WO 2012/ 005862PCT/ US2011/ 039782 | NTEGRATED VACUUM RESI D TO CHEM CALS
CONVERSI ON PROCESS I nventors: S. Mark Davis, Larry L. laccino, Richard C
Steil, Steven E. Sllverberg, Jiunn- Shyan Liou, Howard Freund RELATED
PRI ORI TY APPLYBAHPEE? [ 0001] This application clains prit§Hed V5 EAd

benefit of U S. Serial No. 12/833,485, filed July 9, 2010, and EP
Application No. 10178215.9, f| | ed Sept enber 22, 2010 t he di scl osures 10of
whi ch are incorporated bINFEGRAGEDYAQUUNBRESH] MECAEROSS REFERENCE TO

RELATED APPLI CATI ONS [0002] Thi s GONVERSIONRROCKESS at ed to concurrently
filed U S Serial No. 12/692, 222 (Attorney Docket No. 2010EMD09), filed
January 22, 2ntentorsnd. Magk Dgeis,iLakryNo Iacehyog BB hsmieC (Sa\qlbcsteﬁ@yE{i;Wéxergxb
2010EIVD80);, fiibGfs i ich, HoWhPa Fidiq di scl osures of which are |Sincorporated
by reference in t%el r entireties. FIELD OF THE | NVENTION [0003] The
invention relates to a nethod of making olefins froma crude or resid-

cont ai ni ng crypEes tEAPRIBRITPAPFATEWN NS THE | NVENTI ON 20[ 0004] Ther nal

cracki ng of S IS a petrochem cal process that is w del gsused to

produce ol ef i[A&1$uc rTha»s:lpelth@Weﬁ@ms prierpy tewd berfit of dfeSeriahlp aldi At
aromatics su erygs a@%ﬂ%ﬁma AbQlcHERNo. 208X ny MRSt SchRteoh, bHRS fie 'd?scl%sures

val uabl e conme roduct 1n its own right. For Instance, the ol efins may
be ol i gomi i 2éekhica a@mcomyffﬁ@#lmYP@E?P?@&H’ECIF@&%@%%OCks) pol ymeri zed (e.g., to

form pol yet hyd s R@ﬁ*hk@W’f@ﬁ@zL@ﬁﬂD%ﬁﬁﬁcmr?éNSCS) and/ or 25
functionalize orm aci eh and the |ike al |

of which havd® I | - I@ﬁWHhﬁ%ﬁéfl n*bd'Flaicé tarﬁﬂ’PG}WCétrlﬁd fV’u“sde S é?éalt Ner h&69%+&cki ng

process is St@apgmey B0, Mhmﬁ\how?vfﬁ&d/ﬁaﬁu&y @,@kion«g dhav@@csaﬁ&%s 18k3ehwvat ed
tenperatures In t he presence of steam or as m xtures containi ng steam

[ 00051 Typi cal(Pjfomey dtasken Bp-adkioFyI08a): nifat obkirhdh Of dktustsslerrsueh vdichapnt ha,

gas oil, @r incorporated by reference in their entiretics.
FIELD OF THE INVENTION

[0003] The invention relates to a method of making olefins from a crude or resid-

containing crude fraction.
BACKGROUND OF THE INVENTION

20 [0004] Thermal cracking of hydrocarbons is a petrochemical process that is widely used

to produce olefins such as ethylene, propylene, butylenes, butadiene, and aromatics such as
benzene, toluene, and xylenes. Each of thesc is a valuable commercial product in its own
right. For instance, the olefins may be oligomerized (e.g., to form lubricant basestocks),
polymerized (e.g., to form polyethylene, polypropylene, and other plastics), and/or
5 functionalized (e.g., to form acids, alcohols, aldehydes and the like), all of which have well-
known intermediate and/or end uses. One thermal cracking process is steam cracking, which
involves cracking hydrocarbons at clevated temperatures in the presence of steam or gas
mixtures containing steam.
[0005] Typically in steam cracking, a hydrocarbon feedstock such as naphtha, gas oil, or
30 other non-resid containing fractions of whole crude oil, which may be obtained, for instance,
by distilling or otherwise fractionating whole crude oil, is usually mixed with steam and
introduced to a stcam cracker. Conventional steam cracking utilizes a pyrolysis furnace that
gencrally has two main sections: a convection scction and a radiant section. In the
conventional pyrolysis furnace, the hydrocarbon feedstock enters the less severe convection

35 section of the furnace as a liquid (except for light feedstocks which enter as a vapor) wherein
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30 other non-resid containing fractions of whole crude oil, which may be
obt ai ned, for instance, by distilling or otherw se fractionating whol e
crude oil, is nlxed wi th steam and introduced t acker.
Convent i onal g@égﬁb&%acklng utilizes a pyrolysis furnachﬁﬁg%ﬁggﬁééally has
two main sections: a convection section and a radi ant section. In the
conventional pyrolysis furnace, the hydrocarbon feedstock enters the |ess
severe conveci IR skt apeized by tipirost fopaeiavitishos g gasi fepny dig ceiant sestion prsht
feedst ocks WhiGBn@HtEY didst @oﬂf@o@%&h Wher eithe m&@dlzée@g&&esﬁ%ﬁmmmg{@ﬁ978z
it is heated and vaporized indirect contact wth hot f gas.fromthe
radi ant sect i Bituhi t@@tq%wawc?’ Gymspllgitrawgh ceasprvactiPiie) RlodheRant R op apsEs zed

feedst ock ( awmqsrakw%bte@ > LAY 1L K KEEBy fafigih ) BBm GOSN &Y eflatbliy4u ﬁ;aghd(sy t§ brsough
crossover pipin into the radiant section where it is quickl eated, at

pressur es %yp‘iP@hIthl yHHgihpdrorban drking EoPFRuRhSsh agn ﬁ%ﬁ gmg%gf framagpgit 5
kPa), to a sevgi® gxe%;qaug@a 589K [900°ct) € AP Blodb lBoro®UCierd®l icAckiRE of ange of
from about 1450F (788C) to .about 1650F (900C), to provide thorou t her mal
cracki ng of thesreaydbe esmiingrpadycss enge s f‘é“lamd%aéfe thedwrmnlysss fHgaen f@f ranid

| eave the pyr@kysing ahafd&QolalircbaREfraue M yr@ssapd further downstream
separation and%@roce35|n [ 0006] After cracking, the effluent fromthe

pyrol ysi s furlAdt6é coHteai ‘?’fé‘*ﬁ’&set%sefﬂlf@t Hipat JRaryBIS o fUrgiasafonEny &rpouse. g. |

sat ur at ed, mﬂ@ﬂé@&%dﬂ)@%@ﬁ,vaﬁﬁﬁ O] YRS Wb Rfuechiurat aCBFb R8s Bhrh BN ahd Gan
and/ or aromatic, as well as significant gnnunts of nD&ecuIar hydrogen (H2).

The cracked prgtihaic A 4 Enef o 16 anpig Beashym et J0loewag ydrogingtlh The

production pl@dtked RodicOl He furlSr ﬂb&@%@&&h@t it theo Bl prlodudtibe pMadth preduczepar at e
i ndi vi dual streans

f hi gh purity, i ht ol efi
et hyl ene, pr dp3uehé! ﬂﬁd¥?¢éﬁé§“m5hﬁm§PBd%WY@w§g Hﬁﬂgg%h "Rel &%ﬂ%¥ﬁer
15product s sugdli@s o&)ﬁh@ktwue@e 9&)‘@9ﬂeh@®u@z&ﬂe~p}(ﬁ@hﬁéﬁmﬁc gasondssas {06 biAs
wor | dwi de demand f or ins Lncreases qnd the avail ability of

favorable“brGﬁ%mgﬁﬁFﬁé§gF§Wﬂ%%F%W@&“ PYORYE 808 necessary to utilize
heavi er crudggoofj . e.As wdraseichRMbMOfoR ligh@le g Chlaféﬁie!; @mmeﬁvamelam;t)qf famdiable

requires increased capital vestnents to process.and ha flnlng
bypr oduct s. CP%F§°HF§HTQW&%§PH%%?%n?de§V‘ 5?%§@§§§§wfﬁ gﬁ ?ﬁ Re"1"6ter

20 cost, heawiger fSﬂ’o]d&iﬂ&ns M@siPy, ddhitGereguitth @ﬂi’tﬁd’aséda&alpﬁdl pragduehts b Ypr@dkss arght

| ef i f .- t. t Ki
e known Lo BRI STENSE PRREGH by PRV R DRA " Mg rechal Bl 167

cont ai ni ng hicgh, B@REENIdRE, &S pRiludees itisheMRbIOH [r&ducio AMD RIF YIidht @&Eint, mmel ow
quality, heav%, ﬁ Thus nost steanlcracg ﬁ)furnaces are Ilnlt é
processi ng of HiGHEr TRIAVFY ORSRIHDR L IRAN \FHCEAS RIRFESHRA TR aRt §° VW?E Il of
the resid framﬁk@mymﬁﬂﬁgeﬂwhﬂmmihﬁﬁamﬁib@ﬁﬁMn@h@ﬁ&SﬂﬁﬁUﬁﬁh@hfﬁdeWMdﬂal
processes increase the cost of t ver p

e Tesid f rSRTRO | BRERan(hg BYL R oLt dhon 1Bt PRIEAESTr "FHBST 8FF nery
process, sinm&nmm&@m&i&mmﬁﬁh@ﬁudWMHﬁﬁkd@mks@hmhhedkmmmhm&mMMyaMuﬂhéusM
oi |l s, rather tQan beln convert ed to hi § V%bﬁ gerla croh O QO % tqcklng
of heavy %ydﬁ%ﬁ&?ﬁgﬂoY’ GQIPT TRy PSS C SRE & 5@aﬁﬁgﬁ$8é DB TOR©

U S. Patent Nea. OVBraBﬁolooéM Likevcied, pan@teolf tlhelrﬂld’lfrd&ynom dn‘ve:nsemeaverwlhlcmh/ermon

di scloses a t Ki ng process .i.n the first .st I

t ransf er ||né§$8PQ§%%Pt“¥éﬁ?dE‘”?‘ 1“€ﬁgs°ﬁﬂm['%%%ﬁdfgi%l (éfmglfrans er
line or a fIﬁmﬁm&edﬂbemanbﬁmgxﬂﬂmﬂSdkﬂa@eﬂwaauhwnshed Pat ent Application No.
’ ﬁggzlogroggggg 08 gg:j g({C é%%g?er%h%&r%x%ﬂ f%%ae‘nl%%mcpzua co erseaasl Qeter?ggsacybe(%lnm()f

30 U.S. Patent No. 3,671,424, incorporated herein by reference, which discloses a two-stage

fluid coking process in which the first stage is a transfer line for short contact time and the
second is either a transfer line or a fluidized bed.

[0009] U.S. Patent Published Patent Application No. 2007/0090018, incorporated herein
by reference, discloses integration of hydroprocessing and steam cracking. A feed
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WO 2012/ 005862PCT/ US2011/ 039782 conpri sing crude or resid-containing
fraction thereof is severely hydrotrcated and passed to a steam cracker to
obtain an ol efi uct. [00101U.S. Patent No. 4,975, I rat ed
her ei n by ref%?gﬁgg&g i scl oses an inproved process and é%%gﬁéﬂﬁgﬁﬁgr t he
pyrol ysis of a heavy hydrocarbon feed utilizing a transfer |ine reactor
wherein pyrolysis reaction tenperatures are achi eved by contact of the
heavy hydr ocaioBBHsifeeydawtpsidrecnfaatng Baqtign giarcpy ie pasrehniydttatted 3pdigssedited by
quenchi ng of &he R¥ke! Y ShdinARSRAMSHESkt uent with cool ed solid-particles in
the transfer line reactor to nmaxim ze ethylene production and m nim ze the
effect of secdhtlry Y8aleieendlo [‘i2110r werpparentsiny fiepist disgdpysett to
cracking heav%pfcﬁf@@j?rdc&g'la%j@ dedratis e dr hyRfvkis drolheavy fy@8erbdh FeedhitPizing a
4,180, 453; U S. 4,210, 520; U?S. 7,097,%’8; Uus 7,138,097, US 7,193,
U S. 3,487 00&nster e mader pvheerin puuolgsis seagipy, tomppratygessare 3cigggd pygontept of the
5,024, 751; U &a\g%ﬂil&a%@@ feold-with k@at%&@@lﬁﬁﬁﬂ;rti&és%nm%di&?egﬁ BfdwedbySquedetfdyl o493,
U. S. 2007/023845; WO 01/66672; WD 2007/117920; U.S. 6,632,351; WO

2009/ 025640; BhdVAYsHoRRory PEIent withepolpbpelidareiiesdn hnateneat finenipgiereto
"Tutorial: Dehaygde GalERDrdRictidind AR RS ctrell-of secBhdabySrea@EnC. A Paul ,
paper 29a, Toglcal Conf erence on F@flner% Processin 1998 Great Lakes

Car bon Cor por[ ilhn (Q,%qrdﬁtegtérqf Heererh wterh@edecking eavy Teeds include U.S. 4,257,871,
http:// wwy caking,een7OECKTYTigpds?.. v[D042] ke eursemaogrs7ssn ©.Be arig 087,need
for new neans andSProcesses for econonical ‘processing of heayy _
resid-contaidﬂﬁglkééaé ﬂéﬁ'f%@”é@@dd&§idﬁﬂ3#9ﬁléf?né@wﬁ 8%aﬂﬂ§s,’%ﬁ&9%ther
20val uabl e pay gocdramiscaly pr odugts:; Ak, kiposear tu pr eni2ows7:t ai s hizse7,493;
invention, has_deficiencies, shortcomngs, or undesirable aspects. SUVMARY
OF THE | NVENH-ENO0 VBG4 V8l ko Y 7/1%7r?80épP§séﬁ?2a?%é’ﬁ‘5i%989/9%5640;
ﬂi (r]I ect edbt 0 ?n@WOeﬁ)SUIDT%@.er@tm:ryre@er&@ﬂi N LhedASst ﬁd’cﬁ?_ezsgrut(frﬁtdpél%lﬂ(L't&in%
rocarbon feed containing resid, conprising: heatin rocar bo
fgedstock”coﬁ?&%ﬂpﬁﬁh?bsﬁa?E$é§§€ﬁbgsggﬂ'H@&?é@ahiﬂ?%@é?ﬁg%mf%éﬁ§$3gﬁmio a
\éagor/ i gui dfPs&l@@fn%E ck1|99z( smez_hdaa(ea dsa;alagxkcggioradblw‘oyhichl aﬁ]h?@gjo&aioddéde&bﬁﬂ
rocar bon feedstock in said vapor uid separator to forma vapor ase
(guch as an &veﬂﬁgaaxvgﬁﬁwnﬁﬁ§§3$”£hahg quuig phase cont ai ni ng sgid Pesid;
passing at | ge@|R] a maskiremaied inStk il £sédcONhal Mhdafs hidiptotksplaseedondhicsai d
vapor/liquid separator to a.thernal Fagverﬁion reactor 30 containing coke
barticl es,  ( SREPSMAB JRe N har e Brbdr N oRoRIsHan §0's B GBEPRET At 31 200F
(649C) oronDRrehablapdrocismiel btodgetat All @asin &t pelibion tiif insaitidn/ .S iddfididncis,
olefins. Preferably the coke particles are present in the reactor at a coke
particIe/fre§%“?@3ég?£fWBEPﬁPgﬁfwxﬁf at least 1:1, based on the weight of

circul ati ng coheMa®Y Of AIWINVENTIdEed entering the reactor. (Wen a
to be "operatin

t ' IS st t" t ai
{emper at ur e TlTkand Dot MBI Sbi%) B85 AMOH Lar1H B8 7o Brékmbly o

continuous process, for cracking a hydrocarbon feed containing resid, comprising: heating a

