WO 01/ 74972 PCT/ US01/ 09891 METHOD FOR MAI NTAI NI NG HEAT BALANCE I N A
FLUI DI ZED BED CATALYTIC CRACKING UNIT FIELD OF THE I NVENTION 5 [0001] The
i nvent i onwigaaie® to a process for nmintai ni ng heat bal anggT/wkso®09891
continuous fluidized bed catalytic cracking unit. Mre specifically, the

i nvention relates to a conbustion control nethod capabl e of maintaining or
restoring heat bal ance by conducting, under appropriate conditions, fuel
and an oxygen-containing gas to a transfer line. The transfer |ine
conducts effluent io including catalyst and conbustion products to a zone
where the catalyst is separated fromthe effluent and returned to the
process. BACKGROUND OF THE | NVENTI ON [ 0002] In a continuous fluid solids

based catal ytic crackin ' ] ici t AN racki ng
("FCC') unit, flown luﬂngbg“&f‘g!ﬁci ba@df @%é%&ﬁnﬁﬁgg to the base
of a feed riser. Aﬂ@ﬁlﬂ@ﬂ%ﬂﬂé_w@ .Zlvy oil, and

m xtures thereof is injected into the feed riser at a point downstream of
the riser' gipar OF THEINVENITONOwWst ream end of the feed riser
termnates 1n a reactor vessel. Cracked product is taken overhead fromthe
reactor vessel, and spent catal yst containing adsorbed hydrocarbons such as

coke 205 pa$@0i]t hr oudlednventigiehases taya prodess farensiataining hest balangadn ehen
through a transfer _line to a regenerator vessgl. Coke. s.burned off the
spent cat ap%tﬂnqutﬂi@dlzteé}&mﬁ °§r3(9§ﬂf§e‘ﬁm?'i g){{)rg ﬁpP?lgﬁﬁ]é}ﬁ’tti‘Fn order to
heat and re-act. . e

conbust i onnb‘fe%'ﬁlﬁé%%@ﬁ%sqlgna ?cﬁ’égﬁéﬁogle%oer a %&ﬁg@é%&ﬁlé’? ghia%fgtaﬁégg %gl ssi pat ed

by reacti QPes%l‘i'ﬁé hestBalarRYpbshdivahg! nde apprsiiste Sbnidiaohs, fudl #nd aleat of
vapori zation where |iquid process streans are "introduced, and heat | osses,

the unit isxggémicomtaimng gahens ttankfendine. The transfer line conducts effluent

10  including catalyst and combustion products to a zone where the catalyst is

separated from the effluent and returned to the process.

BACKGROUND OF THE INVENTION

[0002] In a continuous fluid solids based catalytic cracking unit such as a
fluidized catalytic cracking ("FCC") unit, flowing hot regenerated catalyst is

15 conducted to the base of a feed riser. A feed such as naphtha, gas oil, resid,
heavy oil, and mixtures thereof is injected into the feed riser at a point
downstream of the riser's base. Typically, the downstream end of the feed riser
terminates in a reactor vessel. Cracked product is taken overhead from the
reactor vessel, and spent catalyst containing adsorbed hydrocarbons such as coke

20  passes through a stripping region in the reactor vessel and then through a transfer
line to a regenerator vessel. Coke is burned off the spent catalyst in the
regenerator's oxygen rich environment in order to heat and re-activate the
catalyst. When the heat supplied by the combustion of the coke in the
regenerator is equal to the heat dissipated by reaction endotherm, sensible heat to

25  process streams, latent heat of vaporization where liquid process streams are

introduced, and heat losses, the unit is said to be in heat balance.



WO 01/ 74972 PCT/ US01/09891 -2 [0003] Wiile coke is necessary in
conventional FCC processes for catalyst heating during regeneration, the

anDunt_of“mngm@grned on the catalyst my be limted by, garusexesple,
operational paraneters and feed choice. Operationally, it may be desirable
tolimt the amount of coke produced in order 5 to increase the anmobunt of
carbon avail able in the process for formng nore valuable (generally | ower
nol ecul ar wei ght) products. Mreover, coke forned in the reaction process
may contain undesirable sulfur and nitrogen species, |eading to increased
environmental regul ation conpliance costs. [0004] Additionally, sone FCC
processes use feeds which lead to | ess 1o coke formation on the catalyst.
For exanple, where the unit's feed contains naphtha or a higher boiling
feed which has been severely hydrotreated, substantially |less coke is
formed on [je83fat al yWhileseld ismgcessatyeimscanvantipnal H(CE proggssesfoni ng t he coke
in the regenerator. Such feeds, therefore detrine t?lly affect the unit's
heat bal an@%alﬁsh?aimummeﬁ@@ilonsthﬁé’@ﬁmﬁd’f\ﬁﬁg?’l ¢erzaedhpn thy eatalyst
operating conditions,.or .feed choice resulkt in insuffici ke conbustion
to mai ntai My SR? limitedby, frgxample. ORezatiqnal Rath Qteﬁ&?ﬂsﬁggng%? at e

oper ati ons ' I s i Hh I tional
neat 1o reQpBtoAty Sl nfayPHE RedRHRe fTimiWE uiutl 3F Lok proREUTE okt e

coke i s5 Nofgrckease IS SiMbufitief egbepavaldbiein 2 frobes]foOlerciagmatei onal FCC
met hod for providing additional heat to the catalyst involves injecting a

fuel such wslubbledigenétallydowet hwlesulareweight)prodnets aver, goke o
regenerator. Torch oil, which may be FCC.feed deri.ved theref

7t he T eguribraEeAiaTERICCTOREY CONGHT BRGIED e o APaboegh et
stoi chi Orreferald?ng(t%rinlcfe%rs]g& LvirSHREAHN Aol dhl i B oe Rigsy N9 resul ts in high

[0004] Additionally, some FCC processes use feeds which lead to less

10 coke formation on the catalyst. For example, where the unit's feed contains
naphtha or a higher boiling feed which has been severely hydrotreated,
substantially less coke is formed on the catalyst resulting in less heat produced
by burning the coke in the regenerator. Such feeds, therefore detrimentally

affect the unit's heat balance.

15 [0005] Added heat is required when factors such as operating conditions
or feed choice result in insufficient coke combustion to maintain the unit in heat
balance. Moreover, non-steady-state operations, particularly such as occur
during start-up, require additional heat to restore or maintain heat balance, even

in cases where sufficient coke is normally present during operation.

20 [0006] One conventional FCC method for providing additional heat to the
catalyst involves injecting a fuel such as torch oil into the oxygen-rich
environment inside the regenerator. Torch oil, which may be FCC feed or
derived therefrom, burns in the regenerator under combustion conditions that are
at least stoichiometric (or leaner). Unfortunately torch oil burning results in high

25  localized regenerator temperatures, and may lead to, for example, mechanical



25 local i zed regenerator tenperatures, and may |lead to, for exanple,
mechani cal WO 01/ 74972 PCT/ US01/ 09891 -3 damage to the FCC unit, catal yst
deact i vat wami//aemzal yst deconposi tion, and conbi nati ons t lrEmacdo1/090007] I n
anot her conventional process, heat is provided by contacting and m xing
the spent catalyst with a liquid fuel before the spent catalyst enters 5
the regenerator. The liquid fuel then buns on the catalyst in the
regenerator. Unfortunately, excessive catal yst tenperatures may result
during regeneration, especially in the,nost oxygen-rich regions of the
regenerator. Moreover, while it is son'%ti mes desirable to produce a
significant anmount of CO during regeneration, such processes typically
result in conplete conmbustion of the fuel 10 to CO2. [0008] In yet another
conventional process, spent catalyst, freshly regenerated catalyst, fuel,
and air ar damagete thedFCC wnityicatalyst zieaetivatioi, ngtalyst daeompesjtianyandr in or der
to control catalyst cjrculation. Wile the process results in adding heat
to the FCCCQIﬂﬁbEI}at@aﬁélP‘ifotenperatures as high as 1600 F are 15
encountered. [0009] There is therefore a need for inproved nethods for
mai ntai nin resteori I i di i.C
g?@’zt] i 'aﬂ?th@? 86?\?&%1?%8@%0%6?5, ey d tpé?&él?ﬁ?) rrpe%&gnrg

cracking u hat do not resu cessrve ca raturfes and

that regul ghe niiﬂﬁn}atﬁ@mpéat ﬂ@ithfhelicgﬁﬂgﬁéﬂ%&bw the\§peRléatdl9dZenters
PCT/ USO01/ 09891 -4- S RY THE |1 NVENTI ON [ 0010] In one enbodi nent, the
i nventi®on tie mgtherttirz &hedléghid fuell then burns on the catalyst in the regenerator.
Unfortunately, excessive catalyst temperatures may result during regeneration,
especially in the most oxygen-rich regions of the regenerator. Moreover, while
it is sometimes desirable to produce a significant amount of CO during
regeneration, such processes typically result in complete combustion of the fuel

10 to CO,.

