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TWO - STAGE PROCESS FOR OBTAI NI NG SI NGNI FI CANT OLEFI N YI ELDS FROM RESI PUA
FEEDSTOCRBOBSEZKEROUND OF THE | NVENTI ON The present inventi 8RTAEIHEBEt 0 a
t wo- st age process for obtainlng a substantial amount of ol efinic product
froma residua feedstock. The first stage_.is conprised of a thermal process .
unit containing a reaction zone conprised O a horizontal noving bed of '
fluidi zed hotpart LGl es.- >d.at - tenp yr.es. from about 500 to 6000 C
and having a ’hQJ 5 —F €S Easd e " fli ~=L= Er NI Wl
conversi on zone oper at edliat.Da FRANEr RSB0t FROSTAOEEr] C to about
1100[err] C, and al so having a short vapor residence tine, preferably
shorter than that of the first stage reaction zone. BACKGROUND OF THE

| NVENTI ON | Lypical. tefiner ryde oils are subjected to atnospheric
distillati ' * “pgetfofsisuch as gas oils. kerosenes.
gasclines, straight run naphtha. etc. Petroleumfractions in the gasoline

boi li ng range. such a has. . a gse fractions which can readily be
thermally or catal yti gg?ﬁ’?%@ﬁ%‘e\ﬁ@gnErggb%s%I“'i e’ g‘é‘FF Ph%"rﬁﬁ%e‘“%ﬂ@dtﬁ%s,

such as gasg¥stsitiadathde o%%ﬁn‘f@}n’f{?&;}cﬁ fRnPIvedidss Fcfé@%ch.n Hhenfetinery-

The residue from atnospheric dist tion s distril e{:l at " pressures=-bel ow
at mospher i cispogssrige! 602 HetulproreyAEHY BbBaMIAL k rdh&ldd icﬁ{eeccﬁﬂgri%d}’c?@élum

reduced residual oil which often contains relafively high levels o

asphal t ene mutizzihkesovithebed affihakitaeotmaldcel egefaydl siaknpecantai Fomost  of
t he Conradson Carbon resi due and nmetal conponents of the residua. It also
cont ai ns r e3bAUtVE0yioHi S G endhaviot asdoe ceptoomesidstnsttims. snd therscaont
nitrogen. Such feeds have ljttle comrercial value, primarily because they
cannot be uEege HETHA GANVISIOTRUSPPEFHIBY &F & STRPEFREIE SR RDPBN ANt @lto adout
s ee LY APYsh BhOinly & Ik VA1 T 8RS ER R e By SRR

that of the first stage reaction zone.

BACKGROUND OF THE INVERTION

In a typical refinery, crude oils are subjected to atmospheric
distillation to produce lighter fractions such 2s gas oils, kerosenes, gasclinag,
straight run naphtha, etc. Petroleum fractions in the gasoline boiling range. such
as naphthas, and those fractions which can readily be thermally or catalvtically
converted to gasoline boiling range products, such as gas oils, are the mos?
valuable product streams in the refinery. The residue from atmospheric
distillation is distilied at pressures below atmospheric pressure to produce a
vacuum gas oil distillate and a vacuum reduced residual oil which ofien contains
relatively high levels of asphaltene molecules. These asphaltene molecules
typically contain most of the Conradson Carbon residue and metal components
of the residua. It also contains relatively high levels of heteroatoms, such as
sulfur and nitrogen. Such feeds have little commercial value, primarily because
they cannot be used as a fuel oil owing to ever stricter environmental regulations.

They also have little value as feedstocks for refinery processes, such as fluid
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PCT/ US97/ 23300 cat al ync cracki ng, because they produce ecessive anount-s of
gas and WoK8270eir high metals content also | eads to cat BFJ&iS9723300 '
deactivation. Thus, there is a need in petroleunmrefinig for better ways
to utilize residual feedstocks or to upgrade themto nore Val uabl e cl eaner -
and lighter feeds. Unlike residual feedstocks, nore val uabl e feedstocks
like gas oils are qz(e_d in fluid catal ayic cracking to Eroduc .

t ransoor t &F1%51§ GEACE s DET 5 A4 hBIHYCH SERE I S BAMR S £F §8k8AC CEBC nake
olefinic c,g,em' ._ge(t_l_l__dpr oducts. A stﬁam C;racrkle,r_, hs,.@-,t,h.ﬁf‘l QCQ‘,S§_._,U.I’Q]iqt

conpri sed 'ofF #1EEdEGHT LIRS 118CT Eet B EkCTE e Faciked "t P8 éfat ures of
about 540%’1%%5]:33 tagrg%g’mté‘i"lﬁg Bof Q&zfﬂr'fﬁﬁqg)e}ltﬂifze% Am; Abydi6..0a5 @i | s and

adecuace freest 6CKs Tor SUCh=pur poses. “they are also relati vely expensive

feedsst ocks, sbefause, H‘ﬁ%r@(’&ulétall%f 8feghédnd epdal-aedss, f or producing

transportation fueies. It wou be desirabl & froman econom ¢ point of
view, to use |ower valued feeds, such as residual feeds, in a steam
cracker, but they ar@ajenessaddzy faaisiais! ablevilanblsUeddsiseksddeagseoithey are
suscepti bl e to excessive cracking, coke formation, and coke deposition in
t he crackianguend Irsfluli chaivgads:tion pwepheate ngnapattangu feeksnts peliggi ng. 1 n
addition. It has been found that steamcan react with coke at process
t enper at urbeEg BsgbimitediBsTanieralo mabeatefingg comnigal prodictutAsigadduct vapors
and seriously gqg’gl i cates product recovery.. An attempt tqQ oyercone.these
d

probl ens WEE HFAGR S (MRETHE PATRESE URE. SO preed of fpd whl ek cEa EKkEciHeckii®e of

