METHOD AND APPARATUS FOR MAKI NG A M DDLE DI STI LLATE PRODUCT AND LOVER
OLEFI NS FROM A HYDROCARBON FEEDSTOCK The invention relates to nethod and
appar at uswoanodizessmanuf acture of a mddle distillate predwas2asd2dooser

ol efins froma hydrocarbon feedstock. The fluidized catal ytic cracking
(FCC) of heavy hydrocarbons to produce |ower boiling hydrocarbon products
such as gasoline is well known in the art. FCC processes have been around
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catalytic cracking conditiions wwthin the riser reactor zone
the FCC catalyst during the cracking reaction is burned off the catalyst to provide a
regenerated catalyst. The resulting regenerated catalyst is used as the
aforementioned hot FCC catalyst and is mixed with the FCC feedstock that is
introduced into the riser reactor.

20 Many FCC processes and systems are designed so as to provide for a high
conversion of the FCC feedstock to products having boiling temperatures in the
gasoline boiling range. There are situations, however, when it is desirable to
provide for the high conversion of the FCC feedstock to middle distillate boiling
range products, as opposed to gasoline boiling range products, and to lower

25  olefins.

It is, thus, an object of this invention to provide method and apparatus for
the preferential conversion of a hydrocarbon feedstock to a middle distillate
product and lower olefins.

Accordingly, a process is provided for making middle distillate and lower

30 olefins by catalytically cracking a gas oil feedstock within a riser reactor zone by
contacting under suitable catalytic cracking conditions within the riser reactor zone
the gas oil feedstock with a middle distillate selective cracking catalyst that
comprises amorphous silica alumina and a zeolite to yield a cracked gas oil

product and a spent cracking catalyst. The spent cracking catalyst is regenerated



the gas oil feedstock with a mddle distillate selective cracking catal yst
that conprises anorphous silica alumna and a zeolite to yield a cracked
gas oil pwoduesozesad a spent cracking catal yst. The spentctnmesosngsosat al yst
is regeneratedto yield a regenerated cracking catal yst. The gasoline
feedstock is contacted within a dense bed reactor zone and under suitable
hi gh severity cracking conditions with the regenerat ed cracking catalyst to
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when it cstalyséd in the cracking of the FCC feedstock in the riser reactor
the reactor FIG. 1 is a process flow schematic representing certain aspects of the
inventive process.
The invention is a process and apparatus that provides for the processing of
20  a heavy hydrocarbon feedstock to selectively produce middle distillate boiling
range products and lower olefins. It has been discovered that the use of a dense
phase reactor, or fixed fluidized bed reactor, between the catalyst regenerator and
riser reactor of a conventional FCC process or unit can provide for an improved
middle distillate yield and for enhanced selectivity toward the production of lower
25 olefins. The inventive process utilizes the dense phase reactor to provide for the
cracking of a gasoline feedstock that preferably boils in the gasoline temperature
range to yield lower olefins and for the conditioning of the catalyst so that when it
is used in the cracking of the FCC feedstock in the riser reactor the reactor
conditions are more suitable for the production of a middle distillate product.
30 In the inventive process, a gas oil feedstock is introduced into the bottom of
a riser reactor where it is mixed with hot cracking catalyst such as a regenerated
cracking catalyst or a used regenerated cracking catalyst or a combination of both

catalysts. The starting catalytic cracking catalyst used in the inventive process and



conditions are nore suitable for the production of a mddle distillate
product. In the inventive process, a gas oil feedstock is introduced into
t he bott owoabos2034ser reactor where it is mxed w th horcermsesosngsosat al yst
such as a regenerated cracking catalyst or a used regenerated cracking
catal yst or a conbination of both catalysts. The starting catal ytic
cracking catalyst used in the inventive process andregenerated to
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alumina mole ratio between about 3.0 and about 6.0, with a typical Y zeolite
having an overall silica-to-alumina mole ratio of about 5.0. It is also known that Y-

20  type zeolites can be produced, normally by dealumination, having an overall silica-
to-alumina mole ratio above about 6.0. Thus, for purposes of this invention, a 'Y
zeolite is one having the characteristic crystal structure of a Y zeolite, as indicated
by the essential X-ray powder diffraction pattern of Y zeolite, and an overall silica-
to-alumina mole ratio above 3.0, and includes Y-type zeolites having an overall

25  silica-to-alumina mole ratio above about 6.0.