[0008] In yet another conventional process, spent catalyst, freshly
regenerated catalyst, fuel, and air are conducted to a mixing zone leading to the
regenerator in order to control catalyst circulation. While the process results in
adding heat to the FCC unit, catalyst temperatures as high as 1600 °F are

15 encountered.

[0009] There is therefore a need for improved methods for maintaining or
restoring heat balance in a fluidized bed catalytic cracking unit that do not result
in excessive catalyst temperatures and that regulate the amount of CO in the

regenerator.



cracki ng process conprising the continuous steps of: (a) conducting a

hydr ocar bon-contai ning feedstreamto a reaction zone where 5 the feed
contacts wosammer of hot, regenerated catal yst in order tedrorsw/masokeast
cracked products and spent catalyst; (b) conducting the cracked products
and the spent catalyst to a separation zone and separating the spent
catalyst; (c) conducting the spent catalyst to a transfer line; 1o (d)
conducting a fuel and an oxygen-contai ning gas independently to one or

nore points along the transfer line andycombusting the fuel and the oxygen
in the transfer line in order to forman effluent containing the hot,
regenerated catalyst; (e) separating the hot, regenerated catal yst from
the transfer line's effluent and 15 then; (f) conducting the hot,

regener at ed catalyst to step (a). [0011] Preferably, the spent catal yst has
a tenper at SUMMNAR f b% I[Nt 0 about 1175 F, nore preferably from
about 900 to about 1150 F, and st|II nore preferably fromabout 900 to

about 1100 _T. Prefer e hot 0 re enerated catalys ha a

t enper at ur worl&igi ng ﬁ?& 1@?@@%}1 B'i.lx‘?n 1D ulcﬁze(irﬁacic%p@p& ably from
about 1200 ferably from about 1250 F
to about 1%1(’%g%%¥1(§%89§815%%5%f J989f&psgfie0012] In one preferred

enbodi ment, the transfer line is a zoned transfer line including at |east

a first zopy, cénduthing Zpydrooabosidonedihidg febéstidansto 2 esuetioamneavisereond zone
situated t erebetween referably, at |east a portion of the

oxygen- g£ontlm febd gogstsamsburne of bet, regeneratad ¢atadybt iim ordes toifewn aklpast t o form
CO,

et

cracked products and spent catalyst;

(b) conducting the cracked products and the spent catalyst to a separation zone

and separating the spent catalyst;
(c) conducting the spent catalyst to a transfer line;

10 (d) econducting a fuel and an oxygen-containing gas independently to one or
more points along the transfer line and combusting the fuel and the oxygen in
the transfer line in order to form an effluent containing the hot, regenerated

catalyst;

(e) separating the hot, regenerated catalyst from the transfer line's effluent and

15  then;
(f) conducting the hot, regenerated catalyst to step (a).

[0011] Preferably, the spent catalyst has a temperature ranging from about
900 to about 1175 °F, more preferably from about 900 to about 1150 °F, and still
more preferably from about 900 to about 1100 °F. Preferably, the hot,

20 regenerated catalyst has a temperature ranging from about 1200 to about 1400
°F, more preferably from about 1200 °F to about 1300 °F, and still more
preferably from about 1250 °F to about 1285 °F.



5 and at least a portion of the COin the second zone and the zone(s)
downstream of the second zone is oxidized in order to form C02. More

pr ef er abl wo @t74¢2ast a portion of the oxygen-containi ng gag/esedoéseel are
conbust ed under sub- stoichionetric conditions in the zones downstream of
the first zone in order to formCO and at |least a portion of the COin
the zones downstream of the second 10 zone is oxidized in order to form
C02, [0013] In another preferred enbodi nent, the fuel is conducted to the
first zone, and the oxygen-containing gas is conducted to at |east the
second and third zones. At |least a porfion of the oxygen-containing gas
and the fuel are conbusted under partial oxidation conditions in the zones
downstream of the 15 first zone in order to form CO and at |east a
portion of the COin the zone(s) downstream of the second zone is oxidized
in order t[0GI@] m Co2lij ona preferved embadiment; ther sansferdineissoeinedriransfere
oxygen-cont.ai ning.,gas is . conducted ta the first zone, .and.the fuel Jis
conduct ed Be W@u‘%‘ggé’é Il‘?i’é% gﬂ?t&%’l@o? thir¢, zopg deynstream Ofﬁ@? frsbanne

di stributi of fuel . i j j combusti on
al ong the %S% Oﬁérb%ei gr@aFég:t Sﬁfﬁ%‘ég‘%eﬁﬂﬁ%ﬁﬁwﬁﬁgﬁ%e%ﬁ{@?ﬁ tlﬁg t he

transfer | ae-hetwainisy 6ad ad e MiePalel dhaithited RNe Tabidhe t0GORH/JOQ72
PCT/ US01/ 09 -6 BRI DESCRI PTI ON OF THE DRAW NGS [0015] Figure 1 is a

si npl i f§ edasd beleasti cpattion dithe CQ@ @ ther secknd gope and the zansés)downstieam pr ocess
of the invention. [0016] Figure_ 2 schematj cal Id shows afpr ferred air riser
swedged t oof thepegondigone iscavidizgd yr oiderity forma(Pe More prefarably. dleast 8 added

al ong the riser. 0017] Fiqure .3 is a | __of e profile
2l ong tho prfeiefheecn et el AaT T g oifalel THEGF L
stoichiometric conditions in the zones downstream of the first zone in order to

form CO, and at least a portion of the CO in the zones downstream of the second

10 zone is oxidized in order to form CO,,

[0013] In another preferred embodiment, the fuel is conducted to the first
zone, and the oxygen-containing gas is conducted to at least the second and third
zones. At least a portion of the oxygen-containing gas and the fuel are
combusted under partial oxidation conditions in the zones downstream of the

15  first zone in order to form CO, and at least a portion of the CO in the zone(s)

downstream of the second zone is oxidized in order to form CO,.

[0014] In yet another preferred embodiment, the oxygen-containing gas is
conducted to the first zone, and the fuel is conducted to the zones downstream of
the first zone. The amount and distribution of the fuel is regulated to provide

20  distributed combustion along the transfer line resulting in localized temperatures

in the transfer line below the catalyst deactivation temperature.



[0018] Figure 4 illustrates a nmeasured tenperature profile along the
transfer line, in accordance with exanple 2. io DETAI LED DESCRI PTI ON

[ 0019] Thwa aivas2i on i s based on the discovery that heat (alTarsoeossay be
restored in a coke-limted FCC unit by independently conducting a fuel and
an oxygen-containing gas to the transfer line at one or nore points
between the reactor and the regenerator. Wen the anobunt and tenperature
of the fuel, the 15 air, and the catalyst are regulated to produce
autoignition of the fuel in the bulk phase of the transfer line,

di stributed burning of the fuel will ocCur in the transfer |ine so that
heat is supplied to the catalyst. Unit heat bal ance may consequently be
restored. Elimnation of a defined region of excessive tenperature caused
by a localized conbustion zone results in substantially | essened catal yst
20 deacti vaBROEF IDESSIRIFE NdO#i DHE DRAWINMGNI ng or restoring heat

bal ance, the invention also provides increased operating control and

flexibility of parangters such.as.. tenperature.and.fl ue .conposition in
t he transfﬁ?mﬁ]ne ig%églgérl B %Emhﬁegécs@“@ti? ‘?ﬁ@%gu‘f&’éﬁ ?5%%%”6@%83685-7
catalyst re rati Q am nant netal s oxidation state and

ef fects. Wgéﬁg%aﬁeﬂqﬂgéﬁs\ﬁgh?@ﬁﬁﬁg? be applied to a conventional FCC unit
as a replacement for torch oil firing, to anmeliorate the economic debit
associ at ed[ggtg) hi gﬁﬁi?ﬁ‘bfﬁ_ sehentatioh g SHEWS a paéfesred adivtivdradwiaigednd

undesi rabl e product selectivities 5 resulting fromthe deactiyvation of the
catal yss. Aruiide anebirgd veloeityprefite asmintndfieel at¢ addes aliong therisere|
conposition such that either gas or liquid fuels with reduced

envi ronment al i npact,  such as | ower | fur fuels, c e used to reduce
potential 9017 gas &Eigwsi émpﬁ?ﬁﬁemp%ﬁvﬁw?ﬁ@eaawgiﬁﬁ Fﬁﬁsﬁaﬁe

cat al yst.

line, in accordance with example 1.