residual feedst.ocks for the production ofj.apomatic and ol efinic ,-rqg[uct
st reans. Th%‘g‘%dsgﬁgg%mﬁﬁ“ﬁ SRéd "by“‘c:b'hf;%g‘lfogg E?‘I’?e”’r 857°GU%E ?é%"d%’“f]oc\g Rl5 A
fluidized @g%ggf -COKe. par %‘é&ﬂs%i—:@&ﬁ%@h%ﬂﬁéﬁss?‘tz--ts.%rEP?BEE‘%Eﬁzif\:ERm about 6750
to 760[ er " C i 1'e such a process 1s useful,” there remai ns aneed for
i mproved prgessiseTedRFodRRLRRAKC! fd AheefBfredyedS: kot hesdiduad feedstocks
Wi t hout exceéessive cracking of product vapors. Co-pending application USSN
08/ 606, 153rdrisbetcfreh s y 2R oulid36desdblig) Caimpan atedohay giint by viesf,@aoence,
teaches a single stage process for obtaining

use lower valued feeds, such as residual feeds, in a steam cracker, but they are

generally not suitable for such use because they are susceptible to excessive

cracking, coke formeation, and coke deposition in the crzciing coils which leads

to overheating and equipment plugging. In addition, it has been found that steam

can react with coke at process temperatures to form substantial amounts of CO

which dilutes product vapors and seriously complicates product recovery.

An attempt to overcome these problems was made in US Patent
No. 2,768,127 which teaches the use of residual feedstocks for the production of
aromatic and olefinic product streams. This is accomplished by contacting the
residua feedstock in a fluidized bed of coke particles maintained at a temperature
from a‘bout 675° to 760° C. While such a process is useful, there remains a need
for improved processes for obtaining olefinic products from residual feedstocks

without excessive cracking of product vapors.

Co-pending application USSN 08/606,153 filed February 22, 1996 .

and incorporated herein by reference, teaches a single stage process for obtaining



WD 98/ 27032

PCT/ US97/ 23300 a substantial anount of orefinic products froma resiaua

f eedst ocWOB/206%8 ora short vapor contact time thermal prod&ddUSTAEIs00 .
conprised of a horizontal noving bed of fludzed hot particles. Wile such a:
process is an inprovenent over the art,.athere is still a need for further

i nprovenents in the higher tenperature ranges In accordance with the

present inventi QM ther[e i s provided.a sta e preces r r aduci ng
ol ef i ns f rom P FT 1 A getdek P 9\?1‘?“&?1 Pb&ég 4% r“lsioeg%éoncge‘r ‘Al ng the

feedstock (. tug alaq%&ﬂenernh.gtemin qChESL: 3k age o pamrhsadeof: (1)

a first stage FERCtT o Zone. cont I'ng a horrzéntal novihg be fFui di zed

hot sol i dsy, ehid: ZeNng gLapenat c@id &t Ad Q out
500[ err] C tz\ngout E‘Z%BF ]%QC ang uﬁdér ggnﬁtet iaobns sugﬁJ:\ ng{lf[?hg? 2’? lids

resi dence iiM@esns sthea vagdior fesheenasraviefiRngl @ hedegerdenbbingent rol | ed,

whi ch vapor residence time is |less than about 2 seconds, and which SO|IdS
resi dence fzsigeg.om about 5 to about 60 seconds; and (ii) a stripping zone
t hrough whi ch solids having carbonaceous deposits thereon are received from
the reaction zone and mhereln Iomer boiIing hydr ocarbons and vol atiles are
recovered VG Kk Edask ) the second stage is conprised of:
a second stage reactlon zone mhlch is operated at a tenperature f rom about

700[err] C to about 100 C and agl vapor residence tines of rrgnsé t han about
1 second: wherein the? fFFQEHARISYENIAR PESEBhEVERAYR 18Rl IS PAOWSRFSH™Reat i ng

zone; -
stage process for preducing olefins from a residual feedstock, which proce

L

somprises converting the feeastock in two stages, wherein:
{1y the first stage is comprised of:

(1) a first stage reaction zone containing a horizontal moving bed of
fluidized hot solids, which reaction zone is operated at a temperature from about
500° C to abeut 600° C and under conditions such that the solids residence time
and the vapor residence time are independently controlied, which vapor

residence time is less than about 2 seconds, and which selids residence is from

about 5 io about 60 seconds; and

(11)  a stripping zone through which solids having carbonaceous
deposits thereon are received from the reaction zone and wherein lower boiling

hvdrocarbons and volatiles are recovered with a stripping gas; and
(2)  the second stage is comprised of :

a second stage reaction zone which is operated at a temperature from
about 700° C to about 1100° C and at vapor residence times of less than about 1

second;

wherein the first stage and second stage share a common heating zone;
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PCT/ US97/ 23300 -4- which process conprises: (a) passi ng sai d residua.

f eedst ocWwotegrsazd first stage reaction zone where it is cBRTASIEWIN t h
fluidized hot solids thereby resulting in a vaporized fraction and a solids
fraction having high Conradsor Carbon cgnponents and netal - cont ai ni ng
conponent s bei ng deposited thereon; (b)  separating the vaporized fraction
fromthe so]| gs fraction (c) passing the solids fraction to a stripping
zone wher eFCGRTBET IS W iydEocar bons and vol atile material are stripped
therefrom by contacting themw th a stripping gas; (d) pa55| ng the

tri d l'ids, d. heat t hey, ~ t di

o Peent |6 A e PLEHTICERS B PO e AR B SRR SR ot o
of flue gagpse qus TBLALA g ”?‘?h,pﬂ’%ahb{‘% Ecﬁqpﬁfe%g QB $abdbbksLg St age
reaction zoné when The Soli ds are-passe ct i ohrZone:

separ at i ngfra%rfé&@,,@aﬁa@f@@tﬂ%{ biwﬂﬁlhlx&}?\,%a}aaiﬁp@ar§&a em%ah Mg J-lane (f)

recycling hot solids fromsaid heating zone to said first stage reaction
zone Wwher emehyodtAnBRNIAE @k bdink dephsifedatistaek; (g)  passing the
vapori zed fraction of “said first stage to said second stage reaction zone
where they are contacted with hot solids at a tenperature from about
700[err] Cto afhjut derkddting fheGapndzed freapon foes tldesdmstfrantonof | ess t han
about | second; (h) separating a vapor fraction froma solids fraction;
(1) passinggld solids fractign to said heating zone; . o
{c passing the solids fraction {o z siripping zone wherein low boiling
hydrocarbons and voelatile material are stripped therefrom by contacting them

with a stripping gas;

