PROCESS FOR CRACKI NG SYNTHETI C CRUDE O L- CONTAI NI NG FEEDSTOCK Fi el d

[ 0001] The present invention is directed to a nethod for processing the
gaseous eWbloendi143po0m hydrocarbon pyrolysis units that eamuss@7hemey feeds,
e.g., synthetic crude oil-containing feeds, as well as a nmethod to upgrade
synthetic crude oils. Ratliff ound [0QQ2] Steam cracking, also referred to
as pyrolysis, has | ong been used to crack various hydrocarbon feedstocks
into olefins, preferably Iight ol efins such as ethylene, propylene, and

but enes. Cbnv , | , &~ Whi ch has
two main secttof ; ; ' L8
hydr ocar bon feedstock typlcally enFEEngunjgwwectlon sectlon of the
furnace as a liquid (except for |ight Teedstocks which enter as a vapor)
wherein it is typically heated and vaporized by indirect contact with hot
flue gas frdnekdhe radi ant section and by direct contact with steam The

vapori zed fe tock_and steam m xture en intr d into the radi ant
section mheﬂ§8¢ e chﬁﬁﬁﬁﬁnt§%@§“BTdé 1“*ﬁ£‘?b§uﬁ?t Fdﬁﬁ%?@ngﬂﬁﬁludlng

olefins, | eaéé@eotug%fﬂﬂ)/e'h?@bﬁi dry&d ;{r@f sts U@ 8t QNS f fRLRCESSI Ny,
|nclud|ng guenchi ng. 0003 | storica quenchi ng effluent from & heavy

f eed crack|ngnﬁmnmau@chabc@menn@e&hmlcatwyl@hahmemgﬂng1mmn3k gynthett heavy

f eed furnacigwfqg oy a two-stage quench, the first stage being a high
pressure 10 ©Y'$13900 kPa (1500- 2000 psig) steam generator and the
second st ageg4iikblédiaig’g direct oil quench injection. See, e.g., US. Patent
No. 3,647,9 ato et al., incorporated herein by reference. In the
1960s hi gh P88 ur eSthmacmdengrasd ngferced ok esl pgadysco bhe lengdegihoyed tas

o a1 eeadranaangR Godhiy Fedttrs Bt Roreastiy el CaBm 5<h35 bac) )
and high tubgeld piRYRAE A REnES Lok AAhedrh BlabRil LR GaNseaRELT on of

heavy hydrocarbons and attendant coke formation on tuBe surfaces
[0004]Convedhnmn@hmsmdamnnman&nmqnsymt@n®ﬂhawﬁlbﬂaqneﬁdeca®amwkomnnrack|ng

hi gh- quallty eds oi | apht ha. t eam

Cr Scking - SGRRRED CoRh RSt ARG T v a8t ol G FERdst ock
such as, byzﬁ@yhaﬁumﬁﬂc&hmbtm%ﬁt%%ﬁﬂBH&ﬁme%U&ﬁmohdaaﬂﬂoéfWHéﬁﬂﬁﬁ'@ resid,
al so knomn as atnospheric pipestill bottons. Crude oil and at nospheric

resi d cont aitppikilih heastd end atapweghby 1mbr¢ct/ot>lata¢tl\eltlcdnp<fhlergas frsdmhthboi | i ng

points in exc 590C,((1100F). The no oIat | e, heav ds of these
Peedst ocks I atloM1IS8 AEBRE i RETBEnD ARG Sl VHHTH CVBR Pofa
pyrolysis f uidates«tuns meyl%ﬁfodma LRY ﬂtesraetanm@ny@muel t8S cﬁ@ﬁngeaktegl erat ed
in the convection section downstream of the point where the |ighter
conponent s trdacs. fThe Irysuxl'tatgopltozle@ts lAdhildtngcxuiaﬁtw leaygrthe mapsiyiwdurares for

t h, crude oil Conventional pyrolysis

1 i t 1
o o ot oS fan® progfiter el B Bing T e s oy s by wany

resid or cruyggozont ﬂﬁ@t&%aﬁ? q&&lcﬁinlgsefﬁﬁerﬂ%}hrbﬁﬁea e@dﬂ CERRINI firdick ar ge
fraction of heavy nonvol atile hydrocarbons. [0005] Synthetic crude oils are

wi de boi | i ndhas diege tt:ghmogﬂarqhg}(herfgg@j Meos$tanodern heavy feed furnaces employ a
two-stage quench, the first stage being a high pressure 10400 to 13900 kPa (1500-

2000 psig) steam generator and the second stage utilizing direct oil quench
injection. See, e.g., U.S. Patent No. 3,647,907 to Sato et al., incorporated herein
by reference. In the 1960s high pressure steam generating cracked gas coolers
deployed as transfer line exchangers were found to be especially useful in
cracking liquid feeds. The high steam pressure (8100 to 12200 kPa (80 to 120
bar)) and high tube wall temperatures (300° to 350°C) limited the condensation of
heavy hydrocarbons and attendant coke formation on tube surfaces.

[0004] Conventional steam cracking systems have been effective for cracking

high-quality feedstocks such as gas oil and naphtha. However, steam cracking



contain mninmal amunts of non-volatile materials. G ven the substantia
absence of non-volatiles, e.g., resids (including asphaltenes), from

synt het i cwonroesa®i43vhey appear particularly suitable as Pegas260308382@cki ng
processes. However, conventional synthetic crudes that are hydrotreated
bl ends of non resid containing virgin l-pquids from atnospheric or vacuum
pi pestills, conbined with thermally cracked products, may exhi bit
difficulties in cracker operability. Such difficulties include |ow coi
outl et tenperatures 'Qﬂ%CQ?V%fSiiﬁ apd higE coéiQ%tig the r diantfand
quench sect i SRLBES BYPEIYS &V FLTAALES O bBTATY STPRES A1 DB 3AS  t o
Leftin et alnon-IWhitiah kgarhpleQr AR od had ehimdyhdRf at8acalsodikgehas as
production of C2 to C5 olefins by "steam pyrolysis, i.e., cracking" of
nornal |y |i diingsihgte qupestidnbotigimy. Cividpi o 2he pteokahcde pissidt eonsgint ighi nt eri or
surface of the furnace.., More hi.ghly ar ti.e,.. higher kKing.p Leum
derived feedtyselt Erghy kSl olBBRLT Wbl IRl R ER V8

f eedst ocks t(@1@reyi TR sdmaekhiig, heedshas bf tHe0® Geliketidlay &lowal as, coke in
"Hi gh-Severity Pyrolysis of Shale and Petrol eum Gas CiY M xtures,” Intl.

Eng. Chem, tw eebsstiqessctipeof conyentionabpyrrtysis furngees. Onhy. viesy loyatavalsy! 1986,
teach hi gh-se) o El%é/t%'lesfatgﬁ i Y Qo‘é{vgé%lo'n' seetior dew SRICORE pgl:_aNd
petrol eum derive |gz% gas oi " m xtures to reduce coﬁlng rates‘as conpared

to shal e gaswigirt tlad pFHRcraGnAidnaht Gata@tiileydporibydd ratdi el gsostahHhgas ol |
prior to pyrolysis. 10008] US 2005/0258073 to Obhalla et al. discloses that
"[a] n ar omatdre seHapHried aHeciude pil supiag fapmosi keavaioptlaysdlEsinfirpesyy gas

oi | derived fr NAS. A I i ls.derj r acki vy gas
oi |l may optf%hg %Q%éﬁﬁlg%ﬁ@@@%%%%gﬁﬁ§%5%%%’fgxgghééggéH%%ld%gggggess and
a ring openidogtahifattd QiK' oildoit hephia8SHARA Dhtatn &adirgt YBiction of PEDY LRS-
paraffinic feedstocks for further chem cal processing."” 100091Sharypov, V.
1., et al., 'oladile hxggpcarbeps. No. 7 pp. 791-94, discl oses steam cracking

Coal - Dor | ved Wit nSyithidt, Byl Rl dre WRSURELAQL o Bhigs) CRILMN RS ¢
ABSTR. NO 39b2&& MidihaNemotgaoheasn-sblda rastadkls NGiven cloadubgianiial@thsence

hydr or ef i ned napht ha_provi des reduced gaseoqus product yield (7-20% than
that of a stafdiognrtolaties s rispidt nalgenaphalfenps)t Femgsymhetis fewdesi theri ng as

couerLeY, o IGPRERIRPCUINES o RN 28 i S oA o

usi ng synt hejoheertioualesyathletic asidas fhaeaisthydioticated bignds k€hon tdsidneuntaining
virgin liquids from atmospheric or vacuum pipestills, combined with thermally
cracked products, may exhibit difficulties in cracker operability. Such difficulties
include low coil outlet temperatures, low conversion and high coking in the
radiant and quench sections of pyrolysis furnaces.
[0006] U.S. Patent 4,176,045 to Leftin et al., which is incorporated herein by
reference, discloses production of C, to Cs olefins by "steam pyrolysis, i.c.,
cracking”" of normally liquid hydrocarbons while minimizing coke deposits on the
interior surface of the furnace. More highly aromatic, higher coking petroleum
derived feedstocks are blended with lower coking petroleum derived feedstocks to
provide cracking feedstock.
[0007] Leftin, et al., "High-Severity Pyrolysis of Shale and Petroleum Gas Oil
Mixtures," Ind. Eng. Chem., Process Des. Dev., Vol. 25, No. 1, pp. 211-16,

January, 1986, teach high-severity pyrolysis of narrow boiling range shale gas oil

and petroleum-derived light gas oil mixtures to reduce coking rates as compared



be desirable to upgrade such feedstocks to inprove cracker operability.
Such i nproved feedstocks should provide higher coil outlet tenperatures,
hi gher comoensiom3and reduced coking in the radi ant andPquaseén79e3sté ons of
pyrolysis furnaces. Summary [0012]In one aspect, the present invention
relates to a process for cracking a synghetic crude oil-containing

feedst ock conprising: i) hydroprocessing a wde boiling range aliquot
containing a) normally |iquid hydrocarbon portion boiling in a range from

500 to 800F,, substanti.al free of resids,,and b).thernall racked

nydr ocar bon PRt eisfer 55 PlsbETe Brh B8 Mgk bR o Pl e
synthetic crgdgletlygsl boiling in a range of from73 to 1070F, containing
greater than 25 wt % aronatics, greater than 25 wt % napht henes, | ess than