[0018] Figure 4 illustrates a measured temperature profile along the

transfer line, in accordance with example 2.

10 DETAILED DESCRIPTION

[0019] The invention is based on the discovery that heat balance may be
restored in a coke-limited FCC unit by independently conducting a fuel and an
oxygen-containing gas to the transfer line at one or more points between the
reactor and the regenerator. When the amount and temperature of the fuel, the

15  air, and the catalyst are regulated to produce autoignition of the fuel in the bulk
phase of the transfer line, distributed burning of the fuel will occur in the transfer
line so that heat is supplied to the catalyst. Unit heat balance may consequently
be restored. Elimination of a defined region of excessive temperature caused by
a localized combustion zone results in substantially lessened catalyst

20 deactivation.

[0020] In addition to maintaining or restoring heat balance, the invention
also provides increased operating control and flexibility of parameters such as

temperature and flue gas composition in the transfer line in order to optimize



[0021] Figure 1 is a sinplified schematic of a fluid cat cracking process

I o useful in the description of the invention. Thus, an FCC unit 200 is
shown cowgrdgipuemg a catal ytic cracking reactor unit 202 angTagdoegeer ati on
unit 204. Unit 202 includes a feed riser 206, the interior of which
conprises the reaction zone, the beginning of which is indicated as 208.
It also includes a vapor- catal yst di sengagi ng zone 210 and a stri pping
zone 212 containing a plurality of is baffles 214 within, in the form of
arrays of netal "sheds" which resenble_yhe pitched roofs of houses. A
suitabl e stripping agent such as steamis introduced into the stripping
zone via line 216. Transfer line 218 conducts the stripped, spent catalyst
particles to regenerating unit 204. In one enbodi nent of the invention,
air and fuel are injected into the transfer line at one or nore points 20
bet ween t heatslyst ragiengrationaasaviell aheontamerantanesals godatign gtaps abefifeats.FCC f eed
I's passed vjia line_ 220 into the base of riser 206 at ed.j njection point
224 of t heMATEPYRTy the lMxeniionmayhe anplicddp auﬁﬂntveﬁﬁ@?ga %‘i@é&ﬂl be inj ect ed

into the f%g;?%d;:egfjgegﬁtf&ofbrﬁﬁ ot £ {tﬁgﬁ]e%%?ate'%ﬁe é@énd;rﬂ?ircz %kgﬁaﬁhhﬁitﬁeed

contains h on-such as na vacuum gas o eavy oil,

resid f raChir%Wb%talgme |ackHiend ralitbﬁ, 6@ Tyieldbcarit! @idesadbly poldatssedctivitgeshot
W

feed are contacte h particles of "hot,” regenerated cracking catalyst in

t he ri ser. rédGitiy fFdnrtheRIERCIIRRIOOOBME catadysthAdditipmllyz 8 inveanteat allgws cal | y
cracks the feed into lighter, lower hoiling fractiq I ncl.udi hg fractions

ibn ][ he ggs ﬂBXllbélfinlnlfllﬁ]gCQTﬁﬂ@ﬁiU(’]ﬂ shel that grtherogasoy |:l§qu13 ?%e]ﬁ/éinFh &'éluﬁP% her
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considered to be
[0021] Figure 1 is a simplified schematic of a fluid cat cracking process

10 useful in the description of the invention. Thus, an FCC unit 200 is shown
comprising a catalytic cracking reactor unit 202 and a regeneration unit 204,
Unit 202 includes a feed riser 206, the interior of which comprises the reaction
zone, the beginning of which is indicated as 208. It also includes a vapor-
catalyst disengaging zone 210 and a stripping zone 212 containing a plurality of

15 baffles 214 within, in the form of arrays of metal “sheds” which resemble the
pitched roofs of houses. A suitable stripping agent such as steam is introduced
into the stripping zone via line 216. Transfer line 218 conducts the stripped,
spent catalyst particles to regenerating unit 204. In one embodiment of the
invention, air and fuel are injected into the transfer line at one or more points

20 between the stripping zone and the regenerator.

[0022] A preheated FCC feed is passed via line 220 into the base of riser
206 at feed injection point 224 of the fluidized cat cracking reactor unit 202.
Steam may be injected into the feed injection unit via line 222, As set forth
below, the feed contains hydrocarbon such as naphtha, vacuum gas oil (VGO),

25  heavy oil, resid fractions, and mixtures thereof. The atomized droplets of the hot

feed are contacted with particles of hot, regenerated cracking catalyst in the riser.



undesi rably deactivated at tenperatures above 1400 IF. The catal ytic
cracking reactions start when the feed contacts the hot catalyst in the
ri ser at Wweed/usfzecti on point 234 and continues until theqoewoesIvapors
are separated fromthe spent io catalyst in the upper or disengaging
section 210 of the cat cracker. The cracking reaction deposits

non-stri ppabl e carbonaceous material, together with strippable

hydr ocar bonaceous material adsorbed on the catal yst, known collectively as
coke. Such coke-containing catalyst is_gonmonly referred to as spent

catal yst. Spent catal yst may be stripped to renove and recover strippable
15 hydrocarbonaceous nmaterial and then regenerated by burning off the
remai ning coke in the regenerator. As di scussed, sone feed choi ces,
operating conditions, and conbinations thereof may result in insufficient
coke for maThisrvaperigenendieatslyticatly sragks the\feedqata lighlesewer bailingyr ef err ed

nbodi h bal.ance i d . ' ' . i '
bur ni ng. of TSI THIGGPEARIO0 ISEF SBRURE OBNLTS oesSmeint LAY e,
[0023] Accey ?»eﬁqﬂsxﬁglffa BHRHE dlede] ABYERd the HIRACELRDerbal R BR¥TygPN! Al N

1
cycl ones (not showny 1 n tl I Ssengagl ng section ch separate both

the crackaghas REAuBO6S bilied ual aligRmascortdningea sédlito meslebyldr sieae bons (as
vapors) fromthe spent catal yst particles. The hydrocarbon vapors pass up

t hr oughs t herg@Bimgamgmpnnmm thayr ke emphlogiedwiBuechaatalysss 22Bibitemdercdivatipnn

vapors may be conducted to lstillation unjt (not,sho whi ch d

][ he pgnden%@ﬁn@ef%mi‘?frﬁbé’m ?%&6 %BB@%IS}%PE&Q @ﬁgi(caglsgﬁaedmf%laq i l)nat ggnt ﬁgses
iquids into,s ate ) 0 oR- r d . Th
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contact a shtiigh SertPEitRe 6 BoRtchitBe Mot WthBRt ibtheaikek At feetlifijectibhi PPI NY
zone via line 216 and renoves, as vapors, the strippable

point 234 and continues until the product vapors are separated from the spent

10  catalyst in the upper or disengaging section 210 of the cat cracker. The cracking
reaction deposits non-strippable carbonaceous material, together with strippable
hydrocarbonaceous material adsorbed on the catalyst, known collectively as
coke. Such coke-containing catalyst is commonly referred to as spent catalyst.
Spent catalyst may be stripped to remove and recover strippable

15 hydrocarbonaceous material and then regenerated by burning off the remaining
coke in the regenerator. As discussed, some feed choices, operating conditions,
and combinations thereof may result in insufficient coke formation to provide or
maintain unit heat balance. In a preferred embodiment, heat balance is restored
or maintained by the distributed burning of a fuel under appropriate conditions in

20 the transfer line.

[0023] Accordingly, As shown in figure 1, reaction unit 202 may contain .
cyclones (not shown) in the disengaging section 210, which separate both the
cracked hydrocarbon product vapors and the stripped hydrocarbons (as vapors)
from the spent catalyst particles. The hydrocarbon vapors pass up through the
25  reactor and are withdrawn via line 226. The hydrocarbon vapors may be
conducted to a distillation unit (not shown) which condenses the condensable

portion of the vapors into liquids and fractionates the liquids into separate



hydr ocar bonaceous material deposited on the catalyst during the cracking 5
reactions. These vapors are withdrawn along with the other product vapors
via |inew228/747he baffles 214 disperse the catal yst part irdTrassowmdsHor ni y
across the wdth of the stripping zone or stripper and m nimze internal
refluxing or backm xing of catalyst particles in the stripping zone.