The stability and/or acidity of a zeolite used as a component of the cracking
catalyst may be increased by exchanging the zeolite with hydrogen ions,
ammonium ions, polyvalent metal cations, such as rare earth-containing cations,
magnesium cations or calcium cations, or a combination of hydrogen ions,

30 ammonium ions and polyvalent metal cations, thereby lowering the sodium content
until it is less than about 0.8 weight percent, preferably less than about 0.5 weight
percent and most preferably less than about 0.3 weight percent, calculated as

NaO. Methods of carrying out the ion exchange are well known in the art.



catal yst may be increased by exchanging the zeolite with hydrogen ions,
ammoni um i ons, pol yval ent netal cations, such as rare earth-containing
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that may be used include alumina, alumina sols, silica sols, zirconia, alumina
hydrogels, polyoxycations of aluminum and zirconium, and peptized alumina. In a

20 preferred method of preparing the cracking catalyst, the zeolite is combined with
an alumino-silicate gel or sol or other inorganic, refractory oxide component, and
the resultant mixture is spray dried to produce finished catalyst particles normally
ranging in diameter between about 40 and about 80 microns. If desired, however,
the zeolite or other molecular sieve may be mulled or otherwise mixed with the

25  refractory oxide component or precursor thereof, extruded and then ground into
the desired particle size range. Normally, the finished catalyst will have an
average bulk density between about 0.30 and about 0.90 gram per cubic
centimeter and a pore volume between about 0.10 and about 0.90 cubic
centimeter per gram.

30 In the case of the use in the inventive process of a riser reactor that is
vertically arranged, lift gas or lift steam may also be introduced into the bottom of
the riser reactor along with the gas oil feedstock and the hot cracking catalyst. The

regenerated cracking catalyst that is yielded from the catalyst regenerator has a



refractory oxide conponent or precursor thereof, extruded and then ground
into the desired particle size range. Normally, the finished catalyst wll
have an awvenrawm:2baark density between about 0.30 and aborCTMS3@s59esE3 per
cubic centinmeter and a pore vol une between about 0.1 0 and about 0.90 cubic
centineter per gram In the case of the use in the inventive process of a
riser reactor that is vertically arranged, lift gas or lift steamnay al so
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400 °C (752 °F) to about 600 °C (1112 °F). More typically, the riser reactor
temperature can be in the range of from 450 °C (842 °F) to 550 °C (1022 °F).
20  The riser reactor temperatures of the inventive process will tend to be lower than
those of typical conventional fluidized catalytic cracking processes; because, the
inventive process is to provide for a high yield of middle distillates as opposed to
the production of gasoline as is often sought with conventional fluidized catalytic
cracking processes.
25 The mixture of hydrocarbons and catalyst from the riser reactor pass as a
riser reactor product comprising cracked gas oil product and spent cracking
catalyst to a stripper system that provides means for separating hydrocarbons
from catalyst and defines a stripper separation zone wherein the cracked gas oil
product is separated from the spent cracking catalyst. The stripper system can be
30 any system or means known to those skilled in the art for separating FCC catalyst
from a hydrocarbon product. In a typical stripper operation, the riser reactor
product, which is a mixture of cracked gas oil product and spent cracking catalyst

passes to the stripper system that includes cyclones for separating the spent



the production of gasoline as is often sought with conventional fluidized
catal ytic cracking processes. The m xture of hydrocarbons and catal yst from
t he ri serwoea@imosspass as a riser reactor product conpripsTg2asacdossl gas
oi | product and spent cracking catalyst to a stripper systemthat provides
means for separating hydrocarbons from catal yst and defines a stripper
separation zone wherein the cracked gas oil product is separated fromthe
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The pr esggés?agv(\a'i (gpai\nno}(yrlq%n-containing regeneration gas, such as air.
The temperature within the regeneration zone is, in general, maintained in
the range of from about 621 °C (1150 °F) to 760 °C (1400 °F), and more, typically,

20 in the range of from 677 °C (1250 °F) to 715 °C (1320 °F). The pressure within the
regeneration zone typically is in the range of from about atmospheric to about 345
kPa (50 psig), and, preferably, from about 34 to 345 kPa (5 to 50 psig). The
residence time of the separated spent cracking catalyst within the regeneration
zone is in the range of from about 1 to about 6 minutes, and, typically, from or

25  about 2 to or about 4 minutes. The coke content on the regenerated cracking
catalyst is less than the coke content on the separated spent cracking catalyst
and, generally, is less than 0.5 wt. %. The coke content of the regenerated
cracking catalyst will, thus, generally, be in the range of from or about 0.01 wt. %
to or about 0.5 wt. %. It is preferred for the coke concentration on the regenerated -

30 cracking catalyst to be less than 0.1 wt. % and, it will thus preferably be in the
range of from 0.01 wt. % to 0.1 wt. %.