{(d)  passing the siripped solids to said heating zone where they are
heated in an oxidizing environment to an effective temperature that wili recult in
the production of flue gases and maintain the operating temperature of said first

stage reaction zone when the solids are passed to the said reaction zone:

(e)  separating the flue gas product from the solids of said heating

Zone;

O recycling hot solids from said heating zone to said first stage

reaction zone where they are contacted with fresh feedstock;

(g)  passing the vaporized fraction of said first stage to said second
stage reaction zone where they are contacted with hot solids at a temperature
from about 700° C to about 1100° C and at vapor residence times of less than

about 1 second;
(h)  separating a vapor fraction from a solids fraction;

(i) passing said solids fraction to said heating zone,
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-5- (]) passi ng hot solids fromsaid heating zone to sai t age
reacti on VM2 Wbere they are contacted with the vapor prodﬂ%ffsgér)ﬁ(}%@ai d
first stage reaction zone; and (k) col l ecting the vapor fraction from

sai d second stage reaction zone. In a pteferred enbodi nent of the present

i nvention. the vapor product fromthe second stage reaction zone is -.
quencned 1o a t gmer Bhilife D6 QMG SIefELNE Mid 1Qafiled saapor phase
product contai n"hg stbstantial anounts of ofeFins are recovered.” BRI EF :
DESCRI PTI CNa&fod HbnE IRE (Tdieae Qotitdck b ehhBE R@bot Sro@uschefmédig fdrkow plan -
ofa non-linting preferred ernbodi nent of the present invention. DETAI LED j
DESCRI PTI QMa g rdadi onN\EINThiNl Resi dual f eedst ocks which are suitable for use -
in the present invention are those petroleumfractions boiling above about
480[err] C, preferably above about 540[er] C, nore preferably above about
560[ err] C. Non{k) m coHgcwxahs wpoofrastion ffaraseiconrs ok slagd ecadmmpnne.
resids[err] atnospheric resids, heavy and reduced petrol eum crude oil;
pitch; asphalt; bitupen; tar sand oil; shale oil; sludge, slop oils, heavy
hydr ocar bonaceous wadB@, Praffarad iabediniest of the presentyRua o oe YERAT such

resi dual feed_§t9$ks 122\ a‘l_sg contai n. m nor anount sﬁf)f”!opvver bplirl_lng' __
materi al . HHRESE OIS DRRET fp%é’&arcﬁé}’%%?ﬂﬁ‘stﬁ’e“&@é Ws? FLRILAEEC SE8AMm

crackers tQipl: Ol ef 4 ni. LS use 1 exeessively coke. Such
Feods w1 1 CHH CARR B O S E o PR R AT L R s s, 5

general |y fg0mhabotdlefink 9robWeddy As to Conradson carbon residue, see ASTM.
Test D189- 165 :

BRIEFDESCRIPTION OF THE FIGURE

The sole {igure hereof is a schematic flow plan of a non-liriiing

preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Residual feedstocks which are suitable for use in the present
invention are those petroleum fractions boiling above about 480° C, preferabiy
above about 540° C, more preferably above about 560° C. Nen-limiting
examples of such fractions include vacuum resids, atmospheric resids. heavy and
reduced petroleum crude oil; pitch; asphalt; bitumen; tar sand oil; shale oil;
sludge, slop oils, heavy hydrocarbonaceous waste, and lube extracts. Iris
understood that such residual feedstocks may also contain minor amounts of |
lower boiling material. These feedstocks typically cannot be used as feeds to
steam ;:rackers to produce olefinic products because they excessively coke. Such
feeds will typically have a Conradson carbon content of at least S wt. %,

generally from about 5 to 50 wt.%. As to Conradson carbon residue, see ASTM
Test D189-165.
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PCT/ US97/ 23300 -6 - O efinic products are produced fromthe residual - . -
f eedst ook@ 98/7082cor dance with the prsent invention in a Y&EUE784¥0syst em
wherein the first stage contains a horizontal fluidzed bed reaction zone
whherein the solids and vapor residencgtines are independently controlled
and the second stage contains a reaction zone operatec at a tenperature at
| east abo ut 100[er;¢, > higher that the first stag_e,argi wherein the vapor
residence- time is af$HERSIOCHFEIBE RPN SRIFTERDE U dECCSTOE R i 1 st
reaci on st .Reference is now made.to the sole figure hereof. wherein a
resi dual f‘gg§§ta6§%< "‘i”g] ‘gf’ﬁ“d‘l“i"ﬁé""f() B8 GRS %n"'ezrgﬁ’g‘“it\'lﬁl‘th“&tont ains a :
hori zont algJmviNg et dd4-dized.;hat ssakids. recel-vwed, fLrom, heaterp Vial |ine
22, vhich Sgéega%c(%'i"%lﬁ”zdktrfeﬁﬂlcgl“b‘ﬁ‘e“r'é't“éd Jé’% “égctt‘e”(r‘arlp%“!ruéﬁu‘r'%g i b‘lr‘hr%aﬁggf‘"‘SOO[ err] C
to about &QBhefdslderee Hh& &0l 88 dnlehile chORGH PN T ARG Wbh s08c fchhighezed
w th assistance of a nechanical ‘neans.” Typicaly the particles wll be
f1ui di zed ahyatisen edn@optdicdi Ziangrgrsatusi@li=as abbean i L heghamgathemeans,
and by the vapors which are produced in-situ by the vaporization of a
fracti on dirststegt eedstiecin the visomesfiencedntchatlsohshonte phefarabél simeeers be a
mechani cal m xi ng system characterized as having a relatively high m xing
ef fi ci encyhap that @AEe hrviseacampunitss. ofciaxirak ipaoRrmRss gtheSebhfigurd xi ng
systemacts like a plug flow svstemw th a flow pattern which ensures that
the resi dé"t‘?&"eo*f'éi?e@g'bé SHEVHITPSASERgK i54RE vea Bae 1 1 RESBREII®E LYK |1 be
substantial Ly .the.sane.  The npst preferred.mechani cal .m xer is the_m xer ;
referred tGMLARGH ARG 0" Cor friny Cad' U He" L REMY S Tor LR “FF Al 8oRer whi ch
was origi nalily.designed Lo processing.oit . £,..00al - and t.arzs s s. The
LR- M xer gon‘s'ly‘étgf’o? Hfﬂo L’ﬁ%’rqur'zéc')l'r:if&ali§ Iﬁyg'c)”'r”l““énf%gé:(r?% ‘g@?%\{jcgéf‘%é\g vﬁ?lagg aidin-
Flui di zi ngcbBEuPSEEI C! e LLBBOUAT dehcdidn PERT RIK 86 (ihak-4 ha sakidhparticles
be coke particles, they may al so be any other suitable refractory
parti cul ateg anmatelidrdtal rhieansl Fsidang, gxgimpticles ofillsciuioidegnh et e
refractory materials include those selected fromthe group consisting of
silica, alflniirapg gis.conhas sttagneshechamiddi nteznssymt hretliecadfdoys phegaared or
naturally occurrjng. o . )