[ 0024] The spent, stripped catalyst particles are renoved fromthe bottom
10 of the stripping zone via transfer line 218, and conducted via the
transfer line into fluidized bed 228 ig vessel 204 where they may be
contacted with air or other fluidizing nmediumas required, entering the
vessel via line 240. In enbodi nents where inconplete catal yst regeneration
occurs in the transfer line, the vessel 204 nay function as a regenerator

B
R e AN AP, R SR, L

regener at egtrdﬁ?gl?éa%'&{e ¥igine 16 dhd Rnid\Rs! 964008, thER8RIpaBR25] As di scussed,

the strippe yst Is heated and at 1east partially 20 regenerated in

t he regi onhpdrochdonaesmisanaterinbdépidditbd omthe satabyst doring thetsaeking he react or
unit to the paint where the transfer line enters the vessel 204. Fuel and
an oxygen- taatianhi hhesgaapersargoniddianm aleng wath therther prodyet vaneds vite

i stri but e gaf AheaRaRca14 daperts (86NNl prdthakory BGRS He hoat and

t | t . o : . : Us01/ 09891
"10 [ooze VA Hc SEREHE Pk bt Qrippef Sk aimip kbl seedRE L B0
products Bﬁ@&ﬁixli{fg efiedtalyRepsttionstin eheseippied zée transfer line into a

separation zone

[0024] The spent, stripped catalyst particles are removed from the bottom

10 of the stripping zone via transfer line 218, and conducted via the transfer line
into fluidized bed 228 in vessel 204 where they may be contacted with air or
other fluidizing medium as required, entering the vessel via line 240. In
embodiments where incomplete catalyst regeneration occurs in the transfer line,
the vessel 204 may function as a regenerator in order to fully regenerate the

15 catalyst before it is returned to the reaction zone. In such cases, the catalyst is
regenerated under FCC regeneration conditions in vessel 204. In cases where
the catalyst is fully regenerated in the transfer line, vessel 204 serves to separate

hot, regenerated catalyst for return to the reaction zone.

[0025] As discussed, the stripped catalyst is heated and at least partially

20  regenerated in the region of the transfer line 218 from its low point between the
reactor unit to the point where the transfer line enters the vessel 204. Fuel and
an oxygen-containing gas are conducted to the transfer line, and the amounts and
injection locations of each are regulated to provide for distributed burning of the
fuel in the transfer line in order to heat and at least partially regenerate the

25 catalyst.



exenplified in figure 1 by vessel 204, where regenerated and heated
catalyst nmamy be separated fromthe effluent and returned to the reaction
zone. Wewahg4gecatal yst in the transfer lines effluent iPCTMER010289k Yy
regenerated, i.e. when it bears nore than the desired anount of coke for
the catal yst used in the reaction zone, the separation zone (vessel 204)
may function as a conventional FCC regenerator in order to conplete the
regeneration of the catalyst. Accordingly, when air is used as the
fluidizing mediumin the regenerator, gﬁy coke remaining io on the catal yst
may be oxi dized or burned off in order to regenerate the catalyst
particles and in so doing, conplete the heating of the particles up to a
tenperature which typically ranges from about 950-1400F. Vessel 204 may
contain cyclones (not shown) or sone other neans for_ which separating hot
r egener at ef0024] al yst Apeeffiuenteortrining Avidjzedbenialysioansieembustimoprodusts( f | ue

gas), 15 I ch conprises nostly CO2, . H20.and N2 and feed the

r egener at \ggoﬁ’éttgﬁ%@l tﬁsépmﬁsém@%wfﬁmaﬁlﬁ% lipe dnte 2 sgpacation Q€ ped 228,
by nmeans of_ di pi . [ ' i the art.
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catal yst particles in the fluidized bed overflow 20 the weir 246 fornmed by

t he tops of catalyshiretheAdsfantlines effuentrinaot fdlyategeneratel, i.onwhen it besars op of a

downconer 250. The_ bottom of downgomer 250 turns into a., regenerated
cat al yst t Fwnethan theslesired ampyat 9%/6‘?1?@ farithe catalsst Hegdhindhe gaagtion zane, ¢ | ow
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renmoved fro e top o the regenerator via line 254. " WD 01/ 74
PCT/ USO1/ 09884 airit lised as the fluidizing medium in the regenerator, any coke remaining

10  on the catalyst may be oxidized or burned off in order to regenerate the catalyst
particles and in so doing, complete the heating of the particles up to a
temperature which typically ranges from about 950-1400°F. Vessel 204 may
contain cyclones (not shown) or some other means for which separating hot
regenerated catalyst particles from the gaseous combustion products (flue gas),

15  which comprises mostly CO, CO, H,O and N; and feed the regenerated catalyst
particles back down into fluidized catalyst bed 228, by means of diplegs (not
shown), as is known to those skilled in the art. The fluidized bed 228 may be
supported on a gas distributor grid, which is schematically illustrated as dashed
line 244. The hot, regenerated catalyst particles in the fluidized bed overflow

20 the weir 246 formed by the top of a funnel 248, which is connected at its bottom
to the top of a downcomer 250. The bottom of downcomer 250 turns into a
regenerated catalyst transfer line 252. The overflowing, regenerated particles
flow down through the funnel, downcomer and into the transfer line 252 which
passes them back into the riser reaction zone, in which they contact the hot feed

25  entering the riser from the feed injector. The flue gas is removed from the top of

the regenerator via line 254.



[0027] Preferably, the spent catal yst has a tenperature ranging from about
900 to about 1175 OF, nore preferably fromabout 900 to about 1150 OF, and
still nowe® @re$rerably from about 900 to about 1100 OF. Prrefrersainioysoit he
hot, regenerated catalyst has a tenperature ranging fromabout 1200 to
about 1400 5 OF, nore preferably fromabout 1200 OF to about 1300 OF, and
still nore preferably fromabout 1250 OF to about 1285 OF. [0028]
Preferably, the amobunt of oxygen-containing gas is regulated in zones
containing a significant amount of uncgﬂpusted fuel to provide sub-

stoi chionetric conbustion conditions. e anount of oxygen-contai ni ng gas
in 1o zones containing a significant anmount of COis regulated to provide
conditions including sub-stoichionetric, stoichionetric, and

super-stoi chionetric_ conbustion conditions, depending on the_ anount of

un- conb]tcjst HW2f7lel i nPreferablythe smﬁeaaéalygt,hsg agempsratpiegirpgngciremmhoyt ons
i ' forlin- d
fue " ana. Q05 S5 7S aE Frore Prefealihytiort abody 0o ARt o A 8 e

cont ai ns | fnto% glﬁ?pgaﬂﬁl}g of ot nggop_t 'i"‘?éfe%l&’sthe_tﬂi‘)? greater the

anount of Un-c¢ I'n the zone, hore subl’stoi chi ometric

condi ti onsrepefiefdt@f Gitildt hasbicnisdrahire Fliging frob® abowit 1200 oabdut 1408 are
sonetinmes called "partial oxidation" conditions because the conbustion

products ctftmore prefaabhnirent abonhd200°Feoahout B30 K iandwtdhagreinount  of

CO2. [0029] Figure 2 illustrates preferr odiments for the transfer
line in tW@fWéB]fYOﬁOm%}?ﬁqttlgSpoitﬁcﬁ%ﬁ’Pt bﬁgﬁﬁ the reactor unit to the

poi nt where the transfer line enters separation zone 204. As shown, fuel

order o e ar SPRitEuLs 96 B BF bBhax L BRtishng gk ISR B et er
line. WO O4ndtoatdihihig S8EnFREA amount of uncombusted fuel to provide sub-

stoichiometric combustion conditions. The amount of oxygen-containing gas in

10  zones containing a significant amount of CO is regulated to provide conditions
including sub-stoichiometric, stoichiometric, and super-stoichiometric
combustion conditions, depending on the amount of un-combusted fuel in the
zone. Generally, sub-stoichiometric conditions are preferred when the zone
contains a substantial amount of un-combusted fuel, and super stoichiometric

15 conditions are preferred when the zone contains little or no un-combusted fuel.
In other words, the greater the amount of un-combusted fuel in the zone, the
more sub-stoichiometric conditions are preferred. Sub-stoichiometric
combustion conditions are sometimes called "partial oxidation" conditions
because the combustion products contain an enhanced amount of CO and a

20 diminished amount of CO,.

[0029] Figure 2 illustrates preferred embodiments for the transfer line in
the region from its low point between the reactor unit to the point where the
transfer line enters separation zone 204. As shown, fuel and air are injected at
one or more points along the transfer line, in order to provide distributed

25 combustion of the fuel along the transfer line.



