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PROCESS FOR OBTAI NI NG SI GNI FI CANT OLEFI N Yl ELDS FROM
RESI DUA FEEDSTOCKS BACKGROUND OF THE | NVENTI ON The

present i nveydsgpitesicl ates to a two-stage process for obtaipgirnugemssz4
substantial anount of olefinic product froma residua feedstock. The first
st age is conprised of a thernal proceSf unit containing a reaction zone
conprised of a hori zontal noving bed of fluidized hot particles operated
at tenperatures from about 500 to 600 err

resi dence ti me EMSHIA ROGESSS :

a tenperature of about ) 1903
short vapor residence tineg, preferably shorter than that of the first
stage reaction zone. BACKGROUND OF THE | NVENTI ON In a
typical refinery, crude oils are subjected to atnospheric distillation to
produce |ighter fractlons such as gas oi | s, kerosenes, gasolines,

strai ght run BASKGROUND OBd NYENTIQNi ons in t he gasol i ne boiling
range, such as naphthas and those fractions mhlch can readily be

thermally or catalytic oduct s,
such as gas oils, are t%h%%rcse qw‘?‘%%’ﬁg%lﬁgsg}o ue ﬁxleogﬁa!égfo{]gtgggnf%% nery.
The residue fgugﬁaﬁﬁmf bﬂoleﬁﬁtb%éddc@frbﬁrh feSidea %eﬁétb@@' Phe RFEHEHE €S bel ow
at nospheric pressure to produce a°~ vacuumagas oil distillate and a vacuum
reduced resi daabmprikedwif xtheohidlemnoceentii cmtammglaa’eaatmh)zohc gtmpbrsedll of aof

asphal tene nol ecul es. These as haI tene nol ecul es pically contain nost

of the ConraddGHOTH RaYinghs té’ﬁ“@@ﬁ#’;ﬂﬁﬁ@ﬁﬁdsat tergperg sifEamdua. It

| t f het | d
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cannot be usegda@sthdrrhd RonPdrbioR ¥bRbopRatby 8 a t%hfp'e{%fuﬁ'@ o BN 900D tRAbout

regul ati ons.

a short vapor
bdr at ed at

C and haV| nag

q.!L DX &

1100°C, and aiso having a short vapor residence time, preferably shorter than

that of the first stage reaction zone.
CKGROUND O TI

In a typical refinery, crude oils are subjected to atmospheric
distillation to produce lighter fractions such as gas oils, kerosenes, gasolines,
straight run naphtha, etc. Petroleum fractions in the gasoline boiling range, such
as naphthas, and those fractions which can readily be thermally or catalytically
converted to gasoline boiling range products, such as gas oils, are the most
valuable product streams in the refinery. The residue from aimosphcric
distillation is distilled at pressures below atmospheric pressure to produce a
vacuum gas oil distillate and a vacuum reduced residual oil which often 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 furel oil owing to ever stricter environmental regulations.
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have little value as feedstocks for refinery processes, such as fluid

catal ytic cracking, because they produce excessive anounts of gas and. coke.
Their high sEiedgexgontent al so | eads to catal yst deacti varcomwss7Rhers, there
iIs a need in petroleumrefining for better ways to utilize residual
feedstocks or to upgrade themto nore val uable, cleaner, and |ighter

f eeds. Unl i ke residual Teedstocks, nore val uable

feedst ocks |i ke s.oils . are used in fluid_ catal ytic cracking to produce
transport at i Jﬁwv Isp ey Tde Yalugeas fegglstacks fryaefinesy BIOCEIEDISH a3 0idy ke

Compr i sed_of FERSIERME. Drass® R Procufe BAERNne EmBud 8 BE B o RBEDe o e
of about 540[’1‘Heir]hi%}grr§9a@s[ Edridritals 14408 tPERNGRRaktivaBbe 2 Thud Midr€is 2 92S O | S

are adequate feedstocks for such purposes, “they are also relatively
expensi ve feedsd orpasrdiamaudmind iy better veaysne htlizeadsitied de¢dstdeks or tgor oduci ng
transportation fuels. It would be desirable, froman econom c point of
view, to us@erasedhen io mem valuable, ciaaer. aad lighipigeds.  eeds, in a steam
cracker, but they are generally not suitable for such use because they

are susceptible to excgllﬁﬁicé/?esiqugf @g&ﬁ&%,ggg{,ah%ém% ) %cé(?ﬁﬁﬂe%%

deposition in the cracKing coi over ing angdsequi prent

pl uggi ng. I n pddidd iQMuid éatﬁl?ﬁc BRekink % pbdubekarihSA4¥on el ak §RfllasW t h coke
at process tenperatures to formsubstantial anounts of CO which dilutes

product vaporteimguekeddn stoarslcyackenspd mmkt ekfimicochentical peminetsy A steam
An attenpt to overcone these problens was made i n_US Patent No..
2,768, 127 whiCHKeRBBSR Prosses Wit samaprangd 1of fieadknpils whers e feadstoskdyiuct i on