The regenerated cracking catalyst from the catalyst regenerator is passed

to the dense phase reactor, or fixed fluidized bed reactor, that provides means for



regeneration zone typically is in the range of from about atnospheric to
about 345 kPa (50 psig), and, preferably, from about 34 to 345 kPa (5 to 50
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about 871 0C (1600 , but, preferably, e tenperature e range of
f r om 510theoangsEfdmm B3 08¢1(950CF() 16661 56)(16884F), remst, nprst peefatably, ffsram 538

0C (1900508)cl QofB2EAF, P50 (M3 T GRLERRULE, WL Bl dopeg phase

reacti on zoné ‘can be

kPa {50 p=idtipn zand,capries ertablringé oo froababbutInictpRéfc kPabd & 345 @b, ﬁ@ 9) .
Wil e, as ,pgeevi ously nmentioned, the introduction of steamalong wth the

gasol i neP§iged¥ite PRERIARY i @brsk 3phasdskEac torPp%ig).i s optional, a
preferred While, as previously mentioned, the introduction of steam along with the
gasoline feedstock into the dense phase reaction zone is optional, a preferred
aspect of the invention, however, is for both steam and gasoline feedstock to be
20  introduced into the dense phase reaction zone and to be contacted with the
regenerated cracking catalyst contained therein. The use of the steam is
particularly desirable; because, it can provide in the cracking of the gasoline
feedstock for an improved selectivity toward lower olefin yield. Thus, when steam
is used, the weight ratio of steam to gasoline feedstock introduced into the dense
25  phase reaction zone can be in the range of upwardly to or about 15:1, but,
preferably, the range is from 0.1:1 to 10:1. More preferably, the weight ratio of
steam to gasoline feedstock is in the range of from 0.2:1 to 9:1, and, most
preferably, from 0.5:1 to 8:1.
Used regenerated cracking catalyst is removed from the dense phase
30  reaction zone and utilized as hot cracking catalyst mixed with the gas oil feedstock
that is introduced into the riser reactor. One beneficial aspect of the inventive
process, in addition to its high yield of lower olefins, is that it provides for the partial

deactivation of the regenerated catalyst prior to its use as hot cracking catalyst in



aspect of the invention, however, is for both steam and gasoline feedstock
to be introduced into the dense phase reaction zone and to be contacted

wi t h the wegesmaneised cracki ng catal yst contai ned therei rCT/iis2008828085 t he
steamis particularly desirable; because, it can provide in the cracking of
the gasoline feedstock for an inproved selectivity toward | ower olefin
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of thé i mveductyielpmdwesthe das cibigedsipeki® crackedivgtniy the dsefrebeteszookef i ns,

is that i vides for.th rti [ ion, of the regenerated
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What is meaebkdYongdittaiondsptie reabherités cidtking bdtalyse but /I8 Nsahaf tieatacki ng
catalyst will contain a slightly higher_concentration of carbon than the

concent r &f thsnseparatathepenticarcking eatalisé Thusetee apkeicentepkphilecassl yst. This

parti al i i rack I i des
for a prggﬁéé’é?éﬁ'r(g%a@%t J&%P%%@%f’ﬁa@‘d%gsﬁ%% gg g%%tseﬁ o%églfez?ﬂéﬁg%re ‘Wi t hin
t he nosen,reaié@blyz dnecokdeottektotiheassidraybenaraid thalyss éslin begnagabed
cracking catalyst is greater than the coke concentration on the regenerat ed
cr acki ng foar ab9ut 0. 1ouk % o akoytekwh.tRaand Hapsiopreferablye farme dawk e it O& acki ng
cat al yst,,;Thus, the coke content of the used regenerated catal yst can be
greater %Af'u n0.1w. %and even greater than 0.5 wt. % Preferably, the
coke content d@inadtlner hesedit pegyédet by Gt csd af et déersea phddeereaatige zohe i om about

