;e3el Fx*6° T>- ~ ~ ~~;,1 Q003 WD 00/40677 PCT/US99/ 28791 *166166* FIELD OF
THE | NVENTI ON *coooo~* Thi's invention relates to a staged catal ytif jiu 9003
cracki ng process that includes nore than one catal ytic cracking reaction
step. In particular, this invention relates to a staged catal ytic cracking
pr-6cess thavobustsgr ates at | east one hydroprocessing step beicargsodhere

catal ytic cracking reaction steps, and at | east one hydroprocessing step
bet ween the catal ytic cracking reaction steps. Staged catalyti racki ng
reaction sysiNIEGRATBEOTAGEDLAIALY 11 BALE :

yi el ds and octane qual ity HYDRORRACESSINGPROCESSes, however,
envi ronnental constraints have also had a | arge inpact on the’ 'm' a
result, the known staged catal ytic cracking processes are not m lummlmmnmm
effective i i , eNHJPRpENt al constraints and . e

mai nt ai ni ng ] gasot product. U.S. Pat. No. 5,152, 883
discloses a fluid catalytic cracking unit that includes two ﬂmmmummmm
cracking reaction steps in series. After a hydrocarbon feed ’n a
first catal ¥ tep, light hydrocarbon gases -atohi+
gasoline products are renoved fromthe product stream and the heavier

product portion is hydrotreated. Follow ng hydrotreating and further

gasol i ne productThignmvertion retatésctavd stagad chtdytie sraskingrpr@aess that cracked in a
second catal ytic crackjng step.. The soline.products are renpved and the
heavi er pr daﬁ}\dgs QFCECI%EF%BBPWPGCF ’q’ﬁlfﬁaﬁ?g’ééﬁel’n&}“ B?’B{F@L@’%’s E ~ ~ ~t;
i~ 7?03 : ' : Fifth
Wrl d Pet y?f’@%‘éﬁ@%;?‘gg‘é y?%%/eea%z éiw%@?gm% ? f%@ﬁ?h"ﬁ%%ﬁ%ﬁ% ngr ess,
Inc., N.Y.,onddgeiropfddedsing cithiteiforeahé¢ esanmid ericking feachad steps).and 856, 003,
Marshall et al.), disclose a two stage catal ytic cracking process which
uses a shorleagonedydreprecessingstep berwasnithe satabtiggeackmg.raactien si¥page i s
descri bed as being designed to give 40-50 wt. conversion. As set forth in
the reference, the second stage is a dense bed systemthat uses gas oils
fromthe fim ROUND'OFTHE INVE pNStreamto give overal l
conversions of 63- . %4 even oug e unit is operated at | ow enough
charge rates to achieve total conversions from65-90 wt. % As set forth
above, known catSthyéd Eatalydickiricking pEaREER SyHens habdbceringdducddw at ed with
hydrotreati ng processes are effective in significantly increasing gasoline
yi el d and dmpaeee thaoywerall gasdline yicldaaad iontane qualityof@ssalim: dinrgcemicri f i ci ng
the quality.of mid-distillates, aﬁ’ni ch _can.be ulseg‘ gs 1di es.e 0{] heating oil.
Nbr eover, SUBRS MoSeNeLsnviropmental constripty hiave alsp yad @ 1gt8e mpaghon fene i ¢y of
light sat urfiger. Vﬁpﬁrremeqﬂékﬁ?ﬁ%%g Egttaisﬁfarerwsngﬁﬁdde@tﬁé nbiydr ogen

transfer fromthe heavier cracked p back to lighter olefin products.
By mi ni mi zisufficibntiy effattiveireédreonstantlytrhéeting\enwirohmienthl ogestraintamefier, a
greater quantity of o] efins product couyld be, produced, and these ol efins
coul d be nERENRIMNEANIghiGalify,petans PEPBIEL nt o oxygenat es and usef ul
polymer materials. The products of conventional FCC processes are generally

| ow in

S
v

U.S. Pat. No. 5,152,883 discloses a fluid catalytic cracking unit that
includes two catalytic cracking reaction steps in series. After a hydrocarbon
feed 1s cracked in a first catalytic cracking reaction step, light hydrocarbon
gases and gasoline products are removed from the product stream and the
heavier product portion is hydrotreated. Following hydrotreating and further
gasoline product removal, the heavier hydrotreated product is cracked in a
second catalytic cracking step. The gasoline products are removed and the

heavier products are recycled into the hydrotreating process.



hydrogen content resultipg fromboth the relatively |Low feed hydrogen
content and conventional FCC operating conditions of high terrpera§ gr&,m 7003
(i.e., above 850 F.) and | ow pressure (i.e., below about 100 psig he
conventional processes consequently favor the formation of olefinic and
ar.dmati c prY¥QUSe7T at her than aliphatic, or hydrogen-rich pr@edansss2em:
recent environnental and regulatory prgssures have resulted in requirenents

of hi gher hydroggn,content of uel ' ' ' o range, a
need for hydr oggﬁegpf%et&l” Il_?eicrSsgoi?r?ggfﬂd?&élﬂcbg@wb%ggtféj%%?“é '3,

PCTI US99/ 28039 BiffiPRitlPUsoiRii COMEHEES, IndIaN. Vi, g8t 00B- LWIMaRREr , ther e i s
a need for fuéls having a di mnished concentration of sulfur-containing
speci es t heosesgoridste U.ShRav dau@,966,005C Marshall &s ah), ablsdesesa b¥o slagéi ni c
gases for chem cal feedstocks, e.g., propylene and ethyl ene, has grown.
Hydr ogenat icatplytic eraekiagypreegss b\éhlégﬁﬁ%ﬁy%ﬁhqrbc?ﬂ‘éﬂ HEediNer ap RISt Tt he

hyd f~ E f . . is_ h At be d
W sely i oFeB ThE frtarager desor o irs et B AT MR Consumed
and to. i nicghgersigh oA STbrih e e Rlledebe, (HE stuHiaBERIS Ddereaid i | e

maki ng the best use o equi pnent as wel | . I's, therefore, desirable
to obtai n aystenbihacdsestgageils fedmltlyé first stage kiorng stthgerecyghr opraotsssi ng
process whi ¢ch maxim zes o] efins producot ion, distil Lat e, qual [ t¥ nd oct ane

| evel . SUMERYerovsTaltienyeustons 03t 2 Whe/oeﬁfffduﬁ?wssb,t £ MBIt PRARSHAtr ovi des a
catal ytic grackin ocess, C r4.SI N he ntin fo, (@)

contacti ngq?ﬁlﬁ')apgh gf’%ﬁ rPtgégon%}pﬁv%&Hél 05‘3355%%2%?%81 §%'@§F‘§/’gtklmder
hydr opr ocessing conditions in order to forma hydroprocessed hydrocarbon
feed, (b) contacting the hydroprocessed feed with cracking catal yst under '
catal ytic crackiAsgset forth aboves khowmi catalgti€ cracking prdcessesywhicbdraiben product ;
(c} separ ag’i ng.fromthe, first cracked hydrocar b?n producémg bot t ons
fraction cORERITHEEGEH Withihydrotreating pracesaes ye|etiqoyedBSIBMECANYCt i on havi ng
an initial ;bQLld: |47 3 ; . i-ng the bottons
fraction urﬁ@%&%’%r pé@eegéllc?\%né:ggéﬁ?'i glg)gf c%vg{rr’%)”r\%g%sﬁ%gﬁg%%%égssed product ;
L 4 . . WOoBfid&bby sekrificing the quality of mid-distillates, which can be used as

diesel or heating oil. Moreover, such processes undesirably produce a

relatively high quantity of light saturated vapor products resulting from the
detrimental hydrogen transfer from the heavier cracked products back to
lighter olefin products. By minimizing the negative effects of this type of
hydrogen transfer, a greater quantity of olefins product could be produced, and
these olefins could be made available for further conversion into oxygenates

and useful polymer matenals.