of aromatic fini I ct Las . Jhi s IS complish

contacting t hcégagpgtﬁééf%r%%ag?%%%t 3%6 gto;@ 8 i%f‘&@& pﬂeég&(?forpc%iﬁ?gl'ggﬂ}@%cl es

mai nt ai ned atg.g ol1§ BREAdRb 18 feedStHOIY fBP Okth Jﬁ?&{s@irzﬂleytﬁe Zﬁ@ﬁ'&ﬁﬁ%@y Wi | e such
a process is useful, there remains a nee for 1nmproved processes for

obt ai ni ng ol efxpensivpfeadsiotis Hecase theyi adeia brdferediSfeoddtock forptddacingexcessi ve
cracki ng of product vap

transportation f?zglz . It would be desirable, from an economic point of view, to
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 formation, and coke deposition in the cracking 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 about 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.
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Co- pendi ng application USSN 08/ 606, 153 filed February 22, 1996 and

i ncorporated herein by reference, teaches a single stage process for
obt ai ni ng w%%H%?i antial anmount of ol efinic products frogrgusassdiia
feedst ock by use of a short vapor contact tine thermal process unit

conprised of a horizontal noving bed of fluidized hot particles. Wile

such a process is an inprovenent over thé- art, there is still a need for
further inprovenents in the higher tenperature ranges. SUMVARY OF THE
| NVENTI ON Co-pehding epulicdtore SEIN 08/60fk 1 §if Bkdiiebiuaved,i 1086 t here

is provided a two stage process for producing alefins froma residual
feedst ock, whiaf infoseasaisd hereipby refarsnees ipehasiafingle stage BRPSEBART PGS
stages, wherein; L. the first .stage i s conmprised. of . (i) a
first stage hélzﬂlpﬁﬁn%ﬁ@%%?éeql?ﬁ@ﬁP’fog%mtégmgﬁ?bﬁ@dgg?‘%f)%gcbgo%g Ofadeposi ts
are received f LRI 2 in

oxi i 31 g gas:TOH vepdHcohpt e HRRaPRRE IR CoBri ol RAPRAR Rlovhlh
hori zontal noWen@fBeilliadd hot bhictsZ &vhikaduch alpréiess hindmpreeaichbover e i s
operated at a tenperature from about 500[err]C to about 600[err]C and
under condi ti antstheocls stilat need dorsiurtherimpeevetmntsainttherhigherdanpersturg apor
residence tinme are independently controlled, which vapor resi dence tine
is less than dB&H 2 seconds, and which solids residence is from about 5
to about 60 seconds; and (ii1) a stripping zone through which

sol i ds havi ng %EW hereon are received fromthe
reacti on zone an erern rower pbolITing hydr ocarbons and vol atiles are
recovered with a stripping gas; and

In accordance with the present invention, there is provided a two

stage process for producing olefins from a residual feedstock, which process

comprises converting the feedstock in two stages, wherein:
(1) the first stage is comprised of:

(1) a first stage heating zone wherein solids containing carbonaceous
deposits are received from a stripping zone and heated in the presence of an

oxidizing gas;

(if) 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 about 600°C and under conditions such that the solids residence time
and the vapor residence time are independently controlled, which vapor
residence time is lcés than about 2 seconds, and which solids residence is from

about 5 to about 60 seconds; and

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

hydrocarbons and volatiles are recovered with a stripping gas; and
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second stage is conprised of: (i) a second stage heating zone
wherein solids containing carbonaceous deposits are received fromthe
second st age weaginmsan zone; (i1) a second stage r@aTUBYRIFbNe

which is operated at a tenperature from about 700[err]C to about
1100[err] C and at vapor residence times gf |ess than about 1 second;

whi ch process conpri ses: (a) passing said residual feedstock to
said first stagge, reaction zone where is contacted with fluidized hot
solids thereb %‘Q%‘F@Pﬁétqgﬁ *aCQ%E?qszfd fraction and a solids fraction
havi ng hi gh Conradson Carbon conponents and netal - cont ai ni ng conponent s

bei ng deposited t hgg??@c‘ond stage heatir{é(jio)n?? %%Fe% .Ecﬂgﬁtc%ﬁt#xﬁgg Ez} ﬁjzkcg&?s(:t ' on

fromthe solids fr passi ng ron to a
Stripping Zongeyki@s atereb&ed Bk t.'ﬁ%ecoh&@fa@@?e’a@ﬁ&%z&ﬁd volatile material are
stripped therefrom by contacting them a stripping gas; (d)
passing the stripped solids to said fi rst stage heati ng zone where they
are heated in an o{éi)dazeqmgdemgbrrmﬁemonwﬂh?nh émmmted/atamrrmrmmrfmm hat

wi | | result in the production of flue gases and, nmaintain the operating
temperature oft 0“‘3&00(: 1 akoutdd 86 andatvaper rfﬁﬁ@%wstql}ée% SMInAPOHt b passed
to the said rggg pn zone; (e) separating the flue gas product
fromthe soli 0 ’saidfirst st age

which process comprises:

{a) passing said residual feedstock to said first stage reaction zone where
it is contacted with fluidized hot solids thereby resulting in a vaporized fraction
and a solids fraction having high Conradson Carbon components and metal-

containing components being deposited thereon;
(b) separating the vaporized fraction from the solids fraction;

{(c) passing the solids fraction to a stripping zone wherein low boiling
hydrocarbons and volatile material are stripped therefrom by contacting them

with a stripping gas;

(d) passing the stripped solids to said first stage heating zone where they
are heated in an oxidizing environment to an effective temperature that will
result 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 {lue gas product from the solids of said first stage

heating zone;

{f) recycling hot solids from said first stage heating zone to said first

stage reaction zone where they are contacted with fresh feedstock;



heati ng zone; (f) recycling hot solids fromsaid first stage
heating zone to said first stage reaction zone where they are contacted
with fresh feedstock; WD 98/ 27031
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passi ng the varesgnged fraction of said first stage to said setwsa284’age
reaction zone where they are contacted with hot solids at a tenperature
from about 700[err]C to about 1100[err]C.and at vapor residence tinmes of

| ess than about | second; (h) seéparating a vapor fraction froma

solids fraction: . (i) passing_ said solids fraction to a second
stage heating zone WWHeP@SHgd "Wzﬁgm‘é@f‘ﬂfs&!ﬁ %F‘f%@ﬁqtgéa‘@éﬁ?@dai‘%ﬁee t hat
wi | | conmbust carbgnaceous,.denpsits thereon,an t . Wi ' L0 the
oper at 1 ng. ¢ enparRTOp €0ty SEEATOLtS sohaRag ST RE Ry SerndBRLARE Sof s
are passed to sg| ? 480 | 5idéHd times of Icss thdnatloEY ! i g
hot solids fro%%gﬁalﬁmgcgﬁg&gt ag%qﬁgﬁzﬁéiiﬁaﬁéz}gﬁsel to slgilego %Sgconda st age
reacti on zone whegmgl;t hey are contacted with the vapor product from said
first stage reaction zone. In a preferred enbodi nent of the
present invention, the vapor product fromthe second stage reaction zone

i s quenched to a tefibepeparftiasseiapw fractiondiore pselidsigaaliont occur and a vapor
phase product containing substanti al anounts of olefins are recovered.

BRI EF DESCRI PTI ON O, THE. . ; : Q ' foi
a schematic flow pl 13 r|%ESIEJ"; %ﬁgﬁl% %Cﬁlan to%ﬁeequg Pt-egggielg; ?gig,r?égwh%g@%)go >
present inventi@dheated fSfahAlftdelyOleripkdnide Ghht Wil tokablid\VaMbnous deposits

thereon and that will maintain the operating temperature of said second stage

reacton zone when said solids are passed to said second stage reaction Zone; and

{j) recycling hot solids from said second stage heating zZone to said
second stage reaction zone where they are contacted with the vapor product from

said first stage reaction zone.

In a preferred embodiment of the present invention, the vapor
product from the second stage reaction zone is quenched to a temperature below
which cracking will occur and a vapor phase product containing substantial

amounts of olefins are recovered.
B Oh OF THE FIGU

The sole figure hereof is a schematic flow plan of a non-limiting

preferred embodiment of the present invention.
TAILED 0 E

Residual feedstocks which are suitable for use in the present
invention are those petroleum fractions boiling above about 480°C, preferably
above about 540°C, more preferably above about 560°C. Non-limiting examples

of such fractions include vacuum resids, atmospheric resids, heavy and reduced



Resi dual feedstocks which are suitable for use in the present I nvention
are those petroleum fractions boiling above about 480[err]C, preferably
above about 540[err]C, nore preferably above about 560[err]C. Non-limting
exanpl es of such fractions include vacuum resids, atnospheric resids,

heavy and regiR8731 WD 98/ 27031 PCT/USS7/23674
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crude oil; pitch; asphalt; bitumen; tar sand oil; shale oil; sludge, slop

oil s, heavy hydrocarbonaceous waste, and [ube extracts. It is understood

t
t hat such resi qual feedstocks may al so contain, njnor anpunts of | ower
boiling mat @‘?trﬁwmm@@@ﬂsegésm@& bijimens tansapd Aot Al SBHERS PR ds ¢ o

st eam cr acker g; LC.o | i rod . 1 i vel y
coke. Such feéﬂs?l\?\na ‘fyll%%? VI caaﬁ%/ouﬁgffé{%a%ﬁ%ﬁgg%%giﬁgon%)él(‘)sgé%(e%ﬁg Etlof at
lleast 5 Wt . % s\g@nedidhd! Yedds@iks mﬁ?ﬁ% contafh mhoMemBuntdsf !@v%lﬁ%so” carbon
resi due, see ASTM Test D189-165. A efinic products are