0.3 wt% S, 118888]t halS0. 8903{024%0sphabt eRballa astl fhibsdisplpsesl | that r eBlbf resi ds
ot her than asphaltenes; ii) adding to the nthetic crude oil normal |y

" aut - hydr Ao BB RBaleah rB SR g B Bt MY ieds E5M050r: *and
i) cracki mgorh g sahdd atidecyicRssilst dofiged FOM éfagkihd haver @ kArmiponagally
conprising a radiant coil outlet to provide a cracked effluent, wherein the
cracki ng i s bedrlendsd apdsubipeted tacphrdreganaton pfacessi aadta ming efohat reactioadi ant

coil outlet . t iL.ch J at. e n. th i Lant. _coil

out 1 et t erpe apcrsror Ot SElat o AT CharklI KRR Rl

[ 0013] I n cerpradédesiggbodi ments of this aspect, the normally liquid

hydr ocar bon co&i)onent has a greater optinumradi ant coil outlet tenperature

than the syr08®li ¢ ShuspowiY. L1gbirkalgl, Viohe7hoNeml pr-| THu?H diydesséar bon
conponent is ded . ntheti.¢c ¢ idnodkn an anmount sufficient to
i ncrease at ﬁtegag%%g%kﬁg (E) ?ﬁ)%}{gérd;@iuel Vedt#g%‘eﬁsotée'rrper ature at the coil outlet

by from5' t[0010]50FGat@dov, it @m G8/roliy6is OFFCoa¢-Dprived Naphtha00A2@b 1R6f. and B)
olefin yields resulti gngEfromthe cracki ngéSS as corr%ared to the synthetic

crude oil allehpz., GGTAHEMISA) fbgms Adstry iYES TR O 30838 VIdRUNe fchdise wherein
the normal |y 1.1 quj d r bon [ |.e r e p

consi sting C)S%éam gtatgk@ér%i%ﬁﬁﬁ(%gﬁ? %gl%rgog%%rdls%tpzﬁlak Iiogltsag%é?ﬂ&lggﬁa?%og# e, heavy
at nospheri c gaducoiylicld (7:22004) Gas thitl of Hyscraight-aat petrdafm napethaaiith the
hydrocrackate, Typically, the normally |iquid hydrocarbon conponent is

sel ect ed f r oiifegBCGV lGpInE 3h sev$ribhef tBe PIacgtdegicatssnEthxlshe migldsrivcrgddooi | .

Alternately,- Yok QUi 5 cyefo] o ted fromthe
group consi s7t}|° ﬂ%h(g)?fog%%loqebg%g%)hlla%/agﬁlt%@iI?gﬁ%&%g%h?%g}lg}n%@@%?%t reat ed gas
oi | . [0015] IjoorKrt aWheanizadi syaitesic @fudehdits @spaetistodk tohe cprkaertwouldent i on,

the synthetic crude oil has a pour point no greater than 80F, typically no
greater tharberdgsirablegto, upgsadsy sughefeetviaskssiorimpaye cragher opgsalility: waichor mal |y

i quid hydr n r.:RRILNL -gr r Fu: ,
greater t haﬁ&%@%a g&gﬁ@‘gr é%gtﬁz(? p’?%ﬁﬁylhl%%{, Eoe{gcp%tﬁ}%g t?#l&?gtru ge%? ehslgrﬁl ing from
i) has a pawhv@siontandaeguedt@kirdghanthd GAHantsay qinchrseaicds dfhgmol96k, e.g.,
no greater than 80F. 10016] Enbodi nents of this aspect of the invention can
conpri se t hduplgfess wherein the nixture conprises from1l to 99 w%
normal ly |i %r ocar bon conponent and froml to 99 w % synthetic crude
oil, typical 50 to 80 wt% normally liquid hydrocarbon conponent and
from 20 to F001%]% symbheidpectethédeent inventipn, relabesvib % frycliso sraakadiag and 25
wt % synt hetic crude ojl .. . .. ) ) .

synthetic crude oil-containing feedstock comprising: 1) hydroprocessing a wide

boiling range aliquot containing a) normally liquid hydrocarbon portion boiling in

a range from 50° to 800°F, substantially free of resids, and b) thermally cracked

hydrocarbon liquid boiling in a range from 600° to 1050°F, to provide a synthetic

crude oil boiling in a range of from 73° to 1070°F, containing greater than 25 wt%

aromatics, greater than 25 wt% naphthenes, less than 0.3 wt% S, less than 0.02

wt% asphaltenes, and substantially free of resids other than asphaltenes; ii) adding

to the synthetic crude oil a normally liquid hydrocarbon component boiling in a



-5- 100171l n one enbodi ment of this aspect, the normally liquid hydrocarbon
conponent is added to the synthetic crude oil in an anpbunt sufficient to
reduce thwopoeroopsont of the m xture resulting fromii) PCTS2@a0858p@i nt can
be reduced by at |least 5F, typically at |least 10'F. [0018] Certain

enbodi nents of this aspect of the invengion include those wherein the
normal ly |iquid hydrocarbon portion is a virgin refinery feed selected from
the group consisting of |ight virgin naphtha condensat e, kerosene

distillate, heavy at herLcgas n acuu as

ther mai 1y cratioto Ry MR8 BaRFP MY a0t RT BT 5n it gPBLH Bhsi st ng
of thermal | yeradka€ k@dadeeeompraay, %’a%dﬁﬁt asid oﬁﬂ&etro gvidei d cracREL Affldehgr

enbodi ments of this aspect include those wherein the normally I|qU|d

hydr ocar bon veareindhe p@clsmﬁyﬁ eatieé grieundes cpmditignssiufbeiptde | cdleried r4dia t he
group consi g oﬂngutgeft wgnn&r hydrocr.agkate, o Pglu{nh?adtlan]? ct”ﬁ' '1¥t1 r aCked

hydrocarbonﬁ I qui om~the group COASI'S

cracked Veryceﬂﬁﬁ@’dwr@fdﬂdﬁlcﬁﬂ@ tBOkpithcgidenicloil {PA3R]Y.n anot her eﬂbodl m%‘nt
the normal ly Iqu|d hydr ocar bon portion conpri ses Ilﬁgt virgin napththa

condensat e, (A0t helnt efétaﬁwmbocma@u%@ﬁﬂny@ﬁp@@tamdwrmﬁ liguid diygiocaden
thermally cracked vwehy Qeg%/e?ltegr I O\Aﬁﬂalnc%o ha l'ﬂue}‘ﬁ"g&%e{ll?u% e

aspect of t he |nvent|on i ude ose erein processing Is

sel ected fragnihgds bidRabil NTypioMdr, afie nkinBigy aiqdlmhgzlmearra&klcaglponent is
[0022] Addi tional enbodi ments of this aspect of the invention include those
wher ei n t he asigded ipethe syrthetéecrsile Oééwem@uwo%ﬁ@eﬁé? ingigase ot easitome of e, g.

10 greater AR 0% Sund0RRLLSLLN L SUNRS GSREOG RGN BT A0S

aspect, the rocar on conp ’he” synt hetic

crude oil i rs0ano angorINg. g$lffJnll anento 105%Y @ndicBa) aeﬁﬁ)gﬁetldymsamnlg @@ﬁﬂ tht
tenperature of the cracker furnace for the resultlng m xture which is
i ncreased byeragking gsgomppred Wb?éﬂlth%ﬁlcéﬁudee%b%o%F e.g., at least 70F, over

the opti ”“m[ﬁﬁii] OUELBbaMRIREL A Gt EC ikl RRKEDse| WhARREHeOormslly Neti €

crude oil al'o
11qu1d hydrocarbon component is selected from the group consisting of light virgin

naphtha, condensate, kerosene, distillate, heavy atmospheric gas oil, virgin gas oil,
hydrotreated gofinate, and hydrocrackate. Typically, the normally liquid
hydrocarbon component is selected from the group consisting of light virgin
naphtha and gas oil. Alternately, the normally liquid hydrocarbon component is
selected from the group consisting of hydrotreated light virgin naphtha and
hydrotreated gas oil.

[0015] In certain embodiments of this aspect of the present invention, the
synthetic crude oil has a pour point no greater than 80°F, typically no greater than
70°F, e.g., no greater than 52°F, say, -12°F, while the normally liquid hydrocarbon
component has a pour point greater than 50°F, say, greater than 102°F, e.g.,
greater than 120°F, and the mixture resulting from ii) has a pour point no greater
than 100°F, say, no greater than 90°F, e.g., no greater than 80°F.

[0016] Embodiments of this aspect of the invention can comprise the process
wherein the mixture comprises from 1 to 99 wt% normally liquid hydrocarbon
component and from 1 to 99 wt% synthetic crude oil, typically from 50 to 80 wt%
normally liquid hydrocarbon component and from 20 to 50 wt% synthetic crude

oil, e.g., 75 wt% hydrocrackate and 25 wt% synthetic crude oil.