The products of conventional FCC processes are generally low in
hydrogen content resulting from both the relatively low feed hydrogen content
and conventional FCC operating conditions of high temperature, (i.e., above
850° F.) and low pressure (i.e., below about 100 psig). The conventional
processes consequently favor the formation of olefinic and aromatic products
rather than aliphatic, or hydrogen-rich products. As recent environmental and
regulatory pressures have resulted in requirements of higher hydrogen content

fuels, especially in the diesel boiling range, a need for hydrogenation of FCC



c 5 .1URPJ 701 PCT/US99/ 28791 (e) separating a second fraction of at |east
hydrogen fromthe hydroprocessed product,, and conbi ning the secontfjgaeson
wi t h.the hydrocarbon feed of step (a); (f) contacting the separated
hydr opr ocessed product wi th cracking catal yst under catal ytic cracking
condi ti ons Wwooomaasgr a second cracked hydrocarbon product; andpctgikeepgfehi Ni ng
the first cracked hydrocarbon product and the second cracked hydrocarbon
product for continued sqesglgr ation and hydroprocessing.of the m d-distillate

and gas oi fecdsncks andigrasicisdins afsogTomah. Maseevesy ress isstneseionififdnt of the

i tion,, th 1d. ti i h A -

fracti on bAYITE S g stEd FonceBa faR pf ffur ¥oRE e sBecl wSERIIHA" ot
 ess than & viflle ofFOT Sl J6lrdbucer a6k BR fINE!pREAIfBP BB RledliBEizd 10 step

(b) has a boiling point o SsS t%gn or equal” to 430 F. is further

preferred ¢papropylesaand ethyele, hs gromaf. eHykdkggematibrasthnotogyodan By of t he
conmbi ned first and second cracked derocarbon products have a boiling point
of Iess themployveddoarovide gpucimment ofitbe hydsogean contentaf Rl degslsdi ment , "t he
catal ytic gracking, cqnditions, of ste f),.incl.ude.a r i.on.tenperature
that is atﬁP&’%anﬁ'ﬁiy %g@t@p?%@ughé:%bof’ﬁéw %YAW{‘?%% FEERI™Y condi ti ons
of step ( byt Mplon d}ftﬁé%;yamcgsén thdiSs 88suphd SRE tR fthiRizE FhiedfRedtr acti on and
the cracking catal yst are contacted at a tenperature that 1s up to 100 F
hi gher t harequived forsthd hydregenation stepMvhilepankinguithablest, useled REG@r ocar bon i s

contacted with the cragking catal yst at a tenperature rangi ng from about
900 F to agssupmentes well. Ipisgtherefore, degizabieto obtaycacombinedsstaged 791 I n stil |

G}
anot her prefearr.ed_enbodi men he_hydr.ocarbon _in.step (b} Is ntacted with
2 eo | 10 YE SERRIPR FRRES byt Opreteeling Prors “Duth Mo PR of oty
the hydr ocgloBerion, distmae qaalitydnd dcbeeokl.t e catal yst for a tinme ranging
fromabout” 1 to about 2 seconds. In yet another preferred enbodi nent of the
invention, tile feed and the cracking catalyst in both the first and second
catal ytic r co. tenperature rangi ng from about 950 F
to about | . d jﬁm wi |l be better understood by
reference to the Detailed Description of the Invention when taken together

with the attac%dondergr\%

Q&me"x‘{?f:{ﬁ? inVention provides a catalytic cracking process

comprising the continuous steps of:

(a) contacting a hydrocarbon feed with a hydroprocessing catalyst
under hydroprocessing conditions in order to form a hydroprocessed

hydrocarbon feed,

(b) contacting the hydroprocessed feed with cracking catalyst under

catalytic cracking conditions forming a first cracked hydrocarbon product;

(c) separating from the first cracked hydrocarbon product a bottoms
fraction containing mid-distillate and gas oil, the bottoms fraction having an

initial boiling point of at least 300° F;

(d) hydroprocessing the bottoms fraction under hydroprocessing

conditions forming a hydroprocessed product;



The figure is a schematig wepresentation of a preferpred enbodi ment of the

i nvention. Catalytic cracking is a process that is well known in % hell#t0iof
pet roleumrefining and generally refers to converting | arge hydrocarbon

nol ecul es to smal |l er hydrocarbon nol ecul es by breaking at | east one carbon
to carbon D¥AEV4GEIY exanple, a large paraffin nol ecul e can bectrusekesioi nt o
a smaller paraffin and an olefin, and a4arge olefin nolecul e can be
cracked into t nore smnal | er

or | ef.in | ecul.es, Long si,de chain
mol ecul es whi ch (b SERAFRUARCPRA fTaghen BFEHEHWW&W%CWQWES&M al so be

cracked. i h | | d. Cpl of b product and
the quali tt}]ygﬁépggﬁepﬁég%értb%%{:&?Rgﬁﬁg{sHe} %?érygg F&%Irﬁ}oﬁg&lﬁ]gﬂbcat alytic
cracki ng preafscaren fea bmv\%pégg by initially incorporating a short contact
time reactiOn step e, ~, | 40677 PCT/US99128791 6 into the overall
catal ytic cracking process. After the short contact tine reaction step, a
gas oil cont ai ni(fig cbatdcting the separamed hydrgracatadipfodam with cpacking:t porti on,
and the gas oil containing bottons fraction is reprocessed at a higher

i ntensity rcatakystuades catadyticersaking conditions formipgiasecord gackedict i on st ep.
Accordi ng 58’ this inventiaon, q;;r oduct yield and quality are further enhanced
by integra H&’@f‘&%@rﬂé‘{fﬁoﬂ? cessing steps into the staged catal ytic
cracki ng process. Preferably, at |east one hydroprocessing stage (the first

cra . _ | ea f . the
r acki g st age. EhaiaBhits P acker bEReHOap el ind etechB ™ V1.
second hy dicpRueq HyirBBarbbAYRSIRA 181 il Sedtalisi|and RpdipRstetiing 6gt al yt i ©

cracki ng stages. paration stages nay al so be used in the practice of the
i nventi on, tie mdvdistildate amd gas @il domtainirtgbotand fracticst ages. Conbi ned ‘
separator-reactors, such as a conbi ned hydroprocessor-separator wherein the
hydr opr ocessi ng and separation occur in a single unit, are wthin the scope

of the inventio i Tl t ry, it is
bel i eved that t E’éa}/ﬁp"r"g’f"%é?’yﬁ%’?e}’g8&3‘6@&‘?@@%‘%a@&“da‘#ﬁ’@‘ opr ocessed
feed to theohipriks Bydrden, @ C4-aidrochrbomaactibimiandasmid distillateShedon.