123;

25 hydrocarbon feedstock containing resid; passing said heated hydrocarbon feedstock to a
vapor/liquid separator (such as a knock-out drum); flashing said heated hydrocarbon
feedstock in said vapor/liquid scparator to form a vapor phase (such as an overhcad vapor
phasec) and a liquid phasc containing said resid; passing at least a portion of said resid-
containing liquid phase from said vapor/liquid separator to a thermal conversion reactor

30 containing coke particles, (preferably the thermal conversion reactor is operating at 1200°F
(649°C) or more); and converting at least a portion of said resid into olefins. Preferably the
coke particles are present in the reactor at a coke particle/fresh feed ratio (wt/wt) of at least
1:1, based on the weight of circulating coke solids and fresh feed entering the reactor. (When

a reactor or reaction zone is stated to be "operating at" a certain temperature it means that
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material in the reactor or zone has been heated to that tenperature.) If
the resid thernmal conversion reactor is operated in a riser configuration,

t he solids C|¥98g$ ?MS? is preferably adjusted to provi dei,cq/ulgg)gli&g%g/fresh

resid feed ra in the contacting zone of at |east preferably
above 5:1, and pref erably above 8:1, preferably up to about 30:1 pref erably
W th short contacting tines on the order of seconds (typically O.

seconds, pref@HERI yn Betrercn 0§ @ersniis bogt ks dp At ©onepagirg) gl dhsnigs thq“Flalt he

ther mal conveLgidioriRhdiod 8 FPBGLALiH @th@ﬁcd%ﬁ rﬂ@@cﬁl fleWotdPatbulatibt & pratetaBycoul d
be simlar or sonewhat |ower (such as_ 0. 1: o 30:1) and include |ongeér

cont acti ng tiadisted i rrpeds aijjeoksyiresh ey f%%fé%@%rﬂ sheconigidn 7wae ¢ batﬂf‘@%ao
seconds) . 10[001drdBu1aR08ker ], %H&)@rérelm)m atdle BNEpRILHESS toldBSuttI0Ar fBderab

|
conversion reactor is a transfer |ine reactor i ntegrated with a flui gr zed
coker, and t HEtpheR eq¥actipg timet orciBpPidPisd seoBHYMIALY Sai3t &sous-dBrEEPHilng

i quid bottong 100aSRIWb LR BBKES RAS téc@rldeﬁ Mrertﬁ&ﬁl@ﬂcom&mrsﬁhﬁufobérmrirgzaaq
coker to forma fluidized mxture with ransfer line reac

[0015] I n anotdsgse f@hdob?ﬂ’i fdhtatio cpdd be (96*@5’5 of ﬁmer«rért eyrprrdes Lkpd é? rhr;vdsa. d

coke is partigdi@g ERMSAEnOLifkL BStheXhdek RY 1520 deddhdnsf Rbrel ki@ dse@CHo W th
at | east one cyclone separator and passing said coke particles into a

steamair gasFPey- i ncorporated within said fluidized coker. [0016]In

anot her epbodqogant , 14 BRIRF GEERSMER BPhE $RScsH] i rﬁgn&at&hvémh dea@t@m,altﬂahsr@
liquid bottonms phase with an effluent froma fl i zed cat al 5
cracki ng ( FCHC Feset B’ché‘"’é?ijt‘éﬁ&h?ﬁ@‘dfﬁﬁ@i“&a?flﬁlt%ﬁm?qsh ‘“p‘iOF‘(BF‘S“‘tScﬁro%1 Y&eng

said |iquid phas&idnsdish qansdt@ms/phiie Wr@la&)k@bam{:l@éﬂﬂaotwﬁ&ﬂt@@&ﬁh@icﬁ, t he
process further conprises. recycling said F atal yst fines and said coke

particles betEsf oap g lpdigrd pggiure phinsgd pper JA8™°84P £ 1 ui di zed coker, such

that the congensy at i®nRn&herFékbdiahalyst frbdes fatbt %Uﬁﬁmﬁs s&;ﬁ@dmgsgaart eoldeevel
between 5 wt % and 25 wt.% of. t he. circul atrn sol i ds. %8 Conveni ently, the
hydr ocar bbn P&ZgE: o SHid ol lnt Bding tf&%%ﬁ%* f FBHOSRIL 755 EIe &Y LB AR Y ki ng

furnace, and as@bshsMaREA/cbkdIpirell SRR A5t0Im-4is Yadifi@Sn@rioraekwibih said Ujidized
integrated with said steam cracking furnace. [0019] Advant ageously, said
hydr ocar bon f¥&lst ock contains at |east 1 W % resi d,  preferably at |east 10

W % resid, prefier abliyamdthet aarﬁddrrae(ﬂt \mc%rrsc%ss @mphyq@mﬁalhg yalcb&IleQ@ﬁtaling,\Nhﬁ/LdBO
and 50 wt% o resj Prefer %/t&he hfg{d f)aég g[gﬁk cont ai ns at | ea
1"\ 96 566C. r SRIG™ irBTLE] § T (st T 0 BB TR TF i BIEFETABIY ot

| east 20 0/ @CEGARIyEEr e ,prlblytﬁ'p@s@inbﬁar@ﬁﬁ%@ﬁrﬁmél.@ swiid Ve At 10O raakidp. of 566C+

resid. [0020@?ven| ntly, said ol efi are combined with ct .stream

from a steanfBidbk: G wirid: Meiestsn13r o suBDPerOsI0n 1 6 bag it i

[ 0021] Pr ef er afd $uid édre phu@iopEb@ tonesaidl tanbfr fifea@edchve andbai AmdRES bakar, k@hahar i s

from 649C t Othe concentration of FCC catalyst fincs achicves a steady state level between 5 wt% and 25

wt% of the circulating solids.

25 [0018] Conveniently, the hydrocarbon feedstock is heated in a convection section of a
steam cracking furnace, and said vapor/liquid separator (such as a knock-out drum) is
integrated with said stcam cracking furnace.

[0019] Advantageously, said hydrocarbon feedstock contains at least 1 wt% resid,
preferably at least 10 wt% resid, preferably at least 20 wt% resid, typically between 10 wt%

30 and 50 wt% of resid. Preferably the hydrocarbon feedstock contains at least 1 wi% 566°C"
resid, preferably at least 10 wt% 566°C" resid, preferably at least 20 wt% 566°C" resid,
typically between 10 wt% and 50 wt% of 566°C” resid.

[0020] Conveniently, said olefins are combined with a product stream from a steam

cracking furnace.



1000C, preferably from 700C to 900C, typically from 700C to 800C. [0022] The
present invention is also directed to a system preferably continuous, for

cracki ng hydroca f eedst ock containing resid conprising;
cracki ng furh&@éggg&%%Ving a vapor/liquid separator (sugﬁqggﬁgﬁﬁﬁggL-out

drum) integrated with a convection section of said furnace; and a fluidized

coker conprising: a fluidized bed gasifier, a transfer line reactor
conpri si ng a Ry oc Frefeigbly dbitcpreraturs Within G SroepkRRMPE RE FSaONS fiIRMd 4P dwior

portion of sajododnpeksMuf rdlh Hi0°canshdc pyFiediy Hot oadiaooaut l et line, a
solids conduit connecting a |lower portion of said fluidized bed gasifier

with said trdf®2r [Theeresercinpmtionialsg diresiasl toohsystery PESfRPIcoBEparatior

havi ng an i nl @{c« QMR EHod Fecd@bdk PIEBhINS &P LOAMEIngOUt Ll |cidRing umh@cked
product outlet at "atop portion of said cyclone separator, and a solids
outlet at theapss roYAPoTlias wreper 6weh sepdinatiorut dropliBicadrdntdye caregtion: he

system furt hegieQuptdi® 8Sna 8l h/sfeaisdt 8mmakinkhe mheti-eBtefasdnt,d dahitdi zed
bed gasifier. 1s[0024]1n another enbodi nent, the fluidized bed coker .
further conprling&gctyr sqmyiriging ddydeer e desdrinkle dlaid comainisetionedthy lghat Rosipn

sol i ds conduidrSaid Khedkedu@Rtim, A aSRIJIFS HoMEUbitRe IFQNNBGEI ABdhiOWBeARETI ONS
of said heater vessel and said gasifier, and at | east one gas conduit

connect ed bet'NEEPogpn i par Tyitizch Pad grsificsivgthgas rangder dargreprieds prslrledsorasi on
of said heat efc¥eSEpiratof RRZAR] AAMRNEAGELUSD Yaid HRIEKG QNS SRR, QlcrasRdd ds
outlet is connected to either or both 20of said fluidized bed gasifier or
sai d heat er WXl outlelgh 9690 RPTEHECTSHE SHTIPRSIEP 2 HPie 274 3pdifePutlef My BAMOH s a
vertical rishidlfasd-QEparatdter ei n said solids conduit and said hydrocarbon
feed inlet are connected to a | ower partion of,said.reacto&f 100%71In

HeBe pgom of

anot her enbodPMeht , Adwentaceaisls B systeia TriscEarPrises 4 afolwm 8
wher ei n ZSSagﬁdﬂgMEg§b&g@@ﬂ&{ and sai d hydrocarbon feed inlgt are connect ed
0,2 UPPer Rl on ol ol leacter, ho0eEll Spother, enbed il 2,
hydr ocar bons hast& vietset, BfingCofixarati@bsdiis R8YE| pro@rably tio SbIRBIGHAS kbfigcting
furnace. lower portions of said heater vessel and said gasifier, and at least one gas conduit connected
between an upper portion of said gasifier and the lower portion of said heater vessel.
[0025] Advantageously, the cyclone separator solids outlet is connected to either or both
20  ofsaid fluidized bed gasifier or said heater vessel.
[0026] In one embodiment, the transfer line reactor is a vertical riser reactor, wherein said
solids conduit and said hydrocarbon feed inlet are connected to a lower portion of said
reactor.
[0027] In another embodiment, the transfer line rcactor is a downflow reactor, wherein
25 said solids conduit and said hydrocarbon feed inlet are connected to an upper portion of said
reactor.
[0028] In another embodiment, C;-C; hydrocarbons are produced in the thermal
conversion reactor and said C,-C4 hydrocarbons are further converted by recycling to a stcam
cracking furnace.
30 [0029] In another embodiment, any process described here is a continuous process. By
continuous is meant that the process operates without cessation or interruption. For example,

a continuous process to produce olefins would be one where the reactants are continually

introduced into one or more reactors and olefin product is continually withdrawn.



30[ 0029] I n anot her enbodi nent, any process described here is a continuous
process. By continuous is neant that the process operates w thout cessation
or interruption. For exanple, a continuous process to pr ins woul d
be one where YR&'P&%&%ants are continually introduced iﬁ@gHéﬁgggﬁ%%nre
reactors and olefin product is continually wthdrawm. WO

2012/ 005862PCT/ US2011/ 039782 [ 0030] These and ot her objects, features, and
advant ages wi[0930%ecdiiescapishpdnt obisttyefeaipencend; sdvirpiaeest billt Freoms) aPawPRg?s
detai | ed descLiRhiOR mAAked Al SHo GNP Ackh RN cSoriphIRRESd GNDIRRARNSRHELAI MS.
BRI EF DESCRI PTI ON OF THE DRAW NGS ~100311In the Figures below, simlar
appar at uses avdpprengndotéss steps are identified with |ike numbers.

[ 0032] Fi gur e drirs seddRip1d0RIGRAFHA pRAVARRAMT ment of the present invention
process. [00 T gur e IS a diagramof a thermal conversion reactor useful

in the presedf3itocds she fiETa holm. DESERMPTIUONGSARIPHEOPIVERPS NI denifed08W] Thi s
invention di sglosgs.set hods, preferably continuous nethods, for producing
chemi cals, (such as olefins and or other cracked conponents such as lighter
hydr ocar bons)[03Rbm Féews ! padestdrgkam pirrngmbadinent AR resent vgHionPRESon of
vacuum resi d [p@3or &ighd 2 GlaQistdh SANEMEEG Bsi s veRBdr abeFul (S the Rredsnt ploBdsk NS
and or other cracked conponents such as |ighter hydrocarbons). The

i nvention i nVELak ESQRIPHIONOFTTEE INVENTHMN o1 * havi ng an i nt egrat ed

| sknock- oyt dpeyqy W tiisdintin@bh HEAREE Blethb@s, hlrthif ekRihuRs nidhil, aokebdMing

[ 0035] The fluid coking and Fl exi coki ngTM processes were devel gped by Exxon
in the 1960shapigalar(@icheselfipotnd ¢ ot SiarkadroRroiegts sredntye egier 3?@9?%@&)
patents as Waldm Ravy RXIRRRKS aORannbSSticet PRiER B8ORS VRGNN Ok fore FBEicntly
exanple, U S. Patent No. 3,671,424, incorporated herein by reference,

descri bes andomycitesfa gheaicals Suahe asplefing | and oF PHET EHRECH FORBRAT S ébhggfﬁ?roc ess

for 20use hengiilearbons). The invention involves combination of a steam cracker having an integrated

ARLEDE

15 knock-out drum with a high temperature fluid coker or Flexicoker™.