produced frommiateziat. eShedo dtedsmekistypitaty cimnoabe asedamsdecdsitd biehinecrprkessaot
invention in a two stage system The first stage contains a horizontal
f1ui di zed bedprogdues elefinieqiedustichaspuserthey exsessielnpekey Hyeh feadsavilence ti mes

are i ndependent I.%.Bg(r)hgtrol ed and th second Stl,%gﬁ% cong,ai ns gaction zone

operated at abPaTRHEAYTR &ORFEPULEATOTERCH GE e S neerlt oo 111 st
stage and whepglyl siBSo\ARAL A5 CARRE0d LiTBod Rsili el ATV TAFHEERRLY

shorter than e Tirst act1on stage. erence i's now nmade to
the sole figure hereof wherein a residual feedstock is fed via line 10 to

a reaction zone 1 whi clOlefinictppodtsarbpraduoed frbmrthy rasgluabfteddtodidstindi zed hot
solids and which is operated at _ a tenperature from about 500[err]C to
about 600[ er r peordanse s6th the prasentigventian in dfve stage systam. prefiet sBEY be

oL zed i el iaRenal e BBl TERRS MRSl and UL L
TS oY SRR OSSO 84 s sfgcopaig | on of

reaction zone operated at a temperature at least about 100°C higher than the first

stage and wherein the vapor residence time is also short, preferably shorter than

that of the first reaction stage. Reference is now made to the sole figure hereof

wherein a residual feedstock is fed via line 10 to a reaction zone 1 which

contains a horizontal moving bed of fluidized hot solids and which is operated at

a temperature from about 500°C to about 600°C. The solids in the reaction zone

will preferably be fluidized with assistance of a mechanical means. Typically,

the particles will be fluidized by use of a fluidizing gas, such as steam, a

mechanical means, and by the vapors which are produced in-situ by the

vaporization of a fraction of the feedstock. It is preferred that the mechanical

means be a mechanical mixing system characterized as having a relatively high

mixing efficiency with only minor amounts of axial backmixing. Such a mixing

system acts like a piug flow system with a flow pattern which ensures that the

residence for substantially éll 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



means be a mechani cal m xi ng system characterized as having a relatively
high mxing efficiency with only mnor anounts of axial backm xing. Such a
m xing systemacts like a plug flow systemwith a flow pattern which
ensures that the residence for substantially all particles in the reaction
zone will be wobgimesntially the sane. The nost preferred nmechasemaésm xer
is the mxer referred to by Lurgi AG of Germany as the LR-M xer or
LR-Flash Coker which was originally designed for processing oil shale,
coal, and tar sands. The LR-M xer consists of WD 98/ 27031
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hori zontal Iy off&ATEAP IR ATiSRIFISLTRENG SRS Rhighpid ip ?w&fzmgz%ﬁ@af%es-
particles. A S I : . i i oke
particles, thebﬁt?ra atg%pﬂe&bn‘é%ﬁglfrl\éj tﬁoef é‘?@ﬁ‘.‘“ﬁ‘%ﬁﬂ%‘e’? %9 ?@?[ﬁ%’r@g gﬂra? ?aésfjbl ate
nmaterial. Non-bé sy bther fXRBRI refadbry paiittih @ Atkiab UNbADINEiAE EXARE1E ¥f
materials include those selected fromthe group consisting of silica,

al um na, zi r costich,othhmxgnishla refractdry tratermjminhiate duist yelpotep fromdhe gooupnat ural |y
occurring material such ,e%_s pum ce, clay, kieselguhr, diatonmaceous eart h,
bauxite, and t R¥SstiRg of plicpcalyiing; #irqonia, ugpesiamullis. prdwsisally pieesedon t hat

the solids be | t. they have.catal vtic,propenties,. The solids wll
have an aver g{;@*‘:ﬁ%ﬁ& io%%xg%%a}(ma?%c&ﬁs PR 8?& ngi ?%g‘ﬂ“fo%mﬁﬁaé:?%‘f?s,
preferably frogarh, dadkie, 409tH8 iﬂ(e?'?ﬁs%thﬁ’:pﬂx‘étscaf?ﬁo& the P{e@&ﬁ invention that

The feedstock is contacted wth the fluidized 'hot solids at a tenperature
hi gh enough t otheeselids be fehsdraintitiady ot chtelytioprégeatidsi Ghe Colidsaatdbitave agar bon
and netal -contai ni ng conponents to deposit on the hot solid particles in
the form of hi 8Yerags pasticlasizraif gheut dmpisrona tel2.080 miciens.erefermbiniiemnot so

hi gh as to ca%?s«%zb e for rr?ti on géo(gubstanti al anounts of olefinic
products. This2004t200 TFEans fa,ghant A% Sanper at ure from about 500[err]C
to about 600[err]C, nore preferably from about 530[err]C to 570[err]C,.
The remai ni ng portion ofTHdRedseRUSS B6itacted'vith tRefliaRed heesblidpacpnt act with
the hot solids. The residence tinme of vapor products in reaction zone 1
will be an ef f tatporstusniighenafghttd ceuss @ substéntial psittmntaf e high €ooradany