concentration of sulfurcontaining and nitrogen-containing species. In
addition to dimnishing the concentration of sulfur-bearing and

ni t rogen- bear i nin apedherpreferredentisddiment] 1éssahar 5@ vbl. % of thedfirspr ocessi ng
stage al so renoves sone_netals and saturates sone of the aropatic and pol ar
nol ecul es crasked diydreearben pyodiret Eemmadiia stertythas abodlingpoipt ef lessicki ng and

hydr opr ocegsi nq cat al od ty.iS.believed that t | .over syl fur and
niyt rogen em se%'_f?Zr’é%@nFj oflt f%@EEBWSCWﬁ%FQE@ﬁ‘QOlS “ge with
catal ysts By Gt ?51 @Bﬂ%,e@fttPE?Pn{Wﬁéd)ﬁfsﬁﬁﬁd S¢bonBlcrabkégogenati on

activity, or alternatively wth nultifunctional hydroprocessing catal ysts.
Di m ni shi ngyé&rdcktorapebduicty R Beiliag poirtofdessithar beeduatto 4301 he fir st

catal ytic cracker stage and renoving sone or all of the |ight cracked
products such as "C4 - gases, naphtha, and md-distillates fromthe products
of the first caital tic -~ U~..2003 WD 00{3,40677 PCT/ USQ9/ 28791 7
stage may al so te% |a[“°iﬂ?~Fré?f8fF§’E°chr%L€Rﬂ»‘8’§Bh the f31p I“crff%cé(érﬂﬁ EORHUPPR second

hydr opr oceggiig (Bf Ffudii Fésc'ﬁan wﬁgeex%a»fc SR YS bt 1@5&:%@9&%&&& we@matics

hydrogenation.” I'n essence, the current 1 nvention takes advantage of an

i nt egr at i onnder thaicatalitty crdvkingstondiynsesfOites (H)e Mererprefetablpdthie\eds ogenat i on
technol ogies are exploited. A first FCC stage is erated at | ow enough

. L op
severity, PH&PBIAMING hpttams figetion ard the crecking caplyst Arecsantagtethaka| ecti vity
to olefin productio ile pr i.ng suffi.cient.aliphaticqg,character in the
unconverte ”?ﬁ%é%’ﬁ?‘i‘maw tﬁdﬁﬁﬁﬁﬁlgﬂgtﬁm&mgﬁg@ "’Cﬁgl? &E)'r %f%he first FCC
inthis ma it Aot | o i,stillate for
ilst 11 T at oPASERRSS te hiBrdtabion §ﬁ%§é@f§§ﬁ?€%§f’%§ catalydiath, | | eam whi ch
In turn en%ﬁa@é@éﬁéiﬂﬁmﬁ%bﬁt JOOR I I80° FAL the same tine, the
first FCC step acconplishes two inportant benefits with respect to
subsequent hydroprocessing: the nost polar species in the feed fromthe
first hydroprocessing stage are allowed to deposit on the FCC catal yst and
are subsequently burned off the FCC catalyst in the regeneration step,
provi ding heat for the endotherm c FCC reactor chem stry. The presence of
t hese pol ar species would otherwi se result in severe hydroprocessing
severity requirenments in the second hydroprocessing stage (i.e., high
pressure, |large reactor volunme. The second benefit derived fromthe first
FCC stage is sinple volune reduction. Accordingly, in the process of
catalytically cracking the nost easily cracked nolecules in the FCC feed,
t he vol une of feedstock remaining to be hydroprocessed in the second
hydr oprocessing stage is greatly reduced, and it is reduced to that

o ey o T~~~ M



hydr oprocessing step can efficiently be directed to the task of
facilitating and enhancing the selectivity of subsequent FCC conver 8iJoi7%08n
conventi onal hydroprocessing, high purity hydrogen is obtained fromthe
refinery hydrogen circuit, and unspent hydrogen is processed and returned
to the refiwergp/doydrogen circuit. Unspent hydrogen is hydrogppriRednesed
from a hydroprocessi ng process that wassnot consunmed, for exanple, for

hydr ogenati ng unsaturated speci es. However, in accordance w EQQ) itshe practice

of this inventi dnstiliagathenpreferned emhpsiment, thedy drecarben HLigR
hydr opr ocessi ng, s age, and at | egast rfiqon of t t rogen from
t he secondCﬂ?@glﬁﬁi‘ﬁgs§s§°}?§tes?r§§gmigsca%ﬁsgéért%&s ﬁ’gntjﬂ‘é #??’g 'hv r%processi ng
stage and ' j haBlsY fortd@meecond

hydr opr oc egg{@gﬁg? ’aﬂgg%ﬁ’g{é&%r%ﬁ%% gééﬁe‘fﬁﬁﬁﬁﬁ ?{gﬁforgégs g{f r eorf or

hydr ogenat ratggiap\froneabact biyalbsuraddcondwl ecul es in the bottons product of

the first catalytic cracking stage. Unspent hydrogen fromthe second
hydr opr ocessi ng stage is conducted to the first hydroprocessing stage, and

i's not rified,and returned.to the,refinery. hydrogen c¢irgui,t. rogen i
i i zed of 1 ci AROFyARIHEREB R Srpy SRl al ERRLGHRD W fShanadler obtey °
directly tgrmébitﬁfysf‘mjﬁ&ﬂrtﬂgm'éﬁa setétifeat mrl;écifa'&l@ﬁtdre'&pﬁﬂ@&dprOduces a

hi gher hydrogen partral pressure in the secon ydroprocessing stage than
in the firatakefipenatuieeanging fidra@dour930°Fherabond 1 D8ETFparti al pressure is
nore critical in the second hydroprocessing stage to saturate the nore
refractory aromatic species and rempving sul fur and nitrogen speci es.

Anot her aspe Q e_i_nventi g [ n the entire boiling range of
unconver t edFme 2 g ; the feed to the second

hydr oprocessing stage. This inclusion is effective because of the

i ntentional | owsdntensi oper ati f the first ,kCC e renders the
bottons suitabl 3?“5?_’5%?%?"&5ﬁ88e‘¥@'iqh°3b"r“§é899%§8§§9d£§/ rg?%’g'g‘fﬁ {0 12'? this

sel ective prpsidd DBéd?fHJ_tan dftBe IRCQNRIbNSIRGaRt PR baEh fiROMaché® second
hydr opr ocessi ng operating severity, 75 ,Ji~~4& ?n~3 WD 00l 40677