0.1 wt. %to apout. .1 w. % and, t preferably, fromO,1 w. %to 0.6 wm.
5 Anot hERSBRRER W IR e PRSI SEB YIS Ra el e BRI PRSE T Tone |
assogs at edioWdrihadmendeashdraaRe of ﬁ%@%fg@n@%ﬂbﬂ%r&&&ﬁ’g% M§ttalﬂ‘?.vﬂﬁ‘ig ISwéenmperature
that is lower than the tenperature of the regenerated cracking catalyst.
Thi s | oweempergiercaniithe ustdtregengyated egekivgatasalysiriacoimynatinramib thé n
conbi natioH.\ivith tthe%. , . _ ,
partial deactivation, as discussed above, provides further benefits in a preferential
product yield from the cracking of the gas oil feedstock.
To assist in providing for the control of the process conditions within the
|
20  riser reactor of the inventive process and to provide for a desired product mix, the
regenerated cracking catalyst can be divided into at least a portion that is passed
to the dense phase reaction zone and a remaining portion of the regenerated
cracking catalyst that is mixed with the gas oil feedstock to be introduced into the
riser reactor. The at least a portion of the regenerated cracking catalyst introduced
25 into the dense phase reaction zone can be in the range of upwardly to 100 percent
(%) of the regenerated cracking catalyst yielded from the catalyst regenerator
depending upon the requirements of the process and the desired product yields.
Specifically, however, the at least a portion of regenerated cracking catalyst will
represent from about 10 % to 100 % of the separated regenerated catalyst
30 withdrawn from the catalyst regenerator. Also, the at least a portion of regenerated
cracking catalyst can be from about 50 % to about 90% of the separated

regenerated catalyst that is withdrawn from the catalyst regenerator.



partial deactivation, as discussed above, provides further benefits in a
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si eves that can be used as the ZSM5 additive of the present invention
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Z o 55 m glré[;/rg rgeﬂ%zfg*swﬁ  5ONVhRIGE JEREHNED RPUSS, spa’-t@mzaegl 1907 gepCnide ZSM 5,

M 23, ZSM 34, ZSM 35, ZSM 38, ZSM 48,  ZSM 50
si|i cal i Be7Ca6tH.sZBMeAN iis degcribeThio Urbs PaperéiNe.rka09,979SKBHI-13n BhSi s

described, 10153 555 426, P8R0 P ah3Z B PRU.s. Patent No. 3,948,758; ZSM-23
in U.S. Patent No. 4,076,842; and ZSM-35 in U.S. Patent No. 4,016,245. All of the
above patents are incorporated herein by reference. Other suitable molecular-

20 sieves include the silicoaluminophosphates (SAPO), such as SAPO-4 and SAPO-
11 which is described in U.S. Patent No. 4,440,871; chromosilicates; gallium
silicates, iron silicates; aluminum phosphates (ALPO), such as ALPO-11 described
in U.S. Patent No. 4,310,440; titanium aluminosilicates (TASO), such as TASO-45
described in EP-A No. 229,295; boron silicates, described in U.S. Patent No.

25 4,254,297 titanium aluminophosphates (TAPO), such as TAPO-11 described in
U.S. Patent No. 4,500,651; and iron aluminosilicates.

The ZSM-5 additive may be held together with a catalytically inactive
inorganic oxide matrix component, in accordance with conventional methods.
U. S. 4,368,114 describes in detail the class of zeolites that can be suitable

30 ZSM-5 additives in the inventive process, and such patent is incorporated herein
by reference.

The combination of onie or more of the above described process variables

and operating conditions allows for the control of the conversion of the gas oil



3,770,614. ZSM1 1 is described in U S. Patent No. 3,709,979; ZSM 12 in
U S. Patent No. 3,832,449; ZSM 21 and ZSM38 in U S. Patent No. 3,948, 758;
ZSM 23 | nwD.2806/(Res4ent No. 4,076, 842; and ZSM 35 in U. S. PRatusedaosNesos3
4,016, 245. Al of the above patents are incorporated herein by reference.
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hydr ocar bons cont ai ned s oIl feedsto aving a
t enper at grackingeatiein gleaareﬂ 2emm: hyd8@20B9n mAstuess boibng imothedrangkefifronent i ve

Vi ol di ng o8P Fr GaPar alee e BB Pl Y PR Beastiae ranbe TordfiRe. The
gas sl Eﬂﬁ,@boekarﬁbmrsqﬁdhé@yﬁéseomﬂﬁéﬁﬁeeasﬁé@ng%Yﬁr&an%ak@%uﬁgblé@é
hydrocarbon feedstock that may be or is typically charged to a fluidi zed

cat al yti il éeedstoclks inelude veaugergasapils, soker 9o ail cdeaigurruniresidues, boiling in
the r ang%e?%all&%%cked oils and other hydrocarbon streams.