;L?ﬁtki ngieio?a&i.ar' bepmd é&%ﬁv@%ﬁ%&%&%} cleorstl e sl olGrPORE W 11 be
5 : On
novel aspect Usrrop o A pesRag Bt et bor AR boftRel Spp o EARERy

times of the sedéflse Mormhtith ¢ARBEaRIAIROGAE oPBlhRNORBAGEN THs gant r ol | ed.
Most fluidized and fixed bed processes are designed so that the solids

resi dence ti nepreferdbiytiee atapemperesirelfromaabout 500°C to about 600°C, more

preferably from about 530°C to 570°C,. The remaining portion of the feedstock
will be vaporized 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
secondary 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
about 5 to 60 seconds, preferably from about 10 to 30 seconds. One novel
aspect of this 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
residence 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



time cannot be independently controlled, especially at relatively short
vapor residence tines. 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 WO 98/ 27031 )
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preferably about 10 to 1 and nost preferably fromabout 5 to 1. It is to
be understood that the precise ratio of spolids to feed will primrily

depend on t he heat bal ance requirenent of the short vapor contact tine
reaction zone. Associ at i he solids to feed.ratiQ wth heat, bal ance
requirenments i 'wWPH We?qﬁ%brig ”é?‘ftllﬁ th"?’*ﬁidEBStipﬁ%FT‘?g}ya&?ﬁn “&ﬂﬁl?ﬁh% &ﬁ | not
be el aborat ed ] : . | f s : | deposi t
on the sl i ds ' ¢ EpderfiBb ik lBirecifh DT LRR 18 oo it ARG Hepild oo o

conponents W lthc Bda$ BaldgeorighireedtRe tiedhbfiSrapoiGintR Ugietrkactiohhenyapor i zed
portion will be substantially Iower in both  Conradson Carbon and netal s

when conpar ed Assotihgngthicgohids tof feediratio with heat balance reqBodmetys isheatliinghe

car bonaceous ferial deposited theregn, are passe fromthe first stage
feaction zone Siletihpseia e nd-@upua! a?ﬂsecﬂiaﬁa%atzghpwréw peFr- A3, The

he bot tom sl Gt SHBHER vhi el IR 1000 BT ol SR BUARIC R

volatiles, or cafRphbetmlnfadrel C Ml cofpSndtitd WRPSZo HERIIAnS MliddS by use of

a stripping gas, preferably steam introduced into the stripping zone via
line 17. The Génsequeadystheivdsoriaed ppakmendiiMiessubstantidlly lowet infdotlpi pe 21 where
they are transferred to heater 4 with a Iift nedium, such as steamyvia

line 23 and f|&@radsen Garbon #ngrmealsovhepicampared ta the eiginalifeedsr ovi ded by use

of auxiliary burner 25. The first stage heating zone will typically be

operated 2 a bresoure SH kUil Ayt gBR el 2 2

residue will bRohykd8et EthpetdaborsRInedsyih Niné ¥ to the bed of solids 15 in stripper
3. The solids pass downwardly through the stripper and past a stripping zone at
the bottom section where lower boiling hydrocarbons and any remaining
volatiles, or vaporizable material, are stripped from the solids by use of a
stripping gas, preferably steam, introduced into the stripping zone via line 17.
The stripped solids are passed via line 19 to lift pipe 21 where they are
transferred to heater 4 with a lift medium, such as steam via line 23 and flue gas
from burner 25 via line 42. Heat is provided by use of auxiliary burner 25. The
first stage heating zone 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 residue will be burned from the solids in the
heating zone, it is preferred that only partial combustion take place so that the
solids, after passing through the heater, will have value as a fucl. Excess solids
can be removed from the process unit via line 27. Flue gas is removed overhead
from heater 4 via line 29. 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 passed to a CO boiler (not shown) to generate steam.



heating zone, it is preferred that only partial conmbustion take place so
that the solids, after passing through the heater, will have value as a
fuel. Excess solids can be renpbved fromthe process unit via line 27. Flue
gas is renoved overhead fromheater 4 via line 29. The flue gas can be
passed thr ougho ge/&ys3l one system (not shown) to renove nosStkecp@kdadines.

Dedusted flue gas will be further cooled in a waste heat recovery system
(not shown), scrubbed to renove contanmingnts and particul ates, and passed
to a CO boiler (not shown) to generate steam WO 98/ 27031
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line 11 to th?iaﬁﬁxﬁ:‘l’ﬂo%ﬁ@%%oﬁ@%ké R York ttct @2, 2TheT<ﬂ§°eB£ rating

tenperature o s second stage~reaction zone iIs from'about® 700[err]Cto

about  1100[ esntigecatufer &ftbisablandistpraant zdQis gFon Gbdue 780%Wto KR err] C.
Non-limting exanpl es of reactor designs which can conprise this second

st age i ncl ude 1&0@E&u prederablyrfremnboutvAS§3€ ko allvert 800PG dNpaldinfiting\eximplosefll y and
vapor flows upward past t downwar.d nmpvi ng solids. The second stage