PCT/ US99/ 28m3ing, whgreinoper ati ng pressure and reactor volume, is nuch |ess
t han woul d be cqnpsidered necessary for hydroprocessi ng of a.conventi onal
FCC bot t ons strgi’ﬁlf{ngﬁ%‘ss%éé}?d"aﬂ TeRGRIALER eéégsquaegea'&ogem& itions and
catal yst cap fSesfhfcted to provide sufficient hydrogenation and/ or
hydrocracking t0 neet a wi de range of operating objectives for the conbined
FCC- hydrotreating conplex. A primary benefit of the second hydroprocessing
stage of the f irst FCC stage bottons is to interrupt the FCC chem stry at
t he point MekAlLES DESCRIFEION QR RHE INMENEXONne in feed crackability
upon further FCC processing, and to selectively insert hydrogen at that

point into those unconverted nol ecul es. Then subsequent F reacti ons can
Pesume wi th a fGERYIRKAS ngdéraeraee%fsekaaewsﬂﬁww cgByr';s,arfiqti ng the

catal ytic i I A I bl ween st ages,
the right gﬁg@ﬁﬂg&e lﬁﬁ?f&' %?éﬁ;ﬁaieggﬁige acfc}ggg%{gé’?g? @aergg% {é&r%%l%%m ze the yield
of Iight omel¢ouleeangslerdydrocdpbéreiiecults biresling anitaet ébe €diboni N t he
subsequent FCC stage. Wth interstage hydroprocessing, both FCC stages

coul d be offedasben band.sFer exaropteasange pamffin motesulercam be icgpaked|intoian yi el d. A
rel ated syner in i S r h i hat it.enabl es additional,production
of i gher - ORISRt} anh B hfedih aud a 1t slefrgmglectify &iche SRRy e o
conponent fibL - i t i i which [imts
hydr ogen tsvrW a(g§¥ er rgﬂgg?iexgﬁlgﬁ?jnlﬁteﬁgaflé(gfcbrogggg%rc?’ht xlgts ]e\?\%ﬁ%g‘b g‘f&herwi se

i ncrease dmntaincyematit aingsfor tiaphitehit iisgsavad digodbseogracked.on of |ight ol efins.

Finally, the second FCC stage can performthe desired conversion of a
reduced vol ume of nore crackable FCC feed fromthe second hydroprocessing
step. Wthout t intersta hydr oprogcessdng. o he botio t he severity
required of theﬂg‘gﬁgfgﬁf‘ ?%@%gtpgéﬂﬂe\,ﬁﬁpﬁ%b%flb%ﬁgﬁﬁ‘g}gr&%%?ﬁg}e, greatly
reduci ng fhasitpiofalsrilfagd pRalteial s Bhdld nhﬁh%ﬁm@éatélyabkrﬁlﬂg Brocagd hi gh
quality distilTates, and increasing the yield of seCond-stage bottons

bypr oduct .cafinee pnproeed by inniallyi ineovipotatinighaeshoppddnitacz esné teactibhistepat i on of
the integrated second hydroprocessing step by conducting md-distillate

pr oduced - ; 5r. !'.a a~os WO 00140677 PCT/US99/28791 10 in the catalytic
cracking steps to the integrated hydroprocessing unit. As a result, the
desul furization of diesel product can be acconplished at the sane tine that
the feed to subsequent FCC is made nore crackabl e via hydrogenation. The
desul furized md-distillate may be separated fromthe hydroprocessed
bottons fromthe second hydroprocessing stage via a separation step such as
fractionation. As described herein, the invention is a staged process that

o, o, . . o, g, .




feed is preferably a petgaql eum hydrocarbon. The petrgl eum hydrocar Bon 03
preferably a hydrocarbon fraction having an initial boiling point of at

| east about 400 F, nore preferably at |east about 600 F. As appreciated by
t hose of ordinary skill in the art, such hydrocarbon fractions are
difficult twopeeersely define by initial boiling point sinceptherseyrsgssone
degree of variability in |large comercital processes. Hydrocarbon fractions
which are incluyded in this .range, however,, are. understood to include gas
oi|'s, therngl° ‘gﬁeloé’,e"‘gle%tﬂé’af’ Cﬁgq?%’,‘g RAACFES- s‘%gﬁw,“ 5?‘88pcé)d'?%1cﬁd’%ol e crudes,
tar sand oi : (o] . het | ractions
derived fro%%%@%é@tar%Jéfql{/g&ﬁéxglﬁo%g%%%%zragﬁg‘?g%ﬁ%t%gfeg%oib’???]é;s, asphal ts,
and m xt ur gsrolib@pRefion, anghié ?ﬁd&il%bﬁ&iﬁiﬂ%|U¢den1‘sefb£btﬁﬁpiskspmuswddt firom any
of the foregoing, including reeds derived from hydroprocessing reactions.

~ 5 JJpa 20GehaninGasuy 617t ROL 1H3008e2BiNgke shorThentaguiitierreéaseen $i9pir ocar bon
feed is then directed to the first catalytic cracking stage where it is
preferably introduced into a riser that feeds a catal ytic cracking reactor

vessel . Preferab . [ d [, S1AM R13 W i W th
catal ytic cr acki“lr‘l%mg%? gl@!‘%?’%‘éﬁ@’ Béoerﬁll hﬁ‘%bdswfg‘é@l I Jgg.ﬁ#ﬁg hydr ot r eat ed
hydr ocar boredhafeedAnin@zratix 8 Ry8tsproreasingitdpiahio theptagdd @dslyé such

Stalpt
conditions so as to forma %i g‘ﬁ'lzy atom zed stream of a vaporous
hydr ocar boreracking peacesu sPreferably, arleastconehydroprocessing piage i(the finsbws t hr ough

S R
b i t : i th ked
e 2 R AR R A R e Rpace L1 ciscked

hydr ocar bon he “separ a alns a carbonaceous
mat eri al (ihydroprétésin a%bsrdi‘%tdges))fs inbladed baivydenahe catitytigcraekinigi on. The
coked catalyst is preferably recycled to contact additional hydrocarbon
feed after StagescSkpamstionslages may dlsebe nsadoindhie praaticerafithg invemdiopoke i s

removed fromthe catalyst, in.a regenerator ssel combust i t he coke
fromthe cac[RQF% nﬁr?ﬁéalgeilf%ﬁﬂ% Eeﬁgﬁﬁgﬁg"rgﬁf'i @"@dﬂﬁqb%[?ﬂﬂ@t.orﬁ%‘? ably, the
coke is co hLe ' f : t 14Q0 F.
and a presrsgli}reﬁ rgr?g?nr?gnfr mg%%%(?&%gg%{%gﬁt\ﬁ% t[}g?g{y%g%%ree?%conbusti on
step, the rangeeparation ocatrahyesingle unét; urd withinotheiseope efthefinventiont.act with

addi ti onal hydrocarbon feed. Preferably, the regenerated catal yst contains
|l ess than 0.4 wt. % coke, nore preferably less than 0.1 w. % coke. The

catal yst used i LS. j C tal v iGal ed to
catalytically " mgﬁ%ﬂ%?‘@*é@br%%g&ﬂg“g‘ﬁgﬁ@ ﬁl?es(,’ r’ﬁseéérﬂe)é(y%? ﬁé%ft tk{ e catalytic
cracki ng céired bydropredessinptstage picduets i Redioprocissll fleditbaneipstk oxi de
conponent. This conponent is used to catalyze the breakdown of prinmary
product s frC@mlytnecmeklagytagc.thatdtasiar@nnauhcg oendentrationafisupfuoduct s such as
~ ..t_ WD 00J40677 13 7 5 ,1UPJ 103 PCI/ U 99/% 791 yg_{hthﬁ.for fuel s and
ol efi ns f or*ORHYHNE 2Nd NERBENRAULAINEEIRECIES) N addition to JimipisRINg e, ahedr al