-6- 100241In anot her enbodi ment of this aspect of the invention, the
normal ly |iquid hydrocarbon conponent is added to the synthetic crude oi

i n an anowotesu9i43ei ent to increase the hot cracked effPagniS2eogopseat ur e at
the coil outlet of the cracker furnace to the optimumcoil outl et
tenperature for the normally |iquid hydsocarbon conponent. Typically, the
normal ly |iquid hydrocarbon conponent is added to the synthetic crude oi

in an anount sufficient to increase severity by at least 0.05 C3=/Cl for

each 5F incr in,coil outlet te rature. ., e.0., 4 Nn.an unt ,suf fi ci ent
o inorease 0BUAr i ¢ ¥ B° sfttpafiont GTOESEsME, teSpStumuh ity TR coi
out| et t enpejoat h@uiiQﬂ%ahéﬂuﬁ%hﬂkﬁ@&@@@@ﬂh@%b&ﬂbmﬁ@hﬂﬂﬁmﬁhjﬁﬁﬁ&ﬂﬁ@t, the
normal 'y i qui hydr ocar bon conponent is added to the synthetic crude oi

i n an anountbosupeing e mixtyre defelingoikem ik Ehe pgurgrointecastbe|reduonyl byyasi cal |y
at least 10 wt %, - CUR, T 9 ot % 1002611 n anot her enbodi nent of this
aspect of t&gm{%feﬁﬁ¥%ﬁya%<%mﬁ@%%%||y | i qui d hydrocarbon conponent is added
to the synthepig cragraiai émbdtiRBntdBIUMis S4fcti oF ed ihvntipe ifdsd MREI N
yields fromcracking by at |east 0.1 wt% ethylene, typically at least 1 W%
et hyl ene, e.whereigtthd sersrally liguod letdugdaghns porpop i virgieteineay fred selepiodi nent of
this aspect of the present .inventjon. .the rnal Ly Liquid hydr bon
component i & adge Bl BRE bR N it 4 BR Pacohnit Ksbet iRl um coi
outl et tenpefealyrambsgBtic asadil, aastvadfiim day poitadddy thy tiarmhBRASdrackQlf. For
present purposes, the term"optimumcoil outlet tenperature” is defined as
t he maxi numbhydmserbenuieidis weleetpd dipnadlee praap| ensigties of thegaialntcraakeduench
coke formation is effected, C .for pentane insol ubl e-containing feeds
wherein an ac e%%ggfe(%éﬁgcgg§é§5éﬂfornation is effected in the convection
section. Tygoesd]l y, Otthe capodimunteof thiPapbatintlad®efosé wherdis tHehairmahi ch
provides a commercially acceptable runlength for the unit, and can be

readi | y det divichandiegarbep pertim ki hydiofreatad rafinery ofeamueicetsd| fremt thet
tenperature b r mene nperatur g i rate. For
exanple, a é%@%’é@?%g&ﬁ%E%e$%F@%%5?%?P@§§%&%%%1f@ﬂ ?% %ﬁg@%&§3§$ﬁf§ | ab

unit oper at ihydrovarbdh Ngifid hy delo@ed@diont €hdpebupScokkeisy PE thidthallf-agidkes
affecting the optimum COT include furnace coking and downstream
constraintsﬁ@Géﬁ@W&WﬂWPa@ﬁéoﬁﬁﬂﬁﬁﬁﬂaCIN'to nmake nore ethylene -7- (whose

out put peaks{ﬂ@io ”:Jgﬂw hin%%f SibdlRan. MORYLENR) ﬂqzli& %@%ﬁgﬁgﬁorﬁéﬁt the

tenperature a propyl ene producti on 1 ncreases, re net hane,

nmore et hyl en@nipiided elgght prigidl empthth®di borRiehadd, LedpPEiatttendly geakeal |y
mai nt ai ned bel ow t he point where ethyl ene nake peaks. 100281In certain
embodi nent s hyfrecrbondigyikeonyrisehderma)bitrpded verehagvx eiwde resul ting from

ddi th Iy AL gui . I d il
Fanges 11 om BUAT o’ G5l cblEERS 1ot AIRACEF g Bplcifod KRHAEL ipgELee
wei ght, e. g.whdréianthd hydroprquasdise By selait@hfromf hydeot@dting, hydrogchatinglaagar bon

conponent taq each(ggrt by wei ght of synthetic crude oil. [0029]1In stil
ot her enbodiVEmEasME hi s aspect, the wide boiling range aliquot contains

(1m0, 110 A Bl o XL ERUY LKA o bt VLT, O
thermal |y crwisked thydmnaeat baricldilgdinthins no greater than 0.1 wt% S, e.g., no greater
than 0.05 wt% S.
[0023] In still other embodiments of this aspect, the normally liquid
hydrocarbon component is added to the synthetic crude oil in an amount sufficient
to provide an optimum coil outlet temperature of the cracker furnace for the
resulting mixture which is increased by at least 10°F, typically at least 30°F, e.g.,

at least 70°F, over the optimum coil outlet temperature of the cracker furnace for

synthetic crude oil alone.



1003011 n anot her enbodi nent of this aspect of the invention, the cracking
is steamcracking. [0031]In yet another enbodi nent of this aspect, the
synt het i cworoek90i3b i s derived from shal e and t he nor malPCy/US2@iosss26
hydr ocar bon conponent is derived from petroleum [0032]In another aspect,
the present invention relates to a procegss for upgrading synthetic crude
oil for cracking which synthetic crude oil is a hydroprocessed m xture of
a) normally liquid hydrocarbon portion boiling in a range from 500 to 800F,
substanti al | ee of resids.. and b) ermal |y acked hydrocarbop Iiquid
boi 11 ng i n do9ifige it ahiBoinpgBediof ML ke siebR NS BRI RBRN g Y a
range of frQHE%JCBh&&oéﬁﬁcﬁzcomﬁ&{&lﬁi@hd’t&dgbQﬁé gynth&taNcrdde Wi %n AOLBSUES ,
greater than 25 wt % napht henes, less than 0.3 W% S, |ess than 0.02 w %
asphal t enes, subfiricrs (ip sncaense dicl kot icraskcdeitiuest empetatine at tharrodsblal efethes, whi ch
B TR AL Pt bR Ah e R buER B E; e
1050F, whi chydessaidadoniponBitoTiyfiesya tB¢ asinedllyoldui dMirleeidboR EbhBbnent
tenperature for cracker furnace effluent than the synthetic crude oi
cracked sepab addqdyto the gynthgagudmoibin anbogimentiicoemttnincrepspeereritt ke
normal |y "“a?'léjafs{‘éf.%% %&{?P@orcé’a%ﬁ%ﬁﬁﬁ‘ﬁcréﬁ%e%9?&‘1’ ohﬁetttgﬁ sypLoet! S it de ofl
in an ampunt sUffrcient to fncredse at Teast one of ? cracke M uent
t enper at ur e aatovat GuETKa tbuhbRes CSictityobl| atlcbyt ®03 13160 for cavll B ol efin
yield resulting fromcracking, as conpared to the synthetic crude oi
al one. [ 0034]¢rRasgan coihevthei terapgseste. t he present invention relates to a
f eedst ock f acki whi 0 i ! hydr onr S | de iling
range aIiqugPO%%ntapggﬁghgﬁnﬁ%}%gﬁpéﬁﬁ?ad%a%%gdggggrggﬁlggg?ﬁ%nﬁ%gﬁling in
a range fromydcatdn&ipon&ithsidiat ik@the)syhthete ofude efiiflen adoantB)iffidiar mal |y
cracked hydrocarbon |iquid boiliqg in a range from6000 to 1050F, to
provi de a syRtredick coke guke.o atdedst il ngt%p.riyaicalin gleleast 10rwiie. 739, v ta 89 7F,
cont ai ni ng gat er than 25 wt % aromatics, greater than 25 wt % napht henes,
|l ess than 0.3 W% S, less than 0.02 wt % asphal tenes, and substantially free
of resids ot[be2e]t ham asqhal é¢beEmeanel tis apeombdfl thel intentidn hdr agmalhon
conmponent boillng in a range from100' to 1050F, which feedstock has a
greater opt ilifiwd Bxdocashen eempeipsbisaedicd tauhe mgnth@t&cwﬁ@ otlHE MmN HBOWY Nt het i ¢
crude of | al ancicd A03RLLAANAIORM DL Bhalifl $ARRERT 0 it AEReN!
i nvention, the nor mal y T1qul ydrocarbon ¢ nent |1 s present’ In’an
anmount suf T itgpiedity dtdedsnC eBsehylénd, egaStat AS %\rthgicreKked e uent

f f itgpiedity i ylénd, e 2Rt%rthgteaeked ef fl
tenperature at_a cracker furnace coil outlet by 5 to 150F, and B) olefin

y :
yi el d resul 01t r ol ¥eterthel chedigsapal Bip 1spcetnfithe BreasHdey wePmghe he
synthetic cr il 6 i f.this t n_ i ncl ude
t hose mherefﬁgﬁﬁ@§%@@%ﬁﬁﬁyo%ggﬁ}ggﬂeﬁg%gEQEQ%Q%%h%gﬁ;nﬁgﬁg(gg e%%gg from
the group cdnakesdeithgopfimbingfolil odtlegichpeaplit GO T dpde hsst K°Fkgpieskynby
distillate, heav% at nospheric gas oil, virgin gas oil, hydrotreated
gofinate, arfd19nyafOEr Bakpiewent myippecs) thy terh eontisium coy, optlef iempep@FQ dar bon

component | SycREPSS Sk .M So 0 0HRLCN TR 18 aleplib 8 Vb BlupgRNT 1 and

gas oil. Alterna e norma on conponent Is selected
from t he gr aupendoaskdesiormgicdf is Rydewety eatpdiol ipgiithne insgliublcrmptiitiag dtvds
hydrotreated gas oil. . . . .

wherein an acceptable rate of coke formation is effected in the convection section.

Typically, the optimum coil outlet temperature is that which provides a

commercially acceptable runlength for the unit, and can be readily determined by

those of skill in the art. Optimum coil outlet temperature can be determined by

tube metal temperature increase rate. For example, a tube metal temperature

increase of 125°F is observed in a lab unit operating on 75 wt% hydrocrackate and