e
reactor may aFe§lo5designy @g&chﬁéaewpﬂsqm@rss?w%@aﬁ 18EIRASI8 COWHERABEL | ow

upwar ds. Wi | . i | n si gn which
Wi el ow sherbeluREFRIRHEL AR R BN Y e FBRE OB B T B O "hea
counter cur reabwela@tcgﬂoaﬁF%bﬁwSﬁ%ea&m@a e HRECAREY als6 BBk3GEr fchéfer Of this
reaction zone is preferably I ess than about 1 second, nore preferably |ess

t han about 0. Svhessimhdd solids arsbvapds flawaipwecds, vBthilerthersdchrd ktage esachon vi a | i ne
33 and fl ow downwardly through second stage reactor 2. They are nmet by

counter fl ow NESSeheRBrbeAnyfseien sthichmwill aliaw shast Yanos cofeeldime, éis Mase zone
which 1is intg C LNt e d sta reactian zo via Line 11. Excess
solids can bep%}g‘ﬁg@@&p’ﬁ?’Sﬁmcg)ﬁgte’éél%%gdgﬁl%%s \ Fc&ls?qr?f@o °. Jr%la/a%o& i ds exit
second stage [gRatt1ife of HNRadh A0E i fe%uxie’s\s tHaRGbaR f Rcbid, mdiePe 37
where they are transported to second stage heater 5 wth steamwhich is

injected via IpreferaBly lassthhwhbdut 065 @asndsl Horsalidsl dre secyived froat thathewtienS| i ne

44. A light boiling_ range hydrocarbon,
via line 33 and flow downwardly through second stage reactor 2. They are met

by counter flowing vapor product stream from the first stage reaction zone which
is introduced into second stage reaction zone via line 11. Excess solids can be
removed from the second stage via line 42. Hot solids exit second stage reaction
zone and are passed via line 35 to lift pipe 37 where they are transported to
second stage heater 5 with steam which is injected via line 39 and hot flue gas
from auxiliary burner 25 via line 44. 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 40 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 medium
may be any suitable hydrocarbon, non-limiting examples which include liquid

petroleum gas, and distillates.

Reaction products having significant olefinic content exit second
stage reactor 2 via line 41 and are passed to scrubber 6 where they are further

quenched to temperatures preferably below about 450°C, more preferably below



preferably in the vapor phase, nmay be injected into the top section of
second stage reaction zone 2 via line 40 to quench reaction products to
substantial ly reduce detrinmental secondary cracking. This will preferably
require a 100[err] to 200[ err] C decrease in tenperature of vapor phase
product s. Th@o@ﬂ%ﬁﬁ medi um may be any suitabl e hydrocar bmorusepzsels m ti ng
exanpl es which include liquid petroleumgas, and distillates.

Reaction products having significant ol ghi.nic content exit second stage
reactor 2 via line 41 and are passed to scrubber 6 where they are further

quenched to t grpet gl as R el ol 2l Y. RehOM AN AR GH efiovBBLf ST e abl ¥

bel ow

PCT/ US97/ 2367 d to first st tion zone 1. Light proddds fromabout
340[err] C Heﬁ!\./@:ldprrngﬁggtresc,ycilenc? ulgﬁ Ré’gﬁﬁ"‘f"ﬁ%‘?%i cul at gs,pare removed via line

43 and may besgreheslbage tetndviet Sverhtaidani@eds] The tigheprbdudtisghimpoowdinst s from
scrubber 6 are renoved overhead via line 45. The |ight product stream
contains a sabshstantishameuntwfiplefins.olFer exampledt wilk Bippradly beta 340PE mipps cal | y

Bl L ol SR SEELAGRSEI TR o o
k% unsat ur ag ey €415 SHERLIRB AR o W BUIABKETES, sHasR e total

wei ght of the S vapori z po contain a

substanti al agRuBkta@knd BideBio thdfobd wadight of eifeed.| y in the range of about
20 to 50 wt. % preferably fromabout 25 to 50 w.% and nore preferably

fromabout 30 to 50 wt.% based on the total weight of the product stream
The ol efin portion of tThs panstiged pettion arill spntainmsnbsigptialpaqunhef pleinigt t he

et VAL L CHBLER) i S S A B ot P A5
about 12 to 120 ?@)w%’/’;ta Xlrr?%gbfégégi_)@t}i)&ﬁ aBolt 3013 sihwt X, sEd 6 Bfltgtal tO 12

wt . % propyl en ased on The follow ng exanpl e
is presented Lrighottidhbdect sheirh. ThebREh portidnof tix podset streale dbsainetdpor t ant

for obtaining increased olefin yields from . .
by the practice of the present invention will typically be comprised of' about 5 to
15 wt.%, preferably about 7 to 10 wt.% methane; about 10 to 20 wt.%,
preferably about 12 to 18 wt.% 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.