-12 [0030] In a first enbodi ment, the total anmount of fuel required to

mai ntain or restore heat balance is injected at a point near the base of
the riserwonmoughr a fuel |ine and one or nore injectors |rPoaarssdogdo1 poi nt
(1). No additional fuel is injected in the downstreamregion of the
transfer line. A heated oxygen 5 containing gas is injected into the
transfer line at one or nore points between the fuel injection point and
t he downstream end of the transfer line. The preferred oxygen -containing
gas is air, and for convenience the invyention will hereinafter be
described with air as the oxygen-containing gas; it should be understood,

t hough, that any oxygen-containing gas appropriate for fuel conbustion may
be i o enployed. The regi on between the fuel injection point and the nost
upstream air injection point is referred to as the first zone, and, should

be of suff[38ht | ehyahirstembedimeat.ithe tatabarsaynt ¢f fuehreawiredite majatain g
talyst. Th d locati f the air .njecti i |
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two or nore poin rea the tue nj tion point. The alr anount
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the 02 conCentration at the air injection points, and to maintain the air
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Injection into the transfer linel” 2 032 n the first enbodi nent, the
amount of thioughpihat eyl oaygereofitairihg gas appropriate for fuel combustion may be

10 employed. The region between the fuel injection point and the most upstream
air injection point is referred to as the first zone, and should be of sufficient
length to provide for thorough mixing of the fuel and catalyst. The number and

“location of the air injection points regulates the fuel combustion and define the

transfer line's remaining zones.

15 [0031] In the first embodiment, air is conducted to the transfer line at two
or more points downstream of the fuel injection point. The air amount and
temperature is adjusted in order to reduce fuel requirements, lessen the O,
concentration at the air injection points, and to maintain the air temperature
above the fuel's autoignition temperature. More preferably the air's temperature

20 is maintained about 200°F to about 300°F above the fuel's autoignition
temperature. The air's temperature and O2 concentration may adjusted by direct,
in-line combustion of fuel external to the process Accordingly, the air's
temperature is preferably adjusted to a temperature ranging from about 1150 °F

to about 1400 °F prior to injection into the transfer line..

25 [0032] In the first embodiment, the amount of air injected at the first

(most upstream) air injection point regulates the fuel air mixture in the riser's



(nmost upstream air injection point regulates the fuel air mxture in the
riser's WO 01/ 74972 PCT/US01/ 09891 -13 second zone. The length of a zone
may be fiwedbibyoral cul ating the final equilibriumtenperaawesotigso1 woul d
result fromthe amount of fuel, CO and air present at the upstream end of
the zone. The length of the zone is selected to provide a zone effl uent
havi ng an average tenperature of about 75% of the 5 cal cul ated equilibrium
val ue. Preferably, the anpbunt of air injected into the second zone

provi des a sub-stoichionetric amount of;;0xygen with the fuel.

Consequently, CO formation will be prondted in the second zone and 02
depletion will be enhanced in order to slow conbustion and reduce peak
tenperatures. The fuel may be a hydrocarbon such as fuel gas or a liquid
fuel. io Liquid fuels include heavy oil, residual oils, as 0|Is napht ha,
and deri vasdcoad zonteTbeflength ofaezossiaey be fixed bypalenlaiieg thesfieap| oyed

because it 1y b It
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second zon
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subsequent” zones when still noré air injection points are enpl oyed.

Pref er abl ycalculated exuillipréumediliiert Breférably, tirsémpuhi ofaininjectedlitithy of about

100 ft/sec in order to avoid the formation of a_stable stojchiqQnetric
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air-injection polnts when nore than one polint Is enployed ( . the zone
I engt h temperatures. The fuel may be a hydrocarbon such as fuel gas or a liquid fuel.
10 Liquid fuels include heavy oil, residual oils, gas oils, naphtha, and derivatives
thereof. In one embodiment, liquid fuel is employed because it generally burns
slower than fuel gas, or at lower autoignition temperature compared to the

available fuel gas.

[0033] Downstream of the second zone, air is injected into the transfer

15 line at one or more points in order to gradually oxidize the CO to CO, in a third
zone when two air injection point are employed after the second zone, and in
subsequent zones when still more air injection points are employed. Preferably,
air is injected into the transfer line at a velocity of about 100 fi/sec in order to
avoid the formation of a stable stoichiometric flame near the air injection

20 point(s). The number of air injection points may be selected to distribute
combustion in order to maintain catalyst temperatures in the transfer line well
below the catalyst deactiviation temperature. As discussed, the distance between
air-injection points when more than one point is employed (i.e. the zone length
in the air injection region) is fixed at a length where the catalyst and combustion

25 products approach thermal equilibrium prior to the next downstream air injection
point. It may be desirable for the transfer line's effluent to contain CO, CO,, O,

or some combination thereof. The relative amounts of these species in the



in the air injection region) is fixed at a |l ength where the catal yst and
conbustion 25 products approach thermal equilibriumprior to the next
downst r eamoaiir749mj ection point. It nay be desirable for thoa/wsoamnssder
line's effluent to contain CO, C02, 02, or sonme conbination thereof. The
rel ati ve amounts of these species in the WO 01/74972 PCT/US01/09891 -14
effluent may be regul ated by adjusting the I ength of the transfer |ine.
Accordingly, extending the transfer line's length would | ead to an
increased amount of CO2 in the effluenfs. and decreasing the line's length
woul d result in an increased anount of 02 and COin the effluent. 5 [0034]
As illustrated in Figure 2, the transfer |ine downstream of the fuel
injection point is preferably swedged to adjust velocities inside the |ine.

Accordingly, the transfer_line dianeter_is adjusted to provide a fluidized
velocity offluent mayche resulated by pdyusting the i@é?d}hﬁfﬁl%ﬁlﬁferl@%/sec, in the
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as the transter Tine“dianeter profile. CGenerally, noderate velocity is

favor ed t oingr&i¥ed antouel of O, @da00 iatke efflirdnt.i buti on of the fuel with the
catal yst [0035] In a second enbodi nent, the total anpunt of air is injected
into the 15 transfer |line at point (1), and no air isinjectedig@ltl]he

transfer |[00343 upst AsdHustraspdin Figwre 2, thedranséechnodewnstecars ob e
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the zone increasing to about 25 ft/sec at the line's downstream termination at the
10 regenerator. The variation of transfer line diameter along the length of the
transfer line is referred to herein as the transfer line diameter profile. Generally,
moderate velocity is favored to prorhote backmixing and even distribution of the

fuel with the catalyst

[0035] In a second embodiment, the total amount of air is injected into the

15  transfer line at point (1), and no air is injected in the transfer line's upstream
zones. While sub-stoichiometric combustion conditions are not employed in this
embodiment, the distribution of combustion in the transfer line may be regulated
by the number and distribution of the fuel injection points in order to maintain
the transfer line temperature below the catalyst deactivation temperature.

20  Optional fuel ignitors may be located near the fuel injection points. As in the
first embodiment, the air may be heated prior to injection, and the transfer line
may be swedged. Moreover, when more than one fuel injection point is
employed, the distance between points (zone length) may be adjusted so that the
catalyst and combustion products approach thermal equilibrium prior to the next

25  downstream fuel injection point. The total length of the transfer line may be

fixed by considerations such as the desirability of complete fuel combustion



first enbodinment, the air may be heated prior to injection, and the
transfer line mybe swedged. Moreover, when nore than one fuel injection
poi nt i s wenal7eyed, the di stance between points (zone | en@dryusvagpodoe

adj usted so that the catalyst and conbustion products approach thermal
equilibriumprior to the next 25 downstream fuel injection point. The total
| ength of the transfer line may be fixed by considerations such as the
desirability of conplete fuel conbustion WO 01/74972 PCT/US01/09891 -15
within the transfer line, providing appropriate amounts of CO 02, 02 in
the effluent, and conbinations thereof. [0036] In a third enbodi ment, air
and fuel are injected at point (1) in amunts sufficient to maintain
conbustion conditions in the first zone. Air, fuel, 5 and m xtures thereof
may be injected at downstreaminjection points to provide for distributed
conbust i onwithihthetransferding, erovidmg anpjepHate smagys af %Q:ré@@féﬁ 1y g e

t enper at ur e, el pw t.he cat al. yst,deactivation tenperature. Preferably the
anount s o?ffﬁ‘ﬁﬂgiaﬂglco nal‘|1| Sa@Preé)&e sel ected to provide for conbustion of
at least a portion of the fuel and oxygen-containing gas under partial
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t he secondamengtsisaficiedi adaintaiarcdetbustioh @onditions in ki Brstrzeher Alit,fuel he
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I nj ection gpBtfael and the air are selected to provide for combustion of at least a portion

of the fuel and oxygen-containing gas under partial oxidation conditions in the

10  first zone in order to form CO. Then, at least a portion of the CO in the second
zone and the zone(s) downstream of the second zone is oxidized in order to form
CO,. More preferably, the amount of oxygen-containing gas is regulated in
zones containing a significant amount of un-combusted fuel to provide sub-
stoichiometric combustion conditions, and the amount of oxygen-containing gas

15  in zones containing a significant amount of CO is regulated to provide
conditions including sub-stoichiometric, stoichiometric, and super-
stoichiometric combustion conditions. Optional fuel ignitors may be located near

the fuel injection points.