25 wt% syncrude. Factors affecting the optimum COT include furnace coking and

downstream constraints. Generally, the optimum COT to make more cthylene



[0037] I n certain enbodi nents of this aspect of the present invention, the
synthetic crude oil has a pour point no greater than 80F, typically no
great er twWerr008/@143%0F, e.g., no greater than 52F, say, PCZRSaI7I08s8dhe
normal Iy |iquid hydrocarbon conmponent has a pour point greater than 50F,
say, greater than 102F, e.g., greater than 120F, and the feedstock for
cracki ng has a pour point no greater than 100F, say, no greater than 64F,
e.g., ho greater than 52F. 100381Enbodi ments of this aspect of the

i nvention can,conprise the proces ,h the feedstock f racking
o oe A R d b e R R R e e o B EE RaR B COT B % ¢ om 1
to 75 wt % syshpehhee Gt wdectOiptapylenpi sradldtiohriasledest & ahkwtfiordonhsmhhey |1 quid
hydr ocar bon conponent and from75 to 25 wt % synthetic crude oil. [0039]In

one enbodi nenercsthyleriesinddgrsaropstlens. R watlettempefiatude yapnewty erntewaponent i s
added to th nt.het i. rud il 1n an amount sufficient to reduce the pour
poi nt of th§ere§§g§%ﬁ‘@§%3§?o% ?ﬁ%kg E%Spour poi nt can be reduced by at

| east 3F, typozsl | yidtehfasintodimetgof tidb dspas tof kA& invkdB48) 1k rhikdre
enbodi ments of this aspect of the invention include those wherein the

nor mal | y | i gesudting dewcddivgribpoenmady liqyidhydreerbonreomneaest to deasyaticiet ed from
th | St i t i i ht h te,
e 01 PP o RN el B L Op B0 NG, SRAIERSRES ) 38 350Gy

thermal |y crasikied dy dreearibas 3 ifausdby svaghteet edrhaldmiignel Gketpar®ensi sting
of thermally cracked very heavy crude and coker gas oil [0041] O her
enbodi nent s @MPORFY e s¢rdigrart hycheiglt afsyaidciiherds @ilt he normal Iy |i quid

hydr ocar bon iongis: d € f re sel ect f.romthe
gr oup consiépﬁ%!I ofh%%#ﬁ%ﬁ%éﬁﬁﬁﬁﬁﬁ§§?8@&%%%?%%ﬂﬁéﬂﬁg (Eﬁ %%?%gﬁvéw%racked
hydr ocar bon doh@itisdirdrs (SEtLO BaktS bpMcidh€, tgpionpy 6omsE & B partoby tWeerhmif] y
cracked very heavy crude and coker gas oil. [0042]In anot her enbodi nent,

t he nor mal | yth¢ pefimadlynyanid bxdmperbew peition feveashirgesby veisht of thgithermaprt ha

condensat e, Jv..cracked hydrocarbon |iquid conprises
thermal |y c#ﬁ%%%%ﬁggﬁgﬁhgnggrude. [ 0043] Addi tional enbodinents of this

aspect of te0301venti aibthdrInmbddirh&PSE this aspect of the invention, the cracking is
steam cracking.
[0031] In yet another embodiment of this aspect, the synthetic crude oil is
derived from shale and the normally liquid hydrocarbon component is derived
from petroleum.
[0032] In another aspect, the present invention relates to a process for
upgrading synthetic crude oil for cracking which synthetic crude oil is a
hydroprocessed mixture of a) normally liquid hydrocarbon portion boiling in a
range from 50° to 800°F, substantially free of resids, and b) thermally cracked
hydrocarbon liquid boiling in a range from 600° to 1050°F, the synthetic crude oil
boiling in a range of from 73° to 1077°F , containing greater than 25 wt%
aromatics, greater than 25 wt% naphthenes, less than 0.3 wt% S, less than 0.02
wt% asphaltenes, and substantially free of resids other than asphaltenes, which
process comprises: adding to the synthetic crude oil a petroleum-derived normally
liquid hydrocarbon component boiling in a range from 100° to 1050°F, which
component 1) provides a greater optimum coil outlet temperature for cracker

furnace effluent than the synthetic crude oil cracked separately.



wherein the synthetic crude oil contains no greater than 0.1 W% S, e.g.,
no greater than 0.05 wt% S. -10- [0044]In still other enbodi ments of this
aspect, tweo 20eayed3by | i qui d hydrocarbon conmponent is pr@SEntS2001/083326
feedstock for cracking in an amount sufficient to provide an optinmum coil
outlet tenperature of the cracker furnage for the resulting m xture which
is increased by at |east 20F, typically at |east 50F, e.g., at |east 70F,
over the optinmumcoil outlet tenperature of a conparabl e cracker furnace

for syntheti ude;oil alone. 10045].1 n _anot her enbedinent ,of this aspect
of theni nverPP- EHE “hosaRFy=y o RoBRE cOF brsiaBiBRah oS plagnt °F
the feedst od¢nfpehertigadddddolthe dhtRRWHIdSHE i &4 eMbudtRuffGERas endrbige hot

cracked effluent tenperature at the coil outlet of the cracker furnace to

t he opti numatdeast o ofed) erepknsreffluend t¢raperathee oy erackoy fumnags eilhguilebbar bon
conponent . Typi.cal.l t Q I 1.y, I 1qui.d drocarbon _conponent, i s present
h he reeds ook 00 PRI RIS isilife el RFEIERT of PR LagePeEver 1y
by at | east nfdati€SrudEdillaineeach 5F increase in coil outlet tenperature
(with ratio decreasing as COTl and severity is increased), e.g., in an
amount suf fil@0FHt t & yetcanethse aspogbrthe prasontanvensigstrelptay3o @3teedstodkoforeach 5F

| norease in o, oullat Lemperatyr e IOO4BLIN.SULL pnLher, erhpdigrent of
t hi s aspect, e hor e Iymlpl gur d hydr%cal? Bon compohent i% prgesen I'n the

f eedst ock f Qon@ilifeKkNGornihlgNiqPHrosdtbdr ForEBh bbRingadWCanEOREMNFRao by at
least 10 wt% typically at |east 20 wto/% e.g., at least 35 wt% over coke
make for thegogy%tsﬁbfﬂtﬁlﬁlaélb’tféi@ off resigsopnd by hermglhyncrapkadnisrdresepsdi hetid of this

aspect of t et INEN! LoD rbRGAPLIRAVE] O daDY Ul AGALPANIERTRRRGAL | S

present in the or cracking 1n‘an anou I'Cl ent O0~l ncrease

ol efin yiel d fah@roefra@ki3go bY7RF, t@@sihind.gheatér%hat DY hWeViearoinyfdés gtdajer at | east
1 W % et hyl ene, e‘.N%. at least 2 w% ethylene, over olefin Ki eld for the
synt heti ¢ crthde2onPodiphtbencs olgaaham 0 Sert/ad nleasbhau D Q8 it ephelings.a8fect of

(e o B Gk pBEPSHLISAAPRRS AN Ay SOuRad >
wei ght of ndiyideddatbohid@tipdndit ot til ihNraG@rHomerto° t® 1e50°R, which fydsivek ght  of
synthetic crude oil. 10049]1n_still other enbodiments of this aspect, the
wi de boi | i ndiap argjeatall PR{TBH™ CoHtoatipk PPt Hufipe Forckimet 8 thosengistic
typically from2.:t Q.3 parts by weight of

[0035] In an embodiment of this aspect of the present invention, the normally

liquid hydrocarbon component is present in an amount sufficient to increase at

least one of A) cracked effluent temperature at a cracker furnace coil outlet by 5°

to 150°F, and B) olefin yield resulting from cracking, as compared to that obtained

using the synthetic crude oil alone.

[0036] Embodiments of this aspect can include those wherein the normally

liquid hydrocarbon component is selected from the group consisting of light virgin

naphtha, condensate, kerosene, distillate, heavy atmospheric gas oil, virgin gas oil,

hydrotreated gofinate, and hydrocrackate. Typically, the normally liquid

hydrocarbon component is selected from the group consisting of light virgin

naphtha and gas oil. Alternately, the normally liquid hydrocarbon component is

selected from the group consisting of hydrotreated light virgin naphtha and

hydrotreated gas oil.

[0037] In certain embodiments of this aspect of the present invention, the

synthetic crude oil has a pour point no greater than 80°F, typically no greater than



the normally |iquid hydrocarbon portion for each part by weight of the
thermal |y cracked hydrocarbon liquid. Detail ed Description 100501The
present iwW0oents/oOM3provi des a process for cracking a synPRELSe00T085$26

oi | -contai ning feedstock. Synthetic crude oils suitable for use in the
present invention are prepared by i) hydroprocessing a wide boiling range
aliquot containing a) normally Iiquid hydrocarbon portion boiling in a
range from 500 to 800F, substantially free of resids, and b) thermally
cracked hydr rbon | iqujd, baid.b in ange,.from 600:. t.9,050F, . For
purposes of TG b oubREHenBRroh S i Ff A wsrRERAD linff rodSapbls (o a
mat eri al t hadoniponéitbisdsantpoat Ipyinkt | gtk tHadeso BThdye niref@Nehah i TOPSF, saY,
tenperatures ranging from32 F to 212 F, at atnospheric pressure. 10051]As
used her ei n,greaser-then &3Q°F eandriba fagilsiorh foaisraskingdwp e ment Roinoro greaterdanar e t he
(1100F) a5 nodaesh B e e S I Sy b1 at 1 65 1 el uds coke
precursors, [o038]h aEmboadingeits GoMienpadlof tpineeitiddScahdinpeiepdenscdss t he
vapor, and then form coke under the operating conditions encountered during
cracki ng proteseiaghe feedsfetlh fprispankaey eqirpittgs o altgOPcwer aermally, liqHér mal
cracking or ,st r in E re § S,..the term "sub ntially
free of resﬂagﬁ%%ghﬁg%ﬁgﬁﬁgFﬁ?ﬁé%Pézgp?ﬁgﬁAgg%ﬁE%ﬁFE%§#§%Ehﬁéﬁ'3%%%|y | ess
than 20 prmSV@Siiisxﬁt%qld&ﬁi’allﬁhﬁluicﬁh‘&&o&ﬁs@ﬂc@tﬁiﬂ)ﬂ@t Rh® BloaiT85 as 2achaLed with
usi ng heavier feeds in cracking processes, synthetic crude oils |acking
resids are rog@edesrvdf ol particul ar interest as a cracking feedstock,
especially cracki | t , {,C Fe (o ids, arc
n- hept ane iﬁ@@ b|eﬁ%§h§%H%ﬁ?§&i 5&q§§e§§%#’Eﬁ?%%gggyq&@%ﬁ%ﬁ@?ﬁg%ggntent of
a sanpl e carcobpodeites mddegdo e syRihbtik ode oA i@ hiy hm6uriteGHividh &Sred@eccdthe ASTM

D6560 (Standard Test for Determ nation of Asphaltenes (Heptane insol ubles)
in Crude Petnodl eeify eféc adsiorle fimcrickinge 18§ powrpons TRn by prlycedshrupldard Test
Met hod for ). nthetic crude oil or "syncrude"
IS typicalIGﬁgﬁgéﬁgﬁ%%ggﬂ%sgagiﬁft%%%?@%ézid containing virgin liquids that
have been cqob4ojed @Grithint figbatmbits Cofatkedspgecrof dhprimautds indlede tiidse

conbi ned streamis subjected to hydroprocessing, i.e.,_ hydrogenating,

hydr ot r eat i igrereip the peraaily diduishhy dopqarbam rorhgm ischyiseie sefinesy s drlertsas

include at t Lo & I ah - 48 nd a
pressure i nq?cﬁlgﬂfea 89p S&Sﬁgr?lglﬁmo?ggﬁtt%ﬁ%gzlép%g?gsgﬁgﬁg%gtg%g%%%n Iﬁgﬁnattaeég. , 870
psi g (6,000 Hekay .atrhbghariouns @f, mdrvegam gadesl],nmd e thopmubP &ricke$000,
e.g., 2000, standard cubic¢c feet (90-900 Nm' /nB) .per barrel of feed.