Example

A South Louisiana Vacuum Residua was used as the feedstock and
was fed at a feedrate of 100 barrels/day to a short contact time fluid coking pilot
unit. The operating temperature of the pilot unit was 745°C at a vapor residence
time of less than 1 second. Estimated conversion and product yields are set

forth in Table I below.



resi dual feedstocks. Exampl e
Resi dua was used as the feedstock and

A Sout h Loui si ana Vacuum

was fed at a feedrate of 100
barrel s/day to a short contact tinme fluid coking pilot

unit. The

operating tenperature of the pilot unit was 745/ err]C at a vapor residence

time of |ess

forth in Tabl“%a %oéf OW.
PCT/ US97/ 23674
Tabl e |

C err] Conversi on,
w . % on Feed

Et hyl ene

9 - 12 Unsat ur at.ed C4' s
Liquid Yields w.% onslt}:é[é%emture o
17.5

WD 98/ 27031
'C“ -
Tenperature [err]

wt. % on feed
Vet hane Table i

220[ &£3]C@nefséom, WE% on feed

340[ err] C+
Total Cerr]+ 38.5
18.7 O efanYRkdsati.lomonfiged rati o
6.0 Methane
Ethylene
Propylene
Unsaturated Cy's

Liguid Yields wt.% on Feed
C5/220°C
220°/340°C
340°C"
Total C5+

Gross Coke, wt.% on Feed

Olefin/Paraffin, wt. ratio
Ethylene/Ethane
Propylene/Propane
Butylene/Butane

14 -16

4
C[err]/220[err]%535
13.0

second. Estimated conversion and produett/yioekiss are set

-11-
745
Gas Yields
7 10
Propyl ene
6 - 9

8.0

G oss Coke, wt.% on Feed
7 10 Et hyl ene/ Et hane

14 - 16
9-12
6-9
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1. Atwo stage process for producing olefins froma residual feedstock,

whi ch processygampgsh ses converting the feedstock in two stagessorakes ei n:

(1) the first stage is conprised of: (1) a first stage heating
zone wherein solids containing carbonacegpus dep03|ts are
received froma stripping zone and heated“in the resence of
an oxi di zi ng gas; (i) afirst stage react| !!W'ga
hori zont al rm\ﬂfn*gﬂ‘ﬂ§ of f1uidized hot” sdl | W
reaction zone is operated at a t enperat ure from about’

Che sol 1 ds. r eoi denbendMisiAsa s 1Bhpthucing olefins from a &G FesBBall'F 1" A
I ndependent | y .ot f(’:jx%'cé g% Qo‘fx@fﬁgg'ﬂ?esfeg k in. to stages. whereinl | M® 1S |ess

t han about 2 secon residence is from
about 5 to about 60 seconds; and (iii) a stripping zone through
whi ch sol ids Ifavi nthedastsmgecie oosiprised of: deposits thereon are
received fromthe reaction zone and wherein | ower boiling

hydr ocarbons and vglatiles are {lecovered w h a. . .
1 a first stage heating zone wherein solids containing carbonaceous

deposits are received from a stripping zone and heated in the

presence of an oxidizing gas;

(i)  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 about 600°C and under
conditions such that the solids residence time and the vapor
residence time are independently controlled, which vapor residence
time is less than about 2 seconds, and which solids residence is

from about 5 to about 60 seconds; and

(iii) a stripping zone through which solids having carbonaceous
deposits thereon are received from the reaction zone and wherein
lower boiling hydrocarbons and volatiles are recovered with a

stripping gas; and
(2) the second stage is comprised of :

(i)  asecond stage heating zone wherein solids containing
carbonaceous deposits are received from the second stage reaction

Zone;



stripping gas; and (2) the second stage is conprised of: (1)
a second stage heating zone wherein solids containing

car bonaceous deposits are received fromthe second stage reaction

zZone; WO 98/ 27031 }

PCT/ US97/ 236 93127031 - 1BCEuUserseTs (ii)
a second stage reaction zone which is operated at a tenperature

from about 700[err]C to about 1100[err] G-and at vapor residence times of

| ess than about | second, whi ch process conpri ses:

(a) passi ng said,.residual feedstock to said first stage reaction

zone where it is cgﬁp act ¥§o %tﬁg? egrihnzogc h\@ﬁcfgsaom@_tetdﬁgflégpperamre
resulting in a vapori Zeﬁor{xra%ﬁt'm°§ zrirtgb[uzf?llédiﬁ O UL oS LAYLA times of

hi gh Conradson Carbon conponents a -contal ni ng

corrpo_nenésfbei ng de]POSiEEﬁQhéxhﬁftﬁ@misecond;_ _ (b) separating the
'he sol 1 ds fraction to s stripping zone wnerein | NI il llﬂﬁfl!ll PRI

boi | i ng hydrocar bons anahighipsadessecarerises:al are stri*pped t
therefrom by contacting themw th a stripping gas; (d)

passing the stripped solids to.said,first, stage,heati.ng zone .