[0037] As in the first embodiment, the air may be heated prior to
20  injection, and the transfer line may be swedged. Moreover, when more than one
fuel or air injection point is employed downstream of the first zone, the distance
between points may be adjusted so that the catalyst and combustion products
approach thermal equilibrium prior to the next downstream fuel or air injection
point. The total length of the transfer line may be fixed by considerations such
25  as the desirability of complete fuel combustion, the desired amounts of CO, CO,,

O, in the effluent, and combinations thereof.



[0037] As in the first enbodinent, the air nmay be heated prior to 20

I njection, and the transfer |line nay be swedged. Moreover, when nore than
one fuel waro1aMy72i nj ecti on point is enployed downstream ofpamesofiiossor zone,
the di stance between points nmay be adjusted so that the catal yst and
conbustion products approach thermal equilibriumprior to the next
downstream fuel or air injection point. The total length of the transfer
line may be fixed by considerations such 25 as the desirability of conplete
fuel conbustion, the desired ambunts 0fjgCO CO2, 02 in the effluent, and
conbi nations thereof. W) 01/74972 PCT/US01/09891 -16 [0038] Cat cracker
feeds used in FCC processes are hydrocarbons such as gas oils, heavy oils,
distillate oils, cycle oils, naphthas, and m xtures thereof. Gas oils

i ncl ude hi gh b0|I|ng non dyal oj]s uch as a vacupym s oi | VGO , a
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gas oils an gas ol Heavy feeds 1 nclude hydrocarbon

m xt ures hayiraighapure (elnfogphéri) gas @ipailipht ebvsreckéEF(I(E€GY) andredker g3O0F or
nore). Such _heavy feeds include, for exanple, whole and reduged crudes,
resi ds %or més.Ehesefmaﬁrﬂnmmhhplhmpommﬂgmmab@w abautdhd06F crude oil ,
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f rom about g&s bids. 30 vol ume % These f eeds typ| cally contain too high a
cont ent of

[0039] Heavy feeds include hydrocarbon mixtures having an end boiling

10 point above 1050°F (e.g., up to 1300°F or more). Such heavy feeds include, for
example, whole and reduced crudes, resids or residua from atmospheric and
vacuum distillation of crude oil, asphalts and asphaltenes, tar oils and cycle oils
from thermal cracking of heavy petroleum oils, tar sand oil, shale oil, coal
derived liquids, syncrudes and the like. These may be present in the cracker feed

15  in an amount of from about 2 to 50 volume % of the blend, and more typically
from about 5 to 30 volume %. These feeds typically contain too high a content of
undesirable components, such as aromatics and compounds containing
heteroatoms, particularly sulfur and nitrogen. Consequently, these feeds are
often treated or upgraded to reduce the amount of undesirable compounds by

20  processes, such as hydrotreating, solvent extraction, solid absorbents such as

molecular sieves and the like, as is known.

[0040] Naphtha feeds include olefinic naphthas having hydrocarbon
species boiling in the naphtha range. More specifically, the olefinic naphthas
contain from about 5 wt.% to about 35 wt.%, preferably from about 10 wt.% to
25  about 30 wt.%, and more preferably from about 10 to 25 wt.% paraffins, and
from about 15 wt.%, preferably from about 20 wt.% to about 70 wt.% olefins.



undesi rabl e conponents, such as aromatics and conpounds contai ni ng

het eroatons, particularly sulfur and nitrogen. Consequently, these feeds
are oftewargased or upgraded to reduce the anmount of undesi/vsablbes1
conpounds by 20 processes, such as hydrotreating, solvent extraction, solid
absorbents such as nolecular sieves and the |ike, as is known. [0040]
Napht ha feeds include ol efinic naphthas having hydrocarbon species boiling
in the naphtha range. Mre specifically, the olefinic naphthas contain
fromabout 5 wt.%to about 35 wt.% prgferably fromabout 10 wt.%to 25
about 30 wt.% and nore preferably fromabout 10 to 25 w. % paraffins, and
fromabout 15 w.% preferably fromabout 20 wt. % to about 70 wt. % ol efi ns.
WO 01/ 74972 PCT/ US01/09891 -17 The feed nmay al so contain napht henes and
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del ayed or 659Fuiochboakil HOPFOf Thenapitha frayrbepy terymilly arfckdd @i acatabpicalips or
gas oils, and mi xtures thereof. Preferably, the naphtha streans are
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mor e pr ef epaHiHasO610gakARY and@ mixtures thereof. Preferably, the naphtha streams are
derived from the fluid catalytic cracking of gas oils and resids. Such naphthas
10  are typically rich in olefins, diolefins, and mixtures thereof, and relatively lean in

t

paraffins.

[0041] . In one embodiment using a gas oil feed, heavy feed, and mixtures
thereof, FCC process conditions include a temperature of from about 800-
12006F , preferably 850-1150°F and still more preferably 900-1075°F, a

15  pressure between about 5-60 psig, preferably 5-40 psig with feed/catalyst contact
times between about 0.5-15 seconds, preferably about 1-5 seconds, and with a
catalyst to feed ratio of about 0.5-10 and preferably 2-8. The FCC feed is
preheated to a temperature of not more than 850°F, preferably no greater than

800°F and typically within the range of from about 500-800°F.

20 [0042] In another embodiment using a naphtha feed, FCC conditions
include temperatures from about 900°F to about 1200°F, preferably from about
1025°F to 1125°F, hydrocarbon partial pressures from about 10 to 40 psia,
preferably from about 20 to 35 psia; and a catalyst to naphtha (wt/wt) ratio from
about 3 to 12, preferably from about 4 to 10, where catalyst weight is total

25 weight of the catalyst composite. Though not required, it is also preferred that

steam be concurrently introduced with the naphtha stream into the reaction zone,



15 pressure between about 5-60 psig, preferably 5-40 psig with

feed/ catal yst contact tinmes between about 0.5-15 seconds, preferably about
1-5 second® o1zmgi2wi th a catalyst to feed ratio of about ®CG/UD1I/Aard1
preferably 2-8. The FCC feed is preheated to a tenperature of not nore

t han 850F, preferably no greater than 800F and typically within the range
of from about 500-800F. 20 [00421 In anot her enbodi nent using a naphtha
feed, FCC conditions include tenperatures from about 900F to about 1200F,
preferably fromabout 1025F to 1125F, _{gdrocarbon partial pressures from
about 10 to 40 psia, preferably fromabout 20 to 35 psia; and a catal yst
to naphtha (wt/wt) ratio from about 3 to 12, preferably fromabout 4 to
10, where catalyst weight is total 25 weight of the catalyst corrposite.

Though not required, it is also preferred t st.e be, concu
i nt roduced“&mqliletsﬁénhﬁﬂmpﬁlémﬂ‘ﬂlég?ﬁb% é%t t}a@% '}B’%‘Eﬁ{@n%‘%l‘ggﬁg 2
PCT/ US01/ 09891

hydr ocar bok §% SQ%TGdBtih\é\%£ %]{m@) tsé %%@6&3%85‘? h%n@e'fﬁaéétﬁ ng‘ﬁqq#tbefg %M()}%%%gf t ;[ Pnea in
the reacti AP AT Sn{j % eaﬂ?&‘ﬁtab’e%tf'tEtB%'B@ﬁt 16 Q&coma@np!l e from about 1

to about 1 secon invention wll be further understood with
reference to the 5 foll ovm ng exarrpl e. EXAMPLE 1 [0044] An integrated
process si f0043]i on wahednvehtitinewili be derbersindersood mathefdference tmties of t he
transfer line illustrated in Figure 2. In the sinulation, fuel is injected
at the paséolsswingexemaesfer |ine. The transfer line's first (lower) 1o
region was set at 30 inches dianeter, with a length of 10 ft.. The transfer

l'ine --diw increased to 60 inches in a second region for a
| engt h of n hen to a dianeter of 72 inches for another 12 feet in
athird region, and finally to

[0044] An integrated process simulation was conducted to demonstrate

the effectiveness of the transfer line illustrated in Figure 2. In the simulation,
fuel is injected at the base of the transfer line. The transfer line's first (lower)
10 region was set at 30 inches diameter, with a length of 10 ft.. The transfer line
-diameter was increased to 60 inches in a second region for a length of 18 feet,
then to a diameter of 72 inches for another 12 feet in a third region, and finally to
a diameter of 84 inches in a fourth region for a length of 50 feet to the transfer

line's termination at the regenerator.