produced in-situ by the vapor.zation of a fraction of the feedstock. It is preferred

that the mechanical means be a mechanical mixing system characterized as
having a reletively high mixning efficiency with only minor amounts of axial
backmixing. Such a mixing system acts like a plug flow system with a flow
pattern which ensures that the residence for substantially all particles in the
reaction zone will be substantially the same. The most preferred mechanical
mixer is the mixer referred to by Lurgi AG of Germany as the LR-Mixer or LR-
Flash Coker which was originally designed for processing oil shale, coal. and tar
sands. The LR-Mixer consists of two horizontally orienied rotating screws
which aid in fluidizing the particles. Although it is preferred that the solid
particléé be coke particles, they may also be any other suitable refractory
particulate material. Non-limiting examples of such other suitable refractory
materials include those selected from the group consisting of silica, alumina,
zirconia, magnesia, muliife, synthetically prepared or naturally occurring

material such as pumice, clay, kieselguhr, diatomaceous earth, bauxite, and the



material such as pum ce, clay, kieselguhr, diatonmaceous earth, bauxite, and
the . WD 98/27032

PCT/ USO7WO8BHMPerr] like. It is within the scope of the preasn /2?381\)/%“ on "
that the solids be inert or that they have catalyic properties. The solids
wi || have an average particle size of dbout 40 mcrons to 2,000 m crons,
preferably fromabout 200 m crons to about 1200 m crons. The feedstock is

cont act ed ;i.t B thuidi zed. Rety, s t o hto
e e el £oe ;@% &g.goma i ggthﬁsfyng?e&wg

cause a substantia portion o r’bon

et al - Contﬂat\nyg\@ §Q@9nﬁ%§ﬂ*0°d3ﬂ@%l"ha9ﬂ1Nh%\th Setidt pE%ﬂfrUeCﬂx@éoi n the
form of high nol ecul ar wei ght carbon and netal noietiées, but not so high as

to cause tbeuf o0 maktian ©f2, smbaixaﬂmhsazbw@émuh’cﬁro@fa&Ju@t’.ommmpmsdmm,urT his
will preferable be [err] tenpretature from about 500[err] C to about

600[ err] C200onerpreferably -from about 530[err] Cto 570[err] C,. The
remai ning portion of the feedstock will be vaporized on contact with the
hot solids. The. residence tine of vapor products in reaction zone 1. wll
be an effective anpouhlic &isiosk iseontheredsuibl thit alizedchwrsgdidy atracki ng i s

m nimzed. This amunt of tﬁj e will typically be | eﬁi g,ééppabou 2 seconds.
The resi déHEESTAHE BE sﬁi"ids ﬁ‘"‘JH‘Fe"ﬂ% é&{'it’ohpzﬂﬁé" £ But 5to
60 seconds, er,abl y,from abou to 30 se

ct of
oo o TP aE Lo AR t-sh R ae Cortnt Rstd REEPRER ca hF S haRRSSY Pl
and the vapor,ahase; cam it eneRdently Ll Ledendbsty thul dhiad.and

fi xed bed processés are desi gnea =50 e solids residence’ t| Te,"“and t he

vapor residence. {7 canaqt FRSbi-ng e@%@ﬁemfo%mﬁﬁobtc&%sewwﬁﬂmy at -
relatively short vapor resi dence times. | so preferred that the short

vapor contaeferii MeniiaCReSditite b@@@@mt@@ scr._tuhﬁm 6be° Cahicpeof solids to
feed be from abolt 30 to 1, preferably 20 to 1. nore preferably about 10 to
1, and nostefrafieriatd: yatfcr@fvf&‘bﬁtib 350t €,.1 Thetremaining porticn of the feedstock

will be veporized on contact with the hot solids. The residence time of vapor

products in reaction zone 1 will be an effective amount of time so that substantial

sccondary cracking is minimized. This amount of time will typically be less than

about 2 seconds. The residence time of solids in the reaction zone will be from

zbout 5 to 60 seconds, preferably from about 10 to 30 seconds. One novel

aspect of ihis first stage reaction zone is that the residence times of the solids and

the vapor phase can be independently controlled. Most fluidized and fixed bed

processes are designed so that the solids residence time, and the vapor residence

time cannot be independently controlled, especially at relatively short vapor

esidence times. It is also preferred that the short vapor contact time process unit

be operated so that the ratio of solids to feed be from about 30 to 1, preferably 20

to 1, more preferably about 10 to 1, and most preferably from about Sto 1. Itis

to be understood that the precise ratio of solids to feed will primarily depend on

the heat balance requirement of the short vapor contact time reaction zone.