[ 0053] Typi cdwdiocarhea lgrdd oppeleesd ifiogn ithe grpup; eansistieg of dymlinresickedt i ng
condi tions. i r.Qhr i onditions vary over a wide range. In
general , thé£%€%%% fﬁ%ﬁg@hf§@%§ggoﬁb 2.0, preferably 0.5 to 1.0. The

hydr ogen par[0041] pr €slsdfegnbodinggn@abethid ipactA00ups tidse prhefedt éfel normalgi ng from
500 psig to 2000 psig. Hydrogen recirculation_ rates are typically greater
than 50 SCF/lmwid hydrgcaben pogiasr s (Iydeirgeed relny sHgamoelycsdrres) the

Tenper ature . 0 7 , | y. rapgi to 600F.
The resulti366®£%§H%??§!§?Jﬁgﬁgﬁlégglgg$§%ﬁ%%gbépﬁiﬁ% ?%n%mggkg%%g? from73
to 1070F, cdndaicaitiog lgnedtiercledtad fRm WhidparnpnainsBing of ekdratally hanckad wt %
napht henes, less than 0.3 W% S, | ess than 0.02 wt % asphal tenes, and

subst ant i al 1%7Y heay fudegad gekestdepilt han asphal t enes [0054] Sui t abl e

synt hetic cr oi | [ y 43V a] it I S+:8,heavy
non-virgin gﬁgzue|%hqﬁgﬁ%gﬁg@§ﬁ§@%gbﬂ%igbhgggﬁﬁ%@%gqﬁgﬁﬁéﬁggi 8Irlladian
crude. Bot h wnpriesléghairginnephthpreondsad, dnd thx theimkdlyacrickel hydrogerbon ude wit h
a gas oil eqqggint. Sucglpro?essin%4conprises renovi ng heavy tail fraction
by distill atidH copgicnermabheackrdtvary heavyetidsn to a coker to provide a
coker gas oi | ending: .t he j tal ]

distilled b&h% frgg?}glg%?l %Iﬁn%’d“ﬁlﬁlalﬁ*gé’rf 8%%5‘5%56%810% 1?2%*&?’% 1%5“8%‘3“36

oi | / bot t ons +hheeeid thosyheditic eraleeil coatatontoegrtaterTthen Priop@s 8 €g., ad gisiatecor cr ude

(Venezuel an) and Syncrude 319 (Canadi an) are set out below in TABLE 1.
than 0.05 wt% S.



-13- TABLE 1 FEED PROPERTIES Sincor (Venezuela) SynCrude 319 (Canadi an) Sp
Gravity 60F 0.8735 0.873 True Boiling Curve F | BP wt % 73 38 5% 240
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[0044] In still other embodiments of this aspect, the normally liquid
hydrocarbon component is present in the feedstock for cracking in an amount
sufficient to provide an optimum coil outlet temperature of the cracker furnace for
the resulting mixture which is increased by at least 20°F, typically at least 50°F,
e.g., at least 70°F, over the optimum coil outlet temperature of a comparable
cracker furnace for synthetic crude oil alone.

[0045] In another embodiment of this aspect of the invention, the normally
liquid hydrocarbon component is present in the feedstock for cracking in an
amount sufficient to increase the hot cracked effluent temperature at the coil outlet
of the cracker furnace to the optimum coil outlet temperature for the normally
liquid hydrocarbon component. Typically, the normally liquid hydrocarbon
component is present in the feedstock for cracking in an amount sufficient to
increase severity by at least 0.05 C3=/C1 for each 5°F increase in coil outlet
temperature (with ratio decreasing as COT and severity is increased), e.g., in an
amount sufficient to increase severity by at least 0.03 C3=/C1 for each 5°F
increase in coil outlet temperature.

[0046] In still another embodiment of this aspect, the normally liquid
hydrocarbon component is present in the feedstock for cracking in an amount
sufficient to reduce coke make by at least 10 wt%, typically at least 20 wt%, e.g.,
at least 35 wt%, over coke make for the synthetic crude oil alone.

[0047] In another embodiment of this aspect of the invention, the normally
liquid hydrocarbon component is present in the feedstock for cracking in an
amount sufficient to increase olefin yield from cracking by at least 0.1 wt%
cthylene, typically at least 1 wt% ecthylene, e.g., at least 2 wt% ethylene, over
olefin yield for the synthetic crude oil alone.

[0048] In certain embodiments of this aspect of the invention, the feedstock
for cracking ranges from 0.1 to 99 parts by weight, typically from 1 to 9 parts by
weight, e.g., from 1 to 3 parts by weight of normally liquid hydrocarbon
component to each part by weight of synthetic crude oil.

[0049] In still other embodiments of this aspect, the wide boiling range aliquot
contains from 0.1 to 10 parts by weight, typically from 2 to 3 parts by weight of



177 10% 331 271 20% 440 416 30% 512 497 40% 571 558 50% 623 610

WO 2008/091439 PCT/US2007/085826

-11-

the normally liquid hydrocarbon portion for each part by weight of the thermally
cracked hydrocarbon liquid.

Detailed Description

[0050] The present invention provides a process for cracking a synthetic crude
oil-containing feedstock. Synthetic crude oils suitable for use in the present
invention are prepared by 1) hydroprocessing a wide boiling range aliquot
containing a) normally liquid hydrocarbon portion boiling in a range from 50° to
800°F, substantially free of resids, and b) thermally cracked hydrocarbon liquid
boiling in a range from 600° to 1050°F. For purposes of the present invention, the
term “normally liquid” refers to a material that is substantially liquid under
ambient conditions, say, temperatures ranging from 32 °F to 212 °F, at
atmospheric pressure.

[0051] As used herein, non-volatile (non-distillable) components, or resids,
are the fraction of a hydrocarbon feed with a nominal boiling point above 590°C
(1100°F) as measured by ASTM D-6352-98 or D-2887. Non-volatiles include
coke precursors, which are large, condensable molecules that condense in the
vapor, and then form coke under the operating conditions encountered during
cracking processes including hydrocracking, catalytic cracking, thermal cracking
or steam cracking. For present purposes, the term "substantially free of resids"”
means containing less than 70 wppm resids, preferably less than 20 wppm resids.
Given the resid-based coking problems associated with using heavier feeds in
cracking processes, synthetic crude oils lacking resids are regarded with particular
interest as a cracking feedstock, especially steam cracking. Asphaltenes, which
may be present in resids, are n-heptane insoluble components. For present
purposes, asphaltene content of a sample can be determined by well-known
analytic techniques, ¢.g., ASTM D6560 (Standard Test for Determination of
Asphaltenes (Heptane Insolubles) in Crude Petroleum and Petroleum Products), or
ASTM D3270 (Standard Test Method for n-Heptane Insolubles).

[0052] Synthetic crude oil or "syncrude" is typically a synthetic blend of non-
resid containing virgin liquids that have been combined with thermally cracked

liquid products where the combined stream is subjected to hydroprocessing, i.e.,
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hydrogenating, hydrotreating, or hydrocracking. Suitable hydroprocessing
conditions include a temperature in the range of 392° to 896°F (200° to 480°C),
and a pressure in the range of from 100 to 3045 psig (690-21,000 kPa), ¢.g., 870
psig (6,000 kPa). The amount of hydrogen added may be from 500 to 5000, ¢.g.,
2000, standard cubic feet (90-900 Nm® /m?) per barrel of feed.

[0053] Typically, the hydroprocessing is carried out under hydrotreating
conditions. Typical hydrotreating conditions vary over a wide range. In general,
the overall LHSV is 0.25 to 2.0, preferably 0.5 to 1.0. The hydrogen partial
pressure is greater than 200 psig, preferably ranging from 500 psig to 2000 psig.
Hydrogen recirculation rates are typically greater than 50 SCF/Bbl, and are
preferably between 1000 and 5000 SCF/Bbl. Temperatures range from 300° to
750°F, preferably ranging from 450°F to 600°F. The resulting synthetic crude oil
is a liquid boiling in a range of from 73° to 1070°F, containing greater than 25
wt% aromatics, greater than 25 wt% naphthenes, less than 0.3 wt% S, less than
0.02 wt% asphaltenes, and substantially free of resids other than asphaltenes.
[0054] Suitable synthetic crude oils are commercially available. Sincor crude
is a heavy non-virgin Venezuelan crude. Syncrude 319 is a heavy non-virgin
Canadian crude. Both of these have been processed to provide a full range crude
with a gas oil endpoint. Such processing comprises removing heavy tail fraction
by distillation, feeding the heavy tail fraction to a coker to provide a coker gas oil,
blending the coker gas oil from the heavy tail with distilled bottom fraction, and
hydroprocessing the resulting gas oil/bottoms blend to reduce olefins content. The
properties of Sincor crude (Venezuelan) and Syncrude 319 (Canadian) are set out

below in TABLE 1.



1052 1029 100551Suitable feed for adm xing with the synthetic crude oil to
| nprove operability during cracking is a normally |iquid hydrocarbon
conponentwbanés/aag3dn a range from 1000 to 1050F. Heavy &COMSBLH0C/08%826 Oi |
(HAGD) is especially suited to this use in the present invention. HAG can
be obtained as a bottom side stream of f-1®n at nospheric pipestill.
Properties of HAGO are set out below in TABLE 2. TABLE 2--HEAVY AROVATI C
GAS O L PROPERTIES Specific Gravity 0.8671 Boiling Curve BP (F) |IBP 355.3

10% 554. 2 20% 609.1 30% TABLE 1 FEED PROPERTIES

Sincor (Venezuela) SynCrude 319
(Canadian)
Sp Gravity 60°F 0.8735 0.873
True Boiling Curve °F
IBP wt% 73 38
5% 240 177
10% 331 271
20% 440 416
30% 512 497
40% 571 558
50% 623 610
60% 674 663
70% 730 719
80% 790 779
90% 865 851
95% 924 906
100% 1052 1029

[0055] Suitable feed for admixing with the synthetic crude oil to improve
operability during cracking is a normally liquid hydrocarbon component boiling in
a range from 100° to 1050°F. Heavy aromatic gas oil (HAGO) is especially suited
to this use in the present invention. HAGO can be obtained as a bottom side
stream off an atmospheric pipestill. Properties of HAGO are set out below in
TABLE 2.
TABLE 2--HEAVY AROMATIC GAS OIL PROPERTIES
Specific Gravity 0.8671

Boiling Curve BP (°F)
IBP 3553
10% 554.2
20% 609.1
30% 645.8
40% 668.1
50% 685.8
60% 703.5
70% 722.1
80% 744
90% 774.2

FBP 878.1
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[0056] Another suitable feed for admixing with the synthetic crude oil to
improve operability during cracking is a hydrocrackate of higher pour point than
the synthetic crude oil. Characteristics of such a high pour hydrocrackate (110°F
Pour) are set out below in TABLE 3.

