- 1 - HYDROCARBON RESI D PROCESSI NG AND VI SBREAKI NG STEAM CRACKER FEED
RELATED APPLI CATI ONS [ 0001] This application clains benefit of and priority
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FIELD OF THE INVENTION
[0002]  The invention relates to a method of making olefins from a crude or

resid-containing fraction thereof.

BACKGROUND OF THE INVENTION

[0003)  Thermal cracking of hydrocarbons is a petrochemical process that is
widely ﬁsed to produce olefins such as ethylene, propylene, butylenes, butadiene,
and aromatics such as benzene, toluene, and xylenes. Each of these is a valuable
commercial product. For instance, the light olefins can be oligomerized (e.g., to
form lubricant basestocks), polymerized (e.g, to form polyethylene,
polypropylene, and other plastics), and/or 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 in the presence of hydrogen and/or hydrogen-containing
components, such as steam.

[0004] The starting feedstock for a conventional olefin production plant, as
described above, has been subjected to substantial (and expensive) processing
before it reaches the olefin plant. Normally, whole crude is first subjected to
desalting prior to being distilled or otherwise fractionated or cracked into a
plurality of parts (fractions) such as gasoline, kerosene, naphtha, ga-s oil (vacuum
or atmospheric) and the like, including a high boiling residuum ("resid"). The
resid cut typically has a boiling point of greater than 650°F (343°C), at

atmospheric pressure.  After desalting and removal of the resid fractions,



[ 0004] The starting feedstock for a conventional olefin production plant, as
descri bed above, has been subjected to substantial (and expensive)
processing before it reaches the olefin plant. Normally, whole crude is
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gasol i ne, kerosene, naphtha, gas oil (vacuum or atnospheric) and the |iKke,
including a high boiling residuum ("resid"). The resid cut typically has a

boi | i int of t han 650F .(343C), at_ at i ARt
desal {1'ng and<TRABVERIEA=Y AEDERSFPRAEe SHE. e EIRBREF Sl 1595 B of t hese
fractions ot hgg phdantot heefn Qfatkdr 3 3feth pr&ftlcHon gxtaa{t RanP a6k Pr fabt €am
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polyunsaturated, and can be aliphatic and/or aromatic, as well as significant
amounts of molecular hydrogen. The cracked product is then further processed
such as in the olefin production plant to produce, as prbducts of the plant, the
various separate streams of high purity products mentioned above, i.e., hydrogen,
the hight olefins ethylene, propylene, and butenes, and aromatic compounds, as
well as other products such as pyrolysis gasoline.

[0007)  As worldwide demand for light olefins increases and the availability of
favorable crude sources 1s depleted, it becomes necessary to utilize heavier crudes
(i.e., those having higher proportions of resid), which requires increased capital

investments to process and handle the refining byproducts and purchase the higher



grade feedstocks. It is highly desirable to have processes that can take
I'ower. cost, heavier crudes, and produce a nore favorable product mx of
light olefins, nore efficiently. [0008]1t has previously been proposed to
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hydr oprocessing the feed. For instance,, U.S. Patent Nos. 3,855,113 and
6,190,533 are directed to a process coﬁﬁrising passing the feed to a

hydr opr ocessi ng zone foll owed by a steam cracking zone. In neither case,
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for the produkfdrepioceisoptffibemds “fed in the presence of steam directly to the pyrolysis

zone wherein unvapourized feedstock is removed as a residue fraction in a

separation zone prior to entry of the vapourised distillate fraction into that region
of the pyrolysis zone maintained under conditions which effect thermal crack:ing.’;
However, the '299 reference only teaches conventional hydroprocessing and
thermal steam cracking of the 'non-resid-containing overhead stream and does not

properly suggest or teach how to use the resid containing effluent from a resid-



[0012] In U S. 4,257,871, vacuumresid is used for the production of olefins
by first separating the asphalt therein, blending resultant
asphalt-depleted fraction with a lighter fraction, and then subjecting the
bl end to aWoaWeMi®enal catal ytic hydrogenati on step prPOF/USZ§0&/HE47iral
cracking. See also U S. 4,297,204. [0013] Japanese Kokai Patent Application
Sho 4[.1983]-98387 relates to a nethod 01" manufacture of gaseous olefin and
nononucl ear aronmati ¢ hydrocarbon, characterized by hydrogenating crude with

hydrogen and a hydrogenation catal yst, foll owedﬁl)é.ther mal cracking. In an
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Patent - 5 "'ééﬂ%ercﬂ;e&@%%sgﬂl%, LPQ, 2AQ06WaS. Rack'Df BRbCRE udigul of AkfGindl3, toO
Franck; and US Pat ent . 4,210, 520, to Wernicke. gtgn(l)ilS] WD 2004/ 005431
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prior to stea king: nventi on not- di scl"ose of teach
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of the linear paraffins, which are known to nake the hi'ghest quality steam

cracker feedsscaksrack heesat-orobptieg lislreraton ateamfor 8wipgoducen fwiefinef crude
B g T
known that cobyéitisegasdting @ Mpiandh&BinOslesdih e sMtacapat-fplisiciadioghl y prone
to fouling. [0016] There remains in the art, neans and processes for
econoni cal , With a lighter fraction, and then subjecting the blend to a conventional catalytic -

hydrogenation step prior to thermal cracking. See also U.S. 4,297,204,

[0013]  Japanese Koka: Patent Application Sho ﬁ[1983]-98387 relates to a

method of manufacture of gaseous olefin and mononuclear afomatic hydrocarbon,

characterized by hydrogenating crude with hydrogen and a hydrogenation catalyst, _

followed by thermal cracking. In an embodiment hydrogenated ;:mde oil may be

distilled or flashed to separate components with the overhead stream fed to the

thermal cracking process. See also Japanese Kokai Pafent Application Sho

58[1983]-005393 and Japanese K okai Patent. Application Sho 57[1982}-212294.

[0014]  U.S. 6,303,842 teaches producing olefins by thermally steam cracking

residuum containing a short residuum having a boiling point range greater than

565°C, wherein at least 3 weight percent of the short residuum has a boiling point

greater than or equal to 650°C. The feedstock is produced by conventional

hydroprocessing. Other references of interest include U.S. Patent Nos. 3,855,113;

4,057,490; 4,179,355; and 6,743,961, Still other patents of interest related to

cracking heavy feeds include US Patent No. 4,257,871, to Wemicke; US Patent



processi ng of heavy, resid containing whole crudes, and resid containing
hydrocarbon fractions thereof, for the production of olefins, aromatics,
and ot her val uabl e petrochem cal products. Al known a i to this
i nvent i on, WRAYL'4EP1Li enci es, shortconi ngs, or undesi ra%ﬁ%’aéﬁg&ef@?@} SUMVARY
OF THE | NVENTI ON [0017] The present invegntors have surprisingly discovered
that resid hydroprocessing that is increased in severity and heat
integrated with a steam cracker, may be used to produce useful products
such as ol efi / Q [ | ehegral e af ast one
bydr opr ocessir?\(gj 4$ e’S’?é’at?SPg%g‘{a&(bﬁgrﬁéﬁggﬁgT‘%%dé ?é%l(fﬁ%dﬁg’ ancpsg?at east one
t hermal crackimg,2308p0, tb W:kEEKhi s i nvention provides a process by which a
hydr opr ocessi ng ef fl uent cont ai niSJ)g a resid fraction therein may. be used as
1

st eam cracker[0PEdd. Wik 2004/B0M3 1 Listlases ) BIGCEHS Siob\AaaEd CRRKIPS SETHIB or a

resi d- cont ai ng 1-0n . f f HSEqaS Steam
cracker feed%%@&g@%ﬁégﬂgﬁﬁg%r c\gsse ’Qr%}é%@ gg%@g@ﬁ?ﬂ%d :‘H glélgs%glgk may be
st eam cr ackedfrdctopisaetnaedypsiof tolstepmathcking. Thel343isinvémibn deesanetidisclosar onat i ¢
conpounds. The invention is directed to rocess .Jntegratin i

hydr ogenat i orP'df°j Qf’?igﬁfla@%ta%l?rﬂr??ﬁssnﬁ?@ﬁ?iﬁgfl “Rﬂ%dﬁlg_slieéﬂn%e‘ﬂraewgﬁﬁﬂt o obtain
an olefins prgduelid £GLA TRRRMRILE Hactiddi® ! BathP WS 8ru@é, Produci ng
olefins froma feedstream conprising crude or crude fractions containing
resid, the priocledisg restl foattings, may bepteah chagkiedprdomeysted dgo petroshenucals.

vi sbreaki ng, and a st f thermal cracking. Th r ss_and aratus are
capabl e of ref 8¢ty %E‘H%’Cg‘ﬁgo H%tﬁpt@?ta}?éhﬁ‘g}ce{mﬁg& &jﬁe{ @nﬁgﬁ“—%@%monents
of the feedstw@EainaRNEnd¥as® HEke weSkigitsi ghdily @bt otRRer fe@fockonprents,

i ncludi ng vaporized conponents derived fromresid, into the radiant section

of the steamamawkenc ajdoGewim fesish Eackipnseef @hdsculs panaiingr>2thyt/o fulfire ,
af orenenti one i S ' ¢ G Pk 1 ckin
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i nt egrated wilydrdgbre dohentmaf gy 00wtlsi sitf igr welt dnowh sthateadngentgnalaresidccur i n

the integrated vapor liquid separati.on device.el.imnating the need for a
separate cona@ﬂfqu‘?’rﬁ’fs ﬂ’é‘fff“é%t%g?““ﬂ]ﬁ@gg?r%fs t%f?b‘llfﬁrent.

[0016] There remains in the art, means and processes for economical

processing of heavy, resid containing whole crudes, and resid containing
hydrocarbon fractions thereof, for the production of olefins, aromatics, and other
valuable petrochemical products. All known art previous to this invention, has

A deficiencies, shortcomings, or undesirable aspects.

SUMMARY OF THE INVENTION A

[0017] The present inventors have surprisingly discovered that resid
" hydroprocessing that is increased in seven'ty and heat integrated with a steam

cracker, may be used to produce useful products such as olefins and/or aromatic

compounds by integration of at least one hydroprocessing step, at least one step of

visbreaking, and at least one thermal cracking step.

[0018] This invention provides a process by which a hydroprbcessiﬁg effluent

containing a resid fraction therein may be used as steam cracker feed. The _

inventors have also discovered that crude or a resid-containing fraction thereof

may be hydroprocessed for use as steam cracker feed stock. The hydroprocessed,

resid-containing feedstock may be steam cracked to produce usefu! products such

as olefins and/or aromatic compounds.  The invention is directed to a process



[0021] In another preferred enbodi nent, there is a process conprising
cracking a portion of the resid conponents in a hydroprocessing step,

obt ai ni ng t froma resid hydroprocessing unit 1ShisRdtehng t he
ef fl uent, g&dﬁ%@gﬁgg t he overhead fromthe visbreaki ngpcsjwé% to the

ra.di ant section of a steamcracker. Hege again the visbreal cing may occur
in an integrated vapor liquid separation device or a visbreaker separate
fromthe steam cracker. [0022]1n one preferred enbodi ment, the process
further conprisg ' fr RGHIONRhInE - Srd¥inkse of a
flash drumto rﬁ%@g %@g{‘%@ﬁ%g aandglc?r rerrgi n?%lggf?lgtjﬁg%rﬁsrbbgﬁgi ng above
1050F (about bbGiB)anasfinspafdectabl y only those remai ning fractions boiling
above 1100F ( 593C) fromthe feed prior to passing t feed to the
radi ant secti i&fﬁgf‘ tﬁ%_@t%‘?ﬂdﬁ%k&mdﬁﬁ p@ﬁ?sﬁr?fg?rﬁg‘f”?‘?g f’];?felgs %SW be
acconpl i shed dibtrehRUEHSH M BRdé RAlcnMeCHREYAd cbRaBngPREUC he! HLest he
fouling rates of VG steam cracker feedstocks. Preferably at |east one flash
drum or ot her ifdwisig aistep oEhydembeeasingm step-dfivisbreakimgeandos stey of themnapl ate i s
provi ded to reduce tﬁ@ pressure in the hydr [ocessar efflgeﬂt and cause
the conversi oﬁmﬁlfm%'o_ © BFOERRAIN | WATHYS 15 GRPOT 81 TYETpe SO IRG PRI er abl y
the flashing dg¢ efiekiPabld M @nffdn¥itd Bf REfeéRBEark And HassHcCAB AR ET
thermal pyrolysis unit. Integrated neans heat integrated, such that heat
may be obt ai neglyf\aporizsd compeneatss inghiding vapaeizad) comperenis rigriveshigomn egsit at i on
process from r [ f i the process, such as during

hydr opr ocessi %g?m%rraecﬁgrg,??c%an%gﬁg%c%ﬁégg?ﬁrbn section, and/or fromthe steam
cracker. |n prnese;r edn prddathdreaibodimenief piiyesStie efopdménkione thetednt stepr m t he
hydr.opr ocessor is_flashed or depressuri sﬂgﬂ, ‘gltsr | east one aqf prior to
separati on or 4NFPHEEEPEPRIY YAm FRESRE AR Yere R @ YARES NEHE SPERLPBI 1 ity of
i ntroduci ng  fagyigd [ ben! JigbriateCiitBraic0IAR fe ANGHILTpREIGiE! fifflce.

enbodi ment, the Tnveition conpri’'ses a process for preparing a

r esi d- cont ai niVighrémcog@am pbaun irf the dé¢apatéd ¥apor Bquad saperatiok dewgcet dhignimding. The

i nventive procgess nprises in one aspect, hydroprocessing the feed to

hydr ogenat e t .cqeﬁég’étaé@?“tﬁ%c?w Wa‘}t‘)ﬁ% eahﬁf‘?)c&g%orscgwpggtr on of the cracked
ef fluent. The [00RIENt iN CarPHRE Gfifefret lhPbAiGRAN! theRS is APHRYEsH Jeontpeising _
hydr ogenat ed resi d- cont ai ni. ng hydroprocessor effluent by further processing

the sane in acwckipg aareenb theresideamppnentsisie hyReormrgsie S eblapinEgant and
recover an 'mﬁﬂl\éﬁtdﬁrﬁ%! igg:ggx%g&'c&gmggngﬂ,rvi?&feh@ﬁ; efeﬁﬂ%htt,gﬁd iﬁiﬁi!ﬂ%ea' drig

process in a vapor qui rator, N as may be used rn a visBreal dng
separ ati on pr dees®rhedd &romnthe visbreaking stpp tethe radiant|sedtiontdiarstéanperackeng t he
quality of th?:{ﬁfreed.b vi.sbr eaki ng and/ or separ a&i{dn‘?agt hf Vi, sbr eak- processed
material in a3 SBFURKE V1§ TRAY SFCur ity gn dhiegraiedyappr figud s Begr at ed

with the steae@rasOFsbréiRECsepirst Eoalthy st¥dh Brabkg. convecti on section of the
steam cracker. 100241l n an enbodi nent of the various enbodi nents of the

i nvention whel@23] t hin emp| pigferred sembndanentd the dregsy duither hgampsseso@dssi ng
unit, the fee . resi . i j t j rude that
has ;not been g@%%??%%%&eoggtgornSg&’é%{lﬁgégg)fg{:c?o?g?&%%ng al r?irﬁré res‘%jﬁgrlle(r% anot her
enbodi ment, hyad/opreoxaéssg figetions bailing etowul 030SF r{gboat 566743 tand peefériabled bed
hydr ogenati on r tor, ebullating.reactor, S uj di y.dr ogenat.i on
reactors, pri (5’F'E’t osﬁéfmﬂmpg&ra[:@ugbp Eﬁ%ﬂvedgb%ﬁy@#%“tﬁﬁ?" % ﬁf@b@%?"efin yet

ot her enbodi MpabLS to Al iR BRd ydhe PeEGRS §&H of WTPIHe SQe N Grftker A€ Of
recycl ed steam cracker tar, heavy crudes, or topped crude, and feeds to be

st eam cr acked Suompnalyethis/@p bp pseapithed vabfonling ratee tat @e sauabio ardetierheavy
_crudes, or t Otrﬂ%gothé; gdgagtg ratés JorPGD e PLEUGE fe%ﬁsétgmquré@ﬂﬁleroa%;%f%%% ce of

hydr ogen for ocessing is fromreno net hane.
pref erred enbdkshmémis onloter iflasH dekéces oudhi mahtn andinothdkep ooprifivr platef ist he above

embodi ments, Ippogllicl’égltggrcglic%f Be rp?gssu%gb i qim”ﬁ? %I'Jrolcgssgrettaﬂl%grlltl a{nd cause the
conversion of some of the liquids to vapors, is provided. Preferably the flashing
device is integrated with the feed to the steam cracker thermal pyrolysis unit.

Integrated means -heat mtegrated, such that heat may be obtained for the



- 8 - another preferred enbodi nent, feeds such as whole crude, with or

W thout desalting, or the product of a refinery pipestill or a chem cal

I nt er medi aya %Mlazmzcont ai ni ng asphal tene or resid, sucf-pgs:edsiiefpheric
resid or vacu resi'd, or steamcracked tar are hydroprocessed using fixed
bed hydrogenation reactors or ebullati+tg or fluidized hydrogenation
reactors prior to being fed to a thermal pyrolysis unit having a vapor

| i quid separation device integrated therewith. (0027] The invention is also
directed to aonyetiom QKR Hhihthed ahy SHpRRLOE PRosbR FrAP PAE af wiore af thaer mal
pyrolysis unit, and at |east one_vapor |iquid separation device, for

vi sbreal dng, si#psiihe RIPress; pdy as| qugine ydepREEsngprakopinge 1 & cepyeeitRageousl y
integrated with:th | v.Si '

conpri sing festéa’gillon &éﬁ Ar;lglg(ﬁg?i{hggéré ai%&%@gn ?ﬁggﬁfc{%?gﬁghﬁﬁﬁ%@’s@%?% 0 obtain a
product conprthsieffipenti fytih tied Bfdréisodessoe ioflashed 6r ddprésaurized,odt @dasinsge. ofl N a
preferred enbodi nent, the systemfurther conprises a steam.reforyrer for
converting nelTAKRSPERR PlodsmEserastion; dashiaalsganclydss fspossibiltyoddr ocessi ng
apparatus. |t;j ' e invention to provide resid as a preferred
feed to the olpg??u%@gglgyoégtﬁ;%egﬂo a;ﬂa “thus enable. use of |ower quality crude

f eedst ocks. [f002} anint4netheo pjedarted ofmitodandnt)\ibe iriventidnocdmyriseas @rdaches hydr ogen

content of stgam cracker feed whil I ni M zi.ng .t he_i ncrease .i.n dr ogen
content of t IP@W&BHF%_'POWIWﬁgy%éﬁ&II &fgﬁf‘g‘hgge“&&ﬁ’d“&f% bj ect s,
features, andsgyant ﬁﬁ@ﬁd@é"ﬂr&ce&e&ﬁiﬁségﬁ)%ﬁ@%%cﬁ?nyﬂ:%?@é%ﬁ@ theSfedp@de to the
follow ng detailed description, preferred enbodi frents, exanples, and

appended cl ai hysirogemitetheDfesGRIdRTIOGM IOV eTHE HyRmarNGsufabon 9f the crieked
acconpanyi ng W, N reference n ral l.abel s. or r. indicia

I dentifying p%pﬁ?t‘ogig rl%‘f:eélg‘s'e Br&’ﬁ%séﬁgﬁlfesr,‘%%’? 83685%18 r(fvéngdgltﬁo gmlgle[kaée%par ts or
conponents, tRsio4ahsdngt RerGeyREr effiens by [{dARD] froghssiag tHe Garid én [Ar 0OCESS

flow diagranms illustrating some exenplary. enbodi nents of the invention.
DETAI LED DESCR$usqakefo thermally crack the undesirable effluent and recover an improved

resid containing vapor effluent from the visbreaking process in a vapor liqud
separator, such as may be used in a visbreaking separation process. The invention
comprises still further improving the quality of the feed by vishreaking and/or
separating the visbreak-processed material in a visbreaker and/or vapor-liquid
separator that is integrated with the steam cracker, more preferably with the
convection section of the steam cracker.

[0024] In an embodiment of the va.rioﬁs embodiments of the invention
wherein the effluent is obtained from a resid hydroprocessing unit, the feedstream
to the resid hydroprocessing unit. comprises crude that has not been fractionated or
a crude fraction containing resid. In another embodiment, hydroprocessing is
carried out using at least one fixed bed hydrogenation reactor, ebullating reactor,
or fluidized hydrogenation reactors, prior to being fed to a thermal pyrolysis unit.
[0025]  In yet other embodiments, feeds to be hydroprocessed comprise one or
more of recycled steam cracker tar, heavy crudes, or topped crude, and feeds to be
steam cracked comprise hydroprocessed recycied steam cracker tar, heavy crudes,
or topped crudes. In another preferred embodiment, the source of hydrogen for
the hydroprocessing is from remote methane.