Associating the solids to feed ratio with heat balance requirements is within the

skili of those in the art, and thus will not be elaborated herein any further. A .

portion of the feedstock will deposit on the solids in the form of combustible



to be understood that the precise ratio of solids to feed wll primarily
depend on the heat bal ance requirenent of the short vapor contact tine _
reacti on waongs/278&soci ating the solids to feed rati o w th heatrisabesoe
requirenents is within the skill of those in the art, and thus will not be
el aborated herein any further. A portion,of the feedstock will deposit on
the solids in the formof conbustible ~°WD 98/27032 _
PCT/ US97/ 23300 -8- carbonaceqys material Metal conponents WII| also deposit
on the sol iGEPOTESROBYTEMETS . MA@l ampprneds WHralsoaerasiicroéesoligsant i al | y -
lower in both Corradsan Carbon and metals when conpared to the original
feed. Soli ".’n%\‘}f’%g)’C“QFBSH%'\@%%%BOW@FV;‘PC 6‘3&6‘%’1’-%‘9 Y EIVeBHEBP! arc passed
fromthe figs L ion . zone, l via line 13 to.t.he bed of solids 15 in:
stripper 3.¢ hrgags%Pgéé&ggasﬂéd)ﬁ‘gmﬁgv:gﬁhépfofrfﬂ%ﬂgho &"r‘fe"}’&‘ﬁe}‘dg%& and past a |
stripping zone at the bottom section where | ower boiling hydrocarbons and

any remai ning vol ati | 8}idQhaVRRAEGSonehRld Al ’dﬁ‘?Bﬁtﬁtﬁ:E . Eg%rfar%éc?e
solids by use of a stripping gas, preferably steant, I ntroduced i"nto the

stripping Zoowe tie dirki Negelieacibe z6h¢ i RRLURE ABitHIhAbEd BASSIRE ¥4 fh 4iHiRGerl 9
through auxiliary burner 4 to 11 fipipe 21 where they are transtfeffed to

heat er 5. 'BheTh@Xd)ilidi!apq/sstdﬂwm-'ar@l)ptmwhgledadmﬂgfimrf&pdseEl shrippAnY stk kabl e
fuel can be used in auxiliary 4, such as hot ue gas generated in the
present prdBebetiem sestipashertiewnehoiling hysinecssbans dnd gmy cahdiyirze oper at ed
at a_pr essu,ref Langi n‘% f r.onb bout 0 to 150 psi{g, pr ef er ably at a pressure
rangi ng f r ofidH6H OTIE N0 Z3Blsunasiah e g Strnme s dTarn ke salidsonaewoelsa r esi due w
i1l be burned fromthe solids in the heating zcne,.it is preferred that
onl y par {1 A RGRBEEDT BiS T ARE e G EReH THRGLe pFirgene S egisct ho
through therfheatighed Wil have  va Jyglen HEGLLNG  Zone 5 Wil ],
preferably be opg‘?tét ‘é\% “at &g: @égé%’eﬁgtlgfeeﬁh{hgﬁu%hg{(g’dﬁaf-obT‘f*mchf/*é? At e
tenper at ur @ 10kvhide ey Ee@&hhOREARS hdater 5. The auxiliary burner 4 provides Fea: to

heater 5. Any suitabie fuel can be used in auxiliary 4, such as hot flue gas

generated in the present process or methane. The heating zone 5 will typically

be operated at a pressure ranging from about 0 to 150 psig, preferably at a

pressure ranging from about 15 to about 45 psig. While some carbonaceous

resicue will be burned from the solids in the heating zcre, it is preferred that

only partial combustion take place so that the solids, after passing through the

heater, will have value a5 a fuel. Heating zone 5 will preferably be operated at a

temperature high enough to maintain the temperature of first reaction zone 1.

This temperature will preferably be from about 550° C to about 630° C, more

preferably from about 580° C to about 620° C. Excess solids can be removed

from the process unit via line 23. Flue gas is removed overhead from heater 5

via line 25. The flue gas can be passed through a cyclone system (not shown) to

remove most solid fines. Dedusted flue gas will be further cooled in a waste heat

recovery system (not shown), scrubbed to remove contaminants and particulates,

and combusted in a CO boiler (not shown) to generate steam.



This tenperature will preferably be from about 550[err] C to about 650[err] "
C, nore preferably fromabout 580[err] C to about 620[err] C _Excess solids:
can be r SH@Y¥0B2om the process unit via line 23. Flue gasPFYUSEHHAY :
overhead fromheater 5 via line 25. The flue gas can be passed through a
cycl one system (not shown) to renove nosi-solid fines. Dedusted flue gas
wll be further cooled in a waste heat recovery system (not shown),

scrubbed to remove Coﬁﬁé‘%ébgi%ﬁ S:?z“e-,air%ﬁei%jn%ég%%ﬁggﬁca%g?%ﬁ@% Lf4s8e O

boil er (not shown) to gen

PCT/ US97/ 2330058 11 thN8e $8RAII A8& feBGhh 98nd FOMIE ThEBheiigge reaction
zone is passed via line 11 to the second stage reaction zone“reactor 2. The.

operating tenperait ¢f Bls ddibad SReeReh &GRS G dRREEONEN(T {4 gid@bout 700
[err] Ctb about 1 1000[err] C, preferably fromabout 700[err] C to about