TABLE 3--HIGH POUR (110°F) HYDROCRACKATE CHARACTERISTICS

Feed Name Rotterdam Hydrocrackate (SOR)
Feed Properties

P (n-paraffins) 7.5

I (iso-paraffins) 238
N (napthenics) 553
Hydrogen content (wt%) 133
Specific gravity 0.8674
Sulfur content (wt%) 0.004
D-86 IBP (°F) 622
D-86 BP10 (°F) 716
D-86 1BP 30 (°F) 769
D-86 1IBP 50 (°F) 797
D-86 1IBP 70 (°F) 830
D-86 1IBP 90 (°F) 888
D-86 FBP for Gas Oils, 981
BP 95 for Naphthas

[0057] In applying this invention, the hydrocarbon feedstock comprising a
mixture of synthetic crude oil and normally liquid hydrocarbon component may
be initially heated by indirect contact with flue gas in a first convection section
tube bank of the pyrolysis furnace before mixing with a dilution fluid, ¢.g., steam.
Preferably, the temperature of the heavy hydrocarbon feedstock is from 150° to
260°C (300° to 500°F) before mixing with the dilution fluid.

[0058] Following mixing with the primary dilution steam stream, the mixture

stream may be heated by indirect contact with flue gas in a first convection



WO 2008/ 091439PCT/ US2007/ 085826 [ 0056] Anot her suitable feed for adm xing
with the synthetic crude oil to inprove operability during cracking is a
hydr ocr aceat2esa©143®gher pour point than the synthetic cPaaaSeNN7/085826
Characteristics of such a high pour hydrocrackatc (110F Pour) are set out
bel ow in TABLE 3. TABLE 3--H GH POUR (119F) HYDROCRACKATE CHARACTERI STI CS

Feed Nane Rotterdam Hydrocrackate (SOR) Feed Properties

PO- paraffins) 7.5

1(i so-paraffin s) 23.8 N(napthenics) 55.3 Hydrogen content (wt% 13.3

section of the pyrolysis furnace before being flashed. Preferably, the first
convection section is arranged to add the primary dilution steam stream, between
subsections of that section such that the hydrocarbon feedstock can be heated
before mixing with the fluid and the mixture stream can be further heated before
being flashed.

[0059] The temperature of the flue gas entering the first convection section
tube bank is generally less than 815°C (1500°F), for example, less than 705°C
(1300°F), such as less than 620°C (1150°F), and preferably less than 540°C
(1000°F).

[0060] Dilution steam may be added at any point in the process, for example,
it may be added to the hydrocarbon feedstock before or after heating, to the
mixture stream, and/or to the vapor phase. Any dilution steam stream may
comprise sour steam. Any dilution steam stream may be heated or superheated in
a convection section tube bank located anywhere within the convection section of
the furnace, preferably in the first or second tube bank.

[0061] The mixture stream may be at 315° to 540°C (600° to 1000°F) before
introduction to the vapor/liquid separator or flash apparatus, e.g., knockout drum,
and the flash pressure may be 275 to 1375 kPa (40 to 200 psia). Following the
flash, 50 to 98% of the mixture stream may be in the vapor phase. An additional
separator such as a centrifugal separator may be used to remove trace amounts of
liquid from the vapor phase. The vapor phase may be heated to above the flash
temperature before entering the radiant section of the furnace, for example, to
425° to 705°C (800 to 1300°F). This heating may occur in a convection section
tube bank, preferably the tube bank nearest the radiant section of the furnace.
[0062] A transfer line exchanger can be used to produce high pressure steam
which is then preferably superheated in a convection section tube bank of the
pyrolysis furnace, typically to a temperature less than 590°C (1100°F), for
example, 455 to 510°C (850° to 950°F) by indirect contact with the flue gas before
the flue gas enters the convection section tube bank used for heating the heavy
hydrocarbon feedstock and/or mixture stream. An intermediate desuperheater may

be used to control the temperature of the high pressure steam. The high pressure
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steam is preferably at a pressure of 4240 kPa (600 psig) or greater and may have a
pressure of 10450 to 13900 kPa (1500 to 2000 psig). The high pressure steam
superheater tube bank is preferably located between the first convection section
tube bank and the tube bank used for heating the vapor phase.

[0063] The gascous effluent from the coil outlet of the radiant section of the
steam cracker furnace can be subjected to direct quench, at a point typically
between the furnace outlet and the separation vessel (primary fractionator) or tar
knock-out drum. Such quench can be carried out in a secondary and/or tertiary
transfer line exchanger as described above. The quench is effected by contacting
the effluent with a liquid quench stream, in lieu of, or in addition to the treatment
with transfer line exchangers. Where employed in conjunction with at least one
transfer line exchanger, the quench liquid is preferably introduced within or at a
point downstream of the transfer line exchanger(s). Suitable quench liquids
include liquid quench oil, such as those obtained by a downstream quench oil
knock-out drum, pyrolysis fuel oil and water, which can be obtained from various
suitable sources, ¢.g., condensed dilution steam.

[0064] After passage through the direct quench and/or transfer line heat
exchanger(s), the cooled effluent is fed to the separation vessel (a primary
fractionator or at least one tar knock-out drum), wherein the condensed tar is
separated from the effluent stream.

[0065] The gaseous overhead of the separation vessel is directed to a recovery
train for recovering C, to C, olefins, inter alia.

[0066] The invention is illustrated by the following Examples which are
provided for the purpose of representation and is not to be construed as limiting
the scope of the invention. Unless stated otherwise, all percentages, parts, etc., are
by weight.

EXAMPLE 1

[0067] Engineering calculations (COMPASS) which simulate processing
synthetic crude alone and admixtures of synthetic crude with HAGO in
accordance with this invention are conducted and compared with actual laboratory

results. Reaction conditions include reactor temperature of 725°C (measured at



D-86 FBP for Gas O ls, BP 95 for Naphthas 981 [0057]In applying this

i nvention, the hydrocarbon feedstock conprising a m xture of synthetic
crude oi Iwarrdosnon4sal |y |iquid hydrocarbon conponent mnayPo@/uspéoriosisky heat ed
by indirect contact with flue gas in a first convection section tube bank
of the pyrolysis furnace before mxing-wth a dilution fluid, e.g., steam
Preferably, the tenperature of the heavy hydrocarbon feedstock is from 1500
to 260C (300 to 500F) before mxing with the dilution fluid.

(300 to 500F) before nmixing with the o
St oam nay. BETleD iyt L AR kb PftgRL AT Y P Plap e ™ X 0re

convection se‘léit%f_f(egﬂ(gf) ief, wdightRiti®by ptepyldaemageankebons hel agedihvaghed.
Preferably, the first convection section is arranged to add the primary
di | ution st d&AT4tldetm Woighiwsetio ofiiladencometharie)t ofat -6s diesitlen fesuetackingt t he

hydr ocar bon {.eedst heat.ed before mxing with. the fl.ui.d and the
mxture otredmanapetiferds KBRS RS AT R PhhBinkiSh patlubrthe
tenper at ur e Qémbtiegdd oie (@ﬁgaﬁ@'éﬁfthdﬁﬁ drb@e bilnStpLRMYRGO)AR SeshineRid ube bank
is generally less than 815C (1500F), for exanmple, |less than 705C %BOOF),
such as | essizchinaeoe esadpr) aboxpghewetre mertage I sthylamaryigdod 3 WOYoF) .

[ 0060] Di | uti : i.nt, Nt roce .exanpl e,
it my be acfg@%%%gfﬁ%%ﬁa?gg%%gﬁ%g%eakgggéf g@ﬁxﬂé’e Igir lélglgera g)ea ik ﬁ%ueréug {)lrllg, to
the m xture &itlee@MpeRndé 8y 126°F he vapor phase. Any dilution steam stream
may conprise sour steam Any dilution steam stream may be heated or

super heat ed EXRAMEdhYecti on section tube bank | ocated anywhere within the
convection d40068lon Ekample If wanwpeateqexaifcpt abigh fonr hjdrotiaclate pithsgmond t ube

bank. 0061] Th i t b 540C..( 600, 1000F) bef
o oduatt crpobt O Sd AT R fanbie Jralty M Safteub shfdss sihoopaga) 2o O"e
knockout. dr uncAd 3 el iBis NoWr 5% YOy RE°12 et LAGH kPckdly i@ 200

(0]

psia). Follow ng the flash, ' 98% of the mixture stream may be in the
vapor phase.ctidensddeldi dtamt’eprdnetians is nehanisuanadiesnkeinakgad! Dewtib andr may be
used to renmove trace ampunts of liquid fromthe vapgt,.phase., The vapor
phase nay baMiEkFed e BPaBGYe PHe HEsHePBRALFSL bY o TReFor EReriody | Y L he

radi ant sectgyffru8é/highepodut hjd@erackat nexandd &hiliordadh clyolofpbur(ifkstod 1300F) .
This heating nmay occur in a convection section tube bank, preferably the

t ube bank nedrBsvhichmakesdhemtsudade famsoivithpet Heated dands or lines.

[0069] Although the present invention has been described in considerable
detail with reference to certain preferred embodiments, other embodiments are
possible, and will become apparent to one skilled in the art. Therefore, the spirit
and scope of the appended claims should not be limited to the descriptions of the

preferred embodiments contained herein.