[0026]  Some preferred embodiments also include combinations of two or

more of the above embodiments, including preferred embodiments. In yet: still



[0031] In one enbodi ment, the resid-containing, incipient thermally cracked
effluent froma hydroprocessor, preferably a resid hydroprocessor,

i ncluding those resid fractions having a boiling point of |ess than 1050F
(about 566€P 289742 er abl y t hose resid fracti ons havi RETASHEIFP4IAY poi nt of
| ess than 1100F (about 593C), are further cracked substantially, such as in
a visbreal cer/separator, and used as feed for a steam cracker or other
thermal pyrolysis unit. In the pyrolysis unit, the vaporized fractions are

converted to desired products including olefins. The terns thernal

pyrol ysi s unkrothesyprsfepss embqfiment ; feeds) 8Uch caseWholgneruds, oHiR: o5 Kithovhr e used
synonynously i.n; r Qﬁﬁ@?‘[?ﬁ LS '/ tanal 4P a steam
cracker, everq t‘%ég?.r @%h?ﬁﬁ@égu ona le5§‘83§2 ﬁg%igggﬁnégﬁgd‘o t\kélgea?(ﬁventi on a
crude or fr acbitaininghaspedkndc onteaidnismd ssesimdspherd yebid pr seassetsidTypi cal |y,

resid hydr.oprocessing, according to the .presept- jnvention may be carried out
at a te?/rpergts@f”@ C(S"?‘Ckgq Wéﬁsqydggﬁﬁe‘?ﬁgﬁ%g% %ﬁ?‘gg’@%?ﬁeﬁﬁhqﬂéﬁémﬁ%F (3430),
mor e pr ef er alyyy %lo?_e}'ﬁﬁdﬂeﬁ%df@%&%n rE4 Pg;rpﬁglll Yo B%ﬁﬂé@%g'drtﬁerhﬁl at | east

1800 psig. The intention is to Imitiate t _cracking of at least a
portion of t perobSBRmitGavusO:yapoekquid sepagtion devidepntegrated erawath. cr acki ng,

during the h . tep. Such i f h - ud h
rosi -t ract | SHC ey TG pIBAPig FisqditPe FeREimd furE 't MmPITE ws0r
(399C+) to i BidropioBesting bpfhtatss! aHerS pYtolydieurii, ahd BrledseEnedvapb@kdui®ns. Thus,

in sone enbodinents of the inventive processes, the incipient thernal
cracki ng t enpenseation alevioe far asbrppkingpwbereigdhe vener digwid sepasatioa devicgds  750F

(399C), or at,l 0] . ng,. 1N i . r i t he
torper atur e T OREES edRd Wim A besBaEhrtly R AR MBC Tobes 02 g
tenperature kceanpdsiipfteditg i feidh Bofdning3@eChrdugh Wrdysterh82 OhtanAcgrodudt ng to
still other alternative ephodi nents of theézor ce?ses of the present

i nvention, hyemBiRE Jsh 9 \fORfe Op SRPIS e &2 669?@%er1§t6r1€°_ ¢ r om 500F
(2600) t0 S0QRyGARLE) tOahah Hler! EHBBE0R 6343 QUMEORE (AR mor e
preferably from 700F (371C) to 900F (482C), nore preferably from 750F
(3990 to 906Rthansgrd)ydregenl tasprovide hydregqprie fieer kidroprécessmg7ppEai898ady t o 800F
(427C). |In saone,enpodinents,. the preferred pressure, i.s,fr 5 to 10, 000
psig, prefer %Ioﬁjeggﬁg e myahien B%il’gm&@%/msg‘ ﬁsg%d’,re e ?6?&08{5]%1"86%% y from
1500 to 3000ppsueer, dethas beblecthel ETTPRERGUAE Eale Yerldok€C At 6 &BtHep t he
conposition and conditions of the hydrocarbon feed. Preferred Liquid hourly
space vel oci eYicshesf the Myephanotoingrgass the, hudragepnsaptent o stegm | crackgreterd dr ogen

supply rate ﬁﬁgn,gﬂg : : nver si on
zone may be |(";rilgﬁtg e ran %&g?%%%%rﬁéggg?%%gkgb%r%%%% gfrJ ggt%?%qfégét per
barrel of hy@038hr bdhefecentl qbireef ahjedtd, yfe2tubR) and &JvalBgest sildladredomeibi ¢ f eet
per barrel. The_hydropgocessin be.carried out uytili.zin singl e zone
or a pluralif8P% ﬁ?d? PBecéss@?‘?Fg?"\éHﬁe@ﬁ"&“& ‘?et?l% JcJ?FC“r?BP% ﬁﬁ%%%r ocessi ng
zones in par aﬁlb@djmeﬁts,idga@?]eg,gﬁd appefidedxmis €, i n one enbodinment a first zone
may conprise a first catalyst that may be designed to .accunul ate nost of
the metal s renoved fromthe feedstock, and in series a second zone may
conprise a second cat al CRIPT i %}B Xi mum het er oat om
renoval and aromatics hy rog?%gtl on.mnégnot e&mﬁmnt, a first

cat al yst can[M3%esi gnibel atawmpenying) deawengsp stfereficet imenas, dblsely, enoited from t he
feedstock, and.a second zone with a second, catal an desi gned for
maxi num het ef”g]éﬁlao}ﬂ%?té%\gﬁagﬁ%prgc?sﬁicf”ap%eﬁg’ Wet‘ﬁxcgg‘)[ ‘%P]PE? tmgf can be
desi gned to taapaests, thfonghvut 16 sdl ogevati on. The first and second

catal ysts maY bg piped in_series reactors or |oaded in series in the sane
zone. Desi gnl®@3k;  j Jgurss 116 atf giopess floy dipgrame dustraing: s BSTPHY s) al one
do not form gngéditbe@bf Bafvetfont NI S 1 nvention. [0033] The catal yst enpl oyed
in the typical commercial hydroconversion zone(s) is conprised of materi al
havi ng hydrogenati on-dehydrogenati on activity together wi th an anorphous
carrier. Exenplary anorphous ni i um na, silica-alum na,
silica, zirconia, or titani a.ﬁ%é%gpﬁgmdr ogenati on conponents of
the catal yst [qogef er dilone embpdinest, de resi@sbnt@inmghitdpRge tahaly Gakeonent
selected from Goup VI netals and conpounds of G oup VI netals and at |east
one hydr ogen8iien ToghpBYfEsRosEIoBPrefarablydresiy By omorgssoreingluding these onpounds
of Goup VIII netals. Preferred conbinati ons of hydrogenati on conponents

i nclude nickel sulfide with nolybdenum sul fide, cobalt sulfide with

mol ybdenum sul fi de, cobalt with nol ybdenum and nickel with tungsten. The
catal yst enployed in the invention may al so be conprised of a materi al

havi ng hydr ogenati on-dehydrogenation activity fornul ated w thout an

anor phous carrier. Exenplary catalysts include Nebula. [0034] According to

[(@X:



preferably be carried out at a tenperature and pressure that is nore severe
t han conventional hydroprocessi ng processes. | n one enbodi nent, the

hydr opr ocesy fil/pi-65er ably may be can-ied out at above mszéﬁfog@n and up
to a tenperature that produces substantial hydrocarbon cracking during the
hydr ogenati on process, such as 750F (399C) to 800F (427C). This not only
generates a hydrogenated resid conponent but al so cracks or breaks down a
substantial portion of the resid conponent into light fractions. The |ight
fractions, alapg ﬂ%&&m'm&%tfﬂoiﬁﬁgf@mm f&?!l&s‘@hénhlwﬁﬁ%b%hpﬂétj@%éﬁhl ng and
further vaporization and thRermal processing of the streamw thin the steam
cracker, suclpreferablytthosa residfractiogokbaving pbeiling paasslee shag HPEFolgbatessi ng

i ncl ud b i al l lting i.n the hyd ti f i d
andl or 1 est d-PaDa i RS RO Med S et e TR NG Pl t ed t o)
comer ci al |y \3y@ad REd forla8tdash dMMEQGR A6 Sisdnial $ye81diPhngi Bhe fyroRpkes of

these commercially available processes are the HQ | process, the Chevron
RDS, VRDS, OGRit, thacvapaizeil diaotipng resceosyerted to idesired\pseducisripduding olghiEs.t he

Thet ude 1 of HetaranerR ERtysgtl PR iR SRR RaBRARR Y
f1ui di zed bechrs yisddesyhonymsbslT hegdRbAINpiférap Swhidnes eafventidndilppnavaeasang as used

herein al so includes some mld cracking of the 650F+ (343C+) resid
conponent of St43E $3cken svanthonh steam 1s9ROpHef er abl y even some cracking of the

boi i ng fracty fr 8 (134 t %a@]tag%' ] poi nt
fractions, a#g%re %&8@2‘?{%@“ @%ﬂt%@gﬁ%&g%?é%%ﬁ%ﬁ%%g 82 él:‘egigcti ons.

[ 0036] The hyds diyématoeekséd e T ypicaliy, tresd hydoppressing socordimy to Hee pomserdtur t her
fraetionated .or vaporized and fed whole to a steam cracker antially
conpl ete vadeYci’H‘E"?dﬂa}' § s prlatle?) FHOPFHRNLE é’grﬁtchﬁ?lgéﬁ Fs}ﬁggﬁﬁ’ A

combi nat i on ?reféﬁﬁgrﬁtt%ra&, 6§0°RSB4TENabRED proferablfl/ AT le&e PBOS i(PIVoppt s may be
provi ded as desired between hydrogenati on and cracking. I n preferred
enbodi nment s, Rreiseabltibe ppssee i deantnl 808 @sign t Brgriatentapnys it initiate Hisgralng and
cracki ng proc : ' t . B\ -1;iquid
separator or °§%"Z‘¥£FZ°? i(‘:l{(;lr?g&pr&1 glg%ads&g 0?%3?%%2@33@\5/??32;%%6%%nfc@ééﬁgg%{:/né%:lti on
section of t heackingpduringaibk dwydioprobsting etep! IBack procewingwt kst ¢radesasid r adi ant
section of the cracker. [0037] Resi d, hydraprocessing preferabl nprises
i ncreasing t ?ma?saigéﬁac B8 DEpfcally Jeqilts & temped oglahé"é“tf %%\Q% i on
contai ni ng rq3egcHpio ﬁfﬁa{eetﬁéﬁallcr%k%% cfj}lr tlﬁé REAG r¥sid Yradtions WERs, A0St

preferably to a nearly saturated or y Saturated
embodiments of the inventive processes, the incipient themmal cracking

. temperature for the hydroprocessor unit will be at least 750°F (399°C), or at least
780°F (451°C), and in still other embodiments, the temperature will have to be at
least 800°F (427°C). A preferred processing temperature range may be from
650°F (343°C) to 900°F (482°C). According to stll ‘othe'r alternative
embodiments of the processes of the present invention, hyd:oproceés'mg may be
performed at a temperature of from 500°F (260°C) to 900°F (482°C), preferably
from 650°F (343°C)to 900°F (482°C), more preferably from 700°F (371°C) to
900°F (482°C), more preferably from 750°F (399°C) to 900°F (482°C), and still
more preferably from 750°F (399°C) to 800°F (427°C). In éome embodiments,
the preferred pressure is from 500 to 10,000 psig, preferably 1000 to 4000 psig
may be used, and more preferably from 1500 to 3000 psig. The selected
temperature may vary according to the composition and conditions of the
hydrocarbon feed. Preferred liquid hourly space velocity may be from 0.1 to 5,
preferably 0.25 to 1. The hydrogen supply rate (makeup and recycle hydrogen) to



feed streameffluent fromthe hydroprocessor. It may be preferred in sone
- 12 .- enbodinents that the effluent fromthe hydroprocessor has a hydrogen

content in _excess of 12.5 wt% and nore preferably in e %
| ncr easi ngWOHOME*bgen content of the whol e crudes, c?i)u‘:ge“?@g!g{l?ms, or

ot her feed stocks may serve to render tjge hydrogenated product thereof
suitable for feeding to a pyrolysis unit for cracking, thereby generating
nore val uabl e end products, such as ol efins. Thereby, |ower cost steam

or acker 1 €edS . fiolafl fle U B AONE L0 Tl 800 07208 ity | over

val ue feeds may typi cal I nc avi er ose ocar bon

f eedst ocks t hatbihfeetepenbgrtel eOheeiartah ifed spreferabbsi, 00 thiS@I00 stahdant cublti gh  TAN,

hi gh aromatics, and/or | ow hydrogen content. ,E%drolgue;n_ati on ?f t he crude or
crude fracti off§t PARATEle kb AYAGPTOESHPS Fick B LA AR YUz INE A HN8I4208HPhg such

effluent to a, Efu?émv 6F AfdiSlrodNsih SP8nRE, ePRF6 R Yeork H%]hoﬁracésﬁggé@hghpf

rejecting the heaviest conmponents of the feedstrea sudh _
asphal t enes apatalfdier inlseA-Fof BREP, irf ormcnibodisnentTihfirst sogimmayeompfisetahe

effluent, including the vaporized resid fraction,.e.g.,,the cracked and
Vapor | zed 6o0RR g 3Y B odsmed Botspum RS e ot it et e ARY < o ¢ he
1100F+ (593CHpefiEastbbO R4 inMribCa 206hd A0Rd ME BEnSRRR sBlonttRRall40RK 4/ 60TC) and
| ower boiling point fractions that is vaporized, is fed info the radiant

section of thbe desegued doramivdmumdyeteseaiam eenegvak kidhgomaticsrydebgenation bf val uabl e
petrochem cal _pr.oducts.,. such olefins, . wthout undesirable fauling and
w t hout resul Ortilbcr ieHlLD? ﬂ’éﬂcﬂﬁ&e%?tr%%aﬁ%s f)%ﬂo ug?sf%ﬁa & a?chrnu;aﬁedmgsg g"{hc

[ 0038] Sur pri sijeelsyrembiddSirghh GreEsistatly ab® apeddndzoRswith b Besohd e/t tag i n
uncantrol | abl e equi pnment fouling or the undesirabl e production of high

yi ellds of tar basgsignedi 9t Sxmn hslrasiom sl ang asthird gope Yoty trd t he ful 1y
hydr ogenat ed g D BesPtRE 18 Nhdrddst YardnRR! & ARR" i AfRdadN e st eam
cracker and restu?tﬁ (iqﬁytl’ ng? easeéélpetr?dgchem ca]L' ?lﬁlleo%%ﬁsé m@nﬁr%ﬁsgﬁﬁ and

vapori zati on smyndtadydie meybe@ipeddn [syricstrestnra o5 i@ tetliof dedshinvthpeamez ati on.

Further, the severe hydrogenation .may. also atly redu roductjon of
st eam cr acker “¢%r .ﬁ?ﬁ%‘:&@f‘%ﬁcsaupﬂ?é?lﬁt#g’d&gﬁﬁ%‘ijgﬁ‘%ﬂgr?cisﬁoé&ﬁﬁg’% P #8kssor
ef fl uent sel eﬁr@qmcggmﬂmmgﬂed conprises a substantial fraction
boiling from 700F (371C) to 900F (482C). In another preferred enbodi nent,

i f the hydropf®83ksorheicpialishemploredimshe sgiierl dommepgialpbydreoestersioteat ed t o
renove a po”k(g{é@gsr% ! l{sgé'af'ma&ﬁ‘i h g%%égﬂfohacgﬂfcﬁ%egﬁﬁoq {iﬁq{ eedi ng

the treated an nat ed resi d-con erla o the
convecti on setigether o4itht dre amactihaws camert | @xemplath ambhhonsa lcagpgrsolnyleds  uni t

(steamcr ackeMef rre net hods of r er'r%vi ng t he .undefsl%;cﬁ\bl e.r g_si d
portions are s EHBRIGHRRS | FOYE] CPERBIE o 8T udbtither iV IEERI Whol e
crude oil as Hdhybfose@Sioh '@Mpdnents of the catalyst preferably comprise at least one
hydrogenation component selected from Group VI metals and compounds of -
- Group VI metals and at least one hyd:o‘_gen'atioxi component selected from Group
VI metals and compounds of Group VIII metals. Preferred combinations of
hydrogenation components include nickel sulfide with molybdenum sulfide,
cobalt sulfide with molybdenum sulfide, cobalt with molybdenum, and nickel with
tungsten. The catalyst employed in the invention may also be comprised of a
material having hydrogenation-dehydrogenation activity formulated without an
amorphous carrier. Exemplary catalysts include Nebula.
[0034] According to the present invention, resid hydroprocessing may
preferably be camed out at a temperature and pressure that is more severe than
conventional hydroprocessing processes. In one embodiment, the

hydroprocessing preferably may be carried out at above 650°F (343°C) and up to



wel | head, production field facility, transportation facility, or other
initial field processing facility, optionally including crude that has been
processed Qo Aofid«9,0f desalting, treating, and/or othepcst®psiannay be
necessary to render it acceptable for conventional distillation in a
refinery. Crude as used herein is presublied to contain resid unless

ot herwi se specified. [0041] Crude fractions are typically obtained fromthe
refinery pipestill. Al though any crude fraction obtained fromthe refinery
pi pestill may abeemyedtutk that tfredyees ssabdtaritial drydiceirbod herackdiingniduriagnthe advant age
offered by the present invention i§ (f1°ha,£3 grsjde or crude fractions still
cont ai ni ng al (hyérogenatien progess.ofuck @ 71 F (BHAL) tL80F ffeisEht This nohelynol e

crude obtai neqfd4am & ¥, Doy c dyrepdasusaayent Iy
used as feed Sr a _st@%&%@%?ﬁsﬁﬁgﬁg enblgﬁilﬁér%eﬁ'tg?ét%e crude or ot her

f eedst ock to tshistdajiglpopioncedtisd regjd componealintedight fradioad. Thedight fractkods, r esi d,
preferably at |east. 5 W% resid, nore preferably. at |leagt 10 wt% resid, and
even nore pre Byh ’%JF‘_:tF‘i%ltgﬁmgl?lW% ?@ﬁ&?ﬂ{%ﬁ%@i §V%P§€%|at1’?_ﬁrei n
refers 1o the .caupleM plotldiigoithe RRANYIREh hitlsRUm GAKBOURISsGHiftl Wese known
in the art as residuumor residual. Atnospheric residis the bottons
product produceskérpiprgrospheric distillation when the endpoint of the

heavi est di sti prpduct .is nom.nally . 650 A3C), and is referred to as
S50F+ (343Cs) TUET o T opetiRaRR et R b ety v AR ofiarBB i
under vacuum viherydidpendtoa o fsid Mek tdsidednirifedctibss, A éndahpassst@OAF (5660C)
and is referred to as 1050F+ (565C+) resid. (The term"nom nally" neans
here that readdmabligited ser cemmeipiallysavgilade sesid Rydrapraesssiagtteshgplagics.or t hese
terns, but pr Whfeld t 5k~ Fheo This
1050F+ (565C) por ?églr%yg%g al nsegg%]ﬁa‘/ta%ar?gegfm\%\ﬁ%ﬁ&% %ﬁtqlﬁ)ﬁﬁjc%’ g“}ee

consi dered t o Cevian RIDGtVIRDE, OCR, laed $1CeEiningrpradesses, the HIY VAHE pmcesgrr osi on

and fouling of e ratus. The term "resid" as used.herein nmeans the
S50F+ (3430 PAGR IR pste CSE B, SHEhsNREPLOG R HPES IR, 1| od:
note that 650RdcI4RARBEEYanhAS ke QBPEA AP sytbpiRabull el si@ehsl Nufigar di ng to
this invention, at least a - 14 - portion of the OF+ (34§C) resid, up to

at | east the |G8ePiensseatyr eontinatpnp diersof. f Hydroprogessing ag awest herewd alssuch as
during (i) hy [ g i W th st nd/ (iii)
when the pr esgﬁﬁg&?§8}rﬁgdﬁgieal(a§9}lﬁYgggﬁeegﬁggﬂ@ggnq ﬁ]ées%gslgk?n%ggggfrhﬁg uni t
and st eam cr adi¢diogarbén fged, afld prefigalily asdh ssmp araskih®of the 06ifing Reciods fren al so

typically contai high proportjon of esirable inpurities such as
sul fur and ni tégﬁ:ez:‘}“g@ Rt 12g H%Bﬂ‘om%gehlf’%‘?mﬁépgq{?gi‘cé?%)mﬂalﬁﬂﬁeheni c

aci ds (measur gglk bl 8500 uf ANMhEPEdiddecs SacASIM D- 664) . Yet anot her
advant age of the présent invention is that” feeds high in one or nore of

t hese i npuritilee36imy The hydengenaed fegd drvpethe hxdroprocessompiy theh teniartbgreci fi ¢
speci es of i ri:ties, a_lar u { | fur, may tie I

mul ti-ring hgﬁéarc %:I{;?g eg. vh%“%g%%ggr%gt‘?hnoées r'{%saf §ed8n r%ﬁ(ﬁlrjngg%bg@ﬂmglﬁeci es,
nOtyonI y IS subompleteapirvadommalitdie plidt ir the stBfh eraoker Gldtem.rA bgsbiadttonbr oken up
to yield a significant anpunt of nonpcyclic.aromati ¢ species, which are

of tén val uabl &ICEARIN 18 SHFANEREB, ALHEN BP'E MY NG PIOPHE A19e8EFY eed to
st eam cr acker serdd 4fiitdp8ndtidh Mnd XA BRE OC 85 Hhdltire @S mBS&FheQ! 8bfrdtsy defi ned

to include those processes conprising processing a hydrocarbon feed in the
presence of hyripasgpenmay be integrated with the heating and cracking process, such as with

the steam cracker. e.g., A vapor-liquid separator or separation process may be
provided within the convection section of the stearn cracker or between the
convection section and radiant section of the cracker.

[0037]  Resid hydroprocessing preferably comprises increasing the hydrogen
content of the whole crude or crude fraction containing resid, by at least 1 wt%,
preferably by 1.5 wt%, and most preferably to a nearly saturated or fully saturated

feed stream effluent from the hydroprocessor. It may be preferred in some



to hydrogenate or otherw se cause hydrogen to react with at | east a portion
of the feed. This includes, but is not limted to, a process conprising the
step of heating a resid-containing hydrocarbon feed streamin a

hydr opr oce¥? #§784783 i n the presence of hydrogen, pref ePeBYSHYHUinder
pressure. Hydroprocessing may al so inc_IHgIe but is not limted to the
process known as, hydrofining, hydrotreating, hydrodesul furization (HDS),
hydr odeni t rogenati on (HDN), hydrodeoxygenation (TIDO), hydrofining and

o genor al | ket it i oRet AR i BEPlacaRRntS S d R e s
furnace. Steagycedd bhPMIRWIPLAPHRe pleferdbhPi ldeds SOHRAY O @AinP théTOr €

reasons, such as to reduce hydrocarbon partial pressure, to control

resi dence ti mbydragal/ ntenbofnthaiwholeecredsk ecrfider fastipum, or pihepfeed etocksdmaybodi nment s
the steam may be superheated, .,such, as i he convection sect.ion of the
pyrol ysi s uni t% %ﬁ‘a{%?‘gf ﬂ‘be j’t"&?fﬁ?%ﬁa Brgﬁgcgutﬁerg? f?lgaﬁeeg‘”p 38@855051 eam
[0046] I't is copsgRisipRadbr &rRckGhfS Mletebydefdrating M&e Stadble Rad pRRAIct, Bute
pipestill. Wen resid fromthe pipestill is neant to be hydroprocessed, the
crude oil feeds todefins. 1Eherehyndowesr pase sieains crgekes reeisumre hveysadt B .thoesal ti ng
typically remyv net gl | t h . . Lhe al t crude and
crude fractio 50%%%? ns%q-iqkfsé%‘é'o?[mzi%ﬁle }Oe eé’?'ll% \%F@e'&%ﬁ%&%&%ﬁa&ﬁ nt gg&l %eﬁggﬁf one or
more i npuriti emded) elos@bydreqaiiohdeddetoaiai thist hasahibh toncafteltions of fesioddgh Mot her
advant age of the present_invention is that crude and crude fractions

cont ai ni ng on&WHK. high &AM, haghcaromalss: efar dow bydroeen somtpnt. Bydrogenalion r ogen
inpurities na iy 0 - a0 n agnﬁg nt,
wherein the fég cgﬁrrlggidéecs{%erg %ﬁgg @gt%yﬁ le??ga{tgf]sjlﬁ stgt t cg}rtf{%i n

appr eci abl e afiedngsud! effERe a SGECeackee sygen oe apparatid that 9% aipatteé of
resid, or 20 wt%.or re .of resid, t resid-cont ai ni fee after

hydr opr ocessi ﬁ%?"“ﬂ%&le e SamPeTThts ‘{%ﬁé‘:’ @%ggﬁ’i 58%1 %@giaﬁag?neé a"E@r ol ysis
uni t, .where.i thel. FLODEH e593°CH)effactibis. NERS RihARRE of e HBuHAS HBMIInG the

vi sbreal cer or other vapor |iquid separation device to drop out the

heavi est fract#Rrorzgderegd fragtion; tesgyt thecragkednandapprized 90T a 43 ¥O50r o ( 565C+)
fractions). Ppef Y, i CE, i b I . i ration
provi des adde e@???re(%ﬁc%e?%a }éé’vﬁghigg(ﬁgl% 1(%?6?262?3:?3} E%g%ﬂ%%ﬁgaddi.ti on
to the incipi emtintldingabme ohithiei1400°f(760TC) raed ilaivdr bating pont tiaetione tieatir s dur i ng

hydr opr ocessing, a .significant portjon of addjtional cracking, conversion,
and flash seplr ﬁﬂmﬁﬁedgﬂ%ltfe‘f)(’:%%r © R Feten ‘?/tjl é’ﬁr%%ﬁf@gﬁa%gtsﬁfqm This
further .cr aCkbﬁ&dﬁ%%@%@Eﬁé@Bf v Blugtie! pelodi¥émaaP pyd diets URR@NMeaksignal |y high
separ at i ng/ vi sbreaking tenperatures for an unconventionally short contact
tune, ther ebywithpuijunilesirahje énulisp md withquhrpseloRg mthe sndasirabde pretediion of evel .
When t he resi gar;:%g&;kﬁl ng feed is heated to | ess than 650F (343C) and even
up to only 70 e convection section and the feed has a relatively
short residenfi®38] ne Siuprisingly| itltjsii peceap araySep peointed détibmeresdtnh ms i S
typical with conventional .resi drogenati o rocesses,. . little tg no

t her mal crack}"‘ilfé’“ﬁ‘aif‘% CW“%?HH%Q P%&F&m W}r&lgﬁw&‘&q@s@ma YWUSOti ze at
these conditi gpsng 3&sidEortBBAs dyfdducts. I AlsoISMHMdly, tﬂe%ﬁyeﬁj( ogehRBd
conponents. However, when the iesid-containing feed is heated to above 700F
(3710) as accemdsmgy bosubnentnllysempleichy eapptized, in fresteamatshokenandvesut3or (399F),
still more prekALahl yedRUAcd B0RK 4120k flod N COBKAERIBNFhI 0P, and has a
| onger residence t1 In the |iquid-vapor Separattron device, SOne

substanti al , S$upporitelrbyt dtememeskisied flashi vagoridatibineFurdsr,dhé sevetei ydmgamtions. To

maxi m ze conver sion of reai d to lower. boiling fractions, it is desirable to
begi n may also greatly reduce production of steam cracKer tar, -

[0039] In a preferred embodiment, the hydroprocessor effluent selected to be
steam cracked comprises a substantial fraction boiling from 700°F (371°C) to
900°F (482°C). In another preferred embodiment, if the hydroprocessor effluent
contains resid, it may be first treated to remove a portion of the resid, such as the-

asphaltenes, prior to feeding the treated and hydrogenated resid-containing



- 16 - cracking the resid fractions as early in the process as possible.
According to the present invention, incipient thermal cracking is initiated

in the hyd rocessing unit, then further thernmal crackj beSHpROr ted in
t he vi sbr e‘rgﬁ’ﬁﬂg’f"é@% ating step, thus maxim zing the pglF?ﬁJg%@o/? the feed
that is vaporized. It is theorized that;sthe increased concentration of

| ower boiling fractions created earlier in the process hel p assist or
pronote the further breaking, cracking, and/or conversion of the resid to

| ower boiling_{ Lo LSl : ' [ resid
fracti ons havPASARn e cdSkdioh SEqFEFE LRI Sichln BNl HepRAABRIMS 1030
fractions, andniesieana gparken).onPeferrehemetbadsdofl remdvingn theupndesirab#0 @dsid 760C) .