900[ err] CI1N6hE, ipeeferaigy dxanpbest TH0°r@ac tipgutddR ghsNohilahittane conples se
this second stage include a counter- current vessel wherein solids flow
downwar dl y cdmeasiapdesighowdhiaipomr chmpasse thheschondveaagt imolickg: swlntels. The
second stage reactor may also be a riser reactor, wherein both solids and
vapor fl owCHpwat dgssehkricrarsplids desndownugtdly aaetVagar (le¥saipveaid nast tey

desi gn which wi l'l%iﬁlfl |l ow short wapor contact tine it is nore preferred that
it be a cotEI ¥ MNINERAIGn 1S GraRtSen retdUEMAYREQ poF SEOTEEEE ti me
of this re | e iS.praf | es hat ut . .scand. mpre. preferably

| ess than a oédggbﬁ(g{ﬂssé%@ﬁd‘gg \E\éﬁpgé‘f“i ‘&"s‘%%rdé' rg‘?gﬁa’v‘ dsg‘f&orbrﬁ‘fqg%‘ﬁééfgér 5 via
l'ine 27 anql' i 51}& 5 ‘yﬂ I gl N 4 @Qﬁ] I atc {i"}?f" ii'Bxe i-xé)&ée |
heat i ng zonggésa%noperate “at k?%ﬁgé?ﬁ?ﬁﬁgoﬁat \/rvicl%ﬁp)p?ef“e't2 abl'y not exceed -

about 650[ ekferfed tht [1DeLEQEIE Murkdht HRSlentfRedisal-kaS 2 PA%S| Tigk {4:04m t he
heating zone 5 to reaction 2 so that the solids will be a tenperature that

can hel p nwiontaitnirhéief dperadciing Zoespepaiiemeofess eactdtaw: Zaneo2d, rtbies

addi tional heating of the solids
preferabiy iess than about 0.5 seconds. Hot solids are received {rom the heater 5
via line 27 and flow downwardly through second stage reactor 2. Because
heating zone 5 is operated at a temperature that will preferably not exceed about
650° C, it is necessary to heat the solids passing from the heating zone 5 to
reaction 2 so that the solids will be a temperature that can help maintain the
operating temperature of reaction zone 2. This additional heating oi the soiids
flowing form the heating zone 5 to reaction zone 2 can be provided the upper
section of the transfer line 27 by introducing additional fuel and air via line 29.
The solids flowing downwardly in reaction zone 2 are met by the counter
flowing vapor product stream from the first stage reaction zone which is
introduced into second stage reaction zone via line 11. Hot solids exit second
stage reaction zone and are passed via line 31 through auxiliary burner 4 to Lift
pipe 21 where they are transported to heater 5. A light boiling range
hydrocarbon, preferably in the vapor phase may be injected into the top section
of second stage reaction zone 2 via line 33 to quench reaction products to

substantially reduce detrimental secondary cracking. This will preferably require

a 100° to 200° C decrease in temperature of vapor phase products. The quench



flowing formthe heating zone 5 to reaction zone 2 can be provided the

upper section of the transfer line 27 by introducing additional fuel and

air via kjygpesZs2 The solids flow ng downwardly in reacti orP@tg723300e net

by the counter flow ng vapor product streamfromthe first stage reaction
zone which is introduced into second stage reaction zone via line 11. Hot
solids exit second stage reaction zone and are passed via line 31 through
auxiliary burner 4 to |ift pi1p]e‘21, where they are transported to heater 5.

A 1ight bollScigraRAY B RPHEEaT SN drprashen.dsiny iintik H BXHEPEs WHES endge be
injected into.the t]gp_ section of.second stage reaction .zone 2 via line 33

to quench {8att PORCIGroUE: €% 6155 E ¥ tant LIPS FEdReEHEC Pignf i Selbhdary
cracking. This miLl. preferahply-reguire.a.100ferr] to 200[ers]: C decrease in.
t enper at ur %@oﬁ?"‘“://\gd%%er %ﬁgéé *g‘#%éuc‘?é*:-“ The ‘?q%‘ehgjf‘{h ‘3\6%% 52570%3’2‘%: 8 '_
PCT/ US97/ 2%@2@ incl@e fedium.ney  be, anyha SUktakk & hydiqcarbon, non-limting
exanpl es whi ch ‘inﬁc?aﬁde’ bebféd(r;ggnggqt&‘ﬁ%mg?g?é%@ﬁk nfégX%Eeﬁ'?r ol eum gas and
distiilates. A co-feed nay be added to the systeminto second stage
reaction zone 2 via IRg»u3borortd iaﬁib%@@ﬁﬁ%ﬁl'o@-’éﬁﬂt cedodh: eRit skegds
include Clerr] - (err] Paraffins, naphtha, and light distiiates. Reaction
product s hawigagesiignk filzant 36l:atini casantiencrbibtr § edamed istyage fusaet or 2 via-
line 37 and are passed to scrubber 6 where they are further quenched to

t enper at ur €sepehasdetogsmperraiew rapsmrbnbefay abo 4 5 e periredbEy yhullew about
340[err] C. Heavy products incl udi,ngl gny paticul ates, are renmgved via line
39 and may 2Pl 244 dei EFEY £ 60 ALY SRCRE Bt PeRRTIC 8 1 Po R 7B QIEGRE2 Bd§duct s
from scrubbgrq 3 are.removed. overhead via line 41. The |ight ésoj:,.og'_ucti on
stream conaiihd 28 GEtaNt T at” ahsbﬁh't‘f*df“a‘cloélﬁ%"g."F‘o'rén'ex'a%b'lc > P Wil
typically he.a-51Q[err]....C.mnus. praoduet. streapyand contajn, Lialnd 0 10
vt . % net half%é'.““i'zp.t’d"lé”if\/f . % ‘é\ttﬁi/lréélégqg%fdﬁ t‘b‘@fZ’“[ BT ““%Lp‘f%%;%é‘n ““and 6
to 9 wt. % unsatishgkeemeher flsiciHED s BURRNESt will typically be a 510° C minus

product stream and contain about 7 to 10 wt.% methene, 12 to 18 wt.% sthylene.
and 7 to 12 wt.% propviene, and 6 to 9 wt.% unsaturated C,'s, such as butenes

and butadienes, based on the total weight of the feed,

This vaporized portion will contain a substantia! amount of olefinic
products, iypically ir. the range of about 20 to 50 wt.%, prefzradly from about 23
to 50 wt.%, and more preferably from about 30 to 50 wi.%, based on the tota!l
weight of the product stream. The olefin portion of the product stream obtained
by the practice of the present invention will typically be comprised of about 5 to
15 wt.%, preferabiy about 7 to 10 wt.% methane; about 10 to 20 wt.%,
preferablv about 1Z o 18 w1.% ethylene; and about 5 to 15 wt.%, preferably 7 to

12 wt.% propylene, based on the feed.