[0035] The fluid coking and Flexicoking™ processes were developed by Exxon in the
1960s and are described in detail in a wide range of previous patents as well as textbooks on
-resid processing technologies. For example, U.S. Patent No. 3,671,424, incorporated herein
by reference, describes and illustrates a suitable fluidized coking apparatus and process for
20 use herein.
[0036] In an embodiment of the present invention, the resid-containing effluent from a
knock-out drum, such as a knock-out drum which is integrated with the convection section of
a stcam cracking furnace, is withdrawn as a bottoms strecam, passed to a thermal conversion
reactor, such as a fluidized coker, cracked and converted to desired products including
25 olefins, which can be combined with a product stream exiting the radiant section of one or
more steam crackers. The terms thermal pyrolysis unit, pyrolysis unit, steam cracker, and
stcamcracker arc used synonymously hercin; all refer to what is conventionally known as a
stcam cracker, even though the usc of stcam is optional.
[0037] According to the invention, a crude oil or fraction thereof containing resid is
30 utilized as a feedstock for a steam cracking furnace. Suitable lower value feeds may typically
include heavier crudes, those hydrocarbon feedstocks that have high concentrations of resid,
high sulfur, high Total Acid Number (TAN), high aromatics, and/or low hydrogen content.
[0038] Crude, as used herein, means whole crude oil as it issues from a wellhead,

production field facility, transportation facility, or other initial field processing facility,
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[ 0036] I n an enbodi nent of the present invention, the resid-containing
effluent froma knock-out drum such as a knock-out drumwhich is

i nt egrat ed mn%gzgpﬁw%gpvectlon section of a stean1crackHQqﬂk%ﬁ/&5%?o

wi t hdrawn as a bottonms stream passed to a thermal conversion reac such
as a fluidized coker, cracked and converted to desired products |nclud|ng
25 ol efins, which can be conbined with a product stream exiting the radi ant
section of on¥tgralbrgpdudipgegiicihaichasrbsen Wéc‘t“éir%a BUAR PHEFSAH)R-Orpans apdpy |

pyrolysis unigther Sk eadlccesdl 1 tRBETHE a6dFhbIAITE sbn0&hHiS YA UYIBES! M a
herein; all ref er to what is conventionally known as a steam cracker, even

t hough t he us&lyY ¢ EdsiUseddstainaresupidevyiets?di ng to the invention, a

crude oil or fposgti atudhesaets £O RN BEtaih&SHish itk é@h@d lplpzﬁnil a&mﬁ,u@ee@st ock
for a steam cracking furnace, Suitable | ower value feeds %/ pi cal
K

i ncl ude heavuCévdecffﬂstﬂ%obtw&sfenh%ﬂ@@&ﬂb@ﬁe%lée@gtb@&ﬁ%fu&lﬁél@e Wawe r@ﬁon
concentratio nﬁfcaﬁtecﬁikzﬂhtcﬁ@'o@ﬂama WyfHe prctung bhvdiloalis Mai @uNJﬂib@{lde( fE&Nbns tuugh

aromatics, and/or | ow hydrogen content. [0038] Crude, as used herein,
whol e crude draRigial or apgeen of g ozeiRal fﬁ%aﬁmbw&aﬁ&fﬁ?leﬁmﬁf ebtarn?da%?m.ﬂtey

transport ati ofeihagi hist ¥ used aPfB® Forianiidabddradkbie! @ oRE @HESEIAE, hachldb bY otheO
2012/ 005862PCT/ 1JS2011/ 039782 optional ly including crude that has been

processed by EEPEHoghe Fetcal 1R, May QI l%‘cﬁbﬁ‘ﬂt lo¥ e Fosidy RISETRY Hri§istbe

necessaryd 0 dbenadesty &slaeﬁ@&bwraeﬁaap am@m%u onadv, fislatup kd abutosm m% @sid,
refinery. Crude as used herein is pre dto contlaé esi_d. Crude

fractions ar @'HpPlal 195t ahavhil r‘i‘é%’ 5T6r60(Fnr€ﬂ nrelrebiE pllopy Pyt %Q%oﬁﬁﬂﬁ any

Scrude fracti.afnmehtémeslyhf o it relbnesyc ptaess ﬂolabomwbﬁ sesef wsid n t he
present |nven6%‘3 %s gnificapt advantage offered by the present invention
is that cruded®P! cr Rg8dfisadtalofLeids 1H9s ddnhai SPRG al S o BEPYi BHo6HMt he

ori gi nal reSIc&nNLﬁ}lﬂﬁﬂtﬂleﬂM’beth&wﬂh@k@ @fasdleb@bﬁqablnedldﬁdlorntﬁlb@hw lcbigag tiyay be
used as feed for a steamcracker. In., o e crude or . ot her

th
f eedst ock't o bPﬁ‘BmpP‘”é?Q‘écﬁtpr &ttt %ﬁ%@i‘ﬂfp?‘?@gt‘aﬁ %él’éistlle sbdatnt LT iod sy,
preferably atdistidaspro@koist ndmimdiBoasest b43andamiois ecfref t@raﬁtﬂSyOFat(3438@$tre§@OUt
resi . pref erdBry ST BaGt PRGN PO ABbCTER: kAR AT Py ot
resid, preferd a ) r at
| east about HQUMCP/@[‘B&ﬁGsrneﬁlhdlljdFDOiOGF atvord), 5l Wk HorbdGE as (B(SSiOdf (560®040tsiResi d
as used herein refers m xture of heav et rol eul ounds
ot herw s knou T B S POR S T ot e Rt Mok, SRt G FORT Gl s
the 15 bott pomt ﬂi’i(ﬁld:ﬂ@ten’m @dupxeshulmbﬁhmmman &/-di0St bl dtatdsom/-Woetre trhs
endpoi nt of ~Jheavi distilled pr i S, .nom 650F and is
referred to 32%6 0%6?02151%@5’“?%500@&‘“‘?/5&18’6&‘? IHrh (?ﬁ‘g”ﬁ%tdfe Fr%“% gﬁ?:t °from
a col um underobwaﬁtjcu Ifﬂrvd‘mstearﬁ heckheanvhdists ﬂl sﬁtdrd: fedng aadpatntialy demdsival dry
1050F (566C),

"nomi nal | y" ﬁ@élﬁ% h%l;é‘p ?%aé‘tls d]é 8%18.'6%% g%;ﬁ‘g?f%%&&%%%sdt%gwﬁ &ﬁ% Jr}?é) B4 ct
cut and 1050°F" (566°C") rcsid unless otherwise specified (note that 650°F resid compriscs
25 1050°F" resid). According to this invention, at least a portion of the 650°F resid, up to at
least the 1050°F (566°C") boiling point fraction, is vaporized, such as when combined with
steam, and/or when the pressure is reduced or flashed in the knock-out drum of the stcam
cracker.
[0041] Resid typically contains a high proportion of undesirable impurities such as
30 metals, sulfur and nitrogen, as well as high molecular weight (C\,") naphthenic acids
(measured in terms of TAN according to ASTM D-664, TAN refers to a total acid number
expressed as milligrams (“mg”) of KOH per gram (“g”) of sample). Yet another advantage
of the present invention is that feeds high in one or more of these impurities may be readily

processed. In some embodiments, this invention can be practiced on 566°C™ resid having:
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20 point for these terns, but probably by no nore than +/- 50F or at nost
+/- 100F.) This 1050F (566C ) portion contains asphaltenes, which
traditionally, gzguﬁ@gégdered to be problematic for the %&ﬁﬁﬁhﬁ/@ﬁﬁgr
resulting in WRvERe ouling and potentially corrosion or erosion o
apparatus. The term "resid" as used herein neans the 650F (343C1 resrd and
1050F (566C) resid unless otherwi se specified (note that 650F resid
conprises 25$@501LC (PE&irap)y tWacheedionty fivo S semal e falipwiag plopgtigs: b 50
portion of thenbsOk Jr%rsi,aueaateg @b ph@as ndkaidRRA% 10568 br BRI, bRGd RAINt
fraction, is vaporized, such when conbined with steam and/or when the
pressure is ﬁéﬂﬂ@é@xéﬂmﬁﬁé§he@“lHmyﬁéDQWBE%nﬁﬁP/@Wdﬁﬁﬁﬁe?*%ﬁ%?ééﬂ%@Wb@ker

[0041] Resi d t @ Cadeindte GOIV0 HpRSordndi, wabear@mrh%l»@rgh%f M@@@é’»’t‘l‘ ahlde ah RNt | es
such as 30 netals, sulfur and nitrogen, as well gh mol ecul ar wei ght

(C12) napht hetii/cSuier eismpiredsmasy 3 e @Fﬁ%’r%ﬁltwlﬁrédﬁ/‘d‘?fﬁﬁo@@dw D64,

TAN refers toydgt: of @k seprdrelidnd@sor &N’T&ﬁ%@ﬁk l@eﬁtm |dltérg£t§45mt [6asey. 3)&1@&4&6@4 per
gram ("g") of_ sanp et anot her vantﬁg present invention

that feeds hifgmm r‘??“b&ré“b%boﬁb?oea‘?ﬁutf’ﬁé%ébqu Quorr‘roeéo ?ré%/a@ét?é'aé‘nof y) an Apl >
processed. | nysoRrerBedidBRIM Dk 15 BUENLIIRR 6§aRT; laqahmrea@gr&reqt MNat 3H6C
resid having: WD 2012/ 005862PCT/ US2011/ 039782 one or nore Breferabl t wo,
three, four, Ff4ssmsehisaiphalgpener gprmdhesid] ¢owiagenst dpleptte awhalepessut sism of
Ni or herr & alrl]sfoﬁﬂb]l:éatneb%talagoabp@igrﬂfnedm)g//eASﬁMt Sfchal abzooiﬁang/@mmra RBERatichased
upOI’ltEWEIth th res , .anda/ or m.vanadl um or

al ternately SHEOWERH oF 8 oret lcafrftlerﬁh@%ﬁfg}mwédéw\sﬁ& Z? hord, Esyares ‘ﬁggsnt%t‘the
We:y ght of theazl‘é@@@cd h&SinChre &e?}smc 3sidh 05%%&38/(‘{}5%' dritics ﬁfcluﬂlﬂ@ebﬁt ﬁbt}tlﬂﬁlhfb@ttﬁg%05
wt % or rmre,atenat 0 Or. re, upon t he wel of fhe
resid; and/ oS BOoT A thO?lﬁW‘qgé%?anf%F Wgﬁﬁe[r] Aatef §oast S‘?“été?g“l &ﬂlf’f’:mla nort

al ternatel y fsloptnod R0skka, OCahadOtaaRENL, Chhadiabd QUber@. r3gib) MO BAP of Qramgmw 0.4

t o about nd/or 5) an APl gravity of 19 o | ess .(ASTM D682
andior 6) P BLedpral e et beth e Sapoh et CoGRO A GPa e O G SR enes
per gram of r@sd djrﬁte&iﬁl@a@hmoheeeﬁ "Ang6lh ©F8hdre, @SRIdIhbems s Chinakaany tituq

i nsol ubl e in_pent erm y M od D2 nd/ ar 7

ki nematic vi G885t Z&@S@lﬁ%@% %eﬂré%;@?mio&@%ﬁaws %@f@nﬁ Q%vh%\%ﬁ%

]P445) E)éaﬁp|S€l$oloh§ﬁkdEeﬁeﬂaldnCZd1m? Pdaluged aﬁtefrﬁbtfbbrar&a;rhhe Eﬁﬁ%ﬂaﬁfdsdls usdvitai ned
rom crudes ncl udi t .. not imte S r e (0]

oo one o et et P 02l e rbSpRis RIS arrr R, PRgtakealBe of

Al aska, Canadgs. Uwsaand&orpﬁama@wmﬁ&a&eﬁear regi on, Mexico Bay of Canpeche,

15 Argentine orge ba Brazrlran a and 0os basi.ns

Eoypt tan Gut f0F S B5 FERA tOhnaasi RN o R £ TS AR5 A oo s

Chi na Bohai BayconGl a@rdé&b&rmmuntk bamﬁa@r(essoclﬁaza&hsgamo @ats pir afore M rged,i a

O fshore, Mada nor t uel an
20l o Nl oy SR DRGSR b STRRC & RIS Sar - Borae o up e Nl A

i ncl ude 566Cb¢ pshdisinoblicdoned bt amiaradeyailyss wésehdrdad lasted dirbadiandaaged"”

in 20U.S._7, %ﬁg 264b |ncqrgorated by %eﬁer nce he ghn ng%Z%ln a referred
embodi nent, rBPh % K& fecd * SORPYT 88 pemoer Cat' ospherie ¥est d htcrlila

cont ai n appr acégahtdew@imu py®lyef fd5x6 o (db@od) thedshdst frectign (e. Q,Dth%tmﬂy tor e of
resid, or 20 of [r.gcsi pr.,even re .t he
resid- contaln¥%a&?%ed %ﬁ§”ﬁbf%§§§8%’iﬁ%slPh q{ A@%gﬁpgh sgng%h %P& are
pyrol ysis unumﬂ1MheMﬁgmmbﬂemheamedniﬁbemuﬁhemheam&dggﬁmﬁﬂedrwnylheygassed
to a pr essure, & equtCtalhonl d%a GR £v§ o?sp se cr c1t'r}1 Q{Pdsﬁ \A@ﬁe(%a 13 effect a

i ntegrated wak¥PTRE PSRN R S5 PIEY rop ou 1'est fraction
(e g. suhstahﬁeatheﬁmeta&phabﬁemegﬁm:EMQnﬁemﬂE\@&kaﬁhndmuWHp\%mﬁaemapot

knOCk out dr ‘dﬂétlo%‘rﬁ? priéps%?ekdng%'% dIP 1ncrca~[aér1% teurrzpee(rjaulirg t m < r}gte? Qn(}{: um is tahey
are known i n t meant ng genera vesse O se arate a

l'i qui d phasevipoghiqued weapoator ghasen ﬂfﬁld@omemmcéitfolna&hl a ﬂ@ansrdg@neﬁir&bﬂf yaltyothef fect
. 30, Bhase ChANAR ogPhulBAT I f AR SRlufludd gL ShlRludaldig oY esagh from
liquid to vapori’ I'on in pressure an ncrea

t enper at ur e. creker, N\theg:rfastdetdclklﬂmcd(ccb(uptlcuhahlbmm@d authammrrlehu:qw:cdn)%pawaimredt hat
is in fluid communication with a steamcracker. Specifically, the

i ntegrated knock-out drumis in fluid corunication with the convection
section of a steam cracker, where feedstock is heated (optionally m xed

Wi th superheated steam and transferred



WO 2012/ 005862PCT/ US2011/ 039782 to sai d knock-out drum operating as a
vapor/liquid separator, thereafter the vapors fromthe knock-out drum are

returned to t cracker, preferably either to the or
radi ant sect|@§2§u%@%%th The addition of steam may furfﬁgﬂ%gggbgﬂuflash

separation by reducing the hydrocarbon partlal pressure, assist in
conversion and vapori zati on of the 750F 399C) to 1050F- (566C)
(preferably e9epdXxnegsyat dWe crage &5 %)ﬁaP@f/h‘iﬂ sepaigo Eherignhe) rare &y the

fractions, angopt-eueamimfauldniged HOA43LRh efRkdreprefctBENeitHt BB hercod @RS bi qui d
separation devices, and their integration with pyrolysis units have

previously bedfiaesetnpeay bpth TS a wn?%stm may’ ‘@gbff?@egst frashoppargpn bind

7,138,097, \Ahk&tan%rt& Hyaﬁ)@m&{@ampra@w @bmn c&felRAGR Vaﬁe%h@rn om@%oaws
10effect|ve as a pur poses of the present invent

described in @P%5C )F%tl%WtF Né66°§ MB@@;@&Y ysn é”“bvté‘ﬁﬂj‘# P?W‘%{U?fdh%blﬁﬁrFaﬂﬁﬁ“C p)