[ 0049] When the effluent fromthe hydroprocessing unit is heated (including
reheat ed) to BHHO® ﬂrﬁm?%?fd?ﬁlfﬁ’(:), such as from 780F (415C) up to 900F

(4820), and pragssedridd, as YkaPh&ahCfleaf’ whbIB&uReRR LR ti0lssued! frddh 41O €
t hermal cracking of the 650F+ (343C+) resid fractions occurs, including

t hose resid fwallidadnprothaniionfield froility, tranppririatioroffacilyt er ether inthiadxfebks of
1050F+ (565C). At th i.gher. t erat ures er. to 900F, .t he resjidence
tinme may be sHrsgﬁsglﬁg%q%?,gp&gq@%ﬁlﬁ%ﬁ%%&?@ B??BBH\?&SE?(} '%%Ft@o hort as
conpared t o paeserﬁng,r&eahﬂg RO PHBESHHY a@fna% ®e ln@ée'sw& refdk ®Cdccdptdbid

[ 0050] Sur prisingly, this occurs w thout the formation of substanti al

quantities of fassrevenfional disgllation i @l refirery.n Cride asrusehhereings pIHBOF-1q 5650)

resid. This t .0f t l..Ccr I N nd vapor |iquid separation process
may be descri %&e}gmggesldm%r?%tg%gﬁ%épecﬁegferabl y the separation and heating
are integrat efhogrjocegsat. fridtiond arentypidatigpbadied’ fram tredfiheyepipesitians " heat
integrated,” in that the vapor liquid separatjon devigce or, vi sﬁ{leal cer is

d
connect ed to {HfEOWEPACRIdS deghionpbiained; g disdedinery B’@astt@dn%yulb"s‘fsi a1y
adj acent or r ﬁfe??és!ﬁliﬂveﬁﬁ&ﬁ el sBm] SIS D e Afekedlby tBiBsehi@lediton if eed may

be heated in thé convection section of the cracker_, fed to.t_he V|_sbreal cer,
and then t he thabcindadscridofradtions stilséomtaking alhoe a fpedtiobad ithet erigihed resshcker

wi th m nimal heat |oss referably without requiri separating heating
associ ated w PRTHE &es‘gﬁoj%l%uﬁﬁ °B%‘8‘i$é’?“ Pﬁo‘%":&{h‘?ﬂﬁ“\%%gﬂwﬁﬁ%a{ﬂcaﬁ paration
device is ot hetdMubSeqkicitMisaBasdecdviol B Et@ak efacker. ) OfderibédinbntThe cruié10Ck - out
pot," and "vapor liquid separator,” which ternms nmay be used

i nt er changeabPyothrdeadsionk to the hydrepsosestieg Wit BRY corapissat legst d¥&aresids , * whi ch
Serves as a Vﬁ%?eﬁ-abll}}r gtul'e%tgqpt% &Ei‘d?ﬂ)ogeﬁ(ﬂeﬁ?ablﬂttlgaﬁ Ii]@ wt% resid, and even

~ more preferably at least 20 wit% resid.
[0042]  Resid as used herei refers to the complex mixture of heavy petroleum
compounds otherwise known in the art as residuum or residual, Atmospheric

- resid 1s the bottoms product produced in atmospheric distillation when the
endpoint of the heaviest distilled product is nominally 650°F (343°C), and is
referred to as 650°F+ (343°C+) resid. Vacuum resid is the bottoms product from
a column under vacuum when the heaviest distilled product is nominally 1050°F
(566°C), and is referred to as 1050°F+ (565°C+) resid. (The term "nominally"
means here that reasonable experts may disagree on the exact cut point for these
terms, but probably by no more than +/- 50°F (or at most +/- 100°F). This
1050°F+ (565°C) portion contains asphaltenes, which traditionally are considered
to be an anathema to the steam cracker, resulting in corrosion and fouling of the
apparatus. The term "resid" as used herein means the 650°F+ (343°C+) resid and
1050°F+ (565°C+) resid unless otherwise specified; note that 650°F+ (343°C+)

resid comprises 1050°F+ (565°C+) resid. According to this invention, at least a



- 17 - distinguishing feature that it generally operates at a higher
tenperature than sone of the other separators to also facilitate sone
further th ) king and cracking of the feed. The y h drum"
"flash pot srd%\b]’@%ﬁgal cer," "vapor liquid separator,” aitnéjrfqrgfi?ogl@%ﬁz]epar ator"
are also well known terns having generalkly |i ke neaning and may be used
herein substantially interchangeably. e.g., a knock-out pot nay al so be
referred to as a visbrealcer, or as a vapor-liquid separator. The term
T1ash' means pGEREioR eSS0 P[RS tad Gpdo AP AAG tﬁgql@ﬁﬁfigmsa@ bl a
portion of the material in the vessel' or streamtromliquid to vapor, via a
reduction in poietdtackomnid/ capoazed suche as aluring t @nhepdraprocessingh(i9, whéd ash
separation” may accur.in a "flash.drum due to .a reduycti.on i ressure at
the inlet to 8¥mW‘t’"ﬁY’ﬁf‘ftﬁ€n’§P HF%‘B}EPIW%PW& Frdag roFélasr}Jé?‘rg Fent the
material i s tgRaempR et ng Rt Hendéradkingtle @YY A4 3GkiaREnt 0" i nCrease the
proportion of vapor phase at the expense of "bottons product. In sone of the
separati on pr {¥dskes Residchaysisp riypibadly héogtaip mebigh rpeoposiicar of ondesizabdy or t he

flash separatgrs,.the feed material also e separated int ottom
subst anti al |y TPHEHeY S‘fcltha%tsiu ,mgr@mﬁn’o%?e“f e%fgt,“giﬂg%icﬁ ?”ﬁllgpty@gﬁgr phase
fraction. ThenimtHieatbacils (hicadhk<d iRhamR oTEDAN REdodigg do ASTMIDEGEALL iven t herein.

The vapor fraction may al so contain, conponents derived fromthe resid .
fraction. Prepeathas advaniaperpfitheopisennt Byygntiondes tha deedp dighhia apg9pmare 8kt i on

effluents eac L - LE&d At ' : [ t hough

t he conpositi gﬁ%&@h@#@??@?‘%@t? gcﬁkso ' ﬁ%gg %%‘)t oﬁé’@e?sf’ %cgﬁl’tcgﬂve\naﬁ be

di f f erent -fr onf inipmriviag arlage inoenttof sulfue mealyyhe teedalp iofmtltiveing Apterocydieseam and
bot tons strea be steam cracked. [0053] Vi sbreal ci is a - known,
non- cat al yti cgygsﬁ@“?%gﬁﬁﬁ% W&ﬁ’%%éﬁ“"f H‘_’ajﬁ’ lﬁjg"i,*@lgmch ?\g%nyert or
crack heavy hygy %%&%@%@Uﬁn%' ke #BKkn" 8p Stod$ieldh Osikdi HEHnE Tamob¥TBE | MBS nDre
val uabl e products, such as naphtha; distillates, and tar, but not so much
heat as to camesoeyghdompmatis omecidnewhighir arearBom Yawahlenwpmimoditieat d, such as
in a furnace qr ker .vessel | e rature, at a desired
pressure. The&ﬁp(%@g%ssan&ggeﬁ%frg%&e@g‘?&%)%%raf%’lcg?&f Re coi type, which

provi des for [00g4) t emhetainthedrop@tdssing'SisdRed BerkinlTe defirfed tth éichdak@ke pr ocess,

whi ch provides for |ower tenperature - |onger. residence tinmge processing, as

appropri at e t BrOSHSE FPHPEENG PEIFEPEH HIdETabPB derdiin _ﬁli‘e)d?fesfﬁ%e My && bon feed
stream may bepatoRRRkK8fotherwise chise hylREHER fil8 wiihSk At /pdiich &gt n | ength
of the hydrocarbon ol ecul es, by cracking the nol ecul es |1:|)"| the liquid

phase. See, f &edeXsphaudesihyt saat boedtooeprostss gomSapugihb etep 0BBtinpage 106.

Vi Sbr eal dng occur. n. a heavy.h ocarbon,. or. resid. i.s heat. aked at
hi gh terrperatﬁrrgs,lg'ﬁﬁér}er Ih. or%{%og%ﬁgc?tfﬁfdntaoh ?ﬂfoc'(eésf‘%s% uﬁfé%'c) for
several m nut prsdnet of Bydiegengprafeeibbhash indespreguid Hyk@rbieting Doy Eis®f t he
resid nol ecul es. crack or break produci ng conponents that can be. renoved by

standard at moiSHER bt npetVigritadntodhe PracesatkigNn aRe BYHORYAS IPEIdFHatng a

vi sbreaker i ngs£8eRsIAMARod A &Qdéxﬂtﬁ‘&%éﬁdﬁrﬁilﬁﬁﬂ HyRfddeASLE6RS! dence
time. High segj’éri ty vi szbrea dngji?r%’xi m zes conversi on (%':‘afd:’m%%g+ resid and is

acconpl i shed G¥DOpddnefningendhydseasackme. f eedst ock at greater than 840F

(450C) for thed,gnge tine. rea & ihle. wthout formn

subst anti al cgqgg r ?g(r3 '5%%?%%%?%%& 0&%???"3@21 %a%'(é‘%gfn%usnbgzg{e %:quglr% pr esent
i nvention thats thenngdrpysdlyedd ynit b fieskce bhaut ppeysisuiainack nSwamy dlghugial ci ng
conversi ons can. be aCCO”PcIle%l Sgﬁg 03 residcontai ning crude streans or
fractions thaPPieRgk 1B5eRRICHY Sdded for QRS 9y BIOKH AERSERSs eych easgto TduGRies t hat

are hi ghly hygye&bcadjatiahResi?éldo Borttdd SdsifthéimBOdniloP o Rinitle dogsi d 1S

al ready cracked) as conpared to un-hydroprocessecl heavy crudes. The

i nventive, i nforoele. vingirelerred enbodimente the dern el dpisuperheatedppichagdnl t o be
due to the hi t Si ti of e hydr oprocessor
ef fluent and %Ee%g&ﬁ ﬁlggf’%%{r}eogsq%%g%oyéﬁeﬁtér%gggg?hgdﬁ%&j ay%ehseo)(lf Sitial
cracki ng t hat treatedymodens sreqn.i N t he hydrogenati on process. [0055]1n one

referred enbodi nt _of the present ipvention, particularl .
P : ﬁ)%“gje It is conventional to desalt prior to passﬁng the %eed to tge pipestill.

When resid from the pipestill is meant to be hydroprocessed, the crude oil feed to



severe visbrealcing, e.g., visbreaking at tenperatures in excess of 800F
(427C), is caused to occur in the vapor |iquid separation device

(vi sbreaker referably with the device integrated (h in ed) with
t he steam gﬂa’@ﬁwﬂ%‘% descri bed herein. The integrated &2&6‘#2'?05%{}?%

separation device can be taken off strgamas often as every two weeks for
coke renoval . This enables the separation device to operate with a
significantly higher coke yield than typical visbreakers, which may be

required to S ral nt hs., b nD@Q&ﬁ qﬁw‘ﬁlf e.h val,, due at
| east in par Fﬁ%eégﬁlnﬁgﬁggﬁgqé@%eyﬁé%&tl ne r§q P eﬁr%?&cgg%eg&?ﬁngso such

systens. The ¥ BaChké&lbwergQ theounhahnade \abd etude nfedctol® faaGtill wdgtafnr om t he
cracked resids, - 19 - may then he fed to the steam cracker for further

cracki ng i nt oredatively highrenesngations of aeg ergneme FRPUTHIEE Fich 2§ martihesic HB56) Whi | e

|'i ghter visbr L d: ec ( ' | v . J.esi j vi ng

boi l'i ng poi nt gh@?’ aﬁjg@légltt%g‘lr:\n &%ﬁ?é@g%%% Lb\l't;gf% rfs;egﬂ\?\ng?%gh'?g glg{déﬁkgnal
processi ng, stwidrude fracipnst@ntaiiyngosherte aessaf syclamabhthehipfacid, subfuy apded ze

heavi er vi sbroken nol ecul es e.g., _.boiling points in excess of 750F (>4000C).

g
The vi sbr eaki RFOELHEPIBERS maybereadily PEKERSEh t hat purge steam and/or i ght

hydr ocar bons be e bRt | Atk BEPRERLLHP gvdﬁ,ﬁ%" bo strip
the vi sbroken% ecuP{ejg. ﬁ%ﬁeﬁga!%:br eases tﬁéél fraction o@&?%e ydr ocar bon
vapori zi ng i natifospheep ossidsitipti contsie papratiabde amewitcef 109608+ (3§504y raaldsp be used

to increase resid.conversion.. [ 0057].\i sbreal ci ng nma e controlled b
modi fyi ng thee'ﬁegpd‘g%‘c(ér ‘i‘?‘ﬁé’ch;S‘ =r?é]2¥i"a‘i%8’ ‘BH%?s"g f&i‘%ﬁﬁ%“ﬁ SCOPRIEE | | éui d
separ ation deydegeafid hydftprate®if e Berpaedranb  thé Rendecist GeclibRSE 4 evel may

be raised to substantially fill the head space of the vapor |iquid
separation deDyielysistusits whererib s heased: e There hechentedefeest mayidber passed trot ecul es t o

an extent suffici f t,: at £.1al 4.\l shr ,ng. .ef erabl y

t he vi sbr eake&isﬁﬂseﬁg{ mlt&e{%egtvfaﬁéglhfqi[d":%g/? &#o&ﬁ?ﬁ%%?olqréé“ﬁ@,tﬁﬁ%e%gﬂ%rfg é@cabl y, at

| east 75% LB (dg.) sufjsterdiallpnick asphatenss adbidd0TFenS65%3 traptiefe Padfbrgblyt | east
90% full of liquid, based upon the total volume of the vessel. The addition
of heat may 2P} defige fscheat ntegracsh 7& HIeEF#IopPao Y ﬁlﬁdgedpﬁﬁeléecyttﬂé %iquid
residue of whigheaQlbeehfads bottons in the lower portion of the vapor

| i quid separation device, In one enbodi ment of the present invention, a
heater in thell0d8ler Ieadditon toftheingipigot theimepli craclinp af treiresd feshiopethat used in
conjunction with the.convection .section.of steamcr. ing furnace, to

o ovi de. aadi ¢ PonE Ofi IR G b B Bant sSHER D aBSHRRE Gt R 1 esi o
hot enough t oc&veisionUgndtffach sepactivd habastuRiViad theivikbrdakerdBparatdis Ieal ci ng
conversion of the 750F (399C) to,1050F (565C) resid. [0058]Preferred vapor
l'iquid separ af‘}r@ﬁr_ EF@W’(‘:%QQ)FWF‘[C&%‘PP & eavged Sﬁ&PPWrWCHE%P%#IBrPl% th
pyrolysis uni tsahay, ﬁ?&r%%géhﬁbeﬁﬁﬁ& £52 96 RS ehdbnbliPshdPAt Sitdct ABR | cati on
Publ i cation Nos. 2004/0004022, 20040004027, and 2004/0004028, and nore
recently in UthSrebpapjitimézang emcogielling colorg tolah/Qepiablclerdl] ddhendhy igsidy 28,

L07'851, 878 1 Py R4 e o B85 Ben Sl arClond oBRuP oM Bl i 55 4e
f i Iz’gd_ May 21, thaQddveciéd Shfiont3dd thel feeld Maya ZelativeROshort iedidénte 4igfe ihithed May 21,

liquid-vapor separation device, such as is typical with conventional resid
hydrogenation processes, little to no thermal cracking may occur and generally
only molecules that vaporize at these conditions can be separated. e.g., generally
non-resid type components. However, when the resid-containing feed is heated to
-above 700°F (371°C) as according to the present invention, preferably above
750°F (399°F), still more preferably above 780°F (415°C) in the convection
section and has a longer residence time in the liquid-vapor separation device,
some substantial, further thermal cracking of the resid fractions occurs. To

maximize conversion of resid to lower boiling fractions, it is desirable to begin



2004, 10/851,730 filed May 21, 2004, 10/851,500 filed May 21, 2004,

11/ 134, 148 filed May 20, 2005, 10/975,703 filed Cctober 28, 2004,

10/ 891, 795wbizbedadut y 14, 2004, 10/891,981 filed July PLYBO0DEP4100/ 893, 716
filed July 16, 2004, 11/009,661 filed Decenber 10, 2004, 11/177,076 filed
July 8, 2005; and 11/231,490, filed Septenber 20, 2005. Mther preferred
apparatus effective as a vapor |iquid separation device for purposes of the
present invention is described in U S. Patent No. 6,632,351 as a

"vapor/ | i qui derseiiey tht casid' feactions & earlym Smlpaocess\isgiossliki Hgeordingdite thessed i n

t he af orenenti oned. U.lg. Pat ent gl%s. 110/ 51"4865 %L lﬁ%}, 148: 11/ 009, 661.
[005911 n t he PFSELUNeRon; mupisnt dicppal; Giapking; is utigthd, i, e yaIdorgcessimg, - o or

l'i quid separ a0 fhed G¥rtHeEtHRfned @fRkdihY iCRBpHA N fHe v%b?e%ﬁﬂ%%iakhrﬁﬁg gfp,pet ween
700F (371C) and 900F (482C), nore preferably from 750F (399C) to 900F
(482C); sti | | thupmexipriahgiha pbtiohrof the7Bed-thatas yaporized. oBdFtheagzedtha te nost

preferably from 800F (427 tq ., 875F ((A68C) ... Passing the hydroprocessed and
partially cr alélﬁrgﬁfcgé;gﬁgcﬁg%%ﬂlaﬁr}f“ﬁg ‘i’]‘éﬁi& E%ﬁho%i;r(%ta‘% C?Iﬂgr (‘%%8 °F%fui d
separation drgdp awibt lof pRoaRRE HRNEIAE HrRMEN (ceRRiHE Caddatudhi@siod RE”RW th, to
obtain an overhead vapor_and liquid bottons may al so be referred to herein
as "fl ashi ng"regidrto lawes badiag fepctionsh cHus, weludes: conrgsaing iand) cepking of sesidh ext ) .