The gasoline feedstock charged to the dense phase reaction zone may be

any suitable hydrocarbon feedstock having a boiling temperature that is in the

20  gasoline boiling temperature range. Generally, the gasoline feedstock comprises
hydrocarbons boiling in the temperature range of from about 32 °C (90 °F) to about
204 °C (400 °F). Examples of refinery streams that may be used as the gasoline
feedstock of the inventive process include straight run gasoline, naphtha,
catalytically cracked gasoline, and coker naphtha.

25 Now referring to FIG. 1 that presents a process flow schematic
representative of one aspect of the inventive process 10. In the inventive process
10, a gas oil feedstock passes through conduit 12 and is introduced into the
bottom of riser réactor 14. Riser reactor 14 defines a riser reactor zone, or
cracking reaction zone, wherein the gas oil feedstock is mixed with a catalytic

30  cracking catalyst. The catalytic cracking catalyst can be a used regenerated
cracking catalyst or a regenerated cracking catalyst, or a combination of both

catalysts.

10



345 0C (650 OF) to 760 OC (1400 OF) can meke suitable feedstocks for the

i nventive process. Exanples of the types of refinery feedstreans that can
make sui twbl2eoegres4oi | feedst ocks include vacuum gas oi | ecTaskes/ ogass3 oi |,
straight-run residues, thernmally cracked oils and ot her hydrocarbon
streans. The gasoline feedstock charged to the dense phase reaction zone
may be any suitabl e hydrocarbon feedstock having a boiling tenperature that

is in the gasomer\@sézp&égem@t@ama&, BatlafRO®s o atbled crhbBrRing2e@di ste
feedst ock conpri ses hydrocarbons boiTingin the Tenperature range of from

about 32 tba fiaobesr) used kbdensebad oeagtantt TFhe lHghsphedtycsiracking ey streans
that may be used as.the-gasoline feedstock of the jnventiv rogess i nclude
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napht ha. peweaeferbi 4l isdnfrbfuced Int@tis@r esetdr s 420 pages eohbigiwigchemat i ¢
representative of one aspect of the inventive process 10. In the inventive
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ri ser reactor zone, reaction ne, ereln gas ol

f eedst ocks irgrodused byivdly ef caidliy24 inte risgekisagtaratdahiistein The ntiré@lmthithe
cracki ng cat alfyst can be a used regenerated cracking catalyst or a
r egener at%@§ ArfgeRstRgcat al yst, or a conbination of both catal ysts. The used

regener ated cn i I ol e i has
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gasoliDne coedidishedlie mixtaraistdas edéeatsidadand hokeatglytiatcahsiding paledss fdrmam

dense bed reactor 16 apd.i,s .i ntroduced lqt ri ser reactor .14 of

0 1 wa
Condui ¢ oSIRaGaHaT RNt MRS FUURe 3 P Ba GroQbRAUH 418 gas
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1t
t hrough conduit 227and is introduced by way of conduit into riser

react or Iglinttogiueed into strippenaydtas oh separafrrsstopperf 2@dst ock. By passi ng

through riser _reactor 14, that .S operated under. catal ytic, crackin

conditions th %gaw%togﬁ%rgggr&%l C#jngté%@%ggn\équ%. S %?5\ nghf# @eﬁfp%%ﬁi ng

cat ahyst skphFtion Z0needr StBESThEzoPEOBHBbtht BAY pPONBES AR BT ¥épErating tike

cracked gas oil product and a spent cracki ?q catal yst. The riser feactor
ary

product paeckes gasond proskict pedspent aracking catalyst. The separated cracked gas oil
product passes from separator/stripper 26 by way of conduit 28 to separation

system 30. The separation system 30 can be any system known to those skilled in
the art for recovering and separating the cracked gas oil product into the various

20 FCC products, such as, for example, cracked gas, cracked gasoline, cracked gas
oils and cycle oil. The separation system 36 may include such systems as
absorbers and strippers, fractionators, compressors and separators or any
combination of known systems for providing recovery and separation of the
products that make up the cracked gas oil product.