where they are hcatcd |(Jr?5 an p&?ﬁ‘%ﬁ %’%&Séﬁeﬁ lésﬁ%%qorsgxdgﬁsgs?age1eacnon

effective tenperature that woht whegUlls tdhiddig WItR MsditMd? bolids thereby

flue gases and maintain the operating tenperature of said

first stage reaction zone whesulfifgeineotapdeizal Radqrivased atsoliddfeaction having
high Conradson Carbon components and metal-containing

components being deposited thereon:
(b)  separating the vaporized fraction from the solids fraction;

(c) passing the solids fraction to a stripping zone wherein low
boiling hydrocarbons and volatile material are stripped

therefrom by contacting them with a stripping gas;

{d) passing the stripped solids to said first stage heating zone
where they are heated in an oxidizing environment to an
effective temperature that will result 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 first

stage heating zone;

(f)  recycling hot solids from said first stage heating zone to said
first stage reaction zone where they are contacted with fresh

feedstock;



said reaction zone; (e) separating the flue gas product
fromthe solids of said first ml m& m stage heating zone;
() recycling hot solids from sai (M“‘l ting zone to said
first stage reaction zone where they*aré& cbnt'acted with fresh .
feedstock;  wo esm7031 PCTIUS97123674 4~

(9) passi ng the vaporized fraction of said stage to said second

stage reaction zone where they are cont ted with hot solids at a
tenperature from about 700[err]C to abou 1100[err] C and at vapor

residence tines of |ess than abou secon?; X e ) (h)
separating a vapor frad@l onPFSHg! egggqrﬁgd ragtiqn ofpaid first stage to said

(1) passing said solids f e wher e
they are heated to an effec %@é@@ﬁ%%ﬁg’ﬂ‘?ﬂ%q}% kfetrgg\%y é”%ﬂ&?@mﬁh
carbonaceous deposits t her eqp; ids hipde fa'tur@?x‘o'ﬂ’i %dﬁt?b@"@ﬂ%&ht ng
tenperature of said second stage reaction zone

said solids are passed to saﬂ@D°§emdnnivs;bcag&s;dmethozénae,thaamﬂoutI

(1) recycling hot solids fromsaid second stage heating zone to said
second stage reaction zone iprend: they are contacted with the

vapor product fromsaid first stage reaction zone. 2.

Th f claiml ' d st
feacti on zone is quenoih t ks PRRL PRI B RRABRTT ot “ocour
and a vapor phase product contai ning substantial amounts of ol efins
i's recovered. (i)  passing said solids fraction to a second stage heating zone

where they are heated to an effective temperature that will

combust carbonaceous deposits thereon and that will

maintain the operating temperature of said second stage
This Sheet Has Been Replaced reacton zone when said solids are passed to said second

AR

stage reaction zone; and

()  recycling hot solids from said second stage heating zone to
said second stage reaction zone where they are contacted

with the vapor product from said first stage reaction zone.

2. The process of claim 1 wherein the vapor product from the second
stage reaction zone is quenched to a temperature below which cracking will
occur and a vapor phase product containing substantial amounts of olefins are

recovered.

3. The process of claim 1 wherein the vapor residence time of the first

stage is less than about s seconds.

4. The process of claim 1 wherein the residua feedstock is selected
from the group consisting of 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.

THIS SHEET HAS BEEN
REPLACED




3. The process of claim1 wherein the vapor residence tinme of the first

st age is less than 4, The
process of claim 1l wherei mﬂﬂ ugm&mﬁjgadstock is selected fromthe

group consisting of vacuum’re$ids, wtnmospheric resids, heavy and reduced
petrol eum W o8/ ﬁ@ﬁde oil, pitch, asphalt, bitunen, tar saageéitasghal e
oi |, sludge, op olls, heavy hydrocarbonaceous wast e, and | ube
extracts. 5. The proce%s of claim4 wherein the residua
feedstock is a vacuum resi d. T

- 15- . The qyocess of claim3 wherein the solids residence tine
of the first st age % eactliheprocssfeofi claimrbwhetsuthe reidus fgerdstackdnd yacuum

7. The proces of claim1l wherein the particles of the short vapor
contact tinme fiF éﬁ stage reaction zone are fluidized with the aid of a
mechani cal neans. 8. The process of claim7 wherein the

mechani cal means arg COMpe bRt Gk PVhBRL HRRbRM itk RRATALoPHE IS

wi thin the reactor. he process of claim1l wherein the second
st age reacti onfizostegd ﬁ:aomraineds frmmbumt HY toc3lr seeqridsiode. 10. The
process of claim1 wherein the second stage reaction zone is operated in
co-current node using a_riser reactor.

The process of claim 1 wherein the particies of the short vapor
contact time first stage reaction zone are fluidized with the aid of a mechanical

mearns.

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

comprised of set of horizontally disposed screws within the reactor.

o. The process of claim | wherein the second stage reaction zone is

operated in counter current mode.

10.  The process of claim 1 wherein the second stage reaction zone

isoperated in co-current mode using a riser reactor.
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