyrolysis model (SPYRO® model), licensed by Technip, to predict pyrolysis
yields from the pyrolytic cracking of: (1) the light product from thermal-cracking a
vacuum tower bottom material feedstock; and (2) the heavy distillation cut from a vacoum

10  tower bottom feedstock.

Table IT presents the predicted pyrolysis yields, using the SPYRO® model, from
pyrolyzing the thermally cracked product and from pyrolyzing the heavy distillation vacuum
tower bottom cut. The severity used for both simulations, as determined by the molar ratio of
hydrogen to carbon in the Cs+ portion of the cracker product, was set at 1.031. To achieve this

15  severity with the thermally cracked product as cracker feed, the calculated coil outlet
temperature of the cracker was 798 °C and, for the heavy distillation cut as cracker feed, the
calculated coil outlet temperature of the cracker was 773 °C.

26



10

BENZENE 5. 961 2.835 C.5 GASCLI NE 1.312 1.785
RAFFI NATE, +C6BOT 2.144 2.804 C7/ GASCLI NE 11.892
12.101 DCPD 1.881 1.431 HEAVY PYGAS 0. 398 0.304 HYT

CLOGO 0.474 0.491 PI TCH
WO 200

7117920

Table I

Calculated Yields From the Pyrolytic

PCT/US2007/064602

Cracking of a Thermally-cracked Product and Vacunm Tower

Bottom (VTB) Heavy Distillation Cut

Thermally- VTB

Yields w/Ethane Recycle cracked Product | Distillation
(wWt%) Cut (wt%)

Severity (Hydrogen-to-Carbon ratio of (Cs+) 1.031 1.031
Propylene to Methane ratio (wt ratio) 1.166 1.606
Coil Outlet Temperature (°F) 1470 1425
HYDROGEN 0.517 0.245
METHANE 11.051 7.809
ETHYLENE 20.506 17.576
ETHANE 0.000 0.000
PROPYLENE 12.303 12.142
PROPANE 1.322 0.652
BUTADIENE 4.206 3.908
N-BUTYLENES 2.686 3.376
N-BUTANES 0.359 0.110
1-BUTYLENE 2.165 2241
ISOPRENE 0.936 1.011
PIP 0.407 0.727
BENZENE 5.961 2.835
C5 GASOLINE 1.312 1.785
RAFFINATE, +C6BOT 2.144 2.804
C7 GASOLINE 11.892 12.101
DCPD 1.881 1431
HEAVY PYGAS 0.398 0.304
HYT CLGO 0.474 0.491
PITCH 13.273 19.878
CLGO 6.208 8.577
Total 100 100

The information in Table I shows that the pyrolytically cracked thermal-cracked

product yielded a higher percentage of higher value products than the pyrolytically cracked
VTB heavy distillation cut. For instance, the yields of higher value pyrolysis products such

as hydrogen, ethylene, propylene, butadiene and benzene from a pyrolytically cracked

feedstock that has undergone mild thermal cracking are greater than such yields for the

VTB heavy distillation cut. Also, it is noted that significantly less pitch and gas oil are
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6. The process of claim5 wherein the thermal -cracking
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the remaining liquid fraction fromthe vapor-liquid
separator is stable with no asphaltene precipitation
and has less than 0.1 wei ght percent sedinents as

measured by ASTM D473 24. The process of claim 23
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24.  The process of claim 23 wherein said thermal-cracking conditions result in the
conversion of at least ten (10) weight percent of the 537° C. plus components present in
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the removed liquid from the vapor-liquid separator to 537° C. minus components, said
conversion being based on the feed to the thermal-cracking zone.

25.  The process of claim 3 wherein the thermally-cracked components with normal
boiling points below 537° C. in the vapor fraction of the vapor-liquid separator have a
hydrogen weight content of at least 11.5 weight percent.

26.  The process of claim 3 wherein said vapor-liquid separator is a centrifugal
vapor-liquid separator.

27. The process of claim 3 wherein said thermal-cracking zone comprises a soaker
drum having means to control the temperature and residence time in said drum and
means to maintain mixing of the heated gas-liquid mixture.

28. The process of claim 3 wherein said feedstock is selected from the group
consisting of long residue, short residue, and mixtures thereof.

29.  The process of claim 4 wherein said mild thermal-cracking conditions include a
temperature of from about 425° C. to about 525° C., and wherein the liquid in said
thermal-cracking zone is maintained at the thermal-cracking conditions within the
thermal-cracking zone for a time period of from about 10 seconds to about 960
seconds.

30.  The process of claim 29 wherein the thermal-cracking zone is operated such that
the remaining liquid fraction from the second vapor-liquid separator is stable with no
asphaltene precipitation and has less than 0.1 weight percent sediments as measured by
ASTM D-473.

31.  The process of claim 30 wherein said thermal-cracking conditions result in the
conversion of at least ten (10) weight percent of the components with normal boiling
points above 537° C. present in the removed liquid from the first vapor-liquid separator
to components with normal boiling points below 537° C. components, said conversion
being based on the feed to the thermal-cracking zone.

32.  The process of claim 4 wherein the thermally-cracked components with normal
boiling points below 537° C. in the vapor fraction of the second vapor-liquid separator
have a hydrogen weight content of at least 11.5 weight percent.

33.  The process of claim 4 wherein said vapor-liquid separator is a centrifugal
vapor-liquid separator.

34.  The process of claim 4 wherein said thermal-cracking zone comprises a soaker
drum having means to control the temperature and residence time in said drum.

35. The process of claim 4 wherein said feedstock is selected from the group

consisting of crude oil, long residue, short residue, heavy gas oil, vacuum gas oil and
mixtures thereof.

33