25 The separation system 30, thus, defines a separation zone and provides
means for separating the cracked gas oil product into cracked products. The
cracked gas, cracked gasoline and cracked gas oils respectively pass from
separation system 30 through conduits 32, 34, and 36. The cycle oil passes from
separation system 30 through conduit 38 and is introduced into riser reactor 14.

30 The separated spent cracking catalyst passes from separator/stripper 26
through conduit 40 and is introduced into regenerator 20. Regenerator 20 defines
a regeneration zone and provides means for contacting the spent cracking catalyst

with an oxygen-containing gas, such as air, under carbon burning conditions to
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is introduced into stripper systemor separator/stripper 26. The
separator/stripper 26 can be any conventional systemthat defines a

separ at i oNO200%020547St ri ppi ng zone, or both, and provi depCrasp®s5H8053
separating the cracked gas oil product and spent cracking catalyst. The
separated cracked gas oil product passes from separator/stripper 26 by way
of . conduit 28 to separation system 30. The separation system 30 can be any

syst em knewbve:drbes eroskiHd @&bﬂt%réé]@r@bétay%'{. Trﬂ?@)(ﬁ:{érﬂgorﬁaﬂwiﬁfaéé aling the
h CC product s,

cracked gas oil product into the various such as; for

exanpl e, leyad 4 regangciion 2 dBwlugheongibd dideandythe epmbustinh g3adsepasisl . The
separati o rﬁxgégﬁgé%rrﬁybiQ%&g)qggﬁggi td%ystems as absorbers and stri ppers,

fracti onaﬂ)ors, conpressor Fs or any conbination of known

systens for prind digegersted\edaoking dateBRabatsedfrom fdgenBrRge0 thrbbgh make up
the cracked gas oil product. The separation system 30, thus, defines a

separ at i FPNEIREZanG Ft entienad fertdrpsofthe IRvgiiivatirageshdhe siier@mIgas oi |
duct i . ) ;
P acked (SenaaRst ELoRIprAGst S 87606 8000 E22 IR b MR Fud e

condui t s stizan®twithred &6t aThuetioy of theoidgepasses chtalystgepamgtiten system 30

t hrough conduit ;38 apd is intrqdﬁged into riser reactor 14. The separated
spent cr dEREMYALY A ﬁ‘g@u%ggr&un? RASEPE tBoYEhQondy o toghe iensgvedondui t
40 and 1 Sebbf 28ufRANHITHR FEASARAIRTiOR Of 1TPRRRRAEANEH c%@algajﬁd%% &rom
regeneration zone and provi des ans for contacting the spent cracking
cat allgst regemeratoradypessing tratgh ognduais 24 so ckheaseaaiar, 14nder car bon bur ni ng

conditions torgnoye carbon fro e.spent, cracking.catalyst. Th

oxygen- cont ai ni'hg ‘?j%f?a?%dofefﬁq%rg{ftbaaf”?%%d?@@%%@ﬁ&&%ﬁz%'{?ﬁ’%a'ﬂgcpndui t 42
and the GROERHES NELrEABLEORRBANG BQUBSHREE REIA K Wih BYe v\gyoer@ra@ewéwn 4. The
regenerated cracki ng catal yst passes fromregenerator t hrough condui t

22. As arfatlystoeatainedmithén e dense bﬂlbrﬁtﬁ% ‘kfd’d@fi@ensmlee@ﬂuid?mioh te
' ' it 2 dj Vi
nto two Dipds B8 e ERNE Hab ASRRNAREANG AR ERRE Soln T BBl

passilpg foradk the int dsedfiodiioouglr eRsmiAdMBaURRS SUBE akitpHeRe condui t 46
to the dense bed reactor 16 and with the renmaining portion of the

r egener atfE@PXaR%| 3%t byiesieRgand Enyieklye fe3ckedrgazolipassodiirt: reatekedndui t 24
to riser Je8fidprotitict passes from dense bed reactor 16 through conduit 48.