[ 0062] A transfer |ine exchanger can be used to produce high pressure
steamwhich is then preferably superheated in a convection section
tube bank of the pyrolysis furnace, typically to a tenperature |ess

t han 590C (1100F), for exanple, 455 to 510C (850 to 950F) by indirect
contact with the flue gas before the ue gas enters the convection
section tube bank used for heating thé” heavy hydrocarbon feedstock
and/or m xture stream An internedi ate desuperheater may be used to
control the tenperature of the high pressure steam The high pressure
- | 6- st€bAIMS preferably at a pressure of 4240 kPa (600 psig) or
greater and may have a pressure of 10450 to 13900 kPa (1500 to 2000
psig). The high pressure steam superheater tube bank is preferably

| ocat ed biet weeptdoessfibr Ghcka@wathead cHee bil-eonthinbe fbéﬂ&ibcﬁﬂdm%ﬂﬁng ube
bank used for heating the vapor phase. 100631The gaseous effl uent
fromthe coil outlet of the radiant section of the steam cracker
furnace can bey subj i

bet ween t he fg%nacéggﬁﬁQgggg%dﬁ?ﬁgeseparatﬁ%% %5@22@5 prlﬁggih&nmny
fractionator) or t diquidnwekeadiondpartion Sadhgquawtﬂngcémnbebmarﬁo" gd abogt

above. The auench 105 aelBlH FECR Shich % LA EPAT e Rof FRRELSn

l'i qui d quench streaighid boilihgelh Ohangerfrdnd absidicODO® hsut hBSG"Fe@t}ﬁI’BWﬁe a
with transfer |ine exchangers. \WWere enployed in c%¥ unction with

at
| east one transfer Swth%tlce%@ﬁ%ﬁﬂe‘?mhft%@ ﬁﬁ%rﬁ"l’m Pt 73 tﬁrftbpé? ABIOE,
introduced w thin Qpn@hifk Et@ht@f WS hY Q@Wt‘?f alroﬁ‘l%tlésr %ft&r Qﬁ)ut 25

exchanger (s). Suitable quench |1iquids include I'iquid uenc such
as those obt ai ned bv“/tan@ixhwmscm des thare atechut ©i3 Wﬂﬁo%ldeﬁuﬂlaldlabmt 0.02 wt%

pyrolysis fuel oil ag altenets ds}_’l\@éanall ﬁ)ﬁ reé)gfr%bt altﬂerqgf ! Oﬂh\ﬁflr ous

sui tabl e sources, g., condense Fon 'St ?Spassage
t hrough t he di rect quench and/or transfer |ine heat exchanger(s) t he

cooled effluent is fed to the aration vessel (a, primar
fractionator &b at *&agio @ﬁém@?tﬁw%@mmw QUi TP gTRoTpOnent

condensed tar is S%Bﬁfngtlﬁlq rﬁﬂé&rﬂérﬁ%b&ftflbg‘e{&tab%{ur RRGF {vvﬁ%ﬁﬂ thB8ormally
gaseous overhead of the separation vessel is directed to a recovery

train for recoveri rhlgU@Zh)thOC@fboé}I eimpesent] intselectgd ifepm {EOS@RTIvensisting of

invention is ill usﬁlﬁ@%\ﬁ&g ?ﬁl{?ﬁo f-0lde M@%el%?&{ggh%ﬁll%@ g)aro%regteg S 019ed

for the purpose of n an 'S no Be €on

limting the scope aod hydrecrackaenndn. Unl ess stated ot herw se, al

per cent ages, parts, etc., are by weight. EXAMPLE 1 100671Engi neeri ng
cal cul ati ons (COVMPASS) which simul ate processing synthetic crude

al one and admijf Ur @facRing SN hahleCrelitteidmtil) ilA@Phdker furnace comprising a
radiant coil outlet to provide a cracked effluent, wherein the cracking is
carried out under conditions sufficient to effect a radiant coil outlet
temperature which is greater than the optimum radiant coil outlet

temperature for cracking the synthetic crude oil separately.

2. The process of claim 1, wherein the normally liquid hydrocarbon component has

a greater optimum radiant coil outlet temperature than the synthetic crude oil.

3. The process of claim 2, wherein the normally liquid hydrocarbon component is

added to the synthetic crude oil in an amount sufficient to increase at least one of



accordance with this invention are conducted and conpared w th actual
| aboratory results. Reaction conditions include reactor tenperature
of 725C (neasured at -17- coil outlet), reactor pressure of 50 kPag,
st eam hydrocarbon ratio of 0.30 with severity (C3=/Cl, i.e., weight
rati o of propyl ene/ nethane) of 1.5 and,selectivity (C2-/C1, i.e.,

wei ght ratio of ethyl ene/nethane) of 176. Results for cracking Sincor
and Syncrude 319 synthetic crudes alone, or in conbination with heavy
aromatic gas oil (75 parts synthetic crude oi 1/25 parts HAGD) in a
commer ci al si z&) dranked efluast tdapeniubea tixbaileowleoby Gomiahouted seabiont 150°F,
et hyl ene yield gf 2l % .1, ductli.onE in hradi nt / quench cqke Hake f.10
wt % and i ncred® ]%‘)no\é\%"t‘iy ESFNG AL {1 WAPE Gt QB CE I R ERERBIE
2 [ 0068] Exanpleudt oilagodcepeat ed except a hi gh pour hydrocrackate with
a pour point of 110F was substituted for the HAGO. The synthetic
crudes Sincor and Syncrude 319 exhibit | ow pour points of -12F.

Resul ts show i 1 t i 2 W O i in.
radi ant/ quu enc ?hg &Egéergrg IZC%PH ?O %&/ﬂgﬁ% @hg?lgagéulﬁﬁl@%% %%WH%H&%P ?nénp '
out | et tenper atlgcted biyorl 266 . gritpe chusistinguet bydrotreatkel Hglifhvipgiurnaphtha and
hydr ocr ackat e ,m xiur e(i exhi bit relatively | ow pour points of 80F,

whi ch makes t HERUGTPABI" " or use without heated tanks or Iines.

[ 0069] Al t hough the present invention has been described in
considerable detail with reference to certain preferred enbodi nents,
ot her enbbdi neredresess Hodampl, avhergipthgisythesiccavae Abiss A@Rur pntgipeereater
skilled in th sef kg glgn[gﬁ
cl ai ms shoul dq%zg{g Oélg—ltsignP?ttg%ﬁ?%ﬁapgelﬁﬁﬁeig%?rg%?%&ngeﬁﬁp%g Eh(rasefgr re f
enbodi ment s ceueatdrrtbah dwueil 2°F, andl@e-mi@upg WSullingd fronoidkbss 4 pourgroaigkiong
a synthetic crud i | -cont al-phng feedstock conprising: 1)

hydr opr ocessi r%eaier&%‘a&lea%ﬁ%ﬁ ﬁoﬁ% range aliquot containing a) normal |y

| i qui d hydrocarbon portion boiling in a range from about 500 to about
800F, substantially free of resids, and b). thermally cracked

hydr ocar Bon | i g&iPacass; ¢ickaym; S whereyhthe syntBeHcapiisoldg 6 peur ptiBUe Herer,
to provide a sypfhghi 6247, ll'ﬁ]@n&'rﬂallr?%duicpHydcha@bJrfi&QﬁpJn'ém&b@Hijfbiﬁto
about 1070F, containing greater than about 25 w % aromati cs, greater
t han about 25 amaerribghatieené20°F] emkthe mintuabhrgultiog Srom %) B1s 4 pew pofirtmo
about 0.02 wt%%%ygﬁlnta net56401§md substantially free of resids other

t han asphalter‘%s; ila) addi ng to the synthetic crude oil a normally

| i qui d hydrocarbon conmponent boiling in a range from about 100 to
about 1050F wherein the nornal I%/ Iihqui d hydrocarbon conponent is
sel ect ed Fr om e PEFeHp ot o 1§ niheemn itgﬁhtm‘&‘PJrrE]i‘??%F& [fRout 75 wtd%
condensate, kef@8Rekatéhsd Ao LwiNYMRE LM Rbigas oi |, and
hydr ocr ackat e; "and

8. The process of claim 1, wherein the normally liquid hydrocarbon component is
added to the synthetic crude oil in an amount sufficient to reduce the pour point of

the mixture resulting from ii).

9. The process of claim 1, wherein the normally liquid hydrocarbon portion is a
virgin refinery feed selected from the group consisting of light virgin naphtha,
condensate, kerosene, distillate, heavy atmospheric gas oil, and vacuum gas oil,
and the thermally cracked hydrocarbon liquid is selected from the group

consisting of thermally cracked very heavy crude and coker gas oil.



iii) cracking the mxture resulting fromii) in a cracker furnace
conprising a radiant coil outlet to provide a cracked effluent,
wherein the cracking is carried out under conditions sufficient to
effect a radiant coil outlet tenperature which is greater than the
opti mum radi ant coil outl et tenperatg?g_for cracking the synthetic
crude oil separately. 2. The process of claim1l, wherein the normally
| i qui d hydrocarbon conponent has a greater optinmumradi ant coi

outl et tenperature than the synthetic crude oil. 3. The process of
claim 2, Mher éihe prheesnof mhdityl, | wiganéid thy dooealybldquid dyponahon pertadde c
to the synt het,i rude oiLl in an a nt .suff.icient to.i.ncrease at

| east one of - Bafebieg s Sinery. i ARG F2R etk pRiging 1 G and
outl et by frorhydhetickdtetaadakotierndiffuracked hflro0drBdr Hquld & dfectc@Stdr g
fromthe cracking, as conpared to the synthetic crude oil alone. 4.
The process ofgreypgonsistingfdhermally packadrishy hgavy pyde andhgakebeasrotlon
conponent is selected fromthe group consisting of hydrotreated |ight
virgin naphtha and hydrotreated gas oil. 5. The process of claiml,
wher ei n tHe sylhehptocesscoludkioi I, mdsrean ploaimopoalht liqoidg hpdibearbarh arortion
about 80F, the nor.nall i quid hydrocarban conmponent h a_pour_poi.nt
Great er 1 han SBBRGodtEnt L B HRIEE L Pudl T ARG Prottriipihagfed
pour point no lgaRRuG6n likEd caRpties tidhallPeradiRd vRFyaeaspcalie.cl ai m 5,
wherein the synthetic crude oil has a pour point no greater than
about 52F, the normally liquid hydrocarbon conponent has a pour point
greater than ahiroctdiclAfd, Wit Kt Hldof8Slhnk Ak AfBalihd. NS a
pour point no greater than about 64F. 7. %e process of claim6,

wherein the m xture conprises about 75 wt % hydrocrackate and about 25

5 . )
Wt % synt hl%t e ﬂreupgc?cegs' Af claim 1, wherein the hydroprocessing is hydrogenating.