15 [0045] - 10 wt. % of the total air supplied to the line was heated to a
temperature of 1200 °F and injected into the transfer line via a 10 in. diameter
line located at the downstream end of the first region An additional 15 wt. % of
the air was heated to 1200 °F and injected further downstream in the second
region via a 12 inch diameter line. 30 wt. % of the air was then heated to 1200

20  °F and injected via a 16 inch diameter line terminating in a ring header at the
downstream end of the third region. The final 45 wt. % of the air was heated to
1200 °F and injected at the downstream end of the fourth region via a 16 inch
diameter line terminating in a ring header. The total amount of air was 36.7
kscfim and the total amount of fuel was 0.75 kscfm of methane used for air

25 preheat and 1.10 kscfm propane to the air riser. The catalyst/vapor mixture is



a dianmeter of 84 inches in a fourth region for a length of 50 feet to the

transfer line's termnation at the regenerator. 15 [0045] - 10 wt. % of
the totalwaie/mepplied to the line was heated to a tenperriluw®109891200 F
and injected into the transfer line via a 10 in. dianmeter line |ocated at

the downstreamend of the first region An additional 15 w. %of the air
was heated to 1200 F and injected further dowmnstreamin the second region
via a 12 inch dianeter line. 30 wt. % of the air was then heated to 1200 20
F and injected via a 16 inch dianeter |fd”|e termnating in a ring header at
the downstreamend of the third region.”"The final 45 w. %of the air was
heated to 1200 F and injected at the downstreamend of the fourth region
via a 16 inch dianmeter line termnating in a ring header. The total anount
of air was 36.7 kscfin and the total amount of fuel was 0.75 kscfm of
rTrEt hane :Jsecl}eﬂe:ratedi to abbupi @ fidsec iartte boftomkssction pnd farthert acceleratedror i ser .

e catal yst/vapor mxture is W) 01/74972 PCT/USQ1/09891 -19 accel erated
to about l1@bgut/ see along hedensth oL dhe Heta Opﬁfgﬁépn%(géglcé]: Y¥d to about

ci'reul at | ngrraRaTsERR o a0 (73R o AR A705s B R O il
reaction P . t | at bal ance the
it 5T OB e R N e B eI 2l omg © he
transfer line is shown in Figure 3. As can be seen in the figure, thernal
equi | i bsi upp04e] achi avedcalativhefdhdbulk teaperatmgerofilxalvREEhe tiafigker Jind

| arge-scale air riser denonstration test was conducted tQ _io denonstrate
the ef f ect isvshomgsinoFigure3 e dsoefinnkaseen) in fhe figuesy thernml ggudibziuntie t est

---was condLH;t ed.in.a 4 "oflela?c€¥t 60" high riser conmbustor to confirm

cont i nuousachieved at the en age.
EXAMPLE 2
[0047] A large-scale air riser demonstration test was conducted to

10 demonstrate the effectiveness of the embodiment illustrated in Figure 2. The test
-was conducted in-a 40" ID by 60" high riser combustor to confirm continuous

distributed burning of a fuel stream in the transfer line could be achieved at the
desired process performance. In this test, the majority of the air was injected at
the base of the riser. During the test, about 1065 scfm of preheated air was

15 added to the base of the riser where it mixed with about one ton/hr of circulating
catalyst, providing the initial lift. At about an elevation of 15', about 30 scfm of
propane was added to the system. Additional air (about 530 scfm) and propane
(about 25 scfm) were added at an elevation of 35'. Further, additional air (about
180 scfim) and propane (about 15 scfim) were added at an elevation of 48'. The

20  velocity in the lower section up to about an elevation of 15' was about 7 ft/sec,
increasing to about 12 ft/sec up to an elevation of about 35' and further to about
15 ft/sec above an elevation of about 48'. The temperature in the riser ranged
form about 1100°F in the bottom of the riser to about 1300°F near the top of the
riser during steady operations. The measured the bulk temperature profile along

25  the transfer line is shown in figure 4.



distributed burning of a fuel streamin the transfer Iine could be achieved
at the desired process performance. In this test, the majority of the air
was i nj ecwedhiau972t he base of the riser. During the test, a@wawsSolO8S1scfin
of preheated air was 15 added to the base of the riser where it mxed with
about one ton/hr of circulating catalyst, providing the initial lift. At
about an elevation of 15, about 30 scfin of propane was added to the
system Additional air (about 530 scfin) and propane (about 25 scfn) were
added at an elevation of 35'. Further, ,gdditional air (about 180 scfm and
propane (about 15 scfm were added at an el evation of 48 . The 20 velocity
in the | ower section up to about an el evation of 15 was about 7 ft/sec,
increasing to about 12 ft/sec up to an el evation of about 35 and further
to about 15 ft/sec above an el evation of about 48 . The tenperature in the
riser rangE€LAIMSmM about 1100F in the bottom of the riser to about 1300F
near the top of the riser during steady operations. The neasured the bul k
tenperature profile. alqn 25 .the transfer line is.sho in fiqure 4. WO
01/ 74972 PET/ Uséﬁ%@’@ga b%df@mlﬂlﬁh?‘f@& g Pracess, ogEn ﬁ@e CORHMOUS - ¢ acki ng
process cgﬁrigriiti(_ng the continuous steps of: (a) conducting a

hydr ocar boti=}Cont ai ning feedstreamto a reaction zone 5 where the feed
contacts a source of hot, regenerated catalyst in order to format |east
cracked pr oduct@z HHAARBERE atBidedaasbon-CoNtatitng deddstigatnite areactiedzpnoduct s
and the spent catalyst to a separation zone and separating the spent

catal yst; whereahe destt comjacthe soprset ofdut ategenerated-patalyst incrdeetooiosm af
transfer 1ine; i?@( d)-gonduchi ng a fLie| ~and an oxygen-contai ni ng gas

i ndependentepst cr@e dgroducts and speént catalyst;

(b) conducting the cracked products and the spent catalyst to a separation

zone and separating the spent catalyst;
(c) conducting the spent catalyst to an upstream end of a transfer line;

10 - - (d)conducting a fuel and an oxygen-containing gas independently to one
or more points along the transfer line and combusting the fuel and the oxygen in
the transfer line in order to form an effluent containing the hot, regenerated
catalyst, the hot regenerated catalyst having a temperature ranging from about

1200 to about 1400 °F at a downstream end of the transfer line;

15 (e) separating the hot, regenerated catalyst from the transfer line's

effluent and then;
(f) conducting the hot, regenerated catalyst to step (a).

2. The process of claim 1 wherein the spent catalyst has a temperature

ranging from about 900 to about 1175 °F.

20 3. The process of claim 2 wherein the spent catalyst has a temperature

ranging from about 900 to about 1150 °F.



or nore points along the transfer |ine and conbusting the fuel and the
oxygen in the transfer line in order to forman effluent containing the
hot, regewer@t7agr2 catal yst, the hot regenerated catal yst Paa/vgy1/a9891
tenperature rangi ng fromabout 1200 to about 1400 OF at a downstream end
of the transfer line; 15 (e) separating the hot, regenerated catal yst from
the transfer line's effluent and then; (f) conducting the hot, regenerated
catalyst to step (a). 2. The process of claim1 wherein the spent catal yst
has a tenperature ranging fromabout 990 to about 1175 OF. 20 3. The
process of claim2 wherein the spent catal yst has a tenperature ranging
from about 900 to about 1150 OF. WO 01/ 74972 PCT/US01/09891 -21 4. The
process of claim3 wherein the spent catal yst has a tenperature ranging
from about 900 to about 1100 F.. 5 The_ process of claim1l wherein the hot,
r egener at ¢d catEh@EﬁOCﬁé%OféCla%lﬁép‘@h%Fﬁm@‘ersﬁﬁﬁf ‘F?éalﬁ’lsdﬁsa%EﬁPE‘P%QWGF to about

1400 F. 5 6. .Th roGges cl ai ein the hot, regenerated catal yst
has a te eg%ﬁﬁﬂ»%?ﬁﬁgbﬁvaﬁ?&m 200 F to about 1300 F. 7. The
process of clam 6 wherein the hot, regenerated catal yst has a tenperature

rangi ng frpm abpyit gpfb%%@s &F élﬁilﬁllﬁ#her%ﬁ?ﬁhe%ot,%eg@ﬂ&aﬁ@a@él?s@ﬁasoi aim1l

further conprising conducting the spent catalyst of 1o Step (b) to a

stripping téﬁ?@ratﬁmﬁa&giﬂ@ﬁotﬂm}cﬂl}néﬂoo CHttalabout I4Qh°Et eam to renove

hydr ocarbon fromthe spent catalyst in order to formstripped, spent

catal yst, and then conducting the stripped, spent catalyst. to the transfer
line of5 step (chhe proceseobelarIswherer) tiehot, WS@F%‘iaFP‘f alysthas%r line is a

zoned tr ar]tgrfn%rerallthrneeranging from about 1200 °F to about 1300 °F.