100441The vaggndﬁkgwhadﬁgg@kgﬁgmngperates at a tenperature and pressure
where those portlons of feed material that cause coking are kept in a

liquid state, O eréﬁflvdt ﬂ‘é“h\i’é“ﬁb? PrVAgH g spparadie oG gRsr ailoeisiniggration

tenperature Qtlthbg I\A@@I@ B UtavS Reiusi928Gn RE&fed akl y.sf ramhis! 8ot 000d06500C,
preferably from 800 Q C) and about 870F ;about 465C) but al so

typi cal Iy not”®&Veps: aﬁédw”gfﬁ% V(*aﬂbﬁrf inegrneyatedpiestdih PR detrrgRcsy v%ﬂoﬂtcmdwgﬁuw he

flash drum t efeltvaiafa 8khQyieh AL Pckp¥ap of tha Pilsdnt BVEHioR Al deQiiBed MIT. B &Fatent No.
facilitates vgﬁgrlzatlon o; a najor fraction of the 650F (343C) to 1050F
(566C) fractidh?df! t¥e VARREiaYd sTPOMIM] A st eam cracki ng furnace (al so

referred to geo4a| sﬂaa%wr@q&arscﬁarat& SheRyds Qlt )asmpcrzt()rcfamrm@s@urt: Raderch@ssct Wo

mai N secti ons e on S ction an |ant sectl on,
hydr ocar bon f%@'&gﬂfg féfé Bt ﬁ%ﬁt FRISGC E\%éf@‘céb‘ﬁ\?é’(ﬂtﬁddﬁt% @I&f\fm@ﬁ/ b¢ vineE

furnace as a liqhigukghrdt@XgrRtes fa0k tdnh@hiuré eeaatv%k@omw Ro 6D3°€r, p&&r@)ly/&ﬂﬁl’ )

ot 11 e Gas P BratDife eI AR o SaRe ToR ALt Pty by G et Ebarale wi

st eam The vV apdallz @et dveestelioadoer Mbosit43aT0)M Pidskih g n(aiefnapmﬁﬁl@lﬁlme flash Hfeo 25

i ntroduced (typically through crossoyv pi p o the radiant_section
wher o Tt 1. Gt Ol e gy pael by B 10l drr B Bb Ao 0 ¢ o

about 50 psi @raft@ of heI4&FFKBABC'H B 1@53°EV§|6€°GT)/ﬁiicﬂ61aﬁfhﬁfﬂreglﬁﬁCkl ng

t t , th f t 1450F (78 t b t 1650F
(9000) . 1 Lepﬁ‘iﬂ\??ﬁe??n%?a&&ﬁc‘%a”&wﬁ EDRIRETH o hotagt Gatkans e PRt

resul ti nguopr ﬁdmteahzttyrmsqabl Maif QoS €a leﬁ/fettm beBIQ{nOE)(’FHG]l ShéEam mtamkmmgreal one
provi des for a, praoduc r|S| |gn| i cant el ds tar, and
Pon ar omat § ¢ RO b O DR T FRTSeCFoRn e PhaeSr bgada

et hyl ene, prOﬁyﬁﬁﬁ&1@bU&¥&ﬂﬁE§whEﬁe@&e&§MSqmdhﬂﬂeﬂwm&ﬂdﬁﬁmmgkeshhﬁ@and
aromatic products ver, in.a % ss ac

Tvent on. . ot St Beittkg: saiihu e BdRE RGP REB I ok PR v,
anot her highdﬁﬁmb@ﬁﬁiumﬁEﬁﬁﬁﬁﬁﬂh\G@@MﬁdShﬂﬂmmeﬁﬁhmmmJﬁuﬁhcaﬁpﬁ$m0K§an
reduces introduced (typically through crossover piping) into the radiant section where it is quickly
heated, at pressures typically ranging from about 10 to about 50 psig (69 to 345 kPa), to a
scvere hydrocarboh cracking temperature, such as in the range of from about 1450°F (788°C)
to about 1650°F (900°C), to provide thorough thermal cracking of the feedstrcam. The
resulting products typically comprise olefins.
30 [0046] Steam cracking alone provides for a product comprising significant yields of fuel
oil, tar, and non-aromatic SCN (steam cracked naphtha) in addition to the desired ethylene,
propylene, butylenes, Cs olefins, dienes, and single-ring aromatic products. However, in a
process according to the present invention, steam cracking conducted simultancously and in

parallel with another high temperature thermal conversion reactor, such as a coker, reduces
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WD 2012/ 005862PCT/ US2011/ 039782 the yields of fuel oil, while increasing
the yield of the aforenenti oned desirabl e petrochem cal products. By
separating a i d- taining bottonms liquid in the vapqr/li.gui par at or
and then crae&gzgg@ﬁggresid in a fluidized coker, furthg$&b%%#g€%§§nt in
the conversion of resid conponents to vaporized chem cal precursors, such
as light olefins and 5ot her nore valuable |ight products can. be achjeved.
[0047] The fl uhdl Xdtker! plugh eflapyhjlci Weicudes tien Yickt Ofr B etforgmentipasd rdcairablcor
partial oxi dglirOdhehRACHOUtsMHyCRpdrting $66sid-QortAMME bdttodRKRuidan ikedlapgiagully
steamair gasification and conbustion at between about 1400-1800F .
(760-982C) . THP&agfadnd itheat sraskingathic pesid e | fwdrdacaks dutheedngvessrgdh tsr by

usi ng oxygen @idGhesk @lill cotifnentP @ $dpdidel cBasitdl ipe@uGek et &MidhhboRfing and
gasification 10 reaction is continuogusly withdrawn fromthe gasifier and

fed to one orothpmeresslurbis lightprrdues canibseeiicisdre it is contacted with the

bottons mat erjp@d7) r ecioy efRIkokEQIR BBy Mcl W8S £h Hi-ARIGIAGKTAYof praGRRlation
equi pped with integrated vapor/Iliqui arators (such_as knock-gut druns).

at d se :
Thi's resi dual™or) Whigtsiuead | e Gt thehsas Paoiean/ 866/ iorban G zeyopgonat
m xture of |ighices abudn Apardoens760od28d NI Tgs RisgRakdnee vt railiass bptoreddmyl ene
and propylene. Wiile the 15 transfer |line reactors, can be configﬁﬁed in

several ways,OXHEHrosE P ORGP Hifhed tion Pk Patialy gsified cplfalony ShusHIC AR o
cat al yti ccr agkliftgiswohdrRiousdy Fithdrb WA frbfansERifict hitefell $o OResrah@d s@lsds aravgeit | cal
riser reactor where the hot s Ilgs are cqntacgﬁdrmﬁph feed near the bottom
of the riser, NEh&&p| gscoguefed iBrthe PAASIRUFH eV IFhdPE HoHg™ P Re P Mser
and the Zlol | dgacRingl flmaq@@@ @ﬁ@p&ﬁﬂ?&haﬁllﬁ_@ra&ﬂi ﬂ@o@lﬁt@xi@@cﬁiﬁkﬁs G¥ch éuae&obmout 0
series. ternatively, the transfer |line can e "downer " or
domanOM/reaéY%WQ'F?%é?ﬁgEVPLE“@P“PH@“?%%&??FggﬂgﬁgFZﬂ%éﬁ?%ﬁfOFH@XWFh sfer
| i ne reactor lighteNh@idrbehd emtdini® high ceBitAREHANE diGlcne ake pivpylbnd. he/hilesiedual
oil. The hot co rovi des the hFat(Qeeded to full¥ c§gv§rt the.resfdual
ey

e
oi | feed to IPHHTENFPEHPECAT Boite B HeE RS QALY f B Predgbia sy *i®10
seconds, | pr ?ft}eali a%kiyn E.bi@léhta@rtis eaeith uilde ¢ Othe ek famihe b dpsratde po S iveeichl @ider
previously fornme oke partic]es. 25[0048 ternate t he ther nal .
conver si on réﬁ%?ﬁ?@mﬁﬁg?%¥ﬁﬂf aﬁi?wg%@gg?&ﬁ%ﬂémﬁggﬁk§‘¥n8§WFéﬁﬂggﬁﬁ°W%ast
0.1 W % coke apéivdpbCdre Fanspasddpupdnalchp ehewergdd thd sotileand v hatsepgatslsinds 1 n
the thermal conversion reactor, p Eferaql %, preferably frgm 3
Sc{le'Z’é SVEAAE %p

| y, 1 thS? W g

to 25 wt % pref BraBry FPtm's b ey o0B% 81 RIP PP\ RSP 85 oo e
present invent dewnfiosv teh@odi eglectilgafale fpatifigasiffguatio aketrasfer B0 aatvats
transfer medium f hi gh tenperature coking of residual oil for, producing
cheni cal s. Tﬁﬁghéﬁ%g i ﬁ?nnBFﬁngagﬁﬁg éﬁﬁ?ﬂﬁ%@°¢rﬂﬁﬁﬁﬁF%PP&PF”?SFgFﬁd to
the fluid cokedgd priotessest thehaidunvgintar s lip@wehydiexpestiesloyt rdicsicoumesd t hat
hi gh tenpera

tur coh&n is effective for produci chem ahsj( uch as
ol efins and Sfﬁlougt%lé 88‘3&8@’9(5’“&%%6 nag’ﬂ‘tltsE ssﬁ%qr?g’agmrigog Kter Wﬁi? r%cd;:P %Sgt ﬁcg)o,n
especi al | y wheniousty égmad edic partibica st eam cracker equi pped with integrated
N0 2002/ 088 0aak T IR0 A0S BEOR NP A Lkt S SEPRIALANS (el AR KRRl out
drums). [0056]%MH t h8 PPN 2 aRE HE SEPPI oI Bl BE 0 &r BHEST {1B° eacton
knock- out dr uontaimyat esttOalketyo coke particles, based upon the weight of the circulating solids in the
thermal conversion reactor, preferably 1 to 30 wt%, preferably from 3 to 25 wt%, preferably
from 5 to 25 wt%.
[0049] A primary feature of the present invention is the direct use of hot gasifier coke as
30 a heat transfer medium for high temperature coking of residual oil for producing chemicals.
This embodiment differs substantially from prior art related to the fluid coking processes.
The inventors have unexpectedly discovered that high temperature coking is effective for
producing chemicals (such as olefins and or other cracked components such as lighter

hydrocarbons), especially when integrated with a steam cracker equipped with integrated
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to generally refer to any vapor/liquid separator device. [00511The basic
flow schenme is illustrated in Figure 1. A heavy feedstock 100 5 containing
1 wt%or nore_(typically about 10-50 wt% nol ecul es boilj i vacuum
resid range (géé@){ul%?’zf ed to a first steam cracking fur #gggséﬁUs’aﬁfch

i ncludes an integrated knock-out drum 205. The whole feed is heated to
about 400-470C in the convection section 206 of the furnace. The whol e feed
passes t hr oug#Pey igaid2omerater ueths RAKRL BURSHr um separ ati on devi ce 205 where
nol ecul es boijhpsrg bahew BARYLnPEBcRR3ELA6R, ¥RRAE] Baknb& out ArunERBY Be taken
vapori zed) and are separated from heavi er conpounds which remain in the

li qui d phase tppgrisedireerte auctapeidldroAratetd%Ry st ri ppi ng, anong ot her

things, in theogdjumeande wsedcttheCaUSEsRRM himpat Nl LahBS fde@stdRPOI0 Z€) .
Material typically enters the drumat a tenperature of about 400-470C and
vapor i zat i ‘on GBI | Y aliewRrp (YR ot §-S% tEARNQlETH SPHEE BY hSTAPHRIFY wi t h
l'i ght hydr ocayhensssEheisaPes § RaASkahrued thind@ HH0whid ety i thtaRited | S
section 250 of the first steamcracking furnace 200 (either directly or via
a heater, sucog-ou4rat ). (Thaahplsdiedrs rpted tarbRuei@Pifdh (SiB dhs GRVSHOR HEHW eam
cracker), whengas thdeuhRIVYTHI GHbIEFel RusWh tiRdi@wWind peMidid enddidcREUOduinhe
knock-out drum through |line 220. [0052§T,h_i s materi al th%" IS rem)veg from
the bottom ofSCRAEIOR fEERE SR WaFTEmtisralss deilipedelaw 4baw HPiarly dica@hLtzsL KO or
the high {enmenahwasoreekiAg a0 Rphaky $rod0Bavide adtipdub@Uiveish frérem ithe SRVRY al
knock-out drum eclui pped furnaces aréﬁﬁr eferably conbined to ﬁlcpi eve better
econony of sdafe PISEfrercAgAn 1“%Cf‘r’ﬁ)(esrt HEPRDE, A AORG REFT Binstcledhe flrumy ¢ ben; ¢
is | f)cat ed : Mus@ {o«é\&a@lﬁ ﬁc_ﬁl}tio?ﬁﬁéiol@@'fﬂé'tgggpd;crtze)i. SMEQ&SH @piealtyo@rﬁ@mﬁic%m at a
suppl enent al resi dual ol ee C fromthe.refjnery w that .
recovered fr dTHRFEVR ﬁB%’%@-“bﬂﬂo'ﬁi%fﬂ%‘?d RO FE" lﬁé‘fcélﬁ‘ftF‘g{jy g‘éé&%?flo%qgmfsl“b"rﬂ“tghe
st eam cr ackerorisgiphtag Wiganyht fiiactireons. (ke wpaapusraokedlihar)o pitediecadiahtr om

st eam cr acki ng of oll fractions..[005311n. another preferred

rbodt ment PRSRBCELOF MiohrpiutE G MRt BB R B Gt £ Mo wi ¢ n
hydr ocar bon pfaededing htgt@orian®nibc@éh dcetigpesfalidt@ntcakikeg, weaed itanheaddliqeadsor e
separation into g series fbf uel faEd chem cal E‘F'Od’gft s,guch as ol efins and
or ot her cradkeddsmadrants betronetdae FogHP e nyy draelibo In this manner,
better energyowskfi cimanRGyaterAd0thanig r@eaBd fymalic St@herfitis laobi-evelgun theh kaves
separation process. This can.b ccompl i shed by coolin he vapors fromthe
st eam cracki Ayt r%‘mé’a’kf:e?‘ijdt(’?]é%ﬁlegﬂél %@p‘?‘fﬁﬁ&e%@?{%@Waf%%aéreﬁ%wg'iqfl@b grﬂ%l/ or
use of heat exehangetisoutTdremcapidd fapades @ dreeryblg onaditeedol adjitveldeasre f ed
to a conmon primary_ fractionator 400 re the wde-cut oduct .i.s .
separat ed i nt&P"SRY&F édﬁedﬁf}ﬁ ‘%‘r%‘ﬁﬁe&ftur\é\?ﬁ‘éda' erl?ﬂfe‘?uéﬁtﬂ%gﬁgﬁocﬁﬁ?gl”b%lﬁf%ons,
C5- C10 napht h&ineGldmbRE, idissiokdiblatembaraupphatl s 08 S XRdTodd SR0GdM gis9782

heavi er gas oils. (CA- hydrocarbons ar es wi,t h,weight.s .at, or bel gw C4,

el ud ng- meciany S e BRGNPt AR P i Pl B G e,

hydr ogen, angtchherackdsés the Tbwes eratijnefor pread ueick gl thig ansluaxidranheeunt crtkder of

separ at ed _andaspog{tifaic'.ed using typical nethods for the refining and chem cal s
a

i ndustry Such ¢ onati on and hydroprocessing. Fuel gas (CO, 5 CO2 and
H2) created ¢aosdng thanoltieqprefeem embddiment cokduay fpnothe seainsrasking draanem I520m

the coker 300 via,line .32 nd/or 346 faqr use el.sewhere in the process,
descri bed beﬁlgvxfo%négo 1§i %yed??cﬁ%)grl tpéond?m% Van §ghé%h gcfn p’? rﬁlgmf ﬁ?kérbgr factg%tg%c%?i ng
and st eam cr aclisicngpaaivhi igoratdrion of fict hat cheinglat prpducf fuchss oktioh amsoredthane

and propane that .are produced in. th oki,ng.r ?agf:hg ion can pg (??s&lf%(
y S S ar S). I this ner, t
recycled to 8Ir€fgkegfco?lﬂ(gners‘ttb§‘é% 9 eRie Eygd??cﬁlrbﬂgeesn Or Conversi on to ethytene
and propydbenend economy of scale is achieved in the separation process. This can be accomplished by
cooling the vapors from the steam cracking and coking reactions by contacting with quench
oils and/or use of heat exchangers. The cooled vapors and any condensed liquids are fed to a

common primary fractionator 400 where the wide-cut product is separated into several major