14.  The process of claim 1, wherein the hydroprocessing is hydrocracking.

15.  The process of claim 1, wherein the synthetic crude oil contains no greater than

about 0.1 wt% S.

16.  The process of claim 1, wherein the synthetic crude oil contains no greater than
about 0.05 wt% S.
17.  The process of claim 1, wherein the normally liquid hydrocarbon component is

added to the synthetic crude oil in an amount sufficient to provide an optimum
coil outlet temperature of the cracker furnace for the resulting mixture which is
increased by at least about 70°F over the optimum coil outlet temperature of the

cracker furnace for synthetic crude oil alone.

18.  The process of claim 1, wherein the normally liquid hydrocarbon component is

added to the synthetic crude oil in an amount sufficient to increase the hot cracked



8. The process of claim1, wherein the normally Iiquid hydrocarbon
conponent is added to the synthetic crude oil in an amount sufficient
to reduce the pour point of the mxture resulting fromii). 9. The
process of claim1, wherein the normally |iquid hydrocarbon portion
is avirginrefinery feed selected frgmthe group consisting of |ight
virgi n naphtha, condensate, kerosene, “distillate, heavy atnospheric
gas oil, and vacuumgas oil, and the thermally cracked hydrocarbon
liquid is selected fromthe group consisting of thermally cracked
very heavy cr wfueantnypekeure gathegiofl.outlet &the chdkerThmapr wcthe spadum! @ilm

1, wherein the normally |iquid hydrocarb ortion is a hydrotreated
Cefinery stredmearanedurs PoieeREnyRIR Chrretidtgompopat of | and
hydr ocrackate, and the thermally cracked hydrocarbon liquid is

sel ected fromthe group consisting of thermally cracked very heavy_
crude and9%okdmeguacess pf claim Iywaersinothe normallye ligyishydrogaben pompenent is

normal Iy |iqui r QHH&% i on: | Lght. Vi .o

condensat e, aﬁ@dgﬁgiﬁﬁerna °$9%%ac g&ﬂﬁ%(P%g%g1g%mﬁ?éﬁ%%k§g%%§ﬁgg§m
thermal | y cr ad&estabost §.05€3wiC Iciouckeh 51Rincifage ipreod estet odmysdratiom 1,
wherein the hydroprocessing is hydrotreating. 13. The process of
claim1, wherein the hydroprocessing is hydrogenating. 14. The

process dfo. cl @b pkocedbIBf Elaiin LN /hBH R MRERSS} RGuill hylydirBeH a6kpirint &5.
The process of claiml1l, wherein the synthetic crude il contains no
greater than @86t toghq syihgiis cruds oilripeinmauet suffticr) tajinarease sFyEFiRt BY tthe
synthetic cr U‘i@asf’éﬂou?@.@ﬁ D1y Qeiicl:ﬁ%t’lefnc;ela%qn%gﬁ B&té& TngpéMt%)eS' 17.

y | hydr

The process of claiml, erein the normal I qui ocar bon
conponent is added to the synthetic crude oil in an amount sufficient

to provi an timum cpil. outl et tepperature,.of..the cracker furnace
for the risul (RGP of eighichiretn (e eaedl’ ighid hofobaBsa fimponagft
over the opti ndded®ithe gutHedit chudspiiRbn bfoat shfiRicar Rokaice cbkdmeake B4t
synt hetic cruqe oi| alone 18. The process of claim1, wherein the
normal Iy |i quilePSh3HbtA¥Vhdn conponent is added to the synthetic crude
oil in an anount sufficient to increase the hot cracked

22.  The process of claim 1, wherein the normally liquid hydrocarbon component is
added to the synthetic crude oil in an amount sufficient to increase olefin yields

from cracking by at least about 1 wt% ethylene.

23.  The process of claim 22, wherein the normally liquid hydrocarbon component is
added to the synthetic crude oil to increase the optimum coil outlet temperature by

at least about 70°F.

24.  The process of claim 1, wherein the mixture resulting from adding the normally
liquid hydrocarbon component to the synthetic crude oil ranges from about 0.1 to
about 99 parts by weight of normally liquid hydrocarbon to each part by weight of

synthetic crude oil.

25.  The process of claim 24, wherein the mixture resulting from adding the normally

liquid hydrocarbon component to the synthetic crude oil ranges from about 1 to



-21 - effluent tenperature at the coil outlet of the cracker furnace
to the optimumcoil outlet tenperature for the normally |iquid

hydr ocar bon conponent. 19. The process of claiml1l, wherein the
normal Iy |iquid hydrocarbon conponent is added to the synthetic crude
oil in an amount sufficient to increagge severity by at |east about
0.05 C3=/C1 for each 5F increase in corl outlet tenperature. 20. The
process of claim1, wherein the normally |iquid hydrocarbon conponent
is added to the synthetic crude oil in an amount sufficient to

i ncrease severaboyt hpartetbyl weight odiipormally. lpmidBydr@hrtfonrto sadhp &by weighlaste
in coil outlet t era%ur . 21. The process of claim1, wherein the
normal | y quuﬁﬁnﬁﬁ ol ?%gn conponent is added to the synthetic crude
oil in an amount sufficient to reduce coke nake by at | east about 10
wt% 22. The process of claiml, wherein_the normally liquid |
hydr ocar B corfsomessss iof chimely whprgipdhg %éfhé?lileg é’?“lﬁﬁé‘llﬁPq?t omtaips from

amount sufficigplt 1@ bBE19338s B Ghieht ¥ f AomlaN9 MoGiaag ki i t
about 1 mﬂ@befhyﬁeneé 23. hesg*ocggg J? c?aﬁnggg,daﬁ§¥§9ﬁ9¥ﬁg&mh%ﬂs
normal | y | i quiedchhyadt mcarigbroidconthomely crackedideaidodadbantiimuid/nt heti ¢ crude
oil to increase the optinmumcoil outlet tenperature by at |east about
70F. 24. The process of claiml1l, wherein the mxture resulting from
addi ng t I, norThel prgcdsé @Bicthiyld roieadih ahe OMPBEIENY ringet diqustydtnbeds fom
crude oil ranges from about 0.1 to about 99 part{s .hy wei ght of .
normal Iy | i quitdoHydiPGOarboPATsPYeHe BIpA e IRmARY gtid ydogaberpeition ffde
oil. 25. The %&pﬁﬁ?ﬁe@h@dm%mﬂm@r&a&e& RRir8iadoinguigesul ting from
y

addi ng t he nor nal i quird hydrocarbon conpconent to the synthetic
crude oil ranges fromabout 1 to

28.  The process of claim 1, wherein the cracking is steam cracking.

29.  The process of claim 1, wherein the synthetic crude oil is derived from shale and

the normally liquid hydrocarbon component is derived from petroleum.

30. A process for upgrading synthetic crude oil for cracking which synthetic crude oil
is a hydroprocessed mixture of a) normally liquid hydrocarbon portion boiling in
a range from about 50° to about 800°F, substantially free of resids, and b)
thermally cracked hydrocarbon liquid boiling in a range from about 600° to about
1050°F, the synthetic crude oil boiling in a range from about 73° to about 1077°F ,
containing greater than about 25 wt% aromatics, greater than about 25 wt%
naphthenes, less than about 0.3 wt% S, less than about 0.02 wt% asphaltenes, and
substantially free of resids other than asphaltenes, which process comprises:
adding to the synthetic crude oil a petroleum-derived normally liquid hydrocarbon
component boiling in a range from about 100° to about 1050°F wherein the
normally liquid hydrocarbon component is selected from the group consisting of
light virgin naphtha, condensate, kerosene, distillate, hydrotreated gas oil, and

hydrocrackate, which component i) provides a greater optimum coil outlet



- 22 - about 3 parts by weight of normally |iquid hydrocarbon to each
part by weight of synthetic crude oil. 26. The process of claiml,
wherein the wide boiling range aliquot contains fromabout 1 to about
10 parts by weight of the normally |iquid hydrocarbon portion for
each part by weight of the thermally_gsacked hydrocarbon |iquid. 27.
The process of claim1l, wherein the wde boiling range aliquot
contains fromabout 2 to about 3 parts by weight of the normally

| i qui d hydrocarbon portion for each part by weight of the thermally
cracked hydr odempayatuld duri cracke8.fufhes pfflvents thanfthe |spnthetic cmideral pratied
cracking is steannpfacking. 29. The process of claim1l1, wherein the
synt hetic cr ud®B1 7 s derived from shal e and the normally liquid
hydr ocar bon conponent is derived from petroleum 30. A process for
upgradi ng synthetic crude oil for cracking which synthetic crude oi
is a hydrg-ﬂpr ocesgueress ok ¢lpian &9, @)ﬁl‘%%lpqrywlly darid hygencaibgn semparsint 1son
boiling in a rapgefhoN:ARekrRRGiliA /AR ieR YO AR ANkt bhes
of resids, and b) thermally cracked hydrocarbon liquid boiling in a
range from abokcrag@d affucnbtempetdBBRt a trackey demets eoil puitie byidbobio$T fong
in arange frq b 73 tq.about .1077F. .cont ai nin reater th

wbout | 250wt o6 aPRal g st By BRI vistd i BBl P Rt b O By e

t han about 0. 3ynhéficsrudlesisalbhan about 0.02 w % asphal t enes, and
substantially free of resids other than asphaltenes, which process
conprises: adding to the synthetic crude oil a petroleumderived
normal ly |iquid hydrocarbon conponent boiling in a range from about
100 to about 1050F wherein the normally l|iquid hydrocarbon conponent
is selected fromthe group consisting of light virgin naphtha,

condensate, kerosene, distillate, hydrotreated gas oil, and
hydr ocr ackat e, whi ch conponent i) provides a greater optinum coi
outlet - 23 - tenperature for cracker furnace effluent than the

synthetic crude oil cracked separately. 31.The process of claim 30,
wherein the normally |iquid hydrocarbon conponent is added to the
synthetic crude oil in an anount sufficient to increase at |east one
of A) cracked effluent tenperature at a cracker furnace coil outlet
by about 5 to about 150F, and B) olefin yield resulting from
cracking, as conpared to the synthetic crude oil al one.