[ 0060] Anot her : | i t aYdohy~and sul f ur
content of thfergczl,fB gsg%a‘g{‘ %E@rﬂk%@ﬁ%t%&g ?C{ tqjg CFZD I?g%%%tfﬁgl{o 0§{+e§r%§ cg)gcker feed
qual i ty i npr ofrasiond, kil ¢van & pasion @f tielresiit Ractibiys wptd 1deAFEa80°AGY sul fur cont ent

of the feed. The present inventors hav urprisingly .djscovered.t hat
f eedst ocks ri @HE?]n_ s MER theogf “‘?“_rtl ﬁﬁ’f‘b&’eg‘é’ °PW§?SS"65I%§‘%&%"‘%’§‘?‘I enes,
pol ?”Ud ear arQoRid) %S abivedo FROCH @153C)S RlcH R tReh PAIFNUEL€Flupab @RI CS, Which

tend to have | ower "APl gravity, can b)e preferred feedstoCks to a steam
cracker when €482%3), hyd prosessede &1 @dvisbrenben o1 pthies separatorystill tavewheringl t he art

t hat the specjf] rayit Sk ntent of crude oils.incr e wth

i ncreasing bo{’rfi!l:kgfbgggglﬁjﬁté./soﬁog( ‘ﬁi é% reeg@o%?m%nésea%ct ot I%I'ls“'h?dlu!l ﬂ}oﬁe f%glsvacuum
resid from a.fidtdes ving\al Hollinkpoln® of Gp Rnd g é¢eds\of 080 B+ {SB5AC)WMAtisul f ur may
be sonme preferred feedstocks for the process of the invention. Resid

hydr ot r eat i ngligbsrgeaRerties slassiute 99D Ulh ssidendectias maybedionterfy tPahge of the

f eedst ock. Lag&;ﬁ;‘w@n&ggt& pfish)ﬁgédﬁggd’ﬁoﬁglﬁ GROS UgEd.4; i g bngr hgt er oat ons
fromthe vacuumresid and saturati ng pol'ynucl ear aromatics - 21 -

cont ai ned i n hyteopreccsaing aressidfiniigp®ntictiyrde. opr ocessi ng can be acconpani ed by
both catal yti d thernmal .cracking of. resid nol.ecules into conponents that
can be-separ 980,y ' SERATneE $F S Hin S Mo RPRar st ofERED, <
searched for sfwke ByBEORSORRSS titoureom@ttd TS RN365TtraidIethigfypaber t han

50% 1050F+ conversion_and greater_than 90% sul fur renoval. The inventors
surprisingly theweaht@arkuey pik yarRor i@He gparphon] pIowss Bav\ber deserbsdnag he

residfiner (regipfRd"OMQea6Mhe s¥katidRanAtt L ig%%?a%epl%ﬁs function

coul d be readily acconplished by visbreaking the residfiner” e uent in a
separ at e st epTh§ 368 2[rikesitel” ragdisep hercmsweang "heat irgegtated, e ket diel yapbn ot her

refi)ni ng procgsses tq..pretreat atnospheric resi cont ai ni 25 to 35 Wt %
Vacuum feot oy 1ET SpeBrBl SR BLIARE IEE el T e i bl Bt ° T
coke yi el d onaddie Idtu@s eyysnardBedjdcest o rélstivie)yodl6se! t Ynedstéatn SavdePpsudihi s nmeans
that 92 to 95% of the resid feed to the integrated residftner and FCC unit
is converted thgt thederdamanbe Bertedhindbe convseiirnpieaiinncefstha seacker feddotthe 8 wt 9 i s
llost as | ow v@khigakeRsfd then the overheads from the visbreaker are fed back to the cracker,

with minimal heat loss and preferably without requiring separating heating
associated with the visbreaking process.

[0051] The vapor liguid separation device is otherwise known as a
"visbreaker," "knock-out drum," “knock-out pot," and "vapor liquid separator,”
which terms may be used interchangeably. Reference is also made herein to the

"visbreaker," which serves as a vapor liquid separation device, with the



[ 0063] The inventors were surprised to discover that simlar results could
be achieved by integrating Resid hydroprocessing, visbreaking, and.steam
cracki ng fWOfc?b‘ﬁ049§4 duction of olefins. In the process gridicosioanent i on,
hydr opr ocessed resid is visbroken and the vaporized overheads fromthe

vi sbreaker are steam cracked. The invemt-ors have surprisingly discovered
that such a process produces 6 to 9 wt % vi sbreaker bottons (anal ogous but
hi gher val ue than the coke produced in the FCC case), and 91 to 94 wt %
st eam cr ackerqi@in@aidehs fealulPOBd if Berdertil§ obttates ack/mphe @nythatind ehani sshieeaki ng

capability of the process of the invention, preferred feedstocks may
contain, in efbddiotket ssparzors tp 8o ieoditpiec sems fatier thamal SFakng a8ds may even

be whol e crudes, . Resi r ORI Si Sl e tnSe hydr ogen.
The inventor sc%%fng ? oﬂ%g%ﬁeﬁcﬁéﬁ&h@%o%’mu dbgté ﬁ%%%f atvg into the
vacuum resi d Jiqed segueatori"elag aflighd egiaraert shié rufisoe vell Ulenotwnmdrms i lalvingnl y  usef ul
as fuel oil, having a | ower value than the val ue off@ﬁes,i red chem cal s
products (e. ggenepilyfike speapingsnd ey Be assdoherip swpstantishe duteshangsitlet i ve of
the process of,t [\ i I 5.0 d ent.iof the
steam cr ackeref#"e%gnd\xg;éﬁgﬁérﬁg%yrﬁ 7 %g*?&%&ﬁ%riﬁgbé%ﬂ%%]%g%}?@%‘tﬂ ent of the
remai ni ng r essepgratahi The iesm t"flisht alehnys gnkbellp® previpitat a@hdssahangelfor &he

integration of severe hydroprocessing and visbreaki Syrprisingly
acconpl i shes l€ast 2?05“0??#2}‘%'5}“ i’%él?eg‘(ﬂs? Pl %3&@39/&?@?5‘@%&%5 hi gh
hydrogen contgglctish Aeprefaiethdor BN faSS inBEFerhthRM 1AL, YR fBkArafig®ht henes
and aromatics. Fouling in a visbreaker is limted by limting the

t enperat ure anay ewsnt na iesiydrund duetoi adedussion impressuisat thgynlghte of Mot he
exce)ssi ve for &11\:%” of coke or fouling the equipnent. [0065] Crude or a
resi'd-containihg traction thereof, particularly atnospheric resid, vacuum
resid, or_ anyj00si d lra asphetibedicenttdiratn ithiegmateddl fetrsatadrbycvishieakig
intermedi ate stream may al so be a preferred feed to the hégro rocessor for
the inventi ver weanal grreking [paneraesy tROPFPITHRRS OfyyaRar Rl2se MARC BPELSE 05 or
preferably grgaidabms paghuet. OMoRESP IR deBii8fon Frof@RA silchdi i HERHHAL I ON°
devi ce i s advantageously used to renove the asphaltenes prior to entering
the radi ant smesuersepdratotseandjar ghy $lash eepatatorfribé deedbingterialndsos appyrbel i qui d

separation device (visbreagker) may advantageousl|ly. be heat integrated with
the pyrolysi sseﬁaﬁ?tf‘,g 'ggo ot }c?ﬁg'beasuﬁ%%na@ysgg?ﬁa?m%ﬁg’ fREd ™ PV ER&at ed in
t he convecti ofbgetiallpvagdr ghis @actiohy he béttbras R igiiid tphaRNiney dthde e vapor

| i qui d separation device. K Thus, the term"integrated vapor |iquid

separati on de¥He&rechien Beein: efhf Yapoy GactioReray; 350 ¢aniaheoBpAreRIA eIV a
vapor -1 i qui d #&RaREtiLN sdaihCCPRRaNE Bt TheABbidEd KalRR- BHRAE Vol al ed wi th
the cracker, so that the visbreaker has I1ts own separate or a suppl enent al
heat source sfrchion pffluenteeash abntaih camponentsaiasvelfioma the residh fractions thoegh or
non-cracked rgesid occurs.prior,to.the_.feed entering t r.adi ant. section of
the pyrolysi stﬁﬁﬁ?t?p R ofﬁ}eéas?da{lﬁc&oﬁﬁaﬁ‘ﬁﬁﬂg?ﬁ @Pﬁé‘aﬂgf)ﬂ%fdeéﬁgto%ns are

Wi thin the scah@eapof cfflnentp TheebY, ehdhveibd @por §tRAMBGIHRLEH6HS ftbahansisbaray

i nchude a hydrocarbon, feedstream having a high concentration of tar, and
crude fracti otfemRdkeSs t opped crude ("topped crude” being the cut roughly
f rom 500- 600F§30- Siatrkaidrs] i IPAN- kit - noRldaBiytic O RRRCHE il Serhckingsed as a
synonym f or gt rr%gpheric resu%l. Thi s pref’enrored :‘[Sgle’d may ofr rra;} not” contain
appreci abl e anTenght thatofes sl td conysrieny erack heayy hydmearbonacensis dilcandiradidd ng crude
fraction may . n |y ¢ d dj t pr s, of the
present inven tl%c}?g%%leg’ gc?%@%%?gﬁreeréﬁgﬁtbze %fr%gltgjcg%tsg ﬁ%ﬁ%‘a%gl | age"ssaﬁn/or single
ri ng aromati aay butegagcnedsheaf astid earaevarbénigdtion e Thelh pidsdaciondekdirisgyr ted n.

[ 0067] The follow,ng exanples are ant tg .illustrate and not lim}t the
present i nverfterth SURR AR SRUMATRATISPRKET VETIE 9 Adessditempeureaite 4588 bl e and
It i1sto pressure. The process used may be, for example, the coil type, which provides for

high temperature-short residence time, or the soaker process, which provides for
lower temperature - longer residence time processing, as appropriate to obtain the

desired broken product mix. The hydrocarbon feed stream may be heat soaked to



- 23 - be understood that wthin the scope of the appended clains, the

i nvention may be practiced otherwi se than as specifically described herein.
[0068] I n t figures_ that follow, "HOP" is a hydrofreatin at us,

"H PS" is g(eﬂizg[ﬁ%f)?gssure separation device (e.g.,: dr u%gﬁ”gﬁgﬁ%d%ld | evel
control that separates gas and liquid ypder pressure), "Steam Cracker" is a
thermal pyrolysis apparatus, and "Steam Cracker Product Recovery" is a
systemthat conprises one or typically several separation steps, e.g.,

my. be subst altbion Ty vt shar PERARF I RocogbRElRs, B GRARET T % Y

the art [ 0069hRahéleduldsgint the tifg@ideptase|Sas,yfor ek ghiplesHydrogisad Rrocessiagpr ocess
flow diagramillustrating an enbodi ment of the invention where a

resi d- cont ai nPFREMRsEd 988, Raen 86 ofisbredangaeccurs When @ hspiyoRwlEaadgnu®hi t 10 and

t hen passed tQ.a stea t Al ' ,

i ncl udi ng ol egf‘ﬁsgi’gm?ﬁ%"ﬂ%gg{%ﬁ ee?ag? P’s&o?ayﬁg‘o g’?@gﬁnﬁ @?{zc Zt?@%u%éy itself
are not the s@j¥tto 482°Chfer pevembntinutes\beford being Guencled 3o 8Yp tlendadtionns
typically may_be readily determ ned by one of ordinary skill in the art.
Non- convent i ondRe Qfg‘&rﬁ%l‘lé’&g?‘i‘l‘ s §Eck OF raak RpAucins: eapgrants BAL$NRE £ ur naces
that are heatgghdoyg %Etﬁﬁard@tﬁog}ﬂxeﬁé artAEkh QAT ALO ISR BhvedgsRs W th the
|'i qui d feedstock conprising resid, are also contenplated by the inventors
as bei ng usef visbreaket rerdasasewith owressng feopetatire ead incra8ing Gpsiesceinmodi nent  of
t he inventive ocess, of .preparing.a.resjid-_contalnj eed . for, steam
cracki ng conpﬁrgi’eécv§8§7er Va]‘i’%lrlB %sﬁoﬂﬁerflﬂ’é afleggghg@l hrﬁﬂfrlo?ﬂdoésessi ng the
feed at a tenpgbmpikhed b s6 the AisbréQRr féeddtdER at @eabehabRIB&TPE)Y than
750F (399C), and nore preferably in excess of 780F (415C).. The process al so
conpri ses furfordhe ionges img) reanenablypaspblec withowt orning csybstanfiah 6ks ply,

heating, and éalljggn%ﬁmgonverti ng the effluent in a visbreaker type
vapor-liquid separator. Preferably.the visbrealcer is heat-integrated with
t he steam cr af084]. | It is hkeyhaspéct biithe gresdnt thvpntivmeths, susprisidgiys higherdtlarby Fi gur e

1, atnospheric resid 8 is passed to a conventiqnal hydr.qpr.ocessar, (ADP) 10,
such as g fi xREVIBRY H?&Wp%gﬁg@?ﬁ CORIFBPBUSAT M8 affi i 8‘6rfﬁ§ii'ci(al |§/

avai |l abl e, VvagsidisinP¥rudebiais or SRBEBA HIVE Bdeh Tt sevERiMh R GiRbeedil abl es,
such as available from ExxonMobi|l. The design details of" an | MP by itself

are not the stjeadeothat pee gy didrozen stirhton androwbsiantish pedaaiof itehs for the
o P e ek SRARL O (RAEEETUSRAORLIN 000, RS

determ ned by one 0o Foc al's recovery
(I'i ght ol ef i nsvenmnide dmpoavied oispreaitihg ploeest anidjedhyviaf fséhetiedd iy bpdwctesss ng
diti {n the HOP 10, t, j sh t | i qui.d t
condi tions chasen |n the HOF 10, the vl sbrgaker, Lype vapgr |iauid, separator
to the increased lighter ends produced by the initial cracking that is performed in

the hydrogenation process.

[0055] In one preferred embodiment of the present invention, particularly
severe visbreaking, e.g., visbreaking at temperatures in excess of 800°F (427°C),
1s caused to occur in the vapor liquid separation device (visbreaker), preferably
with the device integrated (heat integrated) with the steam cracker as described
herein. The integrated vapor liquid separation device can be taken off stream as
often as every two weeks for coke removal. This enables the separation device to
operate with a significantly higher coke yield than typical visbreakers, which may
be required to run several months between shut downs for coke removal, due at.
least in part to the complexity and time required for decoking of such systems.

The visbroken vapor overheads, which include fractions from the cracked resids,



[ 0071] The hydrogenated feed 14 fromthe HDP unit is then passed to one or
nore separation devices (not shown) to recover hydrogen, |et down the

pressure a the tenperature. The stream conpri si hydr ogen and
| i ght car bb\g p?@ E@?zs e.g., C2 and |lower, may be recyclpgg'%i’fw%ﬁﬁla

hydrogenat ed effluent stream 14 conprigg ng products from C2 boiling range
(C2+) and higher (e.g., up to 1500F) is recovered for further processing.
Note that in .many cases the recycle stream 12 may contain 112S, which is

preferably rqHBy b b i ke,
prior to enteri ngqulhgu%%ﬁg%b %e%mie%%rsm% ?‘r%e@? H‘ ttieﬁgx%gég?( not
shown), may bacladihg lightoldintst@anty. nore streams. In addition to being used
for the process_of the.invention, the pottons stream (not shown) can be

recycled to tWBSﬁr]ey Whilg diebise Sishioken repd '@PleF‘UFSt H@icﬁl,ag&ég%amwas
convent i onal ?tjﬁll 1%@%@1 Ié’sgftﬂaHIﬁGaF gﬁotﬁpze GASSuMaaRiihe feed 14

still contains a enes, these may be a eously renoved prior to
entering the pran:bssmg mm btoippidd nady bdmecstsa@mnm heljal t&@apdﬁzarhpim of
renoval of the 2 hal t enes are discussed .nore fuII Soé SO in
exanpl es bel oW AeRHBAGH elFPof’ B OS] PPIRfS (1) §xC5ss qfl Qﬁb Ehlb’Gr ogenat-ed

C2+ stream ldyiegyadif rQﬁcﬁBE@ér@gapiJ'enbfi@ ERPGRE! At a%%ﬁ)tr '1181"11 h%ﬁro@zfrbérﬁe st eam

cracker 20 pri.or to being passed to a vapor |iquid separation device 30,
~wher ei n. (noni may |bg)added 30 Rke r\esordhqlu(bmpparmqmgdastpﬁhai seipethe Vlsln@kenpr evi ously

renmoved, may b noved .as botto fromthe_vapo

separation de\l}P ‘S%SOLfE‘fH%“?Féb“}‘ gictf g?&e Qﬁﬁr@Rn pr(i“ﬁ@gé%% on sect| on
22, preferabl yqud éeb&uﬁomdenmeamm}@@wemsed ﬂ;h@r@@@&elatw@vemdmnat ic

deS| ghated "S/ C furnaces" 20 in Figure is the conventional illustration

of a steam cr@8¥Br f Vicheseling mey baéf’lﬁfq11§d by Wf@ﬁg therssidence fime @bthet he
bj t of th I t
sufct o herat g g, e IR 0 e Lopo

i quid separa evi ce escri In erences
di scussed el semvdineenhetheiliquid Thheses lepel rmady bmrm@dl to eubHiantislly filfthe héddy

functions as a vis eaker t hat. the .devj ce 30 separ.ates, tepporarily

ol ds. Cand { PRt HE GHOT Yol sERiFAton deviF B ane e PUSES SERT B n the -
25 - hydr opr OgagSaslecliie LRy  exichi shftieht ACKifAg dtsle&@liﬁﬁﬂl ivisbteARing.
hydroprocessor, creating some |ighter fractions, and'then subsequent

cracking is c%ra@eaﬂlx ﬁhetvwbreak@bs alaleasé half EOFB A of élmllﬂ mevepreferablyagior i zat i on
can be achi ev oL I oo

suppl enment ed ?%/ I?ﬁ Oﬁ h%[hd’% ﬁﬁgaemg)go ucegﬁ%s%%ifesr%lggﬁe%%ggpﬁahd
further suppl EIIBIﬁh@{ddh;ﬂséd’lfpoﬁtlmamal ﬂjllﬁﬁé efthe mésselaMilé ledlﬁthﬂafdleﬂfmetyhe

vi sbreal cer, gnd optionally by.the shi ng, pressure dr separ at or
30 is al so prfeAcy Frgteﬁe%?feyaﬂ%étgthaﬂl@wﬂ 6, (R SO ESKE °§§Yil°#ﬁ° HE the
separator is i0gbRd 1ﬁ|t9§ﬁ)v\?‘c?$8%ntd? tﬁ@eap%tr%md%e@ﬁlﬁﬁ&n dbiddhatn gHeef erably

no additional or separate heat is needed for the Separator to facilitate
the visbreaki erepodympent o ke presaph ventidne adwsptar i ic RYer Tvlprlof 2 vaper separ at or

30 may be S

pref er abl y rgﬁdﬁ‘g{e%tp?gngetd\%\ﬂ%ebﬂ andggf%gﬁm g %Q?og@% eogzsg%{%rgafed streans
are sent to t:hﬁmsﬁecﬂmngﬁtmkeno prb@iﬂ@%d@dldﬂabmgh ifnedsi Ofle addeddestandy i n Fi gure
1, in a preferre od| t he h drogenated C2+ stre 14 i s heated in
the convecti oMl ﬁecpl fi 199 g]Pt F?Fe‘ggtt 'g‘}"ﬁ %rreaggmbtan% g&%fﬁ‘%‘i‘%‘ﬁ
tenperature t@siréicidgabRvdriied SBhe 503 Kigoec dRB 105 Fysh-egeamt ed resid prior to
bei ng passed by line 33 to a vapor |iquid separation deV|ce wherein

(nominal |'y) 1§88+ rRrsfeed ciongrr lignichgerasision| deaises or iflash dramse andigheiot t ons

product 32 fr 0 i r L shown)

can be added @{&{aﬁe ﬁglo yTHy%El tigg%r%%‘(lgﬁﬂ %¥| cgesggbﬁdﬁ%fg?s%g@ﬁe fraction
of the feedAppjmknaneBnhlmaltmmsNusa|m04/‘9@|0401m6200590@|1@E,eaddl 940004038, | i quid in

fract on of (Y PEBAERLK S UNoetieaton Sare Aps: [FOFEEE Hbf FRFar dben i ve

aspect of thizosnyemsi,ages tiled May 31 NBodahq ofdsayisg ﬂil@d/ean Mayt B¢ 2jogbr eal cer
separat or rray |ncrease [ i 1 qu uid résidence tinme tO further increase COI’IVEI‘SI on

of the resid ¥¥&di&78dded Moy 2, QO%AO/[S%&Q:} ﬁg:dtmyéﬂuia@% @@{851 @&harly the
hi gh boi | t
vlegsglr o(r)I dle\r)ﬁgeiﬁxd%l sz-éaﬁra 4?%?%/‘161%@?%1 2@?‘} Q% tﬁ}f!dqﬁaﬁ ?epara ion

fraction, and wherein the separation vessel |ncl_udes a liquid volune that
pr ef erabl y occupies at | east 50% of the volune of the vessel. Preferably,

the liquid | evel of the separation vessel will be at |east equal to or
greater than 75% by vol unme of the vessel, still more preferably greater
than 80% and nost preferably greater than 90% of the vessel volune. - 26

- [0074] The vapor 34, including resid nolecules that have been thermally



cracked (al so known as destructive distillation), my be passed back to the
convection section 22. In this way the convection secti on 22 of the steam
cracker 20 rt 1050F+ vacuumresid to |ighter 0
Utimtely, W"@?’W‘ﬁ yield is reduced and petrochem cal S VI elyﬁﬁm( !

desired light olefins and single ring.gromatics) are increased. If the
tenperahue is too high or the residence tinme of the feedstock is too |ong,
in the hot visbreaker vapor liquid separation device 30, coke formation may
initiate. |f Jogk S oiBRASHRled N A, 26E0S F0/8TY S0 EleBM: @hmbh'l'l/ltahqwapm

| i qui d separation Z@vPceﬁ\lfS w°th’ G@Z mch neceggl t'at es shutting down the
process. |In diipt Magﬂﬂ,eZﬂOé,rrlMlﬁS;matﬁledt(h@oheeﬁﬁ,emﬁﬂ,um%ﬂastféesildlynh‘!e tinme in

amount o colOh, TAL SRl SrAEY 1y E0gs, 1860 TR T Ref LBy Ty be

shut down to ﬁ1@@@jebemﬁeeﬁ@vmoan1ﬂ@¢ﬁ@¢eaﬁie§ Jaiy081 00 9f andoki@2 1 1400) fifee radi ant

section 24 of the furnace i nes, and/or fromthe separator 30, if
necessary. THepiemberdd Z'QTJSI h.&notlwemt:ﬁeupd W&t@eﬂf@bm agrgt Yapds liqudd
facilities to _renpve, cok omth 30 and
t he piping i rPHEY Cﬂg\}g%fqr(gﬁrpgies Cl.,? ﬁgd rhse% ?eam

cracker furnage 6@355%&U%p&thﬁ.ﬁa @p&ﬁfwr‘ @M., themae&ew shiteedkingdisand st eam
cracking, the process of the invention can Visbreak the resid in the

f eedst ock at dsfsghep thevafpiempntiongd EdnvRaant el AYERA861 dénds14tich are
designed to rﬂ%og%r sever al rmnt hs before decoking is required. [0075] The
appar at us schematic designated "S/C furnaces"-20 in Figure 1 is the
conventi onal [ﬂOSQ}st rIatlhmﬁrooéssafﬂiee;ﬁeneﬁtrmcémmehe mabreaket bravdmt dghid of whi ch,
agal\n are not the subject _of t resent |nvent| n exc @z (5

i ntegration (Y844 °¢ Arefaraply %P@ﬁtcso?t 3 ETEPEFaRG Of | FW&F‘H @OeB n device,
whi ch has beepgdgger (ﬁ?@)'ﬂoﬁeﬁﬁeféﬁﬁﬁrﬁﬁﬁ%o@' @99’@?@@9@1"?6{&@@(3? shgrein.