product streams 410 such as C4 hydrocarbons, Cs-Cjy naphtha, Cy-Cyo distillates, and
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10 [00541 In a preferred enbodi nent, the residual oil feedstock to the high
tenperature coking reactor is mxed with mnor anmounts of heavy cycle oi
(HCCO 215 fr d cat cracking (FCC) process. The oi |
normal |y bort@ghgm{kgérange of about 454 to 593C and no#Q§ﬁ¥¥"g%ﬁ%£

small levels (0.01 to 2-3 W% of FCC catal yst fines. These frnes are

produced by attrition of FCC catal yst particles during the FCC process. By
adding a 15 ShfaYier grolilit 6f Richeyadioat aicnediep Eel Wwaghs ff‘sf’r plaw<Ca dnalydinsni gh

temperature ckhdg, &Ezﬁh%e&ﬁyledet pfo%yl@&s%l“c@h@e tb@tehe@t pRshsg enyardgpdast tewel) of
catal ytic boost to the resid coking Process which is_effective for

i ncreasi ng t hEheys eyer Ib?duﬁfr%fﬁwée%ethie‘h Wi sppagdeictnd misiadrusing fxpiRehighods for

tenperature cokiAging BREAUSRal heuttt;ahlcrt amer&taﬁtr@dn@ k@bpORELRAL el prs@coyclic
manner, described in nore detail bel ow, where the coke particles are

ci rcul at ed® beftWewd Hhaeapssquring the hisf tefansrasie C%w reeget i ithdry e fipmdhgcokeres

are required 260 gt dﬁ@/tslesaras%t hel e@ewﬁae if 4k lpYoceQnuseted babwotdterdmee
renoved as purge. Therefore, possible to build a noderately

concent r at i oriMpieakadipogecs el H‘ét"éfF%f%th fokingsand steamicriskiag centfigytaingy lssttsfrt '*é%t

inventory. 10dR®dnsFigsl E@etl:f’an@ LAY hidBse dhad hmddful:@idn dca@kdrdadtidnl Edn R casily
illustrate the process and apparatus_ for high tenperature coking, The

fluidized coK@Wc@éé”ﬁﬁéf@8é§ﬁaﬁ“§PW5@H@F?WEFOQﬁﬁ“§§OﬁﬁV@ﬁ“ﬁﬁ@FﬁW@%eas a
dense phase fibes4li zadl SbadichepehRidiadnt e Wsiddloil G déockpioedhe hadpl t)ém@@@tlﬁe

954C. Air and steam 342 are fed to the i fier usi eries o
di stri but or s BFMRELHPRS WK PO W%@?H{% Cydle %rpgtﬁa%gwatf@ns%%%tm n
t he gasifi er .crabk@g (BECK prottsOf TR Fcadfdy@d 6@l bbilEinGaK &ihgPar hioalt 654 to

converts part of the co to a mxtyre of gases pri i i
coe, H2 (fuel®gasynd rmeel ﬁyc)r@éﬂaﬁarsma@lq“&a(&& %ﬁ-%@%f%é%rt@ﬁ“gﬂ Crcn t he
gasifier is 3Rcexohheidl 6y amndionbO@HOC @5l ipalicas dtﬂﬁtg(ﬂﬁid:(t@ptdfdsy@}t zhﬁmg a

atos ot lini RO TRouRGT O APD TS L5 FHOYSALT b ol ) EHE T e B oke

removal throyghesolt 1aq>otstwr@t038130t@e aUSBddsh cbEleofcakilytig Boeachi tan restdh&)kfn@ed
rate to the coker ke wi.it hdrawal to.the."heater." vess 350 through
line 348, ancrr%rw@g& 8§ rceﬁi)&fétca?aegg eotsis ot ap rlrf%r*erﬁm@é‘crrxa‘rt% 8% the
unit. Slide walhvwesp@iuetdeing MBatsscCBd high teriford 26120 5BEARCH 4US20d hhOR8 782
used to adju e solids cjrcul ation rates an ress anc |n t he
o erom obaarschidt B sl bt e et SRR alk B R BREMRe B

drum and/@r other addatiche) Hulfiis iphs &aind aqmrerag)efoeeme 2&1&/1923&1@15 sref fadly t:amame or

more transfer |ine reactor§,330.mhi B % sy pl |e E Q@t ck{c aéiﬂg
coke fromthr?ra?ﬂter‘?jla%|“I"“i‘°é’re 3305 o [né ‘3%0“1 °héd %OSV b b
converted i ncbt’(tent'[alharlﬂSSf Hwﬂ%)mecertﬁa@ﬁﬁfs 1(1t$lricemrarﬂat&1grbbls®nn\&htoat andpr pe),

exits through | ine and the c apor s d from,the
solids usi ng'%‘{?ér on ég“%ss P(%‘H““St%étm Egﬁda L%8h todik‘}‘hér ! “bgﬁdt OFSHE1 1Y
stripping mthﬁm&meahnmghammemumram9@s1@a$MMhmdaddrBMDmdmammmaﬁ&edﬁQWQMUcts,

the cokin ion converts part,o f eedst o I 0
_ new coke epgg %£P8ﬁmtﬁb o AR 5??W%F%ﬂmdﬁ%w@ﬁmM§OMﬁ%¥qbgﬁt %ﬁﬁ E'Té%lbtmthe
cracked gas aﬁﬁcreAmmn@deﬁ3nhemgm$ndHEﬁmﬁﬂawhh@augheduﬁémﬂmﬁemwmebﬂmﬂt IS

further convert sificatio Al ternatively odrnent
(not shown) C?l nécy %Oép%atgcf 04 %rata I%lat&, 343 within the %aH e & Yrne rca&?l on ofh aru gng

i'sengage ¢cracke FOM T
solid coke pamhnmiﬁﬁc skhewheamebfuessbjm&Bﬁmnnabhg&cthanmﬂmndhﬁeggage
t he coke par Kk |n o] asrf The d crs on mheth
di sengage COEI ﬁ% tg% ﬂﬁHM/OMdtmEf&?g QRTSH RYHE %magﬁﬁkrm

specific'mniemﬁM$mgnmdmheugmsmﬁmmemmﬁtopevamemgkﬂmesswpengamdumpéha@yng
features such as the fee I|t gr_.crackabilit

o aas PR R P U0 B AR PR PRELARERGR
appr oaches |ﬂmmmkbfaecamuaaumgeyu&nwdneﬂéaﬁnskmnpwmhbngakemmaheﬁedease

recovery of grac UGB A0S TLPE 0001985400 [RALLIE. HRSILLED. ! S

removed over eaaﬁ?r mt %Waggf*rer nore 't

routing to thmmmean@hmendpahﬁMahsuﬂmhsn@mamdnc@hweeﬁV®nn@Merhea@<wsﬂmg

i nternal cyclones and suitable piping. The processing unit includes at

| east another fluidized bed | abel ed as thé-heater 350. This vessel can have
several functions with the primary role to partially cool the gasifier
product gases (as noted above) and noderate and maintain overall heat

bal ance and solids circulation. Hot solid coke particles are circul ated
25bet ween the gasifier 340 and the heater 350 using solids transfer |ines
348 and 352. [0058] The heater is naintained at a nmuch | ower average bed
tenperature as conpared to the gasifier, typically 315-537C. Hot product
fueI ‘gas 346 frontthe gasrfrer 340 |s routed to the heater 350 mhere |t i's

. o . T . M

bot h



WD 2012/ 005862PCT/ US2011/ 039782 part of the coke fromthe heater as a purge
stream 355. This is particularly useful to inprove operating efficiency

when the fee oki ng reaction has higher netal or,ni v nt ent.
[ 0059] Whi | edvhﬁgltl@%g%nd vessel can be hel pful in inpr O\ﬂcﬁlﬂéggoﬁl?é”eger gy

efficiency and operability, it is also possible to design a unit with a
single vessel so as to reduce investnent 5 and operating conplexity. One
of the major WeVRFHYEY Biidydrsulntian félt%%‘r@ipﬁ‘g’suﬁ?%aé‘é%wfﬂﬁf‘ ﬂ’ﬁr%ﬁ%—i ng chenicals
from heavy regoghyal RisldSall sl G0 ABI shdahy crh@cblididdr A& kAVWRIouOWAIN bid/be6@s:

whi ch may contain netals or other forns of mneral matter with a hl%{il
degree of f1&xiry epig-conteinie A2 Bdeseess osie TaasHi IR rtskpetdrive
catal ytic cragkiupglidrwigttRb¥dulfinP¥SIRI 6% e 8l GadiRdr 3aPtRoeP 1188 BELtTHE Ny
utilize such feeds. 10[0060] Those skilled in the art of heav

! ( ] : y feed .
processi ng® ar®@! i ST infg Henshie liag Fpieuistheds aofsehpetadping: FE4Vhordelcst eam
cracki ng and ekinddhPEakes $8orad foh@biiephiaidd irash thd bolids uift cRIDAEOIES BPVLEO
integrate the processes w thout further ag%r avating these phenonena. The

i ntegrat ed kn6eREGHECHFhMdonyaraly sHIPAIE yWIBSHRR; & RNChAYCEt Lt P VAU Phi s
regard, as itor@klOMSd@ul HRUoRME rbRENeEMvERGaMaTARe ABEIQRRANYichilyIW-8®, ] B be
easily varied consistent with the properties 15aof the feegst ock. %0&61] I n
anot her enbodieHeRkS dERMIE AHURFREE PRTIFIEY af 880G, cqke A BroKek BT dhe CrdekEhy a
hydrocar ban f.8edcGRBd ab M GasIRE 30 GO jifd B, where it is furthef @)pnRe&d bPGia
hydr ocar bon feggst,ock cont ai ning resid, _ éb%E passi ng s%i d heated
hydr ocar bon feddetigek Altrgty bdmnpéari e REATARY RN taBiay PO ARHTER: Gut
drum; d}g&ﬁgag& &%Qfa@@:d&ﬁb&l ﬁlﬂﬁ&@%lﬁ%’c{dk@ﬁ@ﬁ@&&bﬁ&&ﬁ& heek Vi:s@fﬁSai),datherd
separator to forma vapo ase (typica an. overhead vapor phase) and a
i qui d phase F0dR Aioere e ths Eie e Ak DisHAS B BHn L (g AT AT fahpetes

(d) passing abkd R@sStheaefer &i @O gadifigal dett@Shdd- oMt apsrifigudii dudigd, otphafie
phase fromsaid .25 separator to a thermal co ve{s' on reactor ,ﬁdgere t he
resi d- conbai PHEE YEistenBth omEpa TSk At &F 5 BWHE 8 CHEFRISWnEPE n
sai d thernal 2pHROMAESLOTullEaatibE 8O TIRWIBInCBK vl tdopt @8 theSialvehtibRadit ®bth
havi ng a coke .aép?‘i cl e/.H)esCrﬂ feed rati oéqut./\éyt) ?f at least 1:1 prelzcar ably
at |east 3: 1,ap18P &Y L Bi, by pdyapgggous torsteal ptp gt GRS, 1 INGIFHSE T{COF g Y 56 Cpcke
preferably fmpeamdsl to 30:1), based on the weight of circulating coke

LR TRE L (R R N N
sai d thermal doenyer soantypiedaltigrrontiigdo the dbséedr parie coediag bt caladioh leerbalde
Pg::]gec'ofe / farbg3?11’1%?I%tg‘?%aggblgﬁ%m%\l\sﬁi?tdthenpltpll?lg Il"ﬂeagr%];eesginglg Iugl? 1r{c?u%%;[ gtr lehs? aln(r)]thé[rhe
fluidized bed labeled as the heater 350. This vessel can have several functions with the
primary role to partially cool the gasificr product gases (as noted above) and modcratc and
maintain overall heat balance and solids circulation. Hot solid coke particles are circulated
25 between the gasifier 340 and the heater 350 using solids transfer lines 348 and 352.
[0058] The heater is maintained at a much lower average bed temperature as compared to
the gasificr, typically 315-537°C. Hot product fucl gas 346 from the gasifier 340 is routed to
the heater 350 where it is cooled to approximately the heater operating temperature. This gas
and optionally steam are used to fluidize the coke within the heater 350. The cooled fuel gas
30 320 has medium BTU content and can be subsequently used as fuel for furnaces or power
generating equipment within the refinery or chemical plant. It is also possible to use the

heater for preheating the residual oil feed to the coking reaction. This can be accomplished

using heat exchangers within the vessel (not shown). Likewise, it is also possible to remove



WO 2012/ 005862PCT/ US2011/ 039782 3. The process of paragraph 1 or 2, wherein
said thermal conversion reactor is a transfer line reactor in fluid

comuni cati o | ui di zed coker, and further conpri ing said
resi d- cont ai EYV# B’P“’%ﬁ% phase with coke particles ext rac%lrgg%orqggrrglgjlssg d

fluidized coker to forma fluidized mxture within said transfer |ine
reactor. 54.The process of paragraph 1, 2 or_ 3, further conprising
separating sai? o dleeokafiam dicdsaterias hpyir grame ndhisis R VYIS P R HRTRYS | i ne

reactor, prefgcabhyebitdtydtheh 88%%d RNBe 6K QBRLSERB A metARH R$S botens ai d
coke partlcles into a steamair gasifier incorporated within said fluidized

coker. 5. THA03H oce%ﬂeo&nsah@néfm@%lrca@ Pa peiaful int igprovingmitiraprer sHsianey #yl

m xi ng said rﬁ»@ﬂdgmylmbomoaﬁo@glmg td dedigh @ uRIASE aWinkRR \AB Bl UeRbude i@ tthent
fluidized catal ytic cracking (FCC) reactor containing FCC catal yst fines,

prior to passitfgreaiing ?qwﬂﬁxer.‘/pr%fseeoftfee i adyvantrgeept e g geldpgoprocesg forrhe

process of par@@e@pnhémiciiyl %Hleﬁedcpmfdwl d}g i %ycqﬂlmylgo sl 666 @a@w Eé&ls
fines and said _coke particl es between said transfer |ine reactor d said

f1ui di zed cokd¥rch @%Vc??“fdﬁh‘i“etﬁhé‘ BrdemtT AT et srtpor e atigh fegres ngglba&m eves

a steady stat@nhdrQ%&n P{%Eéé&@nsuéh wh{gm@@lp&&uwc‘%{mﬂ,ﬁ@fm&m@ daeHkiabiBgsisatd ds.
7. The process qf an par.agr aphs to 6, wherein said hydrocarbon

f eedst ock i s REEEC %‘tﬁdEBHV@éPﬂU%“§ectlon of a steam cracking furnace,

and sai d sepgoeopr Imosen;kmwiﬁth@@mﬁudc;atdewpm(:@sﬁg are'fﬁkhﬂlgﬂ’ aftedh) dithtigai d
st eam cr acki ng furnace. . The process of any ﬁpgraapjfhs | to 7,
wher ei n sai d FyPaFBEE bR ff@ecf?@@c%a%gt% foking pa%cm@% ithept\ipehngndt 59 1% % of

566C resid. OSVIOJ&&“proomgﬁthhc BrYesds pabagfuaRiSedralQing thodh gi@bmedaN €The
tenperature mnthln t he the conver5|2n reageécﬂls f@pn1600 t.o 900C,
§

al ternatel y 78eetigd gyeout drfesn ispagiculagly pifigientap ¥ By biP Beadpit 3eastiock

cont ai ni Ng r @8inth LREAPE tBIVAFGLr and heavy liquilddh bR cadilgamier @akitag WilhrtRagepdi@as ng a
vapor/|iquid p gtor (e.g., a knock-out drum) 25in fluid conmunication
(e.qg. |n{engﬁﬁgﬁ W¥h said furnace (typically the convection section of
said fur nace)0o6and In another emdd)maat, ilislindénziesl rek@ds@s: conpri si ng:

1. A process for cracking a hydrocarbon feed containing resid, comprising:
(a) heating a hydrocarbon feedstock containing resid;
(b) passing said heated hydrocarbon feedstock to a vapor/liquid separator (such as a
20 knock-out drum);
(c) flashing said heated hydrocarbon feedstock in said separator to form a vapor phase
(typically an overhead vapor phase) and a liquid phase (such as a liquid bottoms phase)
containing said resid,
(d) passing at [cast a portion of said resid-containing liquid bottoms phase from said
25 separator to a thermal conversion reactor where the resid-containing liquid bottoms phase is
heated to 649°C or more, wherein said thermal conversion reactor contains coke particles,
said reactor having a coke particle/fresh feed ratio(wt/wt) of at least 1:1 (preferably at least
3:1, preferably at least 5:1, altcrnatcly from 1:1 to 50:1, preferably from 3:1 to 30:1), based
on the weight of circulating coke solids and fresh feed entering the reactor; and
30 (e) converting at least a portion of said resid into olefins.
2. The process of paragraph 1, wherein said thermal conversion reactor is a transfer line
reactor and the coke particle/fresh feed ratio (wt/wt) in the transfer line reactor is in the range

of about 3:1 to about 30:1.
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i) a fluidized bed gasifier, ii) a transfer line reactor conprising
a hydrocarbon feed inlet in fluid 30communication with a | ower portion of
sai d separato n pyrolysis product outlet line, iij i condui t
connecting a YQS\%@%Q‘Eg tion of said fluidized bed gasifi e"rc)‘ﬁg%(’ﬁ&lé%%%
transfer line reactor, and WD 2012/005862PCT/US2011/039782 iv) at |east
one cycl one separator having an inlet connected to said pyrolysis product
outlet line, & crdéke@cys s aphtl106e, Hicrdn pihthpial FUMCHIPN §RPQT Byl

separator, anthedea3Ql indfuiPnddini@liod Men PALHLE Qlkels MduaNE ONSHBRINBHAT.
The system of paragraph 1 urther conprising an air/steaminlet at the

) 1 10, f . | am i n
bott om of 5saPtd FydFeaEne Hedd ghase Mithcokeymrtiia esyastedriiast saithlaigiramhrrkentoor

11, wherein sgj, filidi-6l aBeL-E QR sSiWELRRS kO Ses a  fluidized bed heater
vessel , haV|Gg recirculating solids conduits connecting |ower portions of

sai d heat et Vesseilhapgesspapagagirhilef or Anfyrther cpBpEtingGo Ry seidrfalks particles
connect ed betfv&e@ai@%léﬁﬁap%&magsmuqrhnmér B fhagasiphdr@ibIanAttt Relch@WaE pPQbtd on
of said heater vessel. 1013. The system of any of ~paragraphs 10 to 12,

wher ei n sai d SERAEHTnakRsHpSLdt ok mdis!es it atstepg-aoRnifet Berrpesated PiBi B bot h
of said flui dizgdihedrgasifier or said heater vessel. 14. The system of
any of paragraphs 10 to 13, conprising two solids conduits connecting | ower
portions of Said HBAPEICY @Y APl o84 ifasther cpmprisipg miyiag spl gesidiny of
par agr aphs 1Qoht@inkg, ligMaesaidw sl ctludnstdh al flungzdd@AGLEIE chskidg (BOEN fch&a!
riser reactor, wherein said solids conduit and sajd hydrocarbon feed inlet
are connect edoptainyg |F67\%é:'atakyétrfiqc§) RiEF o Pagsige sad bguy phasc to said transfer line reactor.

6. The process of paragraph 5, further comprising recycling said FCC catalyst fincs and

said coke particles between said transfer line reactor and said fluidized coker, such that the

concentration of FCC catalyst fines achieves a steady state level between 5 wt% and 25 wt%
15 ofthe circulating solids.

7. The process of any of paragraphs 1 to 6, wherein said hydrocarbon feedstock is heated

in a convection section of a steam cracking furnace, and said separator is in fluid

communication (e.g., integrated) with said steam cracking furnace.

8. The process of any of paragraphs 1 to 7, wherein said hydrocarbon feedstock contains
20 between 10 wt% and 50 wt% of 566°C" resid.
9. The process of any of paragraphs 1 to 8, wherein the temperature within the thermal

conversion reactor is from 600 to 900°C, alternately 700 to 800°C.
10. A system for cracking hydrocarbon feedstock containing resid comprising:
(a) a stcam cracking furnace having a vapor/liquid scparator (e.g., a knock-out drum)
25 in fluid communication (e.g., integrated) with said furnace (typically the convection section
of said furnace); and
(b) a fluidized coker comprising:
i) a fluidized bed gasificr,
ii) a transfer line reactor comprising a hydrocarbon feed inlet in fluid
30 communication with a lower portion of said separator, and a pyrolysis product
outlet line,

iii) a solids conduit connecting a lower portion of said fluidized bed gasifier with

said transfer line reactor, and
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16. The system of any of paragraphs 10 to 15, wherein said transfer |ine
reactor is a downfl ow reactor wherein said solids conduit and said

hydr ocar bon f are connected to an upper portio i actor.
2017. The pr chggof(%)r%sg%zy of paragraphs 1 to 8, wherein S%CSTUS?(@P%R{SS%W

conbined with a product streamfrom a steam cracking furnace. 18. The
process of any of paragraphs 1 to 8 or 17, V\/nerel n C2-C4 hydrocarbons are
produced in the therihft Kehwas SYOCr SaRISE hayng %‘hi”é‘)t@?ﬂ@&t“ﬁﬂrs@éd’ry%}‘%s are

further converted by, §&6y&kticnUnt O SraSlce cﬁxEta&K!eﬂgt § wppsiBon of Yaid THEoSYSt em
of any of paragraphs 10 to 15, wherein - hydr ocar bons are produced in

the fluidized coker SapiRiQaiy @ll@@“HV&F@éé?tﬁ?&h%f%lF‘éyq PSR Yonver t ed by

recycling to tihe 3"11@@%&6%[ @Pﬂr%a%ulmnMer cotprisihB@n RIRE8S Snief atahy b&fom of
paragraphs 1 to 8, 17 or erei n oxygen or oxygen- enriched air is

i nt roduced i ned ﬂ“%zeéﬂ:’@‘é&aﬁgc? gasi fier. 3021. The system of any of

paragraphs 102t 0 Fhe s@femlk pdvug@pﬁlm 0PAY ORRLrOE s OX VIGRDe® BleE h@melaéo&nplnses a

i ntroduced into the fl uidi zed bed gasifier. 22. The process of any

par agr aphs 1 udiged beq heajq vgyse ZWV‘W%‘P’@“LFW%B S@B@éec"ﬁ%‘tslcﬁti‘r’é%t‘“&rl%wgri’?%.’?lh% in
‘the fluid in bhmeat&a@mr and Wi 204/ AASBERRGH LIS291MAQ30BRd BewThLarDiHEESS

or systemof any of the above paragraphs 1 to 21, Wm?rel nthe residis a
566C- resid dBftenRbei¢ $66‘rﬂeﬁ‘f"lﬁ‘d]éf‘slo‘l’“?rdﬁftt9ﬁé’ftﬁ“d B3 VSelt he fol | owi ng regi ons

of the woid d:j3U. STh@ubﬂ‘emGQaﬁ}t of paRUtapRY 1D t@ai ihefelt |@id HeIbAdsepdrapesonls Atlaska,
Canada tar sands, C%nadl an Al berta r ‘r%l dol\% i.co Bay of Canpeche,
Argent i nean SafPyet éoblﬁfﬁrboé‘r%ﬁ“ﬁlﬂ& le%h‘f SR U BB B8¥rns, Egypti an

Qul f of Suez,j4Chadhe @mchﬁﬁai@ @tgﬁ@ig}albl@sr t10to 98 Bsonprigiag achoh&ﬁ%@umGBMatu@ohai
Bay, China Karamay, %ﬂsﬁlﬁ% gros, khst an. Caspi an, N geria O fshore,
Madagascar ?W?{\R/B’é“fms N rvher Idﬁ e Sehisbnebek, Venezuel an Zul i a,
Mal aysi a, andsl NAdURE SYsemSbiMBaiyr 6. parRHR] 110 t@not WRsicie vbiadiarEat linet RhSor is a
I nvention sr elV%Ittl%gl Elsoel reactor, wherein said solids conduit and said hydrocarbon feed inlet are
connected to a lower portion of said reactor.
16.  The system of any of paragraphs 10 to 15, wherein said transfer line reactor is a
downflow reactor wherein said solids conduit and said hydrocarbon feed inlet are connected
to an upper portion of said reactor.

20 17.  The process of any of paragraphs 1 to 8, wherein said olefins are combined with a
product stream from a steam cracking furnace.

18.  The process of any of paragraphs 1 to 8 or 17, wherein C;-Cy4 hydrocarbons are
produced in the thermal conversion rcactor and said C,-C, hydrocarbons are further
converted by recycling to a stcam cracking furnace.

25 19.  The system of any of paragraphs 10 to 15, wherein C,-C4 hydrocarbons are produced
in the fluidized coker and said C,-C4 hydrocarbons are further converted by recycling to the |
stcam cracking furnace.

20.  The process of any of paragraphs 1 to 8, 17 or 18, wherein oxygen or oxygen-
enriched air is introduced into the steam-air gasifier.

30 21.  The system of any of paragraphs 10 to 15, or 19, wherein oxygen or oxygen-enriched
air is introduced into the fluidized bed gasifier.

22.  The process of any of paragraphs 1 to 8, 17, 18 or 20, where the coke particles are

entrained in the fluid in the reactor.
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101 A. A process for cracking a hydrocarbon feed containing resid,
conpri si ng: (a) heating a hydrocarbon feedstock containing resid;

(b) passing sai d hydrocarbon feedstock to a vapor/li qui ar at or
(c) flashing ﬁggﬁgﬁ%§§9d hydr ocar bon feedstock in said é@%ﬁgg?g?5 0 forma

vapor phase and a liquid phase containing said resid; is(d) passing at

| east a portion of said resid-containing |iquid phase from said separator
to a thermal TonvdPeporess eapssh ey 8f PhabresrgeediitlaP il nghqrsigicdebotitions
phase is heatgdod 0c8496REd FBHRruddhB8ERioRe Sieinbrelon@lcnBliovEANMGIRE BNthE QAAL OF
cont ai ns coke gartlcles, said reactor having a coke particle/fresh feed

ratio (wt/w)Uer Calf Gassiseouthem Cplifewép. garth Rledwef GhvkoiCaptdac wnfingaeske
solids and freghif 8aeh, RMRGIFAY of OfinFRRC WokentiRAF SA0LBk eQRVERELiliAGadbs hRast a
portion of said resid into olefins. 2 rocess of paragraph 1A,  wherein

A. Th
sai d thernal cEHeebginsnEgvatat Glf pisSusz. Ghaﬁglfrgtﬁd Kitggorn dogth Sa. Aiigo e e Tsheyke

particl e/ fresthideaehd egag,o CoMb /R dmdyD e €7 foRNREAKhddnN€ashRAC NQErid DifsBothe
out 30: 1. A.Theﬁg;ocess of paragraph 1A, wherein

range of about 3:1 to a \
sai d ther mal NMghgeediwhyeshcPorn iNetheriprdimenegnebas. Vepruddaétigy Malypiy iyl

comuni cat i onpMnkda @udhdiidi di zed coker, and further conprising conbining said
resid-containiq& quuid bottons phase with coke particles extracted from
sai d fl ui di zdB0&bkern prpthesprbodimentithis PEenten ¥4 4iF€°wi t hin sai d transfer Iine
reactor. 4A The PRrAe&ss Bf crRARAERdcahon 4 dhehingeeRy, cehpgingepar ati ng sai d
aid olefins exiting said transfer |ine reactor

coke par;icles_frgg1 : ? . ns / f—ld nsf _
and passing said EoREMBHRPYEPRLDN RegsiackLPRENISiT 5B 0gasi fi er i ncor por at ed
within said fluidieeksaekad hcatlh hjlRcPEQCESE S0t topatAGNdRE séAratdrur t her
SRR R R Gy CREN R U -
catal yst finesd apfli@phds®@cdrasshd@idsadigd | i qui d bottons phase to said transfer
line eacgsor ' WD(d% %}szs{ngg? ]8698% E%rlétildjns glp s]éil'c{ r%g -Z:gnztaining liquid phase from said separator
to a thermal conversion reactor where the resid-containing liquid bottoms phase is heated to
649°C or more, wherein said thermal conversion reactor contains coke particles, said reactor
having a coke particle/fresh feed ratio (wt/wt) of at least l:1, based on the weight of
circulating coke solids and fresh feed entering the reactor; and
20 (e) converting at least a portion of said resid into olefins.
2A.  The process of paragraph 1A, wherein said thermal conversion reactor is a transfer
line reactor and the coke particle/fresh feed ratio (wt/wt) in the transfer line reactor is in the
range of about 3:1 to about 30:1.
3A.  The process of paragraph 1A, wherein said thermal conversion reactor is a transfer
25 line reactor in fluid communication with a fluidized coker, and further comprising combining
said resid-containing liquid bottoms phase with coke particles extracted from said fluidized
coker to form a fluidized mixture within said transfer line reactor.
4A.  The process of paragraph 3A, further comprising separating said cokc particles from
said olefins exiting said transfer line reactor and passing said coke particles into a steam-air
30 gasifier incorporated within said fluidized coker.
5A.  The process of paragraph 4A, further comprising mixing said resid-containing liquid
bottoms phase with an effluent from a fluidized catalytic cracking (FCC) reactor containing