7. The process of clam 6 wherein the hot, regenerated catalyst has a

temperature ranging from about 1250 °F to about 1285 °F.

8. The process of claim 1 further comprising conducting the spent catalyst of
10  step (b) to a stripping zone, contacting the spent catalyst with steam to remove
hydrocarbon from the spént 'catalyét in order to form stripped, spent catalyst,

and then conducting the stripped, spent catalyst to the transfer line of step (c).

9. The process of claim 1 wherein the transfer line is a zoned transfer line
having at least a first zone, a third zone downstream of the first zone, and a

15 second zone situated therebetween, and wherein the fuel is conducted to the first
zone, and the oxygen-containing gas is conducted to at least the second and third

Zones.

10.  The process of claim 9 wherein the amount of oxygen-containing gas is
regulated in zones containing a significant amount of un-combusted fuel to

20  provide sub-stoichiometric combustion conditions.

11.  The process of claim 10 wherein the spent catalyst and the fuel are mixed

in the first zone.



having at least a first zone, a third zone downstream of the first zone,
and a 15 second zone situated therebetween, and wherein the fuel is

conduct edwiomitagr2f i rst  zone, and t he oxygen-contai ni ng gaTssocoysduct ed to
at least the second and third zones. 10. The process of claim9 wherein

t he amount of oxygen-containing gas is regulated in zones containing a
significant anmount of un-conbusted fuel to 20 provi de sub-stoichionetric
conbustion conditions. 11. The process of claim 10 wherein the spent

catal yst and the fuel are mixed in thesfirst zone. WO 01/74972

PCT/ USCL/ 09891 -22 12. The process of claim 11 wherein at |east a portion
of the oxygen- containing gas and the fuel are conbusted under
sub-stoichionetric conditions in the zones dommstrean1of the first zone in
order to formCQO and at |east a portion of the COin the zones downstream
of the secbhd z&he precessioficied@ §lwhersiniat least 3 perHODEL the DXYERY process of

| 12 wh h
Cempor at ur %&éfeﬁqrﬁ?é ggﬁ Aot e e gt BbrseoiahitFh ik ikl o0
to about 3HQF &e&fﬁ%ftﬁ? ?h'étoiogl@' ﬁ'o?&bﬁt%%ﬁh@@r gnd 8astahrer ein the

air is inj ecte |nto the trans Iine at a velocity of about 100 ft/sec.
10 14. The%mmaﬁ&h@faohﬂlﬂm ﬂ&es/fdw&lstreallmeofahe secéreipsieiswxidizedges from
about 1150 IF to about 1400 IF, prior to injection into the transfer line.
15. The proxiesso tormeCPm 12 wherein the first zone's effluent contains
uncombusted fuel, and wherein the armunt of air injected into the second
zone prov

Do t of . Wi t h_the.un- conbust ed
Fe O eSS R o e Gt B comuste

whereln the air's temperature at injection into the transfer line is maintained

about 200°F to about 300°F above the fuel's autoignition temperature, and

wherein the air is injected into the transfer line at a velocity of about 100 ft/sec.

10 14.  The process of claim 13 wherein the air's temperature ranges from about

1150 °F to about 1400 °F pnor to 1nJect10n into the transfer line.

15. The process of claim 12 wherein the first zone's effluent contains
uncombusted fuel, and wherein the amount of air injected into the second zone
provides a sub-stoichiometric amount of oxygen with the un-combusted fuel in

15 order to form CO in the second zone's effluent.

16.  The process of claim 15 wherein at least a portion of the CO in the second

zone's effluent is oxidized to CO, in the third zone.

17.  The process of claim 9 wherein the transfer line has a diameter and a
diameter profile sufficient to provide a fluidized velocity of at least about 10
20 ft/sec in the transfer line's first zone, increasing to about 25 ft/sec at the line's

downstream end.

18. The process of claim 1 wherein the transfer line is a zoned transfer line
having at least a first zone, a third zone downstream of the first zone, and a

second zone situated therebetween, and wherein the oxygen-containing gas is



16. The process of claim15 wherein at |least a portion of the COin the
second zone's effluent is oxidized to CO2 in the third zone, 17. The
process oWwooliauym9 wherein the transfer |ine has a di anmet exCTarsd1/0989di anmet er
profile sufficient to provide a fluidized velocity of at |east about 10 20
ft/sec in the transfer line's first zone, increasing to about 25 ft/sec at
the line's downstreamend. 18. The process of claim1l wherein the transfer
line is a zoned transfer line having at |least a first zone, a third zone
downstream of the first zone, and a segond zone situated therebetween, and
wherein the oxygen-containing gas is 01/ 74972 PCT/ USO1/09891 -23
conducted to the first zone, and the fuel is conducted to the zones
downstream of the first zone. 19. The process of claim 18 wherein the fuel
is conducted to the second zone. 20. The process of claim 19 wherein the
fuel is coeehducted todhefstanenand tiecfuebisgandugted;taithe zorgicdovpastrepibobr ocess
of claim 1&1 erein the oxygen-containing gas is air, wherein the air's

t enper at ur ®CHISE ZPR¥&tion into the transfer line is maintained about 200F
to about 300F above the fuel's autoignition tenperature, and wherein the

air is injggt edTthpg?éeEF gli“ %ﬁg@fl%rwhé&% ﬁi}e faeY & Qfldu¥tedi 10RO Yécohdonk! Sec.

10 22. The process wherein the air's tenperature ranges from
about 1150 OF to about 1400 OF, prior to injection into the transfer line.
23. The pr2@essThé pededssof Slaihel%ewhetde ther fired isscorduntedrtaghe sebcadetome and a
di aneter profile sufficient to provide a fluidized velocity of at |east
about 10 &nd thecthind z20me. t ransfer line's first zone, increasing to about 25
ft/sec at the line's 15 downstream end.

21.  The process of claim 19 wherein the oxygen-containing gas is air,
wherein the air's temperature at injection into the transfer line is maintained
about 200°F to about 300°F above the fuel's autoignition temperature, and

wherein the air is injected into the transfer line at a velocity of about 100 ft/sec.

10 22. The process of claim 21 wherein the air's temperature ranges from about

1150 °F to about 1400 °F, prior to injection into the transfer line.

23.  The process of claim 19 wherein the transfer line has a diameter and a
diameter profile sufficient to provide a fluidized velocity of at least about 10
ft/sec in the transfer line's first zone, increasing to about 25 ft/sec at the line's

15 downstream end.

24 The process of claim 1 wherein the transfer line is a zoned transfer line
having at least a first zone, a third zone downstream of the first zone, and a
second zone situated therebetween, and wherein at least a portion of the oxygen-
containing gas and the fuel are combusted in the first zone to form CO, and at

20 least a portion of the CO in the second zone and the zones downstream of the

second zone is oxidized in order to form CO,.

25.  The process of claim 24 wherein the oxygen-containing gas is air,

wherein the air's temperature at injection into the transfer line is maintained



24 The process of claim1 wherein the transfer line is a zoned transfer
line having at least a first zone, a third zone downstream of the first
zone, andwa oigl@gund zone situated therebetween, and wher eirCTarSOL/BEEY a
portion of the oxygen- containing gas and the fuel are conmbusted in the
first zone to formCO, and at 20 |l east a portion of the COin the second
zone and the zones downstream of the second zone is oxidized in order to
form CQ2. 25. The process of claim 24 wherein the oxygen-containing gas is
air, wherein the air's tenperature at_jyhjection into the transfer line is
mai nt ai ned WO 01/ 74972 PCT/ US01/ 09891 -24 about 200F to about 300F above
the fuel's autoignition tenperature, and wherein the air is injected into
the transfer line at a velocity of about 100 ft/sec. 26. The process of

claim25 wherein the air's tenperature ranges from about 1150 F to about
1400 F, praksutt 200%; tecabosh 3PAitbakawe theduekscputpighitionstemperaiige,fidcess  of

claim 24 wherei.n the transfer.line has | a e I rofile
sufficientW™ SY%?E}}HQ}EISJW?CG‘?‘LF’}%@‘%Q?%%% @n%g%a é\?’ Ellogﬁgtoq’ggghfmﬁy s}ep 7sec in
the transfer line's first zone, increasing to about 25 ft/sec at the line's
downst r eam@nd. The process of claim 25 wherein the air's temperature ranges from about

1150 °F to about 1400 °F, prior to injection into the transfer line.

5 27. Theprocess of claim 24 wherein the transfer line has a diameter and a
diameter profile sufficient to provide a fluidized velocity of at least about 10
ft/sec in the transfer line's first zone, increasing to about 25 ft/sec at the line's

downstream end.