[ 0076] I n anot her enbodi ment or."any fraction of ydropntessor

ef fl uent 14 coergpreféra)y ﬁ@sﬂmﬂi %5@)'[019@@'1Fd43ﬁ§5),tﬁ@dmt§d erahlsafr@neam _
cracker 20 or .10 a hi gh to
initiate thergn&nala@ Z%f 8@5‘? %@% nog 7 I S|§ ™ |a(]:1a a‘ﬂﬁl ng. The

cracked st reamdkwrebﬁ-ob@thmngtmﬁtma ﬂt:elﬁg:ﬂhabwoehﬁuﬁa sépatdtiog damguglilet i e to
achieve from5 w % (Il ow severity) to 60 wt%gh h severity) conversion of

the 1050F+ ré‘é‘P%Pf{lFmésome presspre. relystio thereiyithp fo. ohtaia An gverheadapRTder boi | i ng
resids, incl q &gﬁsﬁ%o(b‘élq?g}m& ?osthEm nh& I’gu |uh gdp&l(ﬂﬁ material),

but short enoug to av significant co terrperature and
tinme ("tinme mmmmmdmgloelbcqostem)fferent for each speC|f| c feedstock and

cper  ment at |0 TeRibes el Ehibepatciel b dBt PP ik 48 B§ quenchi ng

t he hot bottQﬁsﬁteﬁﬁbﬁﬂieadteahocﬁ&l&vemdsfoeul iT0Gs @hoved Kial Gtearhh@ackes ideldl ed in-the
art in possession of the present dlsclosure mould recogni ze this generally

as vi sbreaki rfb‘ahqyﬁmi”l’?écsv‘f’%lﬂéréﬁ%?&\ L aigsity padyeersasinp sty pemiens obhe wher ei n
(nom nal ly) tig Uﬁﬁyné%%ﬂt bt h%@eséugprgs’é}%l)%ls 'tﬁﬁri@élst%f: ‘ffn”iﬁved as

bottons product fro e vapor |1 qul ration devi ce, or a
fracti on of tseHuwyambmeksple bodiagopolafucleae naph8¥nes, polyasded arczma:hha mtleam

ker 20, f | th ti. ti 2 pri t teri
Che radi ant aadits saptd phuhSasd e B apbRE (8% nitk R LRk ey ang
cracked in thanbapiefdnied SeRaitdkS told stbdin yliaell:eﬂ“&'&@ﬁﬁt By@epredesebif | uent 26

conprising t sired light olefins 42. 077]1t 1.s one, of the inportant
advant ages prlg(’/glged lhys wlse Wsildoenp mibe et tgﬁt the specific gravity and sulfur

content of crude oils increase with increasing boiling point. For this reason,
feedstocks rich in the vacuum resid from a crude oil with 15 to 40 API gravity and
1 to 4 wt% sulfur may be some preferred feedstocks for the process of the
invention. Resid hydrotreating removes the sulfur throughout the entire boiling
range of the feedstock. Large amounts of hydrogen are consumed removing the

heteroatoms from the vacuum resid and saturating polynuclear aromatics



that by neans of the high severity hydroprocessing and visbreaking of the
hydr oprocessor effluent 14, whether in a visbreaker configured prior to the

st eam cr ackey ,odgh8d3dvi Nng suppl enental or separate heat Mﬁﬁoﬁloﬁﬁm
integrated wth the steam cracker, that high conversion, such as at |east

50 wt % or even greater than 50 wt% sugh as up to 55 wt % and even up to 60
wt % of the hydrogen-rich 750F+ (399C+) resid and even a significant portion
of the 1050F+ (565C+) material, can be achieved. This provides a steam

cracker feedgifisifedth (e vabREHRERCKRESH hitBopractsany caekd E&Bmgﬂ:é?d ?%t he case

of the visbreaker integrated with the convection section 2 e steam
cracker) havibaty ctabidicend ttheamall Gacking ¢fyrgsio geoleculph inth cempensnistiodiger 32 of the

vi sbreaker device .o Whi gh .in so enhodi S. C i | ess than 11.5
Wt 56 hyar ogen B¢ ek iRy PedtaBor "ORer Y e T Rlor SRR ouRe

hydr opr ocessgpdrogfocésﬁﬁ%fc@mﬁmis RBit PMDERISEEAG tHiki 50% SIOSIFFascoavesibl Yt i C
conversion system [00 SLIn an enbodi nment, illustrated by the schematic

shown i n Fi gané gscater [thamPoesytfun remayal. i rRhennyetprs Supgsiaglysinyentedse eps of
resid hydroprocessi 4 d.r.esi I i d steam
cracki ng 20. p%cc):ﬁ Se“rfll%?%’%g‘w W@bﬁﬁgé%grg@%ga{%t eere%?)%éeg?%ﬁaiﬁ 35&%8‘%19 %Srscr?irr?t he
operational pakanet Rcesay bdiguspriaisefiinction 26uld Henweadily abconiplisits@phy at e a
distilled vapor and/or liquid fromunconverted resid feedstock. The
distilled Ii dtﬁbEFa}&‘ﬁEIﬂﬁﬁes&‘%HSFefﬂP%fth@PPféﬁs&Phydr oprocessor 10 and/or the

vi sbreal cer 3he3 e g{egﬁeﬁzagpﬂoeesemgtﬁafﬂsw A ferdhinyt %pﬁ@gyéﬁn%%ia%nem o

petrochem cal's. . l'east One significant advantage "of thi
t hat there i provessee®dreteeat]ztmspheric rgsidsdeattaniag Capods Mitiuiaduuse peaidat i on

device with the convection sectj of. the steam cracker 20 10079] The
product of tH¥F gieeﬁnﬁﬁ‘aséoc?getp 32‘0#&; Wt El §ig BEOCePe %9?‘5&11%? %BrBluct
recovery sectiy@pfobebedSlasivnis tyPickil s e 8 60N eHie méaris thatSo2Ploaducbsthemy be
recovered by separation, typically by distillation. The "chem cal s" stream

conpri ses et Kgpidfrad e pfedseied residine and FES urnihis cenvsEedto) ligad apdegaper se
conventi onal ' d [ j.on. [0080] Certain
vari ations w@@afﬁ%ﬂoérgﬁgfsﬁgggl @ngﬁg}@?‘cﬁ?g@&gﬁgﬁg?&ﬂ&di nary skill in the
art. As an exX@063] e, Theeanwntonowereainpirisel wagissoyer thayuimi!s epaitatouid bedevi ce may
be exchanged wi.t h qt her separat.ion devices, such.as mepbranes and

't ogr at i on APERAIRY BiegRiibe Ravl GYrORRERETE, i uraiiee PG HBHACHERRE s
optional . Rengvak ppbdubfich 86 BIRBAL Cthe HOVRY BF thel BivdhhiBh)! NydpéRbREse@d. Prior to
t he radi ant section of the thermal pyrolysis unit (steam cracker). :
Menbr anes ar ¢esphis vighrpkan| gndyibhe fvgporized swprieaiselfom dhe visbreakes are plodmar from

non- pol ar Sp%?a'cﬁéd ('lth%rmJeﬂ?é)Esaﬂgg Flll'Bltlé]Rély %%c&@?ed%s &1' at gfocess produces
6 to 9 wit% visbreaker bottoms (analogous but higher value than the coke
produced in the FCC case), and 91 to 94 wt% steam cracker products.
[0064]  To take full advantage of the visbreaking capability of the process of
the invention, preferred feedstocks may contain, in embodiments, 20 to 50 wt%
vacuum resid, and some feeds may even be whole crudes. Resid hydroprocessing
consumes large amounts of hydrogen. The inventors were concerned that
hydrogen would be incorporated into the vacuum resid . feed and yield a
hydroprocessing effluent material only useful as fuel oil, having-a lower value
than the value of desired chemicals products (e.g., light olefins). As previously
mentioned, an objective of the process of the invention is to increase the hydrogen
content of the steam cracker feed while minimizing the increase in hydrogen
content of the remaining resid, which is typically sold as low-value fuel 6il. The

integration of severe hydroprocessing and viébreaking surprisingly accomplishes



[0081] In the enbodi ment shown in Fig. 6, where the process of the invention
integrates the steps of resid hydroprocessing 10, hydroprocessed resid

vi sbreal ci mgp 3070amd st eam cracki ng 20, conventional viBEHERRWAO410GAN be
operated to separate a distilled vapor and/or liquid fromunconverted resid
feedstock. The distilled |iquid and/ or%Zapor fromthe resid hydroprocessor
and/ or the visbreal cer are processed in a conventional steamcracker to
produce petrochenicals. At |east one S|gn|f|cant advant age of this

enbodi ment- i sthishehjedtiver eVisbrealong e8lgctivelydiemered highnlydmesn @oatevtaﬁjéw liquid

separation delce with the Vi ec he s am

[ 0082] Fi gure ﬂgnb?oe%selg%&%]&ﬁ%fnaﬁlregrn%m&ﬂ%use(fg’raﬁé gﬁs errgﬁ%cment of the
i nventi on Vmeﬁlﬂnr@kéﬁ% Hmfted biiliMitiey, theeemBerhtareydr @c;nheﬂﬂngdhel&sﬁllaﬁbet hen
passed 14 to a steam cracker 20 to obtain various Igroducts i,ncl udi ng

ol ef i ns. [ 008BP¢.hearhyeavisinetbnexcesive famgterelcoke pr igulinatheetiRmantqure 2, a
feed 8, which a pr, t passed to
a conventi onaﬁolﬂ@s-] 29 ﬁﬁééﬁgﬁéﬁgg@éﬁ% ?E%Pe%?ﬁﬁ\ c%lahgsabg xsgéérb

hydr opr ocessoresidAgRuiim rebie, stegiygesidier asghsitank dohminiiPrefinery ootchanicsle t he

subj ect of the prgjent invention. Illu trghjﬁve pr o ssm conditions are
provi ded in PR 13te fsiypam pay e b & proferedsgbinethe SYeloF deogni zed by

one of or d nai&ﬁlen%'ﬁélru}ocb& et foct DB Yokt rmlw eplRt gy ned by

routine experinentation Act condlt ons for the one or nore E
appar at us wi | greater ytham h&cwt%lampéalwincm 8 heapopebqfid csdpemtiomndtise desi r ed

products in in ratl W t he st cker conditions and r eaker
Pondi i ons, bHRBET b dy BOP T SRotpRGEe BaY. th Gehe, Bt o
pressure), 72écnonlaﬂiﬁle(m rseamat Phﬂ’@ﬁﬁlﬂr theUbdpBt )Jquﬁo&garaﬁﬁpd&%B hydr ogen

processed at O, 0.3 V. [0084] The hydr ogﬁnat ed feed 14 ts passed to a
hi gh pressure("ssé{?ékf‘di WYl@%‘ﬁ@Ca%ﬁl)h ¢ heatrigieera Wolypis a8itsgfeci fied in

Figure 2, whi gl 0y o3021:0 i ahy s Beggﬁéoe%gqgﬁb%eﬁepgee Ao G Pnary skill

iin the art by routine exXperinentation epen t he
operating conghrolyossnivbriorhie eoteting thapmmramuisl seprrition deyst.einshtimrtermlhe

over heads 16, ,.passj t hr ou a h exchang 17 illustrated.in the

convent i onal tﬁﬂéﬁegq'fap%f E‘ﬂ‘ﬁ@ls F%V\?Sp%stf"ﬁ‘b 1% Hﬁﬁgdﬁﬁm r’rﬁ?/nlleonm st of
distillate boilfei@vélta ¥aBbr- E@:atﬁﬁo&v?dédnﬁ?WBNsuﬁEMhﬂgPhSﬁihéﬁiﬂ head 18
may be sent to-a second HPS 19, as illustrated in Figure 2, separating the

stream at t heintbgrtedowith, the sraskenwso tha fW ensareaqudtaﬁdﬁﬁsom S@MP i%ithg C3

g?;ter: ?Lt gld %P}Qﬁmﬁﬁﬁ egc|)od§1$se({;illi fho L';'ﬁ!’fn&q"rrl)cr ac %@dﬂ g&a{m over heads

23 conpri si ngorh;pmlromgrkad revit banms, priet Itraﬂﬁ: feah ehtédtfg, the hﬂhmteédmacbg thei ng

;g?(;(r:lb:ﬁt p;re{&'% Epa{gls Yqu‘kf oth {n(taerérnateadl (c)lfnolr_1|-u§teb afedfc%}’lﬁ!gur}gt}o%ggg within nbﬂl; ane,

scope of the present-invention.

[0066) Preferred feeds may include a hydrocarbon feedstream havi.;lg a high
concentration of tar, and crude fractions such as topped crude (“topped crude”
being the cut roughly from 500-600°F (260-315°C) and hugher cut). Often topped
crude is used as a synonym for atmospheric resid. This preferred feed may or may
not contain appreciable amounts of resid. However, any crude or resid containing
crude fraction may be advantageously treated according to the process of the
present invention to obtain chemicals products (light olefins and/or single ring
aromatics) regardless of the amount of resid contained therein.

[0067] The following examples are meant to illustrate and not limit the

present inventton. Numerous modifications and variations are possible and it is to



[0085] I n the exenplary enbodi nent described and illustrated in Figure 2,
the bottons 35 fromthe first ITS 15 nmay conprise the material boiling
above 650Fy ol 00721482 enbodi ments, the bottons 35 may be peegsdogosion m xed
with the bottons 21 of the 2nd LIPS 19 and then depressured 55. In
practice, typically a portion (such ass20-to 90 wt% or 40 to 60 % w Il be
recycled (not shown) and a portion 35 (such as 10 to 100 wt% or 40 to 60
w% will be m xed and depressured. Mxing with the 90F liquid cools the

l i quid 35 frobe tdterstdodshat BRthirl the sepa of thg appraded@lninis, e tiveatsdn may tehat occurs
upon depressuring. . - 30 - [0086 I,B@@not heg enbqdi nent, the conbined |iquid
effluents 14 pqagt*ﬁegﬁglemgq@a%wp%% ¥dessrveddhergBnpri sing resid and for
exanpl e, Vacu s O }m b el d:.i egtl section of
the steamcra keﬁaZO aﬂlll thﬁuﬁgﬁ%atvg)gg?’ ff%)tnf?t ﬁegli te&?g[?]édg@g%%f’ l'iquid
separ ati on deVHRE! ispalsgle grelosurk sapatatiort deyicedpgecdhmwitle bigiid devahebntrblen

i ntroduced or .passed.into the .radi ant section,of t t eam cracker, where
itis crackedmat?'ﬁ@%etst s 20 G H’élg?rnl’rgﬁsf"ﬁﬁg’e tsﬁbgffﬂ‘ﬁﬁegu#dﬂ stged'ﬁlflgti on
devi ce, consi E};H}gsojpp&iaﬁs,tm PStEMHE WradkEe PRIMAIREINEG! TE Rt ystbASME: cut,

conprises asp eneS. [0087] The product 26 of the steam cracker 20 may be
sent to 'the staepnsesenskartypeadlysevera sepapedioy sieps teigardistdlatigrheolunnsalous

products 41-44.may be recovered separation, typically by distil]lation,
P ahoun i1 APGRE Barhis O e Meed SRR Sy b/ BBl R hatnal. O
et hyl ene, prompafig,andaft, SphQARes kndwacih tigtLaM cracker 20 may be integrated

wth its own E}rQOdUCt recovery apparatus 40 or a_si ngll e product recovery
unit 40 may hiEPle boRefersingfan e aemplapt Flayss digwe 138 3] poes) dowt ai n

var hati ons Wi bgd TRGALAL o BAGRCABPAE fibnddh PHYGe LlesicUoflaftfelreai || T
the art. As an Bxanple, ofher separation devices, such as nenbranes or
vacuum t ower s§ is Apdrbproacideidin A/uyiloproesssiag empal®t aalithen Ippssed éé @l stéam separ at e,
for instance, | ar,.f.rom non-pol ar eci.e for..i nstanc iqr.to the HDP
unit) or ar or@“?‘? 2P 3 éf?'rg?’t’ﬁtplr%d%g é&'i%sg‘lcf‘gfnﬁ ﬂ@ﬁ?ﬁn& qﬁ?géﬁlg‘{ he second
BPS unit in Figailseof tRNstedth | Rickb020 e BdeFraiie CAACHKE MsubjeasSsf e preddnflr omat i cs
to the *steam cracker_and recycling aromatics to the hydroprocessing unit).
[ 0089] Fi gur e Bventions thregessingprndiions ppisalby may béﬁﬁ%ﬁ’éiﬂrﬁé@ﬂﬂ@ﬁé bneng plent i on.
Figure 3 is sjn e e -] I : r 44 fro e product
recovery uni ¢ AEPAL R I R Bliahdt clehtifticke dBfemtihbade B
cont ai ni ng sulrstsach aslfilngaceo te tarl Iseated dyadirept mbling) off super-heatdd @lidubf ur, may

be passed to the HDP 10, preferably bei.ng diluted with one o re of the
050Fs" T ceyc cEBssan b iBiG eI omptings i aioalsh CHRRPBRS ik

material s. inventors as being useful in the invention set forth herein.

[0070] One embodiment of the inventive process of preparing a resid-
containing feed for steam cracking comprises severely hydroprocessing the feed
by hydroprocessing the feed at a temperature in excess of 700°F (371°C),
preferably greater than 750°F (399°C), and more preferably in excess of 780°F
(415°C). The process also comprses further improving the hydroprocessor
effluent by holding, heating, and further converting the effluent in a visbreaker
type vapor-liquid separator. Preferably the visbreaker is heat-integrated with the
steam cracker. 'In the heat integrated process as illustrated by Figure 1,
atmospheric resid 8 is passed to a conventional hydroprocessor (HDP) 10, such as
a fixed bed hydroprocessor. Numerous-HDP units are commercially available,
varying by catalyst and configuration, among other variables, such as available
from ExxonMobil. The design details of an HDP by itself are not the subject of

the present invention. Processing conditions for the HDP typically may be readily



T6090] Figure 4 illustrates still another enbodi nent of the invention.
Figure 4 is sirdilar to Figure 3, except a second HDP unit 70, a second
heat exchanger 72, and a third BPS unit 74 is provided As shown in Figure

4, materi akhygSobhP9t he third BPS unit 74 (e.g. 400- 650pcfgddocpde |1 quid)
is sent as feed to the - 31 - second IMP unit 70. Tar 44 is optionally

recycled to the second HDP unit 70. Fi-gure 4 further enploys a vapor liquid
separation device 25 (Flash in Fig. 4) to separate the 900- 36 fromthe
900F+ 37 resid. The 900F- vapor 36 (m xed with steam 31)- may be passed

directly to cqiypided HRbneSseardn 45 thelai PBedthediRals Te@PEF @ghtvapor
| i qui d separation device. The 900+ resid 37 may be passed to steam crackers

50 that conpréls@nsandiaramesticsitval be dasesly pffeptedcbysripeassing enndifions eosguint o be
subj ected to yi i,ng...The vapor |i qui i Qn I: an be
opejr ated at aeﬁsz‘ﬁ?}g?@ t%‘fgwél?fﬁ%e{ ﬁ% gapéng%ﬁgﬂrsggﬁ?tﬁii%%%gg%%gm%% hose

skilled in thgadet20.l n anot her variation (not shown) a portion of the tar
44 can be mxed with the atnospheric resid 8 and a _portion mxed with the

bott ons produl®07He ofThehudiopenated dred Idrfram thedHoH ppt isthen paseediteevrypli zed by
£ of d O . . 4 A

Chat o vi sbr s ebarridgichites Blck sldia 87 RES AaBhe 18 RERTbreflY DoU €

crackers in amd edeeahe teingpéfabge. ]l The dirctnl saephsidpogirogdhtdnd tlight sdrisdor eaker

step before the thermal _pyrolysis step, i ccordance with the present

i nventi on, th@oe}%@-&q%ﬁ%ﬁ BNSEBRY B*gr%QF@é?: fﬁﬂtf’e Y%P%@a\ﬁﬁstcﬁh‘tcﬂte t her mal
pyrolysis furgagg, ﬁ@g@ﬁ i hSili g (thd rl.@éb%g Y ference
to the foll ow ng elfgc%p e aé(ﬁ%uﬁe%mag%:btéﬁllg%gﬁn% f i(g%r)ﬁhdescrge%’dﬁpﬁel OoW.

[ 0092] Ref er ri togl 308°Hi ig ueevered \fos Kurthegt progepsing. aNolentbhi ghmdny wasss Wepor i qui d
separation device 30 in rated, w t he. st.eam.cr.gcker 2Q. | n an _exanple
il 3st r at ed iWcﬁ?%ﬁtfeémelfg?aﬁd‘ém&lq swﬁllcéﬁ PTeécdabQY rTng‘ﬁ%DMeatsgbypr essure
until the rengembige(®) kbdotRalodatDBE e bprdr 13 kateking HheHDPamit M.l A(resid) is
anal yzed (see Table 1). The heavy oil (resid) was m xed with hydrogen and

passed t hr ougbPtiemiytieasp Fomebe HPS {wpt shivid andeke plit BRWEWOIESBRMSand 2000
psig_total pfglsa%ﬁ{ngn toTWg{s%a?&ﬁﬁééﬁﬁgegé ofthk kdb%ﬂﬁan%ﬂle'b%umkﬁluﬁﬁag@&éee Tabl e

1). The liquid product romt roprocessor 'is then s ted to
vacuum di st i | $batvinp nan| botecgtiedwn the rdid)hydroprpcdseorsEpear Adrthert precasseduym r esi d.
The distillation yiel %1? 82 w%distillate (1050-) and 18 wt % vacuumresid
(1050+). The SAMfFiRopd Gl Eﬁ‘%ﬂnaé‘fﬁi‘%' Table 1. '[0093] The results of

vi sbreaking 3f@oy1e 18 WM baVaH KRN £ a0 RSNt dsPRliRAes, B sy she hi gh
hydrogen content (12.5 % of the feedstock 14, high conversions in the

vi sbr eaker- - 30adypriagrously tipraotsdf mitas te eatesing dhe eadiantitsectiont24apt Boketeamor mat i on.
Severe Vi sbregliafo¥t I xaRipRE T FedVA ¥ BeaBhaitAS T diGusled SR8 N N9

. above and also in examples below. Although not shown in detail in Figure 1, the
hydrogenated C2+ stream 14 may be preheated in the convection section 22 of the
steam cracker 20 prior to being passed to a vapor liquid separation device 30,
wherein (nominally) - 1050°F+ resid, compnsing asphaltenes if not previouslg.(
removed, may be removed as bottoms product 32 from the vapor liquid separation
device 30. The vapor 34 is passed back to the convection section 22, preferably

- without cooling or condensing. The apparatus schematic designated "S/C
furnaces” 20 in Figure 1 is the conventional illusﬁrﬁtion of a steam cracker furnace,
the details of which, again, are not the subject of the present invention except for
the integration of the vapor liquid separation device 30, which has been described
In the references discussed elsewhere herein. The separation device 30 is
preferably functions as a visbreaker, in that the device 30 separates, temporarily
holds, and further heats a stream that hés been previously heated in the



- 32 - up to 10.8 Wt % hydrogen and a 60 wt % vyield of overheads with a
hydrogen content of 13.5 wt% H. The cal cul ated hydrogen (H) content of the
vi shreaker wavmph@agis i s cl ose to the H content of the REVVIP8HIWES| df i ner
liquids. Thus, it can be assunmed that addition of the visbreaker overheads
to the distilled hydr oprocessed liqui d®will not sigpificantly change steam
cracking yields. The 93 wt% distillate material stream 34 fromthe resid
hydroprocessing step may then be used as steam cracker feedstock. The

yi el ds from dvdwprasessoki riheeeby, fnitali eracking isTapsed an ey hydeoPsassespant i al | y

t he sane as the ’g?g%g(;l@F@%”%agtwﬂs Lﬂrﬁeésu&?@gﬁﬁag ‘gﬁt&ugap&rﬁ]gd in these

exanpl es ver e c |mrl at'e opera comercl al scal e, as

i ['lustrated bysbrdagter: @uﬁstﬁﬂdﬂﬁﬁoxﬂ;ﬂ&eWbﬁlﬁﬂatﬁdﬂdﬁﬁ@ba@lﬁevhhbymight dmol e 1
Oinde-Atingtil..:::,:Imlauf:Sii ;; .. 411-13. 6. Qi -
..... . - created in the hydroprocesser, suppl;emented by mell@mmoleculcs produced by

visbreaking, and further supplemented by the steam injected into and/or ahead of

the visbreaker, and optionally by the flashing pressure drops. The separator 30 is

also preferably heat integrated with the cracker 20, in that the separator is located

close enough to the steamn cracker 20 that preferably no additional or separate heat

is needed for the separator to facilitate the visbreaking type separation in the

separator 30. Thereby, the separator 30 may be "integrated” with the steam

) cracker 20. The pressure is preferably reduced to between 50 and 100 psig before
the separated streams are sent to the steam cracker.