The following example is presented to show that a short contact
time process mode is important for obtaining increased olefin yields from

residual feedstocks.



and but adi enes, based on the total weight of the feed. This vaporized
portion will contain a substantial anmount of olefiniC products. typically
in the r 3¥Q8/FP3%Rpout 20 to 50 [err]% preferably from- a’ffc')'UPSS’Z!?'%?@ 50
[err]% and nore preferably fromabout 30 to 50 [err] % based on the total
wei ght of the product stream The ol efim portion of the product stream
obt ai ned by the practice of the present invention wll typically be
conpri sed @I:,a_: ut 5to 15 w.% preferably about 7 to 10 wt. % et hane;
about 10 to~2% ®err].% preferably about 12 to 18[err]% ethylene; and
about 5 to 15 [err]% preferably 7 to 12 [err] % propyl ene, based on the _
feed. The follow ng axagiha diisBheSGRUEM REINOY.L Ly & RIORL GapLagh tine
process node is inportant for obtaining increased olefin yielFds from _
residual feedsddeks feedrat¥@f9803403%s/day to a short contact time Suid coking nilot

PCT/ US97/ 23300 Examl e A South Loui siana Vacuum Residua was used as the

f eedst ocK amd Whs dpechiatz @nfpeestosd of dfe piRR ubarwed 34314y at @ vapshasidegeat act
time fluid. coking pilQ unit. The operating tenperature of the pilot unit
was 745[ erife@idessihanprsacesiidengnteaeonfelsessatdamdicseenischre Est i mat ed
conversi on_and, pr oductb??{i elds are set forth in Table 1 below Tabie I

Tenper at urf%'ff{ 8y Falded[Reloy. Conversion. [err] on feed Gas Yields vt.%on
Feed Met hane - 10 Ethyl ene
14 - 16 1

Tabiel

KR
A

Temperature °C
C3™ Conversion, wt.% on

()
L

feed
as Yields wt.% oa Feed

Methane 7 -10

Ethylene 14 - 16

Propylene 9-12

Unsaturaied C4's 5-9

Liguid Yields wt.% on

Feed

C5/220°C 17.5

220°/340°C 8.0

340°C™ 13.0
Total C5+ 38.5

Gross Coke, wt.% on Feed 18.7

Olefin/Paraffin, wt. ratio

Ethylene/Ethane 6.0

Propylene/Propane 19.0

Butylene/Butane 30.0



Propyl ene

6 9 Liouid Yields [err]
7.5 2200W8YB[28032] C

13.0 Total Cerr][err]

18.7 Aefin/Paraffinferr] wt.

LT -

-1
40[ er r | C[ BEX{US97/23300
38.5 G oss Coke, [err] % on Feed
rati o Et Ryl ene/ Et hane 6.0

19. 0 Butyl ene/ But ane

Pr opyl ene/ Pr opane
30.0 -12; éi[,,! A two stage process for producing olefins froma,
resi dual fekddfdek which process cornprises converting the feedstock in two
stages. wherein: (1) the firs. stage is corrprised of : (i) a first
.a. hori zon | ui dzed. hot

stage reaction zone gontaining, ) g}{ . \2 of fluid
sol i ds. which reaction zone in tperatedf af O?‘e%ef ije ~ ‘W SmaleH
q{%upr}r& solids

S00[err] Geb@siaboutaRQhetdds rand lngder.aapdhl ko Ltk e
residents time and the vapor resi dence tine~are |ndep ently controlled
whi ch vaponn@%m -dence tinme is | ess than about 2 seconds. and which solids

residence is fromabout 5 to about 60 seconds; and (ii) a stripping zone
t hr ough whi ch solids having caroonaceous
(1)  the first stage is comprised of
(1) & first stage reaction zone containing a horizontal moving bed of
fluidized ot solids, which reaction zone v operated 2t 2
temperaturs from abour 500° C to abour 600° C 2nd under
conitions such thiat the solids residence timie end the vapor
resicence time are independently contrelled, which vapor residence
iime is less then about 2 seconds, and which solids residence
from abaut T {0 zbout 60 seconds; and
(1)  astripping zone through which solids having carbonaceous
deposits thereon are received from the reaciion zone and wharzin
lower beiling hvdrocarbons and volatiles are rscovered with a
siripping nzs; and
(2)  the second stage is comprised of :

a second stage reacti

about 700° C

on zone which is operated at a temperature from

1

WO abo

1100° C and at vapor residence {imes of less than about 1

second;

wherein the first stage and second stage share a common heating zone;

which process comprises:



deposits inereorn are received f L zone and wherein | ower
boi i n hydrocarbons and vol ati IH nimmllaﬂgr”el ,V\:ith a strippi 9,93 and
(2) t 'WOABEIKE stage is conprisedc ofc a second stage reé’g&(‘bgﬁ ’%%ﬁi whi ch
is operated at a tenperature from about 70[err] C to about 1100[err] C and
at vapor residence tinmes of |ess than-aljout 1 second; wherein the first
stage and second stage share a commopn heating zone; which process