f ramewor k i i . 1 [ C o
Jeol Tteos, CoReauaB ISt BenE Eid et arnl sputle S AN Ralsfed Mt
t et r ahedr althes hitst bydiapnogessihg sragetaiso {enfdves somanetajy aidsatbtates sdme

crystalline framework oxi de conponent_ is a_ zeolite. Zeolites that can be
enpl oyed i PI&RYPEAYE andipolrrimpiscples dhatidstrimprtelly afisst thedewnsireaghd

synt hetic i} e S eqlites incl kN te i_t

cmchi ar ot ¢ Sy GapRRE R BSGrcnbesrE ARy RN H ey B BROE Pt i o

erionite, soHat aﬁﬁiu@g&%ﬁéﬁlé@o})é}ﬁﬁbﬁbfﬂﬁ sebéﬁ&'hyaﬁ)prééé&sﬂ% $t8ge Natr olite,

offretite, nesolite, nordenite,” brewsterite, and ferrierite. Included anong

t he synt hetwith catallysts hsvingehigheer hitdretraating, hpdrdcrackiag), ordigdsogdhatién F, H, J,
and beta, ZSM.types nmega. I.n ge al ,

M Q T, Z,. al ph ] d ner
al uni nosi Y\i)aea‘(l&fgaﬁngvelwah IIW&“W%SMPH’QCEF%BE ﬁ@@il’-’t‘%m. However ,

the alumn el | h ilico S j for other
f ramewor k W@’ﬁ@%{éé?‘@{ﬁ“‘g@?_&%,°%P§§’{%q@§‘1%ﬁ$g%_r t!oo'!riilgﬁfjrsiI géetglgnelﬁl aced by
boron, gal lcraéRer §thg@mmviﬁ%wﬁk%talmttaé lightBagkéd pRsdudiabuchi/ heavi er
t han al um num Gerfani um can be used to replace the silicon portion. The

cat al yti c €Hacgdses) naphthhyaid msédistillatés fsomrthe products ahtieufitsheatabysitpr i se an
active porous inorganic oxide catalyst framework conmponent and an inert
catal yst franmework conponent. Preferably, each conponent of the catalyst is
hel d together by attachnment with an inorganic oxide matri x conponent. The
active porous inorganic oxide catal yst framework conponent




catal yzes the formation of_primary products by cracki ng hydrocarbon

nol ectl es that are too large to fit inside the tetrahedral franmewbbklidxiBe
? 5.1 Il id 2003 wo oo/ ao677 PCT/US99/ 28791 13 conponent. The active
porous inorgani c oxi de catal yst framework conponent of this invention is
pref er abl y veo peagsrs i nor gani ¢ oxi de that cracks a rel ativel ypépigeysApunt

of hydrocarbons into | ower nol ecul ar wéi ght hydrocarbons as conpared to an
acceptabl e thermal blank. A low surface area silica (e.g., quartz) is one
type of ac&@geaprvalsnsest ingleyated hydrogga Bﬁ’f“a(sl)ﬂ”%ﬁsaﬁ‘kﬁ“rf eé%ﬁ?‘%e nmeasured in

any of variouys ASTMitests such.as e 1.Cr. LVi , ASTM¢
D3907- 8). &ﬁ?&dﬂﬁ?s‘é’%ﬂg%‘%h@s‘& %*F’S%Fﬁ%ﬁw i g’g"té%ésq é‘?é’c’fgaa?% B. S., et al.,
| ndustrial haafbdengiipgeri ng Chemstry, pp. 2573-83, November 1949, are
desirabl e. um na, silica-alumna and silica-al um na-zirconia conpounds

are preferred. The inert catal yst framework conponent densifies,
strengthens and acts as a protective thermal sink. The inert .catalyst

framewor k conponBgssensedthe sumenkmveniion 1akes advantagh Py amidegrabPa ki ng

activity that. Js _not significantl re h he : her mal

bl ank. Kaol“?ﬂcgﬁay 8%’?‘@?&91 %rggs mee’z?‘aﬁ %ﬂéi’lyhjmg?ggﬁgﬂ%ﬁbgbtggﬁ% rconia,
quartz and agd &xS8itéd.e ACHATIPCESstabe R Pepite@dt ldwrehoﬁm@*lﬁ)rcﬁ%i nor gani ¢
oxi de matri x conponent binds the catal yst conponents together so that the
cat al yst pmatushort sortacttimeptogithieve hugly selectivityetpalefingiredustibnrebide or wal |
collisions. The i nor%ani C Qxide matri x can be nade from%{] irorga&i c oxide
sol or gel PHSEEYINg Sufiqignt alphays gharagige e inconversd gHdrwtisliate andier .
Preferably i i i i il i .ges of

i 11 con andolPie FEEEAR, QEi M AECE jh ot AR ABsThe BI60 00 s be

i ncor por at efhKeMiceeptdble qedlEy distillate fde distliatexfuePbistidetocks and WAl num
oxyhydr oxi des-g-al um na, boehmte, diaspore, and transitional alum nas such

as al pha - ateaptakle qpality bettams stacanyavinigh im i enablesanpderate-saventy epsil on
| um na, k -al um na, d rho :al um b | d, Pref bly, th
a1 uni na’ spRRRRPTORESSInE AL SAmE MG de Frud GG StenateomAlehe Moy ar {6,
dst di i = 0 =l = 607 8791 14
norastran 'irﬁgort%t ﬁ%éiﬁl(t:é %'?tg Crﬁspccﬁa]ﬁﬂ'bge«éxelhh Egérﬁ&;?g{;ée%ﬁ% t}Peqyﬁl | 42

In the stagetl cata I'ng proces Into t nventi on,
hydr ocar bospdotesiin the fed frohethetfirschydropriocessing yiage ace alldwedta égudsiton st ep,
at least a portigon of the product of the first reaction step Is_separated,

and t he sepBithe E§Gentalyshandare sypsequently bused effdhe 5L eatalyst Bhe catal ytic

i ot 118t EobeheHlioR st prBPRn RS B <R GRR s PEC ARy BABRYor ocessed
hydr ocar bofTht eréescrbe of ale poltf shedied woaldedthbeiserasiit severRct i on step, it
is preferable to separate a md-distillate and gas oil containing bottons

fracti on fhpdiopnecessingscventy requirementk imthersesonddvydrapitocessihgoitage | | at e
fraction pr.eferably ha ninitial hoili oi nt ,of a east, abo 300 F,
nor e :or ef gpaﬂo’l ggt&?ﬁgzq’qgﬁlﬁﬁlfaé%vqg?’lnéln gq’efp#ﬂﬁij %ﬁﬁﬂgﬁ ﬁkﬁj"‘%Gi tﬁ?mlri € nor e
th bout " f: . . ; T il

an abou ﬁﬁ%qrd'_c stioRi€ AR voRim cﬁcgf}@nﬁ:‘a&'ﬁmgg{% rxr‘:l: H-:e Sé}lﬁf:%t%efo:c Faction

contai ning bottons fraction is prefera a petro

havi ng an tatahyitrhkllperddkingg fhei mbstehsity claeked nfidlocles imthe RCCfesdalheyy at | east
650 F. The gas oi]l caontaining bottons fraction is then used as the feed for
at |east okelummekisgdstock semaipingtochedrydrapracessad isithe segendThe renai ni ng