[0073]  Although not shown in detail in Figure 1, in a preferred embodiment,

the hydrogenated C2+ stream 14 is heated in the convection section 22 of the

steam cracker 20 at a sufficient temperature to initiate thermal cracking of the

hydrogenated resid prior to being passed by line 33 to a vapor liajuid separation

device, wherein (nominally) 1050°F+ resid, compnising asphaltenes, is removed as

_ bottoms product 32 from the vapor liquid separation device 30. Steam (pot

shown) can be added to the vapor liquid separation device to increase the fraction

. of the feedstock removed as vapor 34. The residence time of the liquid in the

vapor liquid separation device 30 can be increased to increase the fraction of the

" feedstock removed as vapor 34. It 1s a further iﬁventive aspect of this invention

that raising the liquid level in the visbreaker separator may increase liquid

. residence time to further increase conversion of the resid fractions, for a given

treating temnperature (particularly the higher boiling resid). The visbreaker

comprises a ‘vapor liquid separation vessel or device that separates the vapor

fraction from the liquid fraction, and wherein the separation vessel includes a

liquid volume that preferably occupies at least 50% of the volume of the vessel.

Preferably, the liquid level of the separation vessel will be at least equal to or

greater than 75% by volume of the vessel, still more preferably greater than 80%,

and most preferably greater than 30% of the vessel volume.
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[0074] The vapor 34, including resid molecules that have been thermally
cracked (also known as destructive distillation), may be passed back to the
convection section 22. In this way the convection section 22 of the steam cracker
20 may convert 1050°F+ vacuum resid to lighter molecules. Ultimately, fuel oil
yield is reduced and petrochemicals yields (e.g., the desired light olefins and
single ring aromatics) are increased. If the temperatwe is too high or the
residence time of the feedstock is too long, in the hot visbreaker vapor liquid
. separation device 30, coke formation may initiate. If this happens, the process
may undesirably fill the vapor liquid separation device 30 with coke, which
necessitates shutting down the process. In a preferred embodiment, the
) temperature and residence time in the vapor liquid separation device 30 are
controlled to allow only a small amount of coking. For example, every 15 to 40
days the steam cracker may be shut down to readily remove an acceptable amount
of coke from the radiant section 24 of the furnace 20, the lines, and/or from the
separator 30, if necessary. The process of the invention may use known methods
- and facilities to remove coke from the vapor liquid separation device 30 and the
piping in the convection 22 and radiant 24 sections of the steam cracker fumace
. 20. Because of this synergy between visbreaking and steam cracking, the process
of the invention can visbreak the resid in the feedstock at a higj:ler seventy than
conventional visbreakers, which are designed to run for several months before
decoking is required.
[0075] - The apparatus schematic designated "S/C furnaces" 20 in Figure 1 is
the conventional illustration of a steam cracker fumace, the detaiié of which,
again, are not the subject of the present invention except for the integration (not
shown in Figure 1) of the vapor liquid separation device, which has been
described in the references discussed elsewhere herein.
[0076] In another embodiment, all or any fraction of the hydroprocessor
effluent 14 comprising 1050°F+ (565°C+) resid may be heated in a steam cracker
20 or by separate heat source, to a temperature high enough to initiate thermal
cracking but low enough to avoid significant coking. The cracked stream may be
held at this temperature for a long enough time to achieve from 5 wit% (low
severity) to 60 wt% (high éeven'ty) con;.rersion of the 1050°F+ resid (i.e.,
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conversion of material from higher boiling resids, including the 1050°F (565°C)
resids to lower boiling point material), but short enough to avoid significant
coking. The optimal temperature and time ("time at temperature") is different for
each’ specific feedstock and can be determined by one skilled in the art without
more than routine experimentation. The time at temperature is selectively ended
by quenching the hot bottoms material to prevent fouling or coking. Those skalled
in the art in possession of the present disclosure would recognize this generally as
.visbreaking, In the visbreaking vapor liquid separation step, wherein (nominally)
the unbroken 1050°F+ resid and/or asphaltenes are removed as bottoms product
from the vapor liquid separahon device, and all or a fraction of the visbreaker
) - vapor effluent 34, is passed to the steam cracker 20, and preferably to the
convection section 22 prior to entering the radiant section 24. The separated
vapor. is further processed and cracked in the radiant section 24 to yield steam
cracker effluent 26 comprising the desired ]igﬁt olefins 42.
10077} It 1s one of the important advantages provided by the present invention
" that by means of the high severity hydroprocessing and visbreaking of the
hydroprocessor effluent 14, whether m a visbreaker configured prior to the steam
cracker and having supplemental or separate heat source, or integrated with the
- steam’ cracker, that high conversion, such- as at least 50 wt% or even greater than
50 wt%, such as up to 55 wt% and even up to 60 wt% of the hydrogen-rich
750°F+ (399°C+) resid and even a significant portion of the 1050°F+ (565°C+)
. | material, can be achieved. This provides a steam cracker feedstock 34 (or
feedstock to the radiant section 24, in the case of the visbreaker integrated with
the convection section 22 of the steam cracker) having greater than 13 wt%
hydrogen. The bottoms product 32 of the visbreaker device 30, which in some
embodiments may comprise less than 11.5 wi% hydrogen, may be used as fuel oil
and/or recirculated to the hydroprocessor, or fed to another processing unit, such
as a catalytic conversion system.
[0078] In an embodiment, illustrated by the schematic shown in Figure 6, the
process of the invention integrates the steps of resid hydroprocessing 10,
hydroprocessed resid visbreaking 30, and steamn cracking 20. Conventional

visbreakers can be operated to perform the operational parameters of the present
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invention, to separate a distilled vapor and/or liquid from unconverted resid
feedstock. The distilled liquid and/or vapor from the resid hydroprocessor 10
and/or the visbreaker 30 are processed in a steam cracker 20 to produce
petrochemicals. At least one significant advantage of this embodiment is that
there is no need to directly integrate a vapor hiquid separation device with the
convection section of the steamn cracker 20,
[0079] The product of the steam cra;cker 20 is sent to the steam cracker
product recovery section (not shown in Figure 6) where various products may be
recovered by separation, typically by distillation. The “chemicals” stream
comprises ethylene, propylene, and butenes. The separations are per se
y conventional and not the subject of the present invention.
[0080] Certain variations will immcdiately.. become apparent to one of
ordinary skill in the art. As an example, one. or more of the vapor.liquid
separation device may be exchanged with other separation devices, such as
membranes and integration with the steam cracker, while a preferred embodiment,
is optional.. Removal of the asphaltenes, however, is highly preferred prior to the
radiant section of the thermal pyrolysis umit (steam cracker). Membranes are
particularly useful to separate, for instance, polar from non-polar species (for
 instance, prior to the HDP umit). -
[0081) In the embodiment shown in Fig. 6, where the pfocess of the invention .
integrates the steps of resid hydroprocessing 10, hydroprocessed resid visbreaking
30, and steam cracking 20, conventional visbreakers can be operated to separate a
distilled vapor and/or liqud from unconverted resid feedstock. The distilled liguid
and/or vapor from the resid hydroprocessor and/or the visbreaker are processed in
a conventional steam cracker to produce petrochemicals. At least one significant
advantage of this embodiment is that there is no need to directly integrate a vapor
liquid separation device with the convection section of the steam cracker.
{0082] Figure 2 is a process flow diagram illustrating an embodiment of the
invention where a resid-containing feed 8 is hydrotreated 10 and then passed 14 to
a stearn cracker 20 to obtain various products including olefins.
[0083] In an embodiment of the process illustrated by Figure 2, a feed 8,

which in a preferred embodiment is atmospheric resid, is passed to a conventional
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hydroprocessor (HDP) 10, such as a fixed bed hydroprocessor. Again, the design
details of the HDP are not per se the subject of the present invention. Tlustrative
processing conditions are provided in Figﬁre 2 for the HDP step 10, however as
would be recognized by one of ordinary skill in the art, these may vary and may
be determined by routine experimentation. Actual conditions for the one or more
HDP apparatus will vary in accordance with the specific feed and/or desired
products in integration with the steam cracker conditions and visbreaker
conditions, but good starting point would be 2200 % 500 psig (total pressure), 725
+ 100°F (measured at reactor outlet), 3000 £ 200 SCFB hydrogen processed at 0.1
to 0.3 WHSV.

) [0084] The hydrogenated feed 14 is passed to a high pressure separator 15
operating at the conditions such as specified in Figure 2, whic.h'.may, again, vary
and be determined by one of ordinary skill in the art by routine experimentation,
depending on the feed and the operating conditions of the other apparatus in the
system shown. The overheads 16, passing through a heat exchanger 17 illustrated
in the conventional manner of a circle with arrow passing through, may consist of
distillate boiling at, for example, 650°F and below. The cooled overhead 18 may
be sent to a second HPS 19, as illustrated in Figure 2, separating the stream at the
90°F point, as shown, to yield a bottoms 21 comprising C3 material and higher
carbon numbers (including naphtha and heavy distillate); which may be passed to
the steam cracker 20, and an overheads 23 comprising hydrogen, methane, ethane,
and H,S, the overheads being recycled, preferably after removal -of H,S by, for
instance, membrane, absorbent, and the like.

[0085) In the exemplary embodiment described and illustrated in Figure 2,
the bottoms 35 from the first HPS 15 may comprise the material boiling above
650°F. In some embodiments, the bottoms 35 may be recycied or mixed with the
bottoms 21 of the 2™ HPS 19 and then depressured 55. In practice, typically a
portion (such as 0 to 90 wt% or 40 to 60 wt%) will be recycled (not shown) and a
portion 35 (such as 10 to 100 wt% or 40 to 60 wt%) will be mixed and
depressured. Mixing with the 90°F liquid cools the liquid 35 from the first HPS

15 reducing the amount of flashing that occurs upon depressuring.
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[0086) In another embodiment, the combined liquid effluents 14 from the
resid hydroprocessor 10, comprising resid and for example, Vacuum Gas Oil
(VGO), may be preheated in the convection section of the steam cracker 20 and
then the vapor from the integrated vapor liquid separation device is passed back
into the convection section and then introduced or passed into the radiant section
of the steam cracker, where it is cracked. The bottoms from the integrated vapor
liquid separation device, consisting of (in the present preferred embodiment)
1050°F+ cut, comprises asphaltenes. '
[0087] The product 26 of the steam cracker 20 may be sent to the steam
cracker product recovery section 40, where vanous products 41-44 may be
/ recovered by separation, typically by distillation, as shown in Figure 2. "The
“chemicals” stream 42 comprises, for example, ethylene, propylene, land butenes.
Each steam cracker 20 may be integrated with its own product-recovery apparatus
40 or a single product recovery unit 40 may handle both steam cracker effluents
26, 38.
[0088] Certain variations wilt ixﬁmediately become apparent to ome of
ordinary skill in the art. As an example, other separation devices, such as
membranes or vacuum towers, can be added. Membranes are particularly useful
to separate, for instance, polar from non-polar species (for instance, prior to the
HDP unit) or aromatic from non-aromatic species (for instance, after the second
HPS unit in Figure 2 and prior to the steam cracker, passing non-aromatics to the
‘'stearn cracker and recycling aromatics to the hydroprocessing umt) '
[0089]  Figure 3 illustrates another preferred embodiment of the invention.
Figure 3 is similar to Figure 2 except in Figure 3, tar 44 from the product recovery
unit 40, heated to 100°C to 200°C to maintain fluidity, and now containing
~ substantially no metals and comprising very little sulfur, may be passed to the
HDP 10, preferably being diluted with one or more of the 650°F+ recycle 23
and/or feed 8, or portion of one or both of these materials. _
[0090] Figure 4 illustrates still another embodiment of the invention. Figure
4 is similar to Figure 3, except a second HDP unit 70, a second heat exchanger 72,
and a third HPS unit 74 is provided. As shown in Figure 4, material 76 from the
third HPS unit 74 (e.g. 400-650°F (204-343°C) liquid) is sent as feed to'_the
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second HDP unit 70. Tar 44 is optionally recycled to the second HDP unit 70.
Figure 4 further employs a vapor liquid separation device 25 (Flash in Fig. 4) to
separate the 900- 36 from the 900°F+ 37 resid. -The 900°F- vapor 36 (mixed with
steam 31) may be passed directly to conventional steam crackers 20 without an
integrated vapor liquid separation device. The 900+ resid 37 may be passed to
steam crackers 50 that comprise an integrated vapor liquid separation device 30 to
be subjected to visbreaking. The vapor liquid separation device 30 can be operated
at a variety of conditions as is readily understood by those skilled in the art. In
another variation (not shown) a portion of the tar 44 can be mixed with the
atmospheric resid 8 and a porfion mixed with the bottoms product 76 of the third
HPS unit.

[009]] It will be recognized 5y one ;f ordinary skill in the art in possession
of the present disclosure that a visbreaker may be arranged prior to one or more of
the steam crackers in any one of Figures 1-4 discussed above. With the visbreaker
step before the thermal pyrolysis step, in accordance w1th the present invention,
the vapor liquid separation device, integrated with the thermal pyrolysis furnace,
becomes optional. This can be illustrated by reference to the following example

as well as additional figures described below.

- [0092]) Referring to Figure 5, visbreaking is accomplished in a vapor liquid

separation device 30 integrated with the steam cracker 20. In an example
illustrated in Figure 5, crude oil was distilled at 1 atmosphere pressure until the
remaining oil reached 600°F (about 315°C). The heavy oil (resid) is analyzed (see
Table 1). The heavy oil (resid) was mixed with hydrogen and passed through a
hydroprocessor 10, processed at 0.2 WHSV, 695°F, and 2000 psig total pressure.
The hydroprocessor effluent 14 is analyzed (see Table 1). The liquid product 14
from the hydroprocessor is then subjected to vacuum distillation (not shown in
Figure 5) to separate the vacuum resid. The distillation yields 82 wt% distillate
(1050-) and 18 wt% vacuum resid (1050+). The analysis is provided in Table 1.

{0093] The results of visbreaking 30 the 18 wit% vacuum resid can be
estimated. Due to the high hydrogen content (12.5 wt%) of the feedstock 14, high
conversions in the visbreaker 30 are possible before the onset of substantial coke

formation. Severe visbreaking will produce 40% yield of vacuum resid containing
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up to 10.8 wit% hydrogen and a 60 wt% yield of overheads with a hydrogen
content of 13.5 wt% H. The calculated hydrogen (H) content of the visbreaker
overheads is close to the H content of the distilled residfiner liquids. Thus, it can
be assumed that addition of the visbreaker overheads to the distilled
hydroprocessed Liquids will not significantly change steam cracking yields. The
93 wt% distillate material stream 34 from the resid hydroprocessing step may then
be used as steam cracker feedstock. The ylelds from steam cracking are provided
in Table 2 and are substantially the same as the yields shown in Figure 5. The
experiments reported in these examples were carried out to simulate operations at

a commercial scale, as illustrated by Figure 5 and as described throughout the

: spec.
Table 1
S EE o e ites oo Hydroprocessor’ - LR % nilezan DG
C et Sa | CrudéAtm Résid R U EMuent 0y L 0108000 ] 10504
* | API Gravity 17.8 - 27.0 30.0 17.5
wt% H 11.3 12.9 13.1 12.5
wt% S 42 0.13- 0.01 03
wit% C5- 0.0 3.0 5.0 0.0
wt% C5-1050F 64.0 80.0 95.0 0.0
wit% 1050+ 36.0 18.0 0.0 100.0
. | Paraffing . . 16.0 ! 27.0
naphthenes 19.0 - 39.0
| 1 ring aromatics 8.0 _ 26.0
2 ring aromatics 15.0 7.0
3 ring aromatics 17.0 ' 2.0
4 ring aromatics 13.0 0.0

T

Table 2 — Steam Cracking Yields: Hydroprocessor 1050- Liquids

ST K S tenm grdcker -
s LR CE R Yields, wi%, .

fuel gas 10
ethane/propane 5
cthylene 21
ropylene 13
C4's 10
BTX 9
Other SCN 11

tat and gas oil 21




hydr opr ocessi ng step contained 36 wt % of material boiling above 1050F. The
product fromthe hydroprocessing step contained 18 wt% of material boiling
above 1050, i onal hydroprocessing resulted in 9 rskLon of the
vacuum resiﬁvaoﬁﬁga}tﬁ%n of the feedstock. This neans tha%@@é@é@ggsi ng
foll owed by vacuumdistillation resultssin a product with 18 wt % vacuum
resid, and close to 80 wt% | iquids suitable for steam cracker feedstock.
The 18 wt % vacuumresid is substantially enriched in hydrogen but can only
be sold as | o | f urmfu L. u S ¢ f r 0Ges YN irable to
decrease the W’glﬂd ofﬂ{eo?vésélg%fﬁr “¢a§§| loiléf]é%%d %c?%aggat rtléé %Icef%ﬁzf st eam
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overal | 80% cwavmemsesihfradtioh loéthe deadstork: ki tingens thablydodprodessiigefotievetk to t he
hydr oprocessor. The 7.w % | ow sul fur fuel .oi ~resid' in Fiqure 5) has
simlar hydr oé@ﬁa‘:&,’lﬁlﬁtdé"mlatf% rfaﬂ’ztsr‘%@rad'ff@&?tgﬂb3‘&%’5‘?8‘?“?Ee s?nél S&® al nost
none of the hydieqeiuiddRaiabRYor fed'Gadi@Bfcddsftd! TRE L Q8% Vacrutr RAUHGs O
custoners as fuel oil. Instead, resid hydroprocessing the feedstock enabl es

vi sbreal ci ng sbstaatiablaranichidoint hysdrogen (butiaan gnllibgsolbay v selfir fieleall ng

severely hydrgpro sed resi 0 a vishreak S, .2l eliﬁﬁe 0, be a
significant aal\%gﬁ a erB’fOC%Sﬁ%dcj)dH& Wecﬁeflgabgefqot%ﬁ%g%ﬁ(ka,hseéﬁ?ﬁlgﬁ@é"n i Ei""r'?taorﬂet of ore
unreal i zed i nahdigcise théyigldeofisteainScrivir Redstick. Thy vigtizaldhy step covveitel be
useful to visbreak a feedstock according to the present 1nvention, as

oppdsed to sefiERy thethheddt bl B, 4020Rehyeprioeesasy eidleeniipte ¥ n t he
prior art. [QQ9q} f@ﬁgb&.h N RGERA 1090°4S | BGari e d ks 18RdwRRRfI ti ons
simlar to those cited In the tables above is practiced to pre-treat resid
for use as festizghae kintibr dm theCH eomient of theafneds©Ek umitlie, residehydygprapessocessed

resid may be verted.into. liguid an s products, with a cok ield of 5
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vi sbreal ci ng andveérhle80%CdoRséking of @sVdcSurh fesid Pbitidh oF\8S BlelistéckStodh&onver si on
to liquid and gas products. The byproduct fromresid hydroprocessing,
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Fi gure 5) whi Lani fi : I r C o, tal yst.
[ 0096] Two keyﬁgggﬁecﬁgggf Eooﬁl%sqie Lelgrfh]hyl(éggc C%S\régljf {éégdi ggﬁ? %@gﬂvwﬁ]q%%ﬁa?&ﬁ %gen and
wt % pol ynucl ehydregearcahsuased ifrithney teeid ehyyitoptodessaryis Gbldstel cystomersedshed oii t h Wt %

hydrogen and tar vyiel ay cl osel orrelate w th wt% polynucl ear
a?/oma'? i cs. Thb‘*@%i@“ﬂ?ﬁﬁéﬁ?._ ol 3“8?“’?1? Fables B_‘SW@%]'EFg o becamediifiuct with
hydr ogen cont ﬁtnhnﬁsﬂﬂiycﬁ%ghof:oﬁéﬁioﬁlar Feddg Sewsdd ﬂﬁ:@%ﬁ&@%i@r@cgi ng art,

but with significantly I'ower concentrations of  pol ynucl ear aromatics.

[ 0097] A consethserazker isfalen believed techd mgisnidieanttagvantagei afembpdingmts efrtberat i cs i s
tar yields beg%@?%PmlrQuut%H%%PofXﬁe"{@a{eIﬁ&dgﬁ&%%ﬁgsi&fe it 2%l A4AULR0s RRYVI des an
opportunity t &1 M natre or greatly Ffeduce ras a pro&uct _]by recycling
the tar to th# Jwontl bpusefise eisbredlan feaddnoclgsatdimntofthé pressd ilbwenséreas cr acki ng
enabl es substantially conp]ete. conversion of tar to lighter products. This -
is a desirabl &F Ey ?nd%lté? bﬁeﬁlFé‘?FéégéF‘}keéQb@@P FG€C %@Sg?%é’ggf ¥t the

i nvention. StaMEsICr ackdid hdropyesesiihg sl StekdsiRks ARE NBhbikofly SnBff 9gessed.
Problens with fouling, inconpatibilrty, and |ow reactivity were

antici pated. fhosoeedw the tabkes abevsve Pealrsd tovpistiteptaresid derrpse b {esdstepkdel usi ng,
as feed, atno IC.resid, r r | on. st her eof. Ay fit from
t he present i%ggﬁ?i‘%ﬁti nﬂplig(?;eﬁrnjr%’eglggﬁg‘%gfoﬁe%néds,%{dh@%ggaol S g@ egt ed from
at | east one bfudead yasqgrodietsowith avcakaivieldrefsi dsg widellt si HighlF@a@pdyiage oil s,
coker gas oilg,, cracker tar,.t ed crud nd any ot her feed containing
resid and/ or &‘ameﬁlﬁ%@f%ﬁe@ﬁﬁs%ic%g]ﬁo%eficbrﬁl‘fleqr%%ﬂgi ﬁ?géFcBWaTrF‘i!(’%gpr@E Eé’? M xt ur es
of such feedssimSlCoveridl fREiQ \CoRNRAsIBY LR andPER pRbdRLsP ' BleSypRfductrirdibir es 1-6
represent only a small nunber of the countleéss nunber of "possible

opti m zat i onsTegidhyéroprgoessing Vishieaking; & stram creckinggy laysswlr Sebioihmxi ni ze

efficient use of hydrogen and hydrocarbon feed sources. [0099] By way of

further non-limting exanple, illustrating yet still another enbodi nent,
whi ch may be a nore preferred enbodi nent, the source of hydrogen used in
the system (e.g., in the BDP units) nmay be from a net hane source, o

particularly a renote nethane. Use of renote nethane as a source for
hydrogen is described in US Patent No. 6,784, 329.