The used regenerated cracking catalyst passes from dense bed reactor 16
through conduit 18 and is introduced into riser reactor 14. The gasoline feedstock
20 s introduced into the dense bed reactor 16 through conduit 50 and steam is
introduced into the dense bed reactor 16 by way of conduit 52. The gasoline
feedstock and steam are introduced into the dense bed reactor 16 so as to provide
for a fluidized bed of the regenerated catalyst. A ZSM-5 additive may be added to
the regenerated catalyst of the dense phase reactor 16 or introduced into the
25 dense bed reactor 16 through conduit 54.
Reasonable variations, modifications and adaptations can be made within
the scope of the described disclosure and the appended claims without departing

from the scope of the invention.
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The dense bed reactor 16 defines a dense bed fluidization zone and provi des
means for contacting a gasoline feedstock with the regenerated cracking

cat al yst wonva/ned7wi t hin the dense bed reactor 16. Theprdenseolsmesoss
fluidization zone is operated under high severity cracking conditions so as
to preferentially crack the gasoline feedstock to | ower ol efin conpounds,
such as ethyl ene, propylene, and butylenes, and to yield a cracked gasoline
product. The cracked gasoline produysi Ragses from dense bed reactor 16
through conduit 48. The used regenerated cracking catalyst passes from
dense bed reactor 16 through conduit 18 and is introduced into riser
reactor 14. The asol.i ne feedsta IS, 1.1ntroduc into the densge bed reactor
16 t hrough LoRiREESS50°% HaagpgaﬁyééeiHﬁgﬂaﬁ%éﬂufﬂ?wefh@eg@%séaﬁgdnpﬁﬁgior 16
by way ofcopfptddst 52. The gasoline feedstock and steamare introduced into

the dense bed reactor 16 so as to provide for a fluidized bed of the
r egenér acethldipady geacking agasildaaistiosle within Bdisgt tratterozarteeby eoprinsting ed

Caactor HCPhBe e CabtsbatRaR i ARIERE o Agh o FRBRBaG

adapt at i @flJes@lotlewithdemiddI8distilibe steredratking dasnydthest sirslissgur e and
t he appended clains w thout departing fromthe scope of the invention.1. A

process famorﬁ’aqzwglllﬁa@wr@ln@ 7 Paeldc dayialo adisesIreastas prosiicticempusisy
conpri ses; Crga%éad é%én? %(ydl?({t%?! '6{19%&’[%?%?1&1@ %“%ﬁ&%t ock within a riser

reactor zone by a uirta tic cracking conditions

W thilo saggeridraimg salalcsipremt zoaukirgpcatalyastooyieldf  estrinecatedi driickingredtdiwst;
distillate select] ve cracking catal yst that caonprises anporphous silica

al uni na &ﬁa BgngcWithine Hangt BPd reaciodeana s HBrepainble Pidsvesing a or acked
gas ofl c@rﬂﬁtn&s%’%%%oﬂ@@é’d@%cﬁ%m Y8 reb SNSRI LIRS a@agmgt

cracki ng cat st to a regenerat ed crackl g catal yst,
within ayMae:r:hxekbdwﬂhoe rodectamnd ainded regsrtcables! d:raglkmge:amwstyand acki ng

conditions. a ol i ne feedstoc th s i.d regenerat ckin taI yst to
Vi el d a CRSOGE J3R0rooR BRSLRORAR 3RS TUOABRIeae ke RERGIat ol yst :
and ysi ngafdil used regenerated cracking catalyst as said mddlie distillate

sel ective catal yst. _ .
2. A process as recited in claim 1, further comprising:

separating said riser reactor product into said cracked gas oil product and said
spent cracking catalyst.
3. A process as recited in claim 1 or 2, further comprising:

20  adding to said regenerated cracking cracking catalyst a ZSM-5 additive.
4. A process as recited in claim 1, 2 or 3, further comprising:
introducing steam into said dense bed reactor zone.
5. A process as recited in claim 1, 2, 3, or 4, wherein said suitable catalytic
cracking conditions are such as to provide for a conversion of said gas oil

25  feedstock in the range of from 40 to 85 weight percent of the total gas oil
feedstock.
6. A process as recited in claim 1, 2, 3, 4, or 5, wherein said used regenerated

cracking catalyst includes a small concentration of carbon.
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2 . Aprocess as recited in claim1l1, further conprising: separating said
riser reactor product into said cracked gas oil product and said spent
cracki ng wetadeyrbs473. A process as recited in claim1l opCZjusbestbssss
conprising: adding to said regenerated cracking cracking catalyst a ZSM5
additive. 4 . A process as recited in claiml1, 2 or 3, further conprising:

i ntroducing steaminto said dense bed reactor zone. 5. A process as recited
in clai m7la Zrocdss, Hordpridi@r ei n sai d suitable catalytic cracking conditions
are such as to provide for a conversion of said gas oil feedstock in the
range of cPpiaeiing a @aBsil iradsieckpowithiarg riggr repetor gpae ugdsr suitalesatalgisx. 6. A

egener at i e OREh AR A rackiop el Ao ipidRFbElsRr B e 8Pt bon. 7.