4 . paT ot c G
01 “sub) ect AR RispoiRE slage3h sbB sty W R Ao RS p b g & 71 £°°
i's preferrgfimoleduldsSwhitheite h@f‘céﬁhgtcohb&iéﬁ fir FCE, i k! ah&seanifledars Rhdt

contai ning bottons fraction be hydroprocessed prior to being subjected to
any addi t i wihimasabensfit fromrthe kiydrppstcessing Themmistrly dhat tindreases FOC fepads o |
contai ning boftans fraction_is droprocessed by passing the fraction over
a hydr opr o@@ﬁé?‘ﬂgg’c a{-gl"yébe first AL plep selseavely Rrepgies 8d§&“?€@n‘t’(ﬁpm°ng gas

oty o Rap g At B R Fitaine S RSBt " e

i ndi cat i nghydrapracebdihgicatlyst pafsbhe8r hibitors. -As a result, the second



2 5 JU,J 2003 WO 00/ 40674 :PCT/ US99/ 28791 15 650 F + Leed fraction,hagy my
occurred such that there is a yield of greater than 15 wt. % and Iéss '{h‘gn
50 wt. % of 650 F - hydrocarbon material fraction fromthe cracking
réaction. As is known by those of skill in the art, the degree of

hydr opr oces®¥0rgi4@an be controll ed through proper sel ection opcrakedssss: as
wel | as by optim zing operation conditBons. It is particularly desirable in

this invention that the hydroprocessing stages hﬁrei E ?}ﬁ f.f[%ci.entl saturate
aromati c rihy§Eonrecessing sispsan £&hicignidy he dinseed g he sk ol 12G1gUNe Ppd; s al so

desirable th t.he hydropr I . unsat ur at ed hydr ocar bons
such as ol eef’ﬁ%%mgﬁw%g%gg?ﬁ&ggf%)ﬁl%gﬁéﬁa’?mégg?{ﬁég}sgﬁtyp| cal hydrogenation
catal yst. Objectionable elenents can al so be renoved by the hydroprocessing
reactions. These el enents include sul fur, nitrogen, oxygen, halides, and
certain netals. Ifilvenhgwtional diydseprogessingybighopurtitychyidnogant is obtames per f or med
under hydroprocessing conditions. Preferably, tge reaction iafagsrformed at
a t enper at JFem thg ipfingry hyerogam giran ane uaseant hygrpgen 15, gracesse ably from

about 600 tg_abo 5Q E. Th eact ion .pr es from
Sbout 100 rERERSH BEdeTnerRBREt HEE: CRRR BRI A RRE S0 000
psi g. The heidveYedRD ' f BiMhaeREesof dmdumea@Ufor0. | to about
6 VIVIH, nore p? ef eﬁgﬁwh?%%xzﬁoﬁﬁg SSto about02 VIVIH , where V/IV/H is
defined as exbmple|fonkydfogenhtipg unsamratgdespeesu iowéveranadcgetdandthwithy dr ogen
containing gas is preferably added to establish a hydrogen chayge rate
rangi ng f r 4R BIAGtice obthis danyentian, highpritythydaegen susee 1 Bese barr el

byt op oce 8PP EeRME Hase AR d Frprvokal B UreB O CE fomts a1 ¢ ypes
of hydr opr eeesil Mgirbprsdessing stdgeGk tondiffed fAfHeORISt ﬂy&oﬁmess@mgél y

enpl oyed in petrol eumrefini'ng applications with co-current ow of
li qui d and agd soptased withetheahyidrocbdrefeedf Actortipgly, the sdconds. 1t can be

- - ~ ~U~~ WO 00/ 40b77 PCT! 09/ 28791 16.ad t t tili
Al or mat | v BYAERREPHRSS NG S1ABE Bas & LIEPBOBI AAFEAL ATESPE AP BUoBrRAting, api ch
the Iiquid - o

e lrqui aﬂg ?ﬁg@?ﬁé@?ﬂ&%n{g’f‘é&%nn 3hd b?@ggxgﬁag?ﬁfcﬁ P?ﬂ?é first cAGRARS

upwar d- novi n can be enpl oyed gher reactrron rates
and to al | evickirg sagemUmpemvisidregeafronntheGetondhydroptdceising stapsis nher ent
in co-current flow trickle bed reactors. Myving bed reactors can be

enpl oyed t 6ondugted taetheofizst Aydroprocessipgstagea And punot mufiedand  raturped

hydrotreater ,feed strea Movi. ng..b eactor t s general Ly include
reactors Wﬁ%ﬂg 'ﬁ%&eaaﬁlf&%%é&cg#- Sg{‘{;%%’{ ‘Sp‘&f‘ﬁ%@eé@'w‘%% acted by
upwar d- f | 0%6&&)1‘111&11&%13@9&415&? n m%é}?is%b?écva{&e&@%ciﬁaﬁpﬁ_ slightly
expanded by the upward flow of substanhtially expandéd or fluidized by
i ncr easi ng hiprocessingfstage xThislinyention this|pratiuces ahigheathiydrogen paaraded bed
or ebullatin% bed),.  use of  snaller size catal yst artig{es whi ch, are nore

easi |y fl uPHPSYE 1pdhe seconsbhydroprocessing siage puibe firgthydroprocessingye

renmoved fr | : | g i nabl i ng
econoni ¢ a%%??’cag{)?{ fgﬁgﬂﬁggﬁﬁ%g%ﬁ%ééso% %er}?gfegaﬁ&?g{e V\%g?%peot herw se

| ead to shaydroprscessingtdisgd b saieratd the miGrei réfratior dromeaticdget@s and
Furthernore, expanded or slurry bed reactors with upward-flow ng liquid and
gas phasesremeviangsulr end avmogdéncspspi®sat i on with feedst ocks contai ni ng
significant | evels of particulate solids, by permtting |long run | engths

wi t hout risk of shutdown due to fouling. Use of such a reactor would be
especi al |y benehingiitr akBecittifie Wikhfioh #e1d ARUNCHE tnlifboiflfe sdey | N
excess of about 25 mcron size, or contaln contam nants ICh 1I"crease the
propensi t y uficonvieated dottones from e first FEQemin tecfeeditcctherseclorad ef i ni ¢ speci es
or oxygenated species. Mving bed reactors utilizing downward-flow ng

li qui d andhy@ropeeasssingstages. aphisiirclusign is edfpctivauberaustef bedptestioraim cat al yst

I . Th tal yst. int d ' t b
hyar opr ocolS T CRSR:Ppavion bt Bre FCCH AR ROS3 M Whekuf Sl 1K s 2ot i on,
compr | sed o rSPresBE (LR AGR L B e R e i R B Y

i nor gani ¢ seohdGtageyhyrirofrester fodd, tHe deBoid Bl 8raprbyessingropeeating severity,
al um na-silica. WO 00l 40677 17