[ 00100] Maxi m zi ng the val ue of renote nethane resources is an old problem
in the industry. Wile nethane commands a prem um val ue for the production
of - 35 - viyshhagam: frequently, neither chem cal can bgcgbipaadidiong

di stances economcally. Use of methane fromrenote areas or other sources
of high and/or underutilized nmethane vétunes for hydrogenation of the
feedstocks to the hydroprocessing unit may facilitate inproved economnc
generation of valuable products from steam cracking. The term"renote" is
not limted t@Eredidstiarfigire!ts) vatidhehas sigmfiédntle chigher ealoe dlall yoleood RCCude
substantially any sui tabl e source of nethane and/or- hydrogen that m ght

ot herw se onl‘x‘}”ﬂ)ﬂ*e | ess val uabl e options or opportunities than for use in
t he descri bed ces parts of
the world in [sgg@t anti a k%%mn%és?% afteaﬁg%ﬁ vef&lrdlg)[?nafg% \b'ﬂg%lsﬂfd:bgéhs

ot herwi se unfmdawﬂ‘bbelymdmsmotnaﬁwsarﬂhylsna)ylelldlnnﬁdchehs®ne&tn:mtlmtt%ane may be

convertedtohdro en_for e in the inventiyv ses. [001011Crude oil
typically conft a'miint‘?‘ﬂ ngﬁn‘%“fy ilﬁsq(f?f S8 ?r] g’n&{ EdP Fyyuﬁ%r%%med crude
(where the Crns’eereﬁe%a’fo&%cés: gb@ﬁffgheldaesnahﬂaw@&fwmhwg senyohepar af fins,

havi ng >95 wr A conversion of sulfdr, nitrogen, and oxygen-cont ai ni ng
impurities), trympalcqfrmdmarydéG@’iaoheChm ﬂ.ldsmﬁmvw%(hggchd*ogehmtﬁmgsﬂkemtbr ated

cracker feed &5@{%’:@ (g rre feedagn the present invention.
Pet r ocheni cal 3’7 eTO&g PHBOHERFT AP % hydr ogen may be increased
subst anti al | yjooygr Cwa@maﬁ\émdag)f%@aéhwkﬁigffwamegenmb[:@mm Arofiayeni ent
nmet hod of converti n met hane to 25&;drogen renotely is by exploitation of a

st eam r ef or-mi Kdgarvielfs bewpenithand 2 wi%eaine procssn ofuthe yGRINRMAKASS #1 sour ces.

In steamrefo Bpid) I W th
steamto for réd?oggmajeﬂﬁ%a gﬂ@%@ﬁﬁgg@f?gﬁ%?}é@té@&ggé@ﬁytﬁ%ﬁ} ﬁdl ustrated
%Otl gg] \_Ilyel | - kmevhydﬁtprgasoeqmakiﬁydrotgmaﬁquafsﬂmd GibtearnH2OicKing -¢haldb? + CIO

ypi ca as is exploit or in an .conversjon into | ower
al kanes by, %‘h’gtﬁli’féﬂgﬁ%plﬂe% Vé’FSIGF‘r%ﬂ%‘éﬂ h&%‘?a@? léﬁdf’rsé’)?{’]ﬁe’ Ufed into a
napht ha crackggt s&l@lygﬁ&%!iafﬂr% eéth.l)yheriﬁeceaoefﬁﬂ@meﬁﬁﬁoswaﬂgumemﬁww esent
i nvention, hydrogen may be ext racted fromthe product side of the equation

and Used to rugrgvlgy@rma@teloundh'éaydmpr@gsscid cBreblemsiwith fonbng, inpemppieiyf . The

car bon nonoxi d ted with steamto form additional
hydr ogen (andm?a{ga)éer?%@wbm de?nnlcﬁjg e water gas shift reaction O her "

reacti ons nay[0ge8jer atWhile the above embodiment has been illustrated using, as feed,

_ atmospheric resid, any crude or fraction thereof may benefit from the present
invention. In preferred embodiments, the feed is selected from at least one of
heavy crude oil, vacuum resids, fuet oil, FCC cycle oils, coker gas oils, cracker
tar, topped crude, and any other feed containing resid and/or a high concentration
of multicyclic aromatic species. Mixtures of such feeds, such as provided by
crude, are also preferred. Figures 1-6 represent only a small number of the
countless number of possible optimizations directed to minimize refinery energy
usage and maximize efficient use of hydrogen and hydrocarbon feed sources.
[0099] By way of further non-limiting example, illustrating yet still another
embodiment, which may be a more preferred embodiment, the source of hydrogen
used in the sifstem {e.g., in the HDP. u;rlits) may be from a methane source,
particularly a remote methane. Use of remote methane as a source for hydrogen is
described m US Patent No. 6,784,329,

[00100] Maximizing the value of remote methane resources 1s an old problem

in the industry. While methane commands a premium value for the production of



- 36 - hydrogen from nmet hane, for instance, reaction of methane w th oxygen
to produce hydrogen and carbon nonoxi de (partial oxidation). [00104] The

present i nvgRpt,| s allows the producer to |ocate thg-RYhiQF§SSi NY
EDP uni t cl\ggezm{)@ﬁg% nmet hane source (e.g., renote net ha(rjlelg(l?il ﬁyc?r ogenat e

feed conprising resid (either fromweli¥heads |ocated near the renote
nmet hane or by shipping the resid-containing material to the renote

nmet hane), and then ship the product of the EDP unit to the steam cracker
(or locate thbaydbgan Geqekty, akithene chemotle csnube edhipfed019E] Thstanseesent

i nvention provides. nynmerous_adyantages besides those pointed, out, above. In
preferred enbGHBRESY: %Ofﬂﬁtg?ﬂei%‘ﬁ” § &S TS eBﬁ%‘? ohﬁﬂggaa °t he
fol l owi ng advaRiagfised (BithaRevAimbO RS hydBgdnaiGE 48 11R€ Keddb@ads tith in 1050+
resid and/ or pol ynucl ear aromati cs, andyor het er oat ons; use of renote

met hane) ; (b) hwdrgprocessing mad m45Gwkitate froprovddosconprais generadanolerduable i n t he

residfuier and the vi sbreaker are i ned ) .l ow.cost. .inteqratjon of
feed, includi H&dﬁgﬁ%@&ﬁ?%cfﬁ%g'egﬁ{??% Igg?‘gfead‘? Pc}lytlwfegLstaﬁSg%}t ?’3{ ly
elimnating traRgRedefhddOmofeOBroadly (t6l)indlhdeOéudsth@elly Sinithitdble Soryd 6f ysi s unit
desi gn and/ or maintenance; (e) reduces problem of treatnent/di sposal of

resi d/ asphal t areétane prdder Hydrogem thahintshbetberwiesl gphnbave dess lhadaPriwng obot t om of

barrel"); (f) i |ternative t t r.ef or-m. oducti on
of aromatics 85%0%%&%‘? [t%ﬁlﬁéiﬁf—é\lﬂ ﬁlﬁ ?eﬁ%ib% SerT eé‘d %Je]gllcﬁ@gesnhgghﬁ%ener ally
and W th ref epydaced & spRas bt efthedivartnins substantidl efotiiies dthatemaytaes y

enbodi nents, the invention relates to processes conprising. (i) obtaining a

feedst ock conpFREd st o&rfepsrs uafpymable pssssdo MARESHT i1 MFR that was

processed at L ve hid : Skably in excess of
700F (3710), gﬁﬁ%ﬁ%?g‘?’é’%@ltgﬂ?‘%b%éfggifey&%%é“%%q- (ii) separating

(e.qg., visbrefdidtly) Ciude oflftypieatlty contams sapmmatmo of 10 mtH land}qgvmr Helyl stream
oD DOLOTT A ek e B S LB T R |
st eam cracker b%c(lélpé_}af@m 3iaing BN wek f donedttioh reIMulils SEERA) efdGkPFenconpri si ng
ol efins. [0010/7]This may be nodified or enhanced by one or nore_of the
fol | owi ng eveROHBABE PRPREHGSH Ay serrAet Bucheerldrld wi'ehydragey. | Ehis
characteri zed Ly .RAS§LA@: feed is a highly preferred feed in the presént invention.

Petrochemical yields of crude having 14.5 wt% hydrogen may be increased

substantially over crude having 10-11 wt% hydrogen.

- [00102] A convenient method of converting methane to hydrogen remotely is

by exploitation of a steam reforming unit, which are available from numerous

commercial sources. In steam reforming, light hydrocarbons such as methane are

reacted with steam to form hydrogen and carbon monoxide. The reaétion may be

illustrated by the well-known Syngas equilibrium equation:

CH4 +H30 «---» 3H; + CO

[00103]  Typically Syngas is exploited by, for instance conversion into lower

alkanes by, for instance Fischer-Tropsch catalysts, which may be fed into a

naphtha cracker to generate ethylene. However, according to the present

invention, hydrogen may be extracted from the product side of the equation and

used to hydrogenate crude or resid-containing fraction thereof  The carbon

monoxide may be further reacted with steam to form additional hydrogen (and

.carbon dioxide) in the water gas shift reaction. Other reactions may generate



- 37 - the overhead fromthe yisbreaker to a steam cracker as vapor w thout
cool i'ng or condensing; wherein step (iii) conprises passing the overhead
fromthe Vhﬁpﬁ@ﬁh%hzto t he convection section of the stggsssgekes: and t hen
to the radiant section of the steam cracker; wherein (ii) conprises passing
the effluent to the convection section3f a steam cracker and then
visbrealcing the effluent in a vapor |liquid separation device; wherein (ii)
t he visbreaker / vapor liquid separation device is heaft integrated with the
‘st eam cr ackerhydmwiger &pm nxthane,(fo) inptandeneadiion of rethandt with exa@ebie mgdiicopr ocessi ng

a feed conpri,si,ng crude.or crude fl-acti.on.to obtain a hydroprocessed crude
or hyg:lroprocé’.é'g‘{alp °%F@&€¥P§E@Pﬁﬁ?zaﬁﬁ‘éf%ﬁaqk°ﬂg hydroprocessed crude fraction
conprises reqoeioshenst NpredeRP ifivehtib ths tallews cﬂnar}?@a&a Zgdiobite the

hydroprocessi ng a feed conprising crude or crude fraction containing. >20
W % or >25 vwfwﬁmoroca@mgvﬁggmmart@éhme@m soREEeviie$, gPmsiR Fethane), or  >30.

wt % aromati c and <2 % or <-2 %, or %.paraffins.,t tain a

hydr opr ocess drc"ﬁffb"ée %F%@f%ﬂ%ﬁ%ﬁ%@@ﬁ%ﬂ(@ﬁhgaﬁigﬁgg ?08 ?Ite 5 ﬁﬁ’é Fhec ?%Igi?'_ﬁe

hydr opr ocess aflethiind @€ bl kpping theGediPoifing esitetial WRE Ainbte/meARR| /NG occurs

under suitable cgj?dlﬂél og; ggggiler ally _ngg@??OF (371C% to gotgF t( 482C), or in

ot her enbodi et shipyfhepreduc e IR )steaey aader (o1 docale the stedpt hin t he

preferred ra i the vapor liquid separation device of 425C

to 467C, or vr\tng%ﬁ?{latr&gﬁé%é{e?%%)any of the lower limts to any of the upper

I4|5(r)nctts 52% 7fC ;{0?105] n tr_hia $re]rcsaﬁtaﬂtrdmdbitl (padvgcﬁxmugaﬁu?/mdvmﬁgas agslidkﬁgﬁ.‘omicoo/ :182goand
o to provide from greater an L7 prerer oto

Wt % nore pren%trt%dgw abpveyt by Rrefe Wb;edl@fqtﬁ,|thwgnbapéﬂr%w§5|f§/f WPt % t 0 60

Wt %, yet sti |ﬁ10r%?&e%@§ﬁ(‘h@§h¥aﬂ%§§s: ) s 81% ﬁ@eWc%%t}ffo&i‘éﬁEﬁ t@éﬂs%ﬁgthﬁtom':*

resi‘ld o <1050F+ materi a 'n othér wards for a sufficient "tine a

t enper at ur e" 1060presid dad/po polyhesieaf erommtios,i andé hetemaatorsd; one )of remeleudi ng a

step of visbreakin . hydr Qpr aces: crude. or _.hydr oprocessed grude
fraction fol |rgéﬁadlegﬁg%gs?e%°r@ﬁ"e§e§§§§% ?1°dwfr81°8b‘?’%°¥né5 PREF Bt Si ni ng
fraction and rgsidfixitr ra@6 i tHe Gixbieakdri 43¢ cbmdhed,0@) bW eddssS irfaatiohastkiesg t he
non-resid containing fraction to obtain_a product conprising ol efins;

wher ei n t he fiegdudiegniprdreges, critiyetegm crasher faqlityi subdawely neliiynating| east one

inmpurity sel . ) (Sul: { 1P . t 1 w%
nore prefer a%@%{%{é ercoétﬁaﬁﬁé%g@feﬁiatsse on t ed%fé? glhjt?a%eg{%lhe ered; (b)
resid in the mamemince)f gfedat eredidsan IpDobledy pofef etradinynifiispasabr tdfan 20 wt %

nore preferabl - - gr er than, 30 wt % based on the i ght of the
feed; (c) naﬁﬁ%{?{@wg%te&&gﬁgm AR s{h‘F%%FPbSPC’%YmFiﬁ?IoPmEGCEI%, ‘r“g’ﬂer bly >1.5,
nore preferadayePR. @) pedvides mﬁﬁﬁwﬁmggmavraamﬁnmo#@lé( Sro@idtionYgt still
nore preferably > 3.0 ng KOH/ g .oil (ASTM D-664); wherein step (i)
saturates at FeBHcspOdYgto, preferably at |least 40 wt % of the aromatic

species int d; i - u S [ onprises tar
and wherein Dﬁ%fo?ﬁr Hébl?lg?fl%l ‘%eg&}b%&t eﬁ%eengj ni%&g?ﬁe}ph%q wﬁ\%\ﬁgrelé?cengfhe feed
conpri ses st eamific emielimeras, in pREHES| dvbimplary @nteidanenty tienbwedtioreredataf t he

For maki ng. o BFFREFY GHPRRIRG (AAB S i Pk GHETEBRAR PG OB, tho.
system conpr irgdidBy@bprb&asihg AAEthBYWLIN6RERE St RMLIAR IR\ ndibnd, S8ch! “one hi gh

pressure separator, at |east one visbreaker, at |east one steam cracker
opti onal | y haasiprrierably apescessi of 0B Fs@pECat 4nd rmaete prefesabily iregpcessed 768&r ewi t h,

and at | east t Ir?tﬁ}@e r . a Thy y be

nodi fied or e(g?;%n ’e@ﬁlr)%ﬁone o{e'%ggem%%m[gﬁggélgﬁ?ﬁg]\?mpﬁlgg %{5 eat%r;’/s térr‘J%E:‘aurt her
conpri ses a sivedwmad sifeamnmen < bettonsatteemnivhéreinhthe loyethendr smean Shelgdeappar at us
configured so _as to provide hydrogen to. the hydroprocessi ng apparatus; the
system furt hevrap%rhg'ﬂﬁﬁglt"g)ﬁfez%’ﬁr §J gng‘P? wﬁfggfeﬁ{/%@ﬁ%&og}? afh%“tt %l | owi ng
order a visbrizalam @tckent(iV)adiinifgan SHRRAM GHACKE ste@Rtdradked bomgiuighg a vapor
| iquid separation device integrated therewith; wherein the system does not
conpri se the dl#fimegrat ed vapor |iquid separation device; wherein the system
conpri ses thegg gr of =g uli eparation deyvice: rein the

vi sbreaker i 30?1@?Egrg§]§§nﬁ#n€ Iggglto gg‘%wgr ac e?n%%t%%ndfttﬁg%ggmﬁti on
section and regeti aiote prefehied embodiaientanwhdrein spipalit)ris ebarsundrizail bg Passingc| udes a
process for making ol efnms froma hydrocarbon feed conprising feeding the
feed through a system conprising a hydroprocessing apparatus and a steam
cracker, the inprovenent conprising feeding a resid-containing materi al
directly into a hydroprocessi ng apparatus and hydroprocessing the
resid-containing material, visbrealcing the effluent of the hydroprocessing
apparatus in a visbreaker, and then obtaining at |east one of a C2-C6
olefin and single ring aromatic species as an effluent of a steam cracker,



characterized by passing the overhead fromthe separator to the steam
-cracker as. vapor.. The separator nmay conprise at |east one of a

vi sbreaker, a flash drum a high pressure separator, a iquid
separ at or . W20 er st ood that arguably, there may ber}%\?zurséﬁﬁa%]tu]{le
difference in these itens and the tern®¥-are :commonly used interchangeably.
The step of separating nmay conprise visbreaking the effluent and separating
a vapor fraction froma liquid fraction. (00110] Preferably, the process

al so conpr i sabke bVeehesd ERnOihe WisBehitan@o b BRargictackenas vdpoowithowricodlgst one
pressure drop to reduce the pressure of the effluent by at |east one-half

of the press FPRAIFINE EheETin Figp fitl) FOmRrises MHyURGIBE s¥ahead fiymythe visbisakesr to st eam

cracking the (gl #ﬁ@%cﬁhﬂ.sé&%n%&’%@té&ﬁ?&%&{ehaﬂﬂthgﬁ?& leGEdiandt WEctRhGFSUr € drop

may occur substantially inconjunction wth the visbreaking operation to

cause the f| abdhitegn ofackerpehéremn(iip tomprisel papsing the effhemns theoconepaionf r act i ons

within the visbreaker/separator. A'BJFl east aqne Ofef%lhe pressure_ drQps occurs
0

subst anti al | Y% i 46168y cracKerr andothem yiskiepldps, ther effipentin i YareRE9Wd par at or .

It is preferr tievice AOheare vt [ fyidk ginin the
hydr opr oc essiSﬁ%'rgﬁtr%lﬁtdegﬁa’?%%{%ﬁRﬁfemgrvé%&i%%\g /(r:lg?\(?i 1%;{]112&?? r? gﬁﬂgﬁ B

vi sbr eaker / sdpatriategrated Stithpthe steany cpackenewisesie step 1y tr fophachasdterggepbys t he
severe visbrealcing serves_tqQ break.down a substanti al. portion of the 650F+
(343C+) 1 osi dVHRRAOEGRERNES o 50t SPTRINE SREF Rt GFUgeh SEimbRe. PBABCE) resi d.

Thereby, a majyafdptodedddd Weh@bt opf _h?/ﬁl%pf%@&%éﬂnscﬁlﬁé‘cﬁiaéﬂbnf I YRefele feparation
step conprises resid having a boiling point of at |east 900F (482C), and
pref erabl y ofhydtoptosessed rOBBFfragtvgs Gxppriseh Iptidf shewth siepcay desfurthdie step of

veoder Such SR P PePRotfe el P il AR L (R BRAERTL | 07

ves such das a or Vi r, vessel TS at | east
one of (i) heahtalnigeOaitefonmAsivttd)er 3w toCKeresidsadn>29swtbyorl>a6at i on
and/ or connective piﬁﬁi ng so as not tog re%ui reﬁpf;\ separ at e beat source,

% .

and/or (i) H&de 8 AP aaBaticsaut & Hthefr tHAN tREr SlvAmRRdRSder .
[00111] 1 n pr &fehid GohyRrdpostctRh tctude! SR e e | Bude BatBRAWAERI Mesbr eaker

is heated to a tenperature of at |east 750F (399C), nore preferably to a
t enper at ur e diydmprocesast cri8dOFactonicbinpnses eesph, ahercabigbreaking ¢cowpenddrur e of at

| east 850F (45: t.still S r y-{.0 t rature from 750F
(399C) to 906&14%‘"8?@“"&? é%e“&ﬁg& E‘Pg‘bﬁ?% ?f(']é_ Or ) Park Z e i Sber

separ at or / vi shibeaikRhtsi greitet Manegs0°P GBSO°SERArdAer (AZPCAt ol @@bin tedet er m ned
m ni mum anount of tine and not |onger than a deternined nmaxi mum anount of
tine. This i Predemsiorsnge phergatian elche waper Nquihpepareting daviee pf 43hCdeum t ype
operati ons ang-d : t hat: |, L €4t LGRL0 stop the
reaction froh%grcgggggﬁﬁga%s Frgll]}l I ﬁg?glre 1&(}% ?%EQ%H !éﬂ;lﬂ[e iq?lféper m t%tti ng
adequat e t i ndorftiom thik paresihetidgabexprassionfshchcasel 616/ toct8atkaml 45085 tocdbF1@I porti on

of the resid, including the 1050F+ (565Ct) resid intqg lighter. components.
The exace 1 i REVF TR AT ora e BrbieS FRbde bl ERpmOBarretdand 1 he
properties ofsot{g, &f Ghuems, dtn hbe FeRAbRL 950 w014 Regf stadillymotehe '

i nventive processes conprise the step o _proce55|ng t he r.esid-containi ng
.r.

hydr ocar bon fPeeferably 339 Whkpdicop? oiés sprwgrsion of WA ET fesithdo prldsREi ng
conpri ses conpj, 1 glgmi t @r om 750 F
(3990 to 90@@%@9&;0%&@?%%%&“%%5% ro%etﬁ Péér ror%?il pJrvzdr%) {ah%our ce. The
hydr ogenat i orfgenesissecennybrsiops)y noluding aadtepenfprisssilting thé hydroprodd88@d psig to
4000 psig, and the, hydroprocessi aturates. at |east 20 wt% preferably at
| east 40 wt 06CB1Ie R LY P@HE?SFE@ <Y 2@3@0’? ﬁouféﬁégpéé‘cf.tepﬂié?p@?'q’“éﬂ t%)Pgt@gsses al so
include -41 g resid containing fraction and a non-resid containing fraction, then steam

cracking the non-resid containing fraction to obtain a product comprising olefins;

wherein the feed comprises crude or crude fraction containing at least one

umpurity selected from: (2) sulfur in the amount of greater than 1 wt%, more

preferably greater than 3 wt%, based on the weight of the feed; (b) resid in the

amount of greater than 10 wi%, preferably greater than 20 wt%, more preferably



adding steamto at |east one of the effluent fromthe hydroprocessing unit
and the separator. After cracking the vapor fraction in the steam cracker,
t he desireg, 0 i and ot her products may be recovere nown
processes.qfﬁéﬁ%%%%ﬁe meani ngs of terns used herein shg]ﬁﬁma g@?ﬂélr
ordinary meaning in the art; referenceighall be taken, in particular, to
Handbook of Petroleun1Refining Processes, Third Edition, Robert A. Meyers,
Editor, McGawH Il (2004). In addition, all patents and patent

appl i cations, sfe8ft tHih RO, BaséB He PheaeifS T3¢ iR ad &) napiitHer®d Béids Socument s
cited herein are fully mcorgorated by reference to the extent such

di scl osure i SHW@Qurt?dnbﬁbmg‘lAé‘{ eh? M, referably lay arere prefesaidy £3:0, gtil] more

jurisdictions i suc 0 e

nunerical | ow8i® ?‘Trwf]r?'t-g Saﬂﬁ%%glp ?Edb]gglrdr?spfﬁ??@%g 51P :éﬁi(g)}%/éhel n, ranges
fromany | owe(ASTMIIb-664); aRdreiasany (i) Safﬂritesaiteea@mﬂW';ﬁéﬁdblyl\bﬂ&stfwther t hat
Trade Nanes used herein are indicated by a Tivi synbol or Hgaﬁk'&nbm

i ndi cating t hat%tafdheapmatienecise ipihstiead; sdensip the piodnst af stead| £ ght s,
e.g., they ma t oV

[ 00114] The |ng%lﬂfﬁl%%%ééfgggrﬁmdégéﬁgﬁ&ﬁa ovetﬁ\émk%ﬁﬁjg%é@g%g&%lgqﬁuner ous
enbodi nent s altkidsmﬁpms‘es steamx edafiteetar. Many variations wll suggest thensel ves
to those skilled in this art in llglﬂb of the atBove det ai | ed description.