conpri ses: M, 98/ 270Q32, <1: 1 racidual fopdetnei LB n e AS97/ 23300 -
13- (a) pa\s{‘@ ng *éésihd%rsé‘él“ ForA e eI UEI B L AT SHA5°SF géibgg'}?”eacti cn
zone where it is coptart gt Wohhh td4Nz8G No 8 ld: A5 8EADY felSMItiRg TN &
vapori zed fraction and a solids fraction having I gh COnradson Car bon
conponents and net al ; €a@pdREdd REcERENERESIDPEPG A EPESL L Theraern b
separating the vaporized fraction fromthe solids fraction: (c) passi ng
the soiids fraction Carworstomppiags zode2idier@iimnionedmpdnarys hyeirocar bons
and volatile material are stripped therefromby contacting themw th a
stripping gas: (d) deposigdsk¢mgnt he stripped solids to said heatig zone
where thev are heated in an oxidizing environnent to an effective
tenperature that will result . in the Production of flue gases and maintain
the operating tenper&tuFaing theaiaporizes drastigydrarB et FoHSA5#E1QMen the solids
are passed to the said reaction zone; (e) separating the flue gas product

fromthe solids, qf said.heating, . .. . . o e
(c} T~ passingihe sofids fraction to a stripping zone wherein low boiling

hvdrecerbons and veietile material are stripped therefrom by

contacting them with e stripping ges:

P
<&

(d)  passing the stripped sclids 1o said bealing zone where they are
heated in an oxidizing enviropment 1¢ an effective temperature that
will result in the production of flue gases and maintain the
operating témpcra.ture of said first stage reaction zone when the

solids are passed to the said reaction zone;

(e}  separating the five gas product from the solids of said heating
ZOne;
) recycling hot solids from said heating zone to said first stage

reaction zone where they are contacted with fresh feedstock;

(g)  passing the vaporized fraction of said first stage to said second
stage reaction zone where they are contacted with hot solids at a
temperature from about 700° C to about 1100° C and at vapor

residence times of less than about 1 second;
(h)  separating a vapor fraction from a solids fraction;

() passing said solids fraction to said heating zone;



zone: (f) recycling hot soli ' ing zone to said first stage
reaction zone where they are cﬁﬂl“%‘ﬂﬂ‘/ﬁmmm esh feedstock: (Q) passi ng
t he vapowiomsa7éazacti on of said ot stagest orsai d secondPSTAFR7/388Lti on
zone where they are contacted with hot solids at a tenperature from about
700[err] C to about 1100[err] C and at ;yapor residence times of |ess than
about 1 second; (h) separating a vapor fraction froma solids fraction;
(i) passi ng s’ai d soli d% fraction to.said.heati n& zone; . WO 98/27032
PCT/ US97/ 23300 (1) 14-P4EHE 10t SGUST HETHIAC 6H ¢ 2P ¢ ¥ HESHF zone to
sai d second stage reacf.ton. zone re they are contacted with the vapor
product fromsaid firr%gé‘“g??ﬁé" Ve *cf‘r’gh“‘%o%’e"‘.‘“ar (K ﬁ)tee‘%é)’\lé}tét?“ldrﬁl&g t he vapor:

fraction fromsaid sggond;skageJLaek it €.p 2. The process of claim1l
wherein the vapor préduc’t !‘Trd'rh"t"l‘% s‘éc?ri:! 'g{ééa‘é“reacti on zone is quenched

to a tenperature bel ow which cracking will occur and a vapor phase product
cont ai ni ng subgkant i &ilcaltby it S Hlordt /oA GE:@af Es@vat 8thge ThgcimERRES Of
claiml1l wherein the vapor resience tinme of the first stage is | ess than 5
about 2 seconds. 4. The process of claim 1l wherein the residua feedstock:
is selected fromthel.grouphecprsest dhgaoh ivaberen thesiager peiduws piver tle r esi ds, -
heavy and reduced petrol eumcrude oil; pitch; asphalt; bitumen; tar sand
oi | 1 shal seevnd sgga depction z9peds Hyendhedvy aHpehperdnisdIrieworsichaseekingnd | ube
extracts. 5. The process of claim4 wherein the residua f eeols;,ock is a
will occur and'a vapor phase product containing substaniual amounts of oleiins

i

are recovered.

3. The process of claim 1 wherein the vapor resicenice time ¢f

the first stage is less than about 2 seconds.

4, The process of claim 1 wherein the residua feedstock is
selected from the group consisting of vacuum resids, atimospheric resids, heavy
and reduced petroleum crude oil; pitch; asphalt; bitumen; tar sand oil; shale oil;

sludge, slop oils, heavy hydrocarbonaceous waste, and lube extracts.

5. The process of claim 4 wherein the residua feedsiock is a

vacuum resid.

6. The process of claim 3 wherein the selids residence time of

the first stage reaction zone is from about 10 to 30 seconds.

7. The process of claim 1 wherein the particles of the short
vapor contact time first stage reaction zone are fluidized with the aid of'a

mechanical means.

8. The process of claim 7 wherein the mechanical means are

comprised of set of horizontally disposed screws within the reactor.



vacuum resid. 6. The proces [ in the solids resi dence
time of the first stage reacti immmmm”ﬂlmmﬁout 10 to 30 seconds. 7:
The procews wf27632ai m | wherein t'he ‘patti Bl es of the short P&FHSIEEHACt
time first stage reaction zone are fluidized with the aid of a nechani cal
nmeans. 8. The process of claim7 whergin the nechanical neans are
conprised of set of horizontally di sposed screws within the reactor. -

15- 9. The procesg, of GJalml e;l SECQ d s €. ERAC zone is
operated in counter Curren*tk“rm &% cia e;I)rrgce]gs o c?*% Sa“‘m 1é \Eﬁgpel r the

second ZOI’leO,S,I ng&oé’,%gtlh%h,?é)@g“\ﬁt p,%%at ed in co-current node using a
ri ser reactor

10.  The process of claim 1 whereirn: the szcond stage reaction

zone is operated in co-current mode using a riser reacor.