75 .);~ ~ ~UU3 PCT/US99/ 28791 The G oup VIII and G oup VI conmpounds are
wel | known to those of ordinary skill in the art and are well def? held¥i?#}
the Periodic Table of the Elenments. For exanple, these conpounds are |isted
in the Periodic Table found at the | ast page of Advanced | norganic

Chem stry, VROdo/E®7T i on 1966, |nterscience Publishers, by Cotporrussntsol

W | kenson. The Group VIII netal is pref@rably present in an anount ranging

f 2-20 wt. % ef bly 4-12 wt. % Pref G Vi tals includ

Cou N, and-EeSPSBTRE GEHiF 14 At YRbUDers GhiePes TR WILPET T 20" aroup VI
tal | ; . , . o

g‘ree?er :agl y%fggggrb\ﬂ ﬁco&)% aﬁgi’%%?%‘%gF e% eggglogﬁ;&ggvngxﬁnggr% . % AIs IQ netal s

wei ght per agiehf. ITNE Becdind stdpeShydtoptoceddifg tktor condisioppaend catabansart hat t he
percents are based on the wei ght of the support. For exanple, if a support

wei ghs 100 hy, seldrged gopravidesudficignt Wy drogeneataon ansbershydraeragking tofmeahe Gr oup

VIIl nmetal is, on the_suppart.  Any. sui.table inor LG ,0xi de support materi al
may be used"¥§rapgRof qperating objectiyes for Eﬁ?"ﬁ%mfgﬁéﬂ‘.yﬁﬁ?%?aé d are

al um na an i-LLga- ] j ' I 1. 00 SF il such as
Zeol i Lo - MAPRIEET AT RHHPE ookl dEhe de it RO BRI S e L

si |i ca-al UrFQ@@ stdgesttiora ]y tBanferaipt ZheSPCE chebhistpy £ifthe pbint wheto thdre % nore
preferably 5-19 wt. % O her refractory inorganic conpounds nay al so be

used, non- |Wonldihep signifidant de¢linehincliced grackakility wpemfusther FCLhi ¢, magnesi a,
and the |like. The aiumgina can he.an f.the alunm nas, conyentionally used
for hydr oprRBeESSNEy aﬁgltt%F§1l§?‘é‘.’°q$d3§1%5ﬁ¥f#95%at&ﬂ§t RAapkAn ﬁkpsf)orous ;m)rphous
ai um na hayj r i f : -150 A,
‘ﬂn‘&gn@éhé?q/ ﬁ{%&‘éx&&g 5@’% %lgqsééxgéﬂt %g:@s&gﬁ i dnsoéa% e 5 FRE Ywigh 2

and a surface area catal ytic cracking

process of feedstodkyEinickeused aravhkabilitg.0 Byasplittingthe rcardyticocrasking intd preferably
included. In the short contact time reaction step, it is preferable that
t he hydr ot tegtstagesy widchydsogen additionhetveen stages, thegight amopmg of\0 00/ 40677

PCTNS99/ 28 18 the cragcki atal yvst_ under. catal.yii G.cracki condi ti ons
Lo form a TRRCEcn S AT0HTR G s Banhple ARzt e’ulld GUERERT o That  ne
catal ytic Ghagiks g .QQBankk,%}%p?feﬁe% éBY e, iBThé Bitseq@ét H@Rtage, vol . % of
the first cracked hydrocarbon product has a boiling point bel ow about 430

F. More préVithabteystagahydroprocessingkboth IHOG diages nsuldibe apendtedlat shbrso t hat

25-40 vol. % of the first cracked h ocar pbon product has, a, boiling point
equal to oF°B@°BW‘bﬂ§0¥R“%G“PF5’E%@° U‘F’F@d\lr lﬁEf%rﬁF‘ﬁ'Egyl indhisation is not

per se crity ' i: | ehgh Caf f anmount of
Gasol i ne. amgPesh % s Sied Ml a1 rofRiloR of el By el e SP 1 2
short cont &ﬁid-dikﬁﬁatfee,aé:%j, diesel 84d jet fuélnstvaehts O Erabilingl sort-€Rftadton st ep,
therefore, it is desirable to initially limt the conversion té)(éaasoline

and hi gh quiang e3tabytisygracking, whish Wmite lydrogeByirapsier reactiongin the version in
this step, hydrogen transfer can.be mnjmzed. Accordj. to this invention,
shor t - cont AE1CRT AEA AR G e E iR e Sty SRen s o ST 38 " he
cracking cahatopehatioh of tight blt¥ihs2FaRally, tHEs&BRQTFET st@%@f:ﬁ ?Hf‘drm e t he
short contacCt tine reaction step, the "hydrocarbon feed will contact the
cracki ng calesirgdcomrsibnbdfsaednded volume of more crackable FCC feed from the

second hydroprocessing step. Without the interstage hydroprocessing of the

bottoms, the severity required of the second FCC stage would be considerably

higher, greatly reducing flexibility for achieving high yields of light olefins

and high quality distillates, and increasing the yield of second-stage bottoms

byproduct.

The preferred embodiment further optimizes the utilization of the

integrated second hydroprocessing step by conducting mid-distillate produced



The short contact tine reaction step can be achi eved_usi ng any of,,ghz\,,kﬁézm
processes. For exanple, in one enbodi nent a cl ose coupled cycl one’sy ey
effectively separates the catal yst fromthe reacted hydrocarbon to quench

t he cracking reaction. See, for exanple, Exxon's U S. Pat. No. 5,190, 650,
of which t WO 840477 ed description is incorporated herein by pefrosesse
Short contact tine can be achieved in afother enbodinent by injecting a

gquench flui.d, directly into e [].SgL . j ) guench
auench, {101 o RELAY SpGad et 265 ARG Rlghp-sGE M, Abe, auench
appropri at gedif; Md Esul RLdBEE B BitSelraaiidintantRaRtbplisiied Esthelshme one
second. See, for exanple, U S Pat. No. 4,818,372, of which the detailed
descri pti onimethanter feedas sobseguentFOF is oiade emre cravkeblgrviad as a quench

fluid are such exanpl es_as_water or sfeam.,or any hydrocarhbon that is

vapori zabl é‘ygfﬁ%“a%ﬁdi—rthifdh§“184“4%ij’B&gﬁmla‘&r{ﬂa%? separated ‘Er‘F? the gas
oils fromqr .visbhreaki catal yti c_cyc i| V.,:@r,omati c sol vents
as well as'¥ qua{f’ﬁesag‘aggﬁgﬁnff;ﬁ’f¥&l?fcﬁ%ﬂé%gg’forpg%“teggq&jgf%\éawﬁgavy solvent. In
yet anot hersepiiagh SRBisuchRe HachiOthifn., time can be achieved using a downflow
reactor system In downflow reactor systens, contact tinme between catal yst
and hydrocarbon can be as low as in the mllisecond range. See, for

exanple, U S. Pat. Nos, 4,985,136, 4,184,067 and 4, 695,370, ,of which the
detai | ed descri s Sapsribed berern, dhe invieption és a stagedprasess 1hpt ingludesale  The