Al such obvi S1M08k5, | Avathsssprefemred EmbodimpRt of| the | MY EgRd e of® t he
appended cl ai fReorated ﬁgd:o rGeeRLiMD atd AteRhOGESEr SRR ifH Mdking lolefily HogPr OCESSI Ng

a feed conpr|5|ng crude or a crude fraction conprising resid,. including
1050F+ (565C+yrudesid crude fractinnd reopwposiag sésidy tuméysteat ccanmr@mxeatdcm ensuf fici ent

to rormte in ient thermal cracking of the resid and

hycrogenat ed FRUPEORSHBE AR Al LG AUel PIOSLE st ANt B880 e (343
Ct) resid i s vRpeileted leakt dnk s&hﬁlairivk&gop@enﬂfyfﬂauﬁgta V\E@ﬂhc}tﬁtﬁs uéfi@pr ocessi ng
unit; (iii) separatlngthe ef fluent in separ at or ereln the step of

separating cofpfsesiicesdphtgiaig, 3“(‘/3@156?35\‘ PBE SieaR FAET rqdugfuiedoveact i on,
wherein the ea#f%tl il gﬁ ém[}%&? ehﬁan@ a)eglg‘grq%lgtbq%e ﬂn‘ﬂgwﬁx (371 C) to

about 900 F ( over stream a bottons st ream conpri sing
resid havi ng thebaiyktemg fpmhent cofprges| easﬂteMSﬁEr@EﬁS&)—locatadlemthortﬂe tions .

sufficient to visbreak the effluent. to,effective ve hi gh hydrogen
content side- E?‘AJPW?CCF?‘% @BW{'I‘&CFW’W%FR h&¥ndS Hﬁ‘ﬂ TR EVE RS t°t d}{? ncrease
the hydrogen goib@otes@hg lapsar L the agstérh r MAR VWHatRteRkéd B3 ZbApridiygipgen
content of the bottons stream

series and in the followmg order a visbreaker and at least one steam cracker

- . optionally having a vapor Lquid separation device integrated therewith; wherein
the system does not compmnse the integrated vapor liquid separation device;
wherein the system comprises the integrated vapor liquid separation device;

wherein the visbreaker is integrated with the steam cracker between the

o

convection section and radiant sections. Yet another preferred embodiment
includes a process for making olefins from a hydrocarbon feed comprising feeding
the feed through a system comprising a hydroprocessing apparatus and a steam
cracker, the improvement comprising feeding a resid-containing material directly
_into a hydroprocessing apparatus and hydroproce.séing the resid-containing
material, visbreaking the effluent of the hydroprocessing apparatus in a
visbreaker, and then obtaining at least one of a C2-C6 olefin and single ring
aromatic species as an effluent of a steam cracker, which may be modified or
enhanced by an embodiment wherein substantially all of the effluent of the

visbreaker is provided to the convection section of a steam cracker where it is



(iv) passing the overhead streamfromthe separator to a steam cracker; and
‘(v) steamcracking the overhead in the steam cracker and obtaining a steam

cracker prQgygdiohifon t he steam cracker, the product coppiigiddgeabafins.
2. The process of Claiml, wherein the tenperature sufficient to pronote

I ncipient thermal cracking is fromabod®- 750F (399C) to about 900F (482C).
3. The process of Caiml, wherein the tenperature sufficient to pronote
incipient thermal cracking is at | east about 780F (415C). 4. The process of
Caim 1, whermixedsitptdamviand ien ehiatas vapor Hedd bapampass devicetihtegrated tithad f r om
the separator to the steam cracker as vapor, , -43 n&ﬁ ghe rocess of Claim
1, wherein t hibe sepacrcker te prowide adustsfreqra gansistipg essentiglly pE yapabpatenaly £ ash
drum a high ess S at ar . A INT - at The
process of Og{dmﬁlé,é&&grt er E@ﬁ%??@%ﬁ%“ﬁ@péﬁ ggﬂg?&{ﬁggﬁiﬁﬁb%%et&gffluent

t hrough at. | easdkirgn¢hepraos wiatert ap the radéoht cecttoneofpthesdeane coickdrhandef f | uent

by at | east one-half of the pressure of the effluent .in the hydroprocessing
“unit, prior t@cg‘teeamﬁ%@twgﬂtew&ea@r PrRekER EOTRTISgER! eﬂ‘?\eé’?é 2p Cs

olefin and single ring aromatic species. Yet still another embodiment of the
invention is a process comprising pfroviding a feedstreamn comprising resid to a
system according to any one of the system embodiments set forth in the present
disclosure, particularly the preferred embodiments set forth in this paragraph, and
obtaining from the steam cracker product recovery apparatus at least one product
) selected from C2-C6 olefins and single ring aromatics.

[00109]  Still other preferred embodiments of the inventive processés may be
described as follows: (i) Obtaining an effluent from a resid hydroprocessing unit,
wherein the effluent comprises 650°F+ (343°C+) resid; (i1) separating the effluent
in a separator, into an overhead stream and a bottoms stream, then (1ii) passing the
overhead stream from the separator to a steam cracker; (iv) steam cracking the
overhead in the steam cracker and obtaining a steam cracker product from the
steam cracker, the product comprising olefins. Preferably, step (iii) is -
cﬁaracterized By passing the ovefhead from the separator to the steam cracker as.
vapor. The separator may comprise at least one of a visbreaker, a flash drum, a
high pressure separator, and a vapor liquid separator. It is understood that
arguably, there may be very little difference in these items and the terms are
commonly used interchangeably. The step of separating may comprise
visbreaking the effluent and separating a vapor fraction from a liquid fraction.
00110]  Preferably, the process also comprises the step of flashing the effluent
through at least one pressure drop to reduce the pressure of the effluent by at least
one-half of the pressure of the effluent in the hydroprocessing unit, prior to steam
cracking the effluent in the steam cracker. In practice, the pressure drop may
occur substantially in conjunction with the visbreaking operation to cause the
flashing of a portion of the hquid fractions to vapor fractions within the
visbreaker/separator. At least one of the pressure drops occurs substantially

immediately prior to the separator or within the separator. It is preferred that



7. The process of Claim1l, wherein the effluent fromthe hydroprocessing
unit ‘has been subjected to thermal cracking in the hydroprocessing unit. 8.

The process of Claiml1l, wherein the effluent fromthe hydroprocessing unit
i s thermal IWO@¥AKE4F i n the separator. 9. The process ofCEVRMFHITNherein a

maj ority by weight of the bottoms fracig.on conprises resid having a boiling
poi nt of at |east 900F (482C). 10. The process of Caim1, wherein step
(iv) conprises passing the overhead fromthe separator to a convection

section of t hg StEGRIGKACHEE ﬁ%&wﬁ {Be ﬁﬁﬂ%ﬁ}ﬂégsﬁﬁghﬁjp&doﬂxattth@ steam

cracker. 11. The process of 1, further” conprising the step of passing
t he hydr opr oceskiag ebitimtenin tthe avishypaket/sepanatos.ect Pwprisuigly,hdhestsewere cr acker

then to the separator., and separating the overhead stream fromthe bottons
in the separ }tygﬁ”?mfﬁs.s{“? “Spﬁ‘SéE‘écée nﬂ@fkél?grr?ef‘fsqﬂ/ra?ﬁﬁgic{?w?haesug?téﬁh%f
separating i pelisdest aRPESEEF NYF08) edsfd WaNlevir adubaiial bbidh hfs@par ati on

vessel, wherein the vessel is at |east one of (i) heat integrated with the
st eam cr ackerl 05¢Hd (665°C+h ewide dTherebl, amamaty byureigst of the bottammiradiienst eam

cracker. - -.13. The process .of C.aim.1 rein th eparatin
i ncl udes appldfé)lnhgjeﬁg%atrg}l%pﬁtef?ewi@ﬂ%?éfs ‘?havﬂg. a%ﬁ mﬁb%’@&eggatg#a@p(:?dgo?nsll,o e
wherein the q&wc%taﬁaﬁfe‘ferﬁtﬂ%f htNéROIBLET- (65T he sreRAEA prodeke thelS. The

process of Claim erein the effluent 1n the separator _is retained in
t he separ at ostepoef parpings inclidefeseppmpting thergfRnent in Artper LR SSNEU8Ad not

jonger (a0, 3,5 1) QSRR ARURL, ShetlTe i TUScH BT O ol
hydr opr ocessédnatr mdgehted with the steam cracker, such as by location and/or connective
) piping so as not to require a separate heat source, and/or (ii) heated with a heat
" source other than the steam cracker.
[00111] In preferred embodiments, the efﬂue_nt in the separator/visbreaker is
heated to a temperature of at least 750°F (399°C), more preferably to a
temperature of at least 800°F, still more preferably to a temperature of at least
.850°F (454°C), yet still most preferably to a temperature of from 750°F (399°C)
to 900°F (482°C). Also preferably, the effluent in the separator/visbreaker is
~ retained in the separator for at least a determined minimum amount of time and
| not longer than a determined maximum arnonnf of time. This is commonly the
practice with visbreaking and flash drum type operations and is ﬁecessary to
" quench the bottoms liquid stream to stop the reaction from proceed'mg to fouling
or coking, while still permitting adequate time for the reaction to sufficiently
crack a substantial portion of-the resid, including the 1050°F+ (565°C+) resid into
lighter components. The exact timing will depend upon the crude feedstock
- properties and the properties of the effluent in the separator.
[00112]  Preferably, the inventive processes comprise the step of processing the
resid-containing hydrocarbon feed in the hydroprocessing unit, wherein the
. processing comprises combining the feed with hydrogen at a temperature of from
750 °F (399°C) to 900°F (482°C). Preferably the hydrogen is from a remote
source. The hydrogenation process may be performed at a pressure of from 1000
psig to 4000 psig, and the hydroprocessing saturates at least 20 wt%, preferably at

least 40 wt% of the aromatic species in the feed. Preferred processes also include



17. The process of Claim1, further conprising the step of processing a
-resi d-cont ai ni ng hydrocarbon feed in the hydroprocessing unit, wherein the

pr ocessi n%ggg@m é’gg conbining the feed with hydrogen aprasidimgsat ure of
f rom about (‘ C) to about 900F (482C). 18. The process of Caim 17,

wherein the processing further conprises conbining the feed wth hydrogen
at a pressure of from about 1000 psig to about 4000 psig. 19. The process
of Claiml1, wherein step (i) is further characterized by hydroprocessing a

feed conpri siadgingfsied tolat RhdtdRe bf @6 kffuBatdwni te hy@pakes3ing funit RANtHE0 Wt %
1050F+ resid, and greater than 30 wt % aromatics, and |less than 15 wt %
paraffins to SPAEPR Alley grasking dbs ¥erer g By the\Reapr@elessibg desitgde

fraction, Whefigidd shd By HbRRIABIRIE el YL BEERGRSSRude 1 act 1 on

. conprises hydroprocessed resi e process o alm 16, wherein the

feed conpri sef0ti3bde Tae nfeasings cfotatnz used bereinstial faka thicirosrdmanytrasaningg at | east
one inpurity ,gs‘gl_lectedtjrom (a)sul fur in the amount of greater than 1 W%
based on the MeNgREt seierenes shabigbe takengin_parpplargiooHandbeek @fihstplemanount of

greater than g WMo prd 4 RQindeT fberfat feedsygan é?‘)& JaQht heni ¢
aci ds as neasur egggbyr aa%gﬂl %’1%]: >"1.0 ng KO—V‘AE; fgﬁ’ r?’A%T‘I\?D%& .wg?. The
process of C{a064)1 In whditien, rallt jaentstangd pafenhapphicgiioos, des pngedmesufsathess at | east
20 Wt % of the matic,.specjes in the feed., ,22. The_.process of aim1,
wherein s bothSE BrOGUSE St Sheb oty FHiFt RGeS B sh Paner of n
the tar is regpkedneétPthe dxtefefich QistPRrd ¥ HoP RicOiFBbehk MGthURs nvedon ablde Process
of Claim1l, wherein the feed to the hydroprocessing unit conprises steam
cracker tar. for all jurisdictions in which such incorporation is permitted. Also, when
A pumerical lower limits and numerical upper limits are listed herein, ranges from
~ any lower limit to any upper limit are contemplated. Note further that Trade
Names used herein are indicated by a ™ symbol or ® symbol, indicating that the
names may be protected by certain trademark rights, e.g., they may be registered .
trademarks in various jurisdictions.
" {00114}  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.



24. A process for nmaking olefins froma hydrocarbon feed conpri sing:
(i) feeding a resid-containing hydrocarbon feed into a

hydr oprocessing unit; (ii) feeding hydrogen into the hydroprocessing
unit and hydroprocessing the residcontaining hydrocarbon feed and
hydrogen at a tenperature of from abou#2750F (399C) to about 900F
(482C) to create an incipient thermally cracked hydrogenated effl uent

i ncludin rogenated resid conponent; (iii) feeding an effl uent
fromthe rocessing unit to a vishbreaker and visbreaking the

effluent at a tenperature of up to 900F (482C) under conditions
sufficient to effectively renove hi gh hydrogen content side-chains
from pol ynucl ear napht henes and aromatics; (iv) separating a vapor
fractionlof iAdFeEsEPIHYFEIggen content and a bottons fraction of

reduced hydrogen c - i . .. wher.ej majority by .
v ant of 1 nodEo (RAkSHRbekinl, KIS cbhpALER (Rl ARl QB Ahkddntesia
of at |east 1050F iblaBiay;]1050F) (S680M) Gesad: kKh nchydhgrotapale dhivgta @mpeande
steam cracker to create a steam cracker effluent; and - 46 - )

(vi)separating thes“g Q& terpierate weipfegh Merpngl praglgue of dee resikandpevige a

R T s Lk G S LI e
hydr opr ocessi ng unCt) wefifi isnempbrizddhe vapor fraction, and the
vi sbreaker. ii)  obtaining an effluent from the hydroprocessing unit;

(iii)  separating the effluent in a separator wherein the step of separating comprises
separating a vapor fraction from a liquid fraction, wherein the effluent in the
separator is heated from about 700° F (371° C) to about 900° F (482° C) into an
overhead stream and a bottoms stream comprising resid having a boiling point
of at least 1050°F (565°C), under conditions sufficient to visbreak the effluent
to effectively remove high hydrogen content side-chains from polynuclear
naphthenes and aromatics to increase the hydrogen content of the overhead
stream while minimizing hydrogen content of the bottoms stream;

(iv)  passing the overhead stream from the separator to a steam cracker; and

(v} steam cracking the overhead in the steam cracker and obtaining a steam cracker

product from the steam cracker, the product comprising olefins.

2. The process of Claim 1, wherein the temperature sufficient to promote incipient

thermal cracking is from about 750°F (399°C) to about 900°F (482°C).

3. The process of Claim 1, wherein the temperature sufficient to promote incipient

thermal cracking is at least about 780°F (415°C).

4, The process of Claim 1, wherein step (iv) is characterized by passing the overhead

from the separator to the steam cracker as vapor.



26. The process of Claim 24, further conprising heating the

hydr oprocessing unit effluent at | east one of prior to visbreaking
and during visbreaking. 27. The process of Claim24, further
conprising heating the hydroprocessed resid during separation of the
vapor fraction fromthe bottons fractiéh- 28. The process of Claim
24, further conprising visbreaking the hydroprocessed resid to cause
the separation of the ﬁgf)or fraction fromthe botto fraction, 29.

The process of "GPaPeT 9413l REFEOhpFTRETATY RBRFITGH! {938 one of a visbreaker, a

hydr opr ocesseg,dh&ginfl, 4 AR pleSiPEiBhUtR, Rl alVapiRIRRRpARF (399C) to
about 800F (427C). 30. Tﬁe process of Claim 24, thither conprising
the step of feeding the bottons fraction to another processing unit.

31. The proce of Cl aim 24, rein the vjsbreaker conprises a

Separ at | B deleaosie ok Cl s ST eltueios 5 57 o6 Hostie el Gienl frweh o

vi sbreaker sepadt @h@EreEsﬂ@e P 6 rddndsthi Presturo BT %fﬁuegmfatflga@f:&ﬂeqwf of the

after the effluent has passed through the pressure reduction device.
pressure of the effluent in the hydroprocessing unit, prior to steam cracking the effluent

in the steam cracker.

7. The process of Claim 1, wherein the effluent from the hydroprocessing unit has been

subjected to thermal cracking in the hydroprocessing unit.

8. The process of Claim 1, wherein the effluent from the hydroprocessing unit is

thermally cracked in the separator.

9. The process of Claim 8, wherein a majority by weight of the bottoms fraction

comprises resid having a boiling point of at least 900°F (482°C).

10.  The process of Claim 1, wherein step (iv) comprises passing the overhead from the
separator to a convection section of the steam cracker and then to a radiant section of

the steam cracker.

11, The process of Claim 1, further comprising the step of passing the hydroprocessed
effluent to a convection section of the steam cracker, then to the separator, and

separating the overhead stream from the bottoms in the separator.

12. The process of Claim 11, wherein the step of separating includes separating the
effluent in a vapor liquid separation vessel, wherein the vessel is at least one of (i) heat
integrated with the steam cracker, and (ii) heated with a heat source other than the

steam cracker.



32. The process of Caim?24, wherein the separating includes a
separation vessel and the vessel includes a liquid volune that

occupi es at
vessel .

| east one-half of the total volune of the separation
- 47 - 33.The process of Claiml1, wherein a majority by

wei ght of the bottons fraction conpris#-resid having a boiling point
| east 1050F (565C).

of at

13.

14.

15.

16.

17.

18.

19.

20.

The process of Claim 1, wherein the step of separating includes applying heat to the

separator.

The process of Claim 1, wherein the separator is heat integrated with the steam

cracker.

The process of Claim 1, wherein the effluent in the separator is retained in the
separator for at least a determined minimum amount of time and not longer than a

determined maximum amount of time.

The process of Claim 1, wherein the effluent from the hydroprocessing unit comprises

hydroprocessed resid.

The process of Claim 1, further comprising the step of processing a resid-containing
hydrocarbon feed in the hydroprocessing unit, wherein the processing comprises
combining the feed with hydrogen at a temperature of from about 750°F (399°C) to
about 900°F (482°C).

The process of Claim 17, wherein the processing further comprises combining the feed

with hydrogen at a pressure of from about 1000 psig to about 4000 psig.

The process of Claim 1, wherein step (1) is further characterized by hydroprocessing a
feed comprising crude or crude fraction containing greater than 30 wit% 1050°F+ resid,
and greater than 30 wt% aromatics, and less than 15 wt% paraffins to obtain a
hydroprocessed crude or hydroprocessed crude fraction, wherein the hydroprocessed or

hydroprocessed crude fraction comprises hydroprocessed resid.

The process of Claim 16, wherein the feed comprises crude or resid-containing crude
fraction containing at least one impurity selected from:

(a) sulfur in the amount of greater than I wt%, based on the weight of the feed;



21.

22,

23.

24
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(b) 1050°F+ resid in the amount of greater than 10 wt%, based on the weight of the
feed; and

(c) naphthenic acids as measured by a TAN of > 1.0 mg KOH/g oil (ASTM D-
664).

The process of Claim 1, wherein the step of hydroprocessing saturates at least 20 wt%

of the aromatic species in the feed.

The process of Claim 1, wherein a bottoms product of step (i) further comprises tar

and wherein the tar is recycled as a feed to the hydroprocessing unit.

The process of Claim 1, wherein the feed to the hydroprocessing unit comprises steam

cracker tar.

A process for making olefins from a hydrocarbon feed comprising:

Q) feeding a resid-containing hydrocarbon feed into a hydroprocessing unit;

(ii) feeding hydrogen into the hydroprocessing unit and hydroprocessing the resid-
containing hydrocarbon feed and hydrogen at a temperature of from about 750°F
(399°C) to about 900°F (482°C) to create an incipient thermally cracked hydrogenated
effluent including a hydrogenated resid component;

(iii) feeding an effluent from the hydroprocessing unit to a visbreaker and
visbreaking the effluent at a temperature of up to 900°F (482°C) under conditions
sufficient to effectively remove high hydrogen content side-chains from polynuclear
naphthenes and aromatics;

(iv)  separating a vapor fraction of increased hydrogen content and a bottoms
fraction of reduced hydrogen content from the visbreaker, wherein a majority by
weight of the bottoms fraction comprises resid having a boiling point of at least
1050°F (565°C);

V) steam cracking the vapor fraction in a steam cracker to create a steam cracker

effluent; and
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(vi)  separating the steam cracker effluent to recover at least one of a C2-C6 olefin

and a single ring aromatic species.

25.  The process of Claim 24, further comprising adding steam to at least one of the

hydroprocessing unit effluent, the vapor fraction, and the visbreaker.

26.  The process of Claim 24, further comprising heating the hydroprocessing unit effluent

at least one of prior to visbreaking and during visbreaking.

27.  The process of Claim 24, further comprising heating the hydroprocessed resid during

separation of the vapor fraction from the bottoms fraction.

28.  The process of Claim 24, further comprising visbreaking the hydroprocessed resid to

cause the separation of the vapor fraction from the bottoms fraction.

29.  The process of Claim 24, further comprising heating the hydroprocessed resid to a
temperature of from about 750°F (399°C) to about 800°F (427°C).

30.  The process of Claim 24, further comprising the step of feeding the bottoms fraction to

another processing unit.

31.  The process of Claim 24, wherein the visbreaker comprises a separation device and a
pressure reduction device, and wherein the visbreaker separates the vapor fraction from the

liquid fraction after the effluent has passed through the pressure reduction device.

32. The process of Claim 24, wherein the separating includes a separation vessel and the
vessel includes a liquid volume that occupies at least one-half of the total volume of the

separation vessel.
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33.  The process of Claim 1, wherein a majority by weight of the bottoms fraction

comprises resid having a boiling point of at least 1050°F (565°C).