FCC catalyst fines, prior to passing said liquid bottoms phase to said transfer line reactor.
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6A. The process of paragraph 5A, further conprising recycling said FCC
catal yst fines and said coke particles between said transfer |ine reactor

and said fl UiQioé@ﬂ/oﬁs%ﬁer’ such that the concentration ofpfclfﬁ]gzoq%sgjmxst fines
at'e

achieves a steady's | evel between 5 wt % and 25 W% 0 e circul ating
solids. 57A The process of paragraph I A wherein said hydrocarbon feedstock

is heated in a convection section of a steam cracking furnace, and said
vapor /| i qui d ®epar&® §rocess of marpigphy S Aot CRPIERS oY Hing 41d FCesitlyst 48RS ng
furnace. 8A The shteeeSsricsPRfvRek i direr WheFehitr Saistd MudnRepkenufieadst ock
contai ns between 10 wt % and 50 wt % of 566C+ resid. 109A. The process of

par agr aph 1A, hrRretiianeid f et figpseachisyasiamégdniteth leyelhesusa s s #8mS r om
a st eam cr acki®goffikd HRGBinglBAds. The process of paragraph 1A, wherein the
tenperature within the thermal conversion reactor is 700C to 800C. II1A A
syst em f or® cridtki d§° RYIFAMIBEaPRdds t'BEi e it &Y HPHEPOR de5dtotin itphsets g2
is(a) a steamosiREH QgidsMAGEanMLING: AurNRPA |shid WiapbrBRPRAT BpLAtod 1 ih lfkiad
comuni cation with said furnpace; and (h) a fluidized coker conprising:

i) a fluidized™oRgicy;vyifhgpid steam cracking fmage.t r ansfer |ine reactor conprising

a hydrocar borgA eedné plo€dss oNpdridtiph 20 GaERINIaGRRyIdRabb feedstdc@WBKtaiRO bdtlvedh Of
said separator, and a t%)rol si s, product outlet line, iii) a solids conduit
connecting a 100%eranAol t16RT 810 S aicdds | ui di zed bed gasifier with said
transfer hd n®A each®proc@Bhf paragraph 1A, wherein said olefins are combined with a product

strcam from a stcam cracking furnace.
10A. The process of paragraph 1A, whercin the temperature within the thermal conversion
reactor is 700°C to 800°C.
I1A. A system for cracking hydrocarbon feedstock containing resid, comprising:
15 (a) a steam cracking furnace having a vapor/liquid separator in fluid communication
with said furnace; and
(b) a fluidized coker comprising:
i) a fluidized bed gasifier,
1) a transfer line reactor comprising a hydrocarbon feed inlet in fluid
20 communication with a lower portion of said separator, and a pyrolysis product
outlet line,
iii) a solids conduit connecting a lower portion of said fluidized bed gasifier with
said transfer line reactor, and
iv) at lcast onc cyclone scparator having an inlet connccted to said pyrolysis
25 product outlet line, a cracked product outlet at a top portion of said cyclone
separator, and a solids outlet at the bottom of said cyclone separator.
12A.  The system of paragraph 11A, further comprising an air/stcam inlet at the bottom of
said fluidized bed gasifier.
I3A. The system of paragraph 12A, wherein said fluidized bed coker further comprises a
30 fluidized bed heater vessel, having recirculating solids conduits connecting lower portions of
said heater vessel and said gasifier, and at least one gas conduit connected between an upper
portion of said gasifier and the lower portion of said heater vessel.
14A. The system of paragraph 13A, wherein said cyclone separator solids outlet is

connected to either or both of said fluidized bed gasifier or said heater vessel.
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iv) at |east one cyclone separator having an inlet connected to said
pyrol ysis 25product outlet line, a cracked product outlet at a top portion

of said cyclo tor, and a solids outlet at the bqf i.d
cycl one separgséﬁsmgé . The system of paragraph 11A, fu&?ﬁgghggﬁ%??sing an

air/steaminlet at the bottomof said fluidized bed gasifier. 13A. The
system of paragraph | 2A, wherein said fluidized bed coker further conprises
a 30 fluidizd bdle weseeof vaggeph 134y copPiseiei FMeutclfls RPdett cerceBigdaress
connecting | oyRionROf daldRSteOfes2Bid shigahgficrvessel and said gasifier, and at

| east one gas conduit connected between an ugﬁer ortion of said gasifier

and the | ower!%or o AyHIM shpyagienit B\ v sai Hﬂ}s?érﬁl'@e $5R10B M B CHEH dgfaph
13A, wherein gakf, FNGiR0Ed SARALHMIOK ataldds dREb&L felSinkPRBRGHREA R LblvBer or
both of said fluidized bed gasifier or said heater vessel. WO

2012/ 005862 PEPIIISPH 1419 F3YT82 15A. The system of paragraph 13A, conpri sing

two s oli .dS. condui trse GRRAESTHLAGaHIOVEN, wiSfetnl @ASraBferIAb %a&@@ﬁs @Hox}éﬁﬁcﬁzﬂeaé&d
said gasifier. araqgap%ﬂllA, wherein said transfer
I

.16A. The sgstenqu p ‘
line reactor W 8t volidagoniyisud spid qedrsaroopiesddn i &aoanSHYI YUY SERMRATEO and
sai d hydrocardrendfeed- i nl et are connected to a | ower 5portion of said
reactor. 17A. The_system of paragraph 11A wherein said transfer line
reactor is a downflPolorEaet Rirasimerler HhEan dosbte tist Woridurtd Bveresal 4N of at
hydr ocar ban figgdp.i.nl et are connected to an upper portion of said reactor.
18A. The process of paragraph 1A wherein the resid is a 566C+ resid having
a TAN of at I8leadt® 0P 19 R8N p'o CRAEIDIDEPHG fph0Y A, "Riferite fHe
resid is a 566fmitERstdhtdnodingad 002 casRbalt fpescaoptemim of caill. | east 0. 04
grans of C5 %ﬁghaléenes pe? ram of resid, OA,_T_e(grﬁgessﬁof ,a%ggraph
1A, wherein tfle- r 887 BOFSS & BB P dird VOBEH HEANY Bt cPUbes ™t BhrBFe 8P more
of the foll owtdgs fre@i @BSr @lord SethwidllotingUeSons@ i the GoAST U .SSOUIF TRAN, southern
15 California, north slope of Alaska, Canada tar sands, Canadian Alberta region, Mexico Bay of
Campeche, Argentinean San Jorge basin, Brazilian Santos and Campos basins, Egyptian Gulf
of Suez, Chad, United Kingdom North Sea, Angola Offshore, China Bohai Bay, China
Karamay, Traq Zagros, Kazakhstan Caspian, Nigeria Offshore, Madagascar northwest, Oman,
Netherlands Schoonebek, Venezuelan Zulia, Malaysia, and Indonesia Sumatra.
20 21A. The process of paragraph 1A, wherein C»-C4 hydrocarbons are produced in the
thermal conversion reactor and said C,-C4 hydrocarbons are further converted by recycling to
a steamn cracking furnace.
22A. The system of paragraph 11A, whercin C,-C4 hydrocarbons are produced in the
fluidized coker and said C,-C4 hydrocarbons are further converted by recycling to the stecam
25 cracking furnace.
23A. The process of paragraph 4A, wherein oxygen or oxygen-enriched air is introduced
into the steam-air gasifier.
24A. The system of paragraph 11A, wherein oxygen or oxygen-cnriched air is introduced
into the fluidized bed gasifier.
30 25A. The process of paragraph 4A, where at least one cyclone separator is used to separate
said coke particles from said olefins exiting said transfer line reactor.
26A. A process for cracking a hydrocarbon feed containing resid, comprising:
(a) heating a hydrocarbon feedstock containing from 10 wt% to 50 wt% of 566°C’

resid;
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15 California, north slope of Al aska, Canada tar sands, Canadi an Al berta
regi on, Mexico Bay of Canpeche, Argentinean San Jorge basin, Brazilian

Sant os and C%gpgﬁuBﬁé&ns, Egyptian Gul f of Suez, Chad, g%&hggnb&gggon1hbrth
S I raq

Sea, Angol a ore, "Chi na Bohai Bay, China Karanay, agr os,
Kazakhst an Caspian, Nigeria Ofshore, Mdagascar northwest, Oran,
Net her| ands Schoonebek, Venezuel an Zulia, Ml aysia, and |ndonesia Sunatra.
20 21A A The pro6Rdassie spdhergiddprrogabonfresisiorinioerapsy/ IRyidperasi®Bons ar e

produced in the tRgmaEHinCRRAMRESd RRIrd8d6H REdsaRM i@@i&e@at&%wqugsmﬁ& are
further converted by recycling to a steam cracking furnace. 22A. The

system of paré@@rdpnd phase cyfrarias ##idCpsita hydrocar bons are produced in the
fluidized coker apf paaind -4 bk gcg)arlmma-caﬁtanﬁq%mﬁm ph&ORYEY shRidie RiYator
recycling to the steam 25cracking furnace. 23A The process of paragraph
4A, " wher ein dxygeRsTTlingxsagen vamPtedd-aeainiae fintid Sefocl Pt b e '8 ?g%ﬁ% air
gasifier. 24A; mbRe s8yrhas nbinpakae ArRIcl A foal fiti6 IRy 0% HORA re@étor of about 3:1
oxygen-enriched air is introduced into the fluidized bed gasifier. 3025A

The process df 2pedf #yH3ph 4A, where at |east one cyclone separator is used

to separate said g9kéhRahkhCbRsa pdr@iR sFakid r@ldehbBEFRXI ting said transfer
line reactor. 26A. A process for cracking a hydrocarpbon feed containing
resid, conpriXitngThy FoKiesarl myregrapy drdoe aVissin Feederdek leoiesini Hg'm 81 10
w%to 5010}/\’::i %ﬁﬂﬁ}uﬁiﬁﬁ%n;%&hdd é‘luiﬁ%@@%%gf@@égﬁaml déﬁ%ﬁ%lﬂké Qﬁ&g&&g said resid-b)
assi ng sai eat ed hydrocarbop feedstock to a vapor/liquid. sepayrator,;

?c) f1'ashi ng Cg%fﬁlamﬁégfyl@dﬂww BE%F BB P %a%rfla!eSkeﬁtﬁﬁgtgéiﬁamg%waﬂla@%fdr 1% Brm a
vapor phatseI &5&@% @ﬂlluhiqwt Iﬁixaia@\?@hiﬁ@m amjfeggn@ail&brr esi d | o ] (d) -
assing at le a portion of sajd_resid-containing |liqui. ase. from sai
gepara?or 5t6%§*tF5 Pﬁ?sWﬂﬁ@gP@ggP3#%V%EF@nWW§%P 4 5 & ﬂﬁﬁwkf 8id
bot t ons phaseail sldfiaataend @idddcFeOlindMsictor afd@pshsihgagl oskehAMichy o @ Akem-air

particle/?resh ;eed ratio\$Wﬁ/mﬁg LQ t he reactor of about 3:1
5 i ithin said fluidiz

gasitier incorporated ed coker.
29A. The process of paragraph 28A, further comprising mixing said resid-containing liquid
bottoms phase with an effluent from a fluidized catalytic cracking (FCC) reactor containing
FCC catalyst fines, prior to passing said liquid bottoms phase to said transfer line reactor.
30A. The process of paragraph 29A, further comprising recycling said FCC catalyst fines
20 and said coke particles between said transfer line reactor and said fluidized coker, such that
the concentration of FCC catalyst fines achieves a steady state level between 5 wt% and 25
wt% of the circulating solids.
31A. The process of paragraph 30A, wherein said hydrocarbon feedstock is heated in a
convection scction of a stcam cracking furnacc, and said vapor/liquid separator is in fluid
25 communication with said steam cracking furnace.
32A. The process of paragraph 26A, wherein the transfer line reactor is operating at 700°C
to 800°C.
33A. The process of paragraph 26A, whercin the resid is a 566°C” resid having a TAN of at
least 0.1.
30 34A. The process of paragraph 26A, wherein the resid is a 566°C” resid having a Cs
asphaltenes content of at least 0.04 grams of Cs asphaltenes per gram of resid.
35A. The process of paragraph 1A where the coke particles are entrained in the fluid in the
reactor.

36A. A process for cracking a hydrocarbon feed containing resid, comprising:
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to about 30:1; and (e) converting at least a portion of said resid
into olefins. 27A. The process of paragraph 26A, wherein the transfer line
reactor is i Ny lzb'fzﬂossk ) comunication with a fluidized gQket,  aask,further
conprising conbining said residcontaining liquid bottoms phase w coke
particles extracted fromsaid fl uidi zed coker to forma fluidized mxture
within said transfer |ine reactor. The. process of parag(r)aptﬂ 27A,
further conprisi ng®dwpitest migecadry f‘i?gﬁi{@krfﬁf“?in&geféor? H@l’ﬁté’aﬂ’éod’“éﬁf? ¥Oi ti ng
sai d transf erreliil R&vikLATAN ofANRaPAISINEG SakghaBkecddant bl @Rist (40zramSbeam ai r
15gasifier i ncor?or ated wthin said fluidized goker 29A. The process of

par agr aph 28ASPHlFRoR 8F" SEBRBF LT gt OMVGCHY SHiod of B ST £8HHRE MG | i qui d

bottoms phase wi t li)aps@hd hmn&atédr@m@am)bmmuwﬂt @Bl adpyt/iiguic kepakiongn (fafaC)
reactor containing, FCC c yst fines, prior to passing said |liquid bottons
phase to said W’&%w‘é‘%ﬂ‘Ylﬁ‘r%‘dr*?ﬁ‘&‘tclfﬁ“km%WaCThe process of paragraph 29A,
further conpri si ngerRayme 4dmg1e5tad By drdstrbe@tealiysik if §aRB®paraOr @MeinsalPoCie
particles betMﬁen sg ﬁ transfer |jne reactor and said fluidized coker, such
that the concBAflgrifBResrontengsihicydt fines achi eves a steady state | evel

bet ween ﬁ W % a\?\ﬁ ((B@ayﬁn%)a@gcaiﬁ Ia?oﬁioﬁ eBhkaad :cemg-csmhmﬁlg liquid pBMéroﬂ\sﬁldQEWﬁ&s of
par agr aph 30A, erel n sal rocar tock 1's In vection
section of a BEdERTETHERFAET f’é‘i‘ﬁé‘éé‘f 9@3‘8 @ﬁ%ﬁo’iﬂﬁr&“}lﬁif i ge %%ﬁ? @nf 45 i n
fluid 25cwnmam&(attmnnmetthn§“ailmesdaetam&rtaeldngtgoffaumaqeo aoUA30:T;hed pr ocess of
par agr aph 26A, V\,hgr ein the transfer e reactor is operating at 700C to

800C. 33A. The pr é%‘évc'iﬁlf’gﬁ%l?%bar%oﬁﬂo A g lgtf’r‘i’lﬂfﬁ?a resid is a 566Cl resid
havi ng a TAN [0d63at l@ast o&cﬁmc%b’&élﬂcd Tllftempmmgesﬁ tafnspﬁcfcagéraphhﬂﬁﬁkcw ein

e e LS e om0 TR EL SR e bl Ll O %
wher e the cokefipagthredeess, arterdeEdhnal I‘Riﬂl)elttmt Kieydrd, Ui ditot, Mt(hlewpfaac(QOM) 3GA. A
process f o GL& gkl g pmorlydr(())c%%rertl)t(s)npafte% S an pa¥enl glloprlll atlro%bs Ites’t procn&)ures dsug}ln as

ASTM methods), and other documents cited herein are fully incorporated by reference to the

extent such disclosure is not inconsistent with this invention and for all jurisdictions in which

such incorporation is permitted. Also, when numerical lower limits and numerical upper

limits are listed herein, ranges from any lower limit to any upper limit are contemplated.

20 [0064] The invention has been described above with reference to numerous embodiments
and specific examples. Many variations will suggest themselves to those skilled in this art in
light of the above detailed description. All such obvious variations are within the full

intended scope of the appended claims.