process, cofiipisirg 8grackedt g dingrodugtand il spepedaionity vathijsn a riser reactor
zone under suitable catalytic cracking conditions wth a cracking catal yst
and yPel geRgradingisaiq ripanEastorpredutini®otRid cEackgdoasreicregughandpaidpr oduct
and a Sp%EE %'%Ekiingq:aqg‘g .yst; separating said riser reactor product into
sai d cracked gas orl product and said spent cracking catal yst; regenerating
sai d spemnegaiarakinggaicld@@nt stadking cathlysato ggkne regatrateaicdraoking abtdlyst} ;
splitting said regenerated cracki n% %g}al_r{st into at | east a portion of

sai d reg@REHAY SFEFRAAEHYCELratkiag Calatysh e mhisAsh@ RIHen ehsai sai d
regenera i ; ; i i : : | of said
spent cr.g%%a?ggﬁgglﬁ be c?Y %ygeﬁg)gélgée‘garﬁ@agﬁjgﬁm@gﬁ?a' ree?}gntr?lrés{gpd at least a
portilon efackinglcatplst; cracki ng catal yst is contacted under suitable high

gasol | ne PRFIRNCEAREERShe SRl A B L ck A g aaded ng sa d
remai ni NgeRAbE Ok AhefdihSalFHEBEEERS BErtRNASIINY sF@hdrYSking Re it ds used
regenerated cracking catalyst as sald cracking catalyst. 8. A process as
recited ican@cigdniiderf suitaipde higbraaviesiyngracking conditions with a gasoline
feedstock to yield a cracked gasoline product and a used regenerated cracking
15 catalyst; and
using said remaining portion of said regenerated cracking catalyst and said used
regenerated cracking catalyst as said cracking catalyst. '
8. A process as recited in claim 7, further comprising:
mixing with said at least a portion of said spent cracking catalyst a ZSM-5 additive.
20 9. A process as recited in claim 7 or 8, further comprising:
introducing steam into said dense bed reactor zone.
10. A process as recited in claim 7, 8 or 9, further comprising:
separating a slurry product from said cracked gas oil product.
11. A process as recited in claim 7, 8, 9 or 10, further comprising:

25 introducing said slurry product to said riser reactor zone.
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mxing with said at | east a portion of said spent cracking catalyst a ZSM 5

additive. 9. A process as recited in claim7 or 8, further conprising:

i nt roduciwg 284e@r0s47nt 0 sai d dense bed reactor zone. 10. PATAISO@SHII083

recited in claim7, 8 or 9, further conprising: separating a slurry product

fromsaid cracked gas oil product. 11. A process as recited inclaim7 , 8
9 or 10, further conprising: introducing said slurry product to said

riser reast QR aégg %g G?ED \ratus, conprising: riser reactor nmeans for
contacting a g with a catal ytic cracking catal KSt under

catal yti nsmraakiangnemmﬁor con@ctlog i @SdOlhfaeldgémkrvél&ta@ﬁt ylisiereckiognpr i si ng a
cracked S rod and ent rac catal or neans for
separ atia% Hn$ st ygg&f%% '}é)f)%fy r glgl%rlg? 8@3’3@@# product and
sai d Spe%mﬁhéﬁb'd‘&a@ﬁé@?ﬁbﬂ ﬂr@&%’t@r@t@épéﬁtacﬂécﬁlﬁg caeggster ating sai d spent
cracking catalyst to a regenerated catal yst; dense bed reactor neans

for cont a@paragarangam arsepaasingtseik riept Ieastardreduetrivioaaid ceagkar\eas alhder
Fegener st EAAR et S ok FBuBhoui ding or the use of said used
r egener aiRfbnesstal dangSopRigénerdtRigyddi¢ speackiaakingalatlysttto yield a
regenerated catalyst;
dense bed reactor means for contacting a gasoline feedstock with said
10  regenerated catalyst under high severity conditions to yield a cracked gasoline
product and a used regenerated catalyst; and
means for providing for the use of said used regenerated catalyst as said catalytic

cracking catalyst.
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