WO 2012/ 005862PCT/ US2011/ 039782 (a) heating a hydrocarbon feedstock
containing from10 wt%to 50 wt % of 566C resid having a TAN of at least 0.1
and a C5 asphaltenes content of at |east 0.04 grans of C5 asphaltenes per
gramof resid in a convection section of a steam cracking furnace;

(b) passing said heated hydrocarbon feedstock to a vapor/liquid separator

in fluid Smmmilﬁjcati on with said steam cracking furnace,; (c)
flashi ng sai d heated hydrocarbon feedstock in said separator to forma
vapor phasg/hgﬁﬁcéﬂli”’ledbﬁ d phase containing said resid, (d) passing at

| east a portion of said resid-containing liquid phase fromsaid separator
to a transfer line reactor operating at 700 to 800C or nore and the coke
particlel/ftesh Aq&dcefsﬁ)ﬁatc’ramk(ngta/Md)odarbdnl”feed canmshiag rédiheompaisingr is in the

range of about to a converting at |east a portion of
said resid int og‘%#iﬁ }I}gsa g@ﬁrf?%(ggoc ReeiRiEreseci fi ed, the meanings of
terms used herey) palidld salcﬁﬂfeeatédhﬁldhcﬁf%nri@édétd&@@h QSﬁ)drfh hi’t?se%éxtatorr ef erence
shall be taken, in particular, to Handbook of Petrol eum Refini n% Processes
Third Edition, ®dlashing, Sawbimt@d hE@homrbon ﬁﬁtﬂzésmkl-unlsald( SyRmtor ton forb

addi tion, QI I ellsorlnéé nt SohR& engs angl at e it applications, test
procedures a(pgu 5 88?)13 %?Cc? THes %} nts cited herein are

fully incorpor a(fdz(i)absing af wagmq)ohﬁbﬂ be sy tredqt- csﬂ@thn@g Sighidsbistnhss phiat
inconsistent with this invention and for all jurisdictions in which such

i ncor por at oM il sepraiartie @ thammab conysasiom tRaeior overq BRapsidcapteingidtdmer i cal
upper lim f MG na pper
limt are ]!(;:(gtr(l) esn%l*als‘?gsegea 0 1%&?6Qi&%ﬁ§rei Wg}nﬁp Xalhhas eggr;lﬁ\; ésg(%} ?%été)yabove
with ref ermmwenst ke faeticdess sedbediorany mgancbkepadide/ fredx eopram (b of
variations w u ensel ves to those skil]led i is art.in Ilght of
the above %ﬁ% 1 30D opithE FoRM o FrQlResDe 59}51 f?ﬁSflg?Pé ARG PRi 0 t he
full i nter;gggmsg&pe of the appended clains. CLAIMS Wat is clainmed is:

1. A process for cracki ng a hydrocarbon feed containing resid, conprising:
(e) converting at least a portion of said resid into olefins;

(f) mixing said resid-containing liquid bottoms phase with an effluent from a
fluidized catalytic cracking (FCC) reactor containing FCC catalyst fines, prior to
passing said liquid bottoms phase to said thermal reactor wherein the concentration of
FCC catalyst fines achieves a steady state level between 5 wt% and 25 wt% of the

circulating solids.

2. The process of claim 1, wherein said thermal conversion reactor is a transfer
line reactor and the coke particle/fresh feed ratio (wt/wt) in the transfer line reactor is

in the range of about 3:1 to about 30:1.

3. The process of claim 1, wherein said thermal conversion reactor is a transfer
line reactor in fluid communication with a fluidized coker, and further comprising
combining said resid-containing liquid bottoms phase with coke particles extracted

from said fluidized coker to form a fluidized mixture within said transfer line reactor.

4. The process of claim 3, further comprising separating said coke particles from
said olefins exiting said transfer line reactor and passing said coke particles into a
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(a) heating a hydrocarbon feedstock containing resid; (b) passing said

heat ed hydrocarbon feedstock to a vapor/liquid separator; (c)
flashi ng said heated hydrocarbon feedstock in said separator to forma
vapor phase and a liquid bottons phase containing said resid, (d)

passing at least a portion of said resid-containing liquid bottons phase
from sai d stegaraat @sifico irvotgoedtathivithmrvael Buidized esiciror where the
resid-containing liquid bottons phase is heated to 649C or nore, wherein
said thermal conversion reactor contains coke particles, said reactor
having a ceke papd 'p?éc%ég 6E8Rih eleqwﬁe%lh%agf"%x %]ar? ?éedgtgaéﬁs flegted BRGE ON

t he wei ght of circulating coke ol 1ds an res d entering t%e reactor;
and @HWedmnN%xnomgfammheasudan@ﬁmnwmmamds&dndpmésumdsqﬁmMOﬂaﬁhns

(0 m xing aJd resid- ontalnln | i qui d _bottons phase with an effluent from
a fluidizet" éPHVWTPgi@Péﬂﬂﬁ 59??%2§“*%ﬁééwwaﬁ%ntalnlng FCC catal yst fines,
prior to passing said |liquid bottons phase to said thermal reactor wherein
the concentration of FCC catal yst fines achieves a steady state |evel

bet ween 5 &t % ahble p®ceswf staimhle vdicraiw baid ihydrosarbial deedstoth eonspins éstvesh cl ai m
1, wherein L SIO reactor is a transfer line reactor and
the coke pgf ‘%fégﬁresﬁ/qgg% Pl "(Wt/w) in the transfer line reactor is
in the range of about 3:1 to about 30:1. 3.The process of claiml1l, wherein
said thermal conversion reactor is a transfer line reactor in fluid

comuni cat? on W Rh PEOCRIsupFlabm 1o okisrein gyl plgfinhare egnpinpd iwith adbditng sai d

resi d-cont rta%wdﬁéﬁﬁ%ﬂ hase with coke particles extracted from
said flui er to form U|d|zed m xture within said transfer |ine
reactor. 4.The process of cla|n13 further conpr|S|ng separatlng sai d coke

particles %ronLﬁﬁld olef L % gld transfer 1&}gactor and passing
sai d coke parti ee%roF‘?'?tSB a1m 2W ereyyt Sfﬁng?efatﬂﬁ’s‘wl?l@rt 5 thEBRY SPRYEHOW t hi n
sai d flui diez&Q6k iS9¥69C to po°dhe process of claim 1, wherein said hydrocarbon
feedstock is heated in a convection section of a steam cracking furnace,

and said vapor/liquid separator is in fluid conunication with said steam

cracking fgir nack. Snectoor PhOS 73n8kin he ddss NH80E! RsHalind i T RRASHR"

f eedst ock Cont
least 0.1.

10. The process of claim 1, wherein the resid is a 566°C" resid having a Cs

asphaltenes content of at least 0.04 grams of Cs asphaltenes per gram of resid.

11. The process of claim 1, wherein the resid is a 566°C" resid obtained from
crudes from one or more of the following regions of the world: U.S. Gulf Coast,
southern California, north slope of Alaska, Canada tar sands, Canadian Alberta
region, Mexico Bay of Campeche, Argentinean San Jorge basin, Brazilian Santos and
Campos basins, Egyptian Gulf of Suez, Chad, United Kingdom North Sea, Angola
Offshore, China Bohai Bay, China Karamay, Iraq Zagros, Kazakhstan Caspian,
Nigeria Offshore, Madagascar northwest, Oman, Netherlands Schoonebek,

Venezuelan Zulia, Malaysia, and Indonesia Sumatra.

12. The process of claim 1, wherein C,-C4 hydrocarbons are produced in the
thermal conversion reactor and said C,-C4 hydrocarbons are further converted by
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10 wt % and 50 wmt % of 566C+ resid. 7. The process of claiml, wherein said
ol efins are conbined with a product streamfrom a steam cracki ng furnace.

8. The process of claim1, wherein the tenperature within the thermnal
conversion reactor is 700C to 800C. 9. The process of claim1l1, wherein the
resid is a 566C+ resid having a TAN of at least 0.1. 10. The process of

claiml, wheyding tbhstdagsirdclinsg Ard@eC+ resid having a C5 asphal tenes cont ent
of at least 0.04 grans of C5 asphaltenes per gramof resid. 11. The
process of claim1, wherein the resid is a 566C+ resid obtained from crudes

from one of, nor :OW, i Qr L. ch: ast,
sout hern C?i i fo?}rﬁ) r,otcgsgr({f?h{slﬁl\(l)\& gg?)%ra%\log(g E%f%fcg’%}%gﬁ%} égheg %ﬁglss lgégn%cgg an
Al berta renitothe siani-aogBafyerof Canpeche, Argenti nean San Jorge basin,
Brazilian Santos and Canpos basins, Egyptian Gulf of Suez, Chad, United

Kingdom North Sea, Angola COffshore, China Bohai Bay, China Karamay, Iraq
Zagros, Kazgkhsigh (aSR 3P.cliind8r hikhefd 66 NALE ondRYBIBAS GRParBQF LIHWRSH »10 OTBN,

Net her | ands Schoonebek, Venezuel an Zulia, Ml aysia, and |ndonesia Sunatra.
12. The prepess wid gkaiparticlesviien sdid oG2inS4xitpd saddrapsleslive wagooduced in t he
t hermal conversion reactor and said C2-C4 hydrocarbons are further

converted by - 23 - recycling to a steamcracking furnace. 13. The process

of cl ai m 415 whep §irébegy e @fhcRing @HYAStafIdohi f6diREbnifing Fesid)ich@PHSiag: i nto the
steamair gasifier. 14.The process of claim4, where at |east one cycl one
separator is us@)heging a hydrocarbon feedstock containing from 10 wt% to 50 wt% of
566°C" resid;
(b) passing said heated hydrocarbon feedstock to a vapor/liquid separator;
(c¢) flashing said heated hydrocarbon feedstock in said separator to form a
vapor phase and a liquid bottoms phase containing said resid;
(d) passing at least a portion of said resid-containing liquid bottoms phase
from said separator to a transfer line reactor where the resid-containing liquid bottoms
phase is heated to 649°C or more, said reactor having a coke particle/fresh feed ratio
(wt/wt) in the reactor of about 3:1 to about 30:1; and
(e) converting at least a portion of said resid into olefins;
(f) mixing said resid-containing liquid bottoms phase with an effluent from a
fluidized catalytic cracking (FCC) reactor containing FCC catalyst fines, prior to
passing said liquid bottoms phase to said thermal reactor wherein the concentration of

FCC catalyst fines achieves a steady state level between 5 wt% and 25 wt% of the

circulating solids.

16.  The process of claim 15, wherein the transfer line reactor is in fluid
communication with a fluidized coker, and further comprising combining said resid-
containing liquid bottoms phase with coke particles extracted from said fluidized

coker to form a fluidized mixture within said transfer line reactor.

17. The process of claim 16, further comprising separating said coke particles
from said olefins exiting said transfer line reactor and passing said coke particles into
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separate said coke particles fromsaid olefins exiting said transfer |ine
reactor. 15. A process for cracking a hydrocarbon feed containing resid,
conpri si ng: (a) heating a hydrocarbon feedstock containing from 10
w%to 50 w % of 566C+ resid, (b) passing said heated hydrocarbon
feedstock to a vapor/liquid separator; (c) flashing said heated

hydr ocar boa sfeemetst gskficr incoapodatsé pathat @id floidfzed koleervapor phase and a liquid
bottons phase containing said resid, (d) passing at |east a portion
of said resid-containing |iquid bottons phase fromsaid separator to a
transfer lige r reshds el L G t: aase i s
heated to 6oC ofF B g fal AT FRLNE R BioD@ oo BldaRR ) APRCR M ac

rati o (wt/ wanvection seetioeat b oteaof cratdong fBnicet endib@dtvaB@yliquidneparator is iqe)
convertingﬂal | east .a portionggf sai d %§§id i nto ol efins; (f) mxing
sai d resi dlEGFOTRMGION GIPAHLICBRESHES LRt an ef fluent from a
fluidized catal ytic cracking (FCC) reactor containing FCC catal yst fines,
prior to passing said |iquid bottonms phase to said thermal reactor wherein
t he concent%-at i dhe pfocgssof chimllyswhéreinetbe senifenlas rgaciorcia @persting at TANE|

bet ween 5 W di 25 Wt % of the circulating solids. 16. The process of claim
15, wherein % etransfer line reactor is in fluid conmunication with a
fluidized coker, and further conprising conbining said residcontaining

|'i quid bottonms phase with coke particles extracted fromsaid fluidized

0

coker to f#tm alhe iogess@d chimtlds haieithths resd is 2 PARST apsiq hawng edAlof 17. The
process of_.glaigy16, further conprising separating said coke particles from
said olefins exiting said transfer |line reactor and passing said coke
particles into - 24 - a steamair gasifier incorporated within said

fluidized coker., 18. The process of cl.aim 17, whergin said dr ocar pon

f eedst ock 7S hey.?eeﬁchﬁssao@&lﬁ%cl%? dYP%"éEttH%)ﬁesb‘f I%as?_eééa% E?S%E‘%{Wﬁgfﬁjpﬁace,
and sai d VARRAI{chbMnter? 8PA 1849 0. 04 rAdls bf €l SpR RO p&Ah A sai d steam
cracking furnace. 19. The process of claim 15, wherein the transfer |ine

reactor is operating at 700C to 800C. 20. The process of claim 15, wherein

the resid j5 a pd6GH [&rdNav] W9eft HANRE pakicdlE3RL odrdined in the fluid in

the reactor.

23. A process for cracking a hydrocarbon feed containing resid, comprising:

(a) heating a hydrocarbon feedstock containing from 10 wt% to 50 wt% of
566°C" resid having a TAN of at least 0.1 and a Cs asphaltenes content of at least 0.04
grams of Cs asphaltenes per gram of resid in a convection section of a steam cracking
furnace;

(b) passing said heated hydrocarbon feedstock to a vapor/liquid separator in
fluid communication with said steam cracking furnace;

(c¢) flashing said heated hydrocarbon feedstock in said separator to form a
vapor phase and a liquid bottoms phase containing said resid,;

(d) passing at least a portion of said resid-containing liquid phase from said
separator to a transfer line reactor operating at 700 to 800°C or more and the coke
particle/fresh feed ratio (wt/wt) in the transfer line reactor is in the range of about 3:1

to about 30:1; and
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21. The process of claim 15, wherein the resid is a 566C+ resid having a C5
asphal tenes content of at |east 0.04 grans of C5 asphaltenes per gram of
resid. 22. The process of claim 1l where the coke particles are entrained
inthe fluid in the reactor. 23. A process for cracking a hydrocarbon feed
containing resid, conprising: (a) heating a hydrocarbon feedstock
cont ai ni ng fr ome}QomtetirigatIasnt Povion o6 644 resédbintb blafinnng a TAN of at | east

0.1 and a C5 asphal.tenes. content of at. least 0.0 ra of asphal t enes
per gram of refsagn}lﬁmé SRS 0BH E G THORS g gwﬁﬁ&em_fﬁg%ff ée;
(b) passingugiald healrd cﬁxﬁﬁqg;@g@nreaasld%gﬁgiﬁiﬁgols@cvemryéd Fifey, q)(rﬁ)@%r at or

in fluid communication wt t eam cracki ng furnace; c) flashing
sai d heat epaskindr eaidr bigudf bedemecphase ®aisaids épasfat dmet oedctormvéiescapothephase

and a liquid bottons e containing. said resid; d Sl ng ,at

| east a po??F@H“HPn§§ﬁgﬁ$8§F §%€W§é¥ﬂpﬁasTFﬁﬁ@ﬂg@ﬁégglPF&%%QE?H%@@gQrator
to a transpeutdsiotend 8RGIAheQPEdat i ng at 700 to 800C or nore and the coke
particle/fresh feed ratio %mﬂ/mﬂ) in the transfer line reactor is in the
range of about 3:1 to about 30:1; and (e) converting at |east a portion of
said resid into ol efins; (I') mxing said resid-containing liquid
bottonms phase with an effluent froma fluidized catal ytic cracking (FCO
react or containing FCC catal yst fines, prior to passing said liquid bottons
phase to said transfer |line reactor wherein the concentrati on of FCC

catal yst fines achieves a steady state |evel between 5 wt % and 25 wt % of
the circulating solids.
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