particul ar | Vi racking . conditi j rsi,on to a
product in 169%} E‘ﬁgﬁ'é/ggo%%glﬂg&rp\?gp:g ag/gcg’gﬁ?ﬂig%?’gﬁﬁ%ﬂyﬁ‘g’yf 5&%?# is?%’%bpi nt
lless than 4fiQtéps preferalSi9derforeli 3h BerdsS The ééiﬂ?ﬁc efacRin feactofi kidps i n the
art. Once-the preferred particular cracking catalyst is chosen, the

oper at i ons ppeferabdy take placeines Suidecatalgtip eraxkingsyatesn wilich prefarablpce time are
optim zed accordie;gwéo particylar unit operations constraints. For exanple,

if it is dESMPES F MPTE MAIN Feacpp v egsels WO H PG NEFYER3CA e short

contact ti QR i i ' A . 3 ure
rangi ng frc@n‘lgﬁgg{'ﬁ%qttébggéat%ﬁ *%ﬁgéﬁggf I}’lfDo?g %?’é'#‘ié?‘g%‘flif??‘g“ laegﬁ)u §5 to
about 50 pahdreacior ee¥pelEat ure rangi ng from about 900 to about 1150 F (nore

preferably from about 950 to about 1100 F), and a vapor residence tine of
| ess than five seconds. Regardl ess of the type of quenching step used to

hi th hort tact .ti tion, .cat al [ ted f th
Vapor Lo obt ai nif A B AYGIPRRReSREE S ke of e A e DUNAIRC R B s s, Such
as by usi ngeé&’i%'&ﬁ@ﬁrabl ﬂgﬁﬁﬁﬂy%ckﬁggi TheWerdl it Ny P BB issepar at or's.

The separated vapor co e’crac hydriocar bon product,
preferably a hydrocarbon fraction having an initial boiling point of at least

about 400 °F, more preferably at least about 600 °F. As appreciated by those
of ordinary skill in the art, such hydrocarbon fractions are difficuit to precisely
define by initial boiling point since there is some degree of variability in large
commercial processes. Hydrocarbon fractions which are included in this
range, however, are understood to include gas oils, thermal oils, residual oils,
cycle stocks, topped and whole crudes, tar sand oils, shale oils, synthetic fuels,
heavy hydrocarbon fractions derived from the destructive hydrogenation of
coal, tar, pitches, asphalts, and mixtures thereof. Such feeds also include feed
stocks derived from any of the foregoing, including feeds derived from

hydroprocessing reactions.



and the separated catal yst. contains a carbonaceous material (i.e., coke) as
a result of the catalytic cracking reaction. The products recovered § rjgf2n
the short contact tinme reaction step may be separated and a md-distillate
and gas oil-containing bottons fraction nay be recovered for the second
hydr opr oces¥PR§4&7hge and additional cracking. Alternativel yPCTRE99/28791
md-distillate boiling fraction is sepa]r]ated and renoved for storage or

furt her  pr ocessiag uBieh efabhyarotiBoledlsThih Lbeiedn8 (8 ArEicuaA 21 Ni ng

bottoms fraction co Ins a rstil aving an initral boi’ling point
of at | easterakihd-stag®hepd RicpRifdriblintrotdbcea int®k Iriseg thaifeddsef at | east 350
F. After the md-distillate and gas oil containing bottons fraction is

separ at ed, cetalytc grekingapegohyesseprivetssaty, the hydeoweated deadigmapediessi ng
onds: naphtRansSith catyis sraPbns cplo e is SORIRBR B RE d5ethe. | O
recovered P&F@aégﬁé %?ﬁ%gt’f)m ?ﬁ}d %eﬂc?mg)gb@\vﬁﬂ ReEAGh B ah IndrByde! dfHas

hydr opr ocessor an e n sone cases It °I's sl rabl e
for the stmeaied Conddnbm b dsaeFefh achighlyHtbmitedcktréath of atvapbue fractions.

Al ternatively, the naphtha and md-drstillate products separated fromthe
product s othydhecaskameatalygtisuspensiess sPrejerablyy dhiseyspanstemflows throughoduct s f or
further processing or storage. In another enbodi nent, the naphtha separated
fromthe prﬂb"dﬂé‘?rlgpi’ﬁ%"c%d’gﬁw'hydr oprocessing stage is conducted to the
second catal ytic cracking stage. In this enbodi nent, the high boiling end
of the naphtha product is further cracked in order to produce a "light"
napht ha. | n gené¥fhin thegedvior vedsdl theayt i®sépaeatetidy@t the | | depend on the
equi prent used, such as the type of separation equipnent enployed follow ng
t he second hiygercapranceanpnsito obtapothedesired pradnetth sucmas by usingowichanet s hydr ogen
recovered fromthe cond L5 li. ~J, z03 0140677 PCT/,US99/ 28791
21 hydr opr SERATRISP ERE Shiamater yorceomurises Hof PrsKER BX SR RtRD RS ned w th
the hydrocanleRe ieparhteFastaRst cthing atabriaebob® Materil(1.8ScH6 284 _
hydr opr ocessor are subjectéd to at | east one subsequent cracking step with
a cracki ngresujtfitbe cataligic aratkihg t¢actionacki ng condi ti ons whi ch favor

cracki ng of the heavier hydrocarbons contained in the bottons fraction. It
is preferred in any subsequent cracking step follow ng the second

et at ur o bo- STEraket R R AERRNT eyt Aol Rl 7, o

tenperature be I"eas . . . t contact tine
reaction Shﬁﬂrociﬂﬁmakﬁd Qfier theoke hidtarlidithas beel réifioved.dPiéfendlys e oyed
following the short contact tinme reaction step are E&eferabl_y control led so
that the céfks iseameved frams thef catalystdn atiegensratorivessed bymombuystingited d an
overal | pr Ck 1n.whi at l,east 60.,w. % preferabl l.east 75 vol. %
and nore prggl?eeﬁgm Sl;\eé‘ta?qq%s&gpdg%sterbqgfd%wc%ﬂgm&p é1?1¥spf%r&6ge ¥at®a boi | i ng
poi nt of | ggige {sha &gl %@H ﬁ@(é. fol | ow ng
t he hydropr ocessi'élmgm%ttep,%ttﬁ@(bgon itrlaoﬁgg ?%%bg?gggge t%&g%g@\% t he
desired ovemdh Iprmoﬂumhgmg frori@bpoi Mto sbwita00essi st Adterah€comdboition

or

obt ai nabl e by those of inary skill in the art and are pgti m zed
accor di ng $16P¢ the regenesated catalysisaerydled ptheanisen foweontactoyith additionahne

catal yst i enenal | sgd.in the short contact tine reactiaon step as in a
subsequent ﬁ%&é’(@:gﬁbﬁa fggﬂi:(c? i€ ?{agtyeﬁ’,e rfgex?egatﬁgeqagzﬁlygchnéaxpﬁgqs(ggg@ @’?I ghtly
severity oht!dGokeiord prefabhyleQhah 0.1 B SAltgROUENt reaction step.
Preferably, this is don y I ficreasing the tenperature or vapor contact

time, or both, in the subsequent reaction step, while maintaining reaction

pressures sim Iﬁ%to that in the first catalytic cracking step, .although
reaction pressufB&catalyshuseddpibisdaventionRan kermyratal ysthipesalbywsedde vapor

contact ti X |y en, usi-ng, a,zealite tyv f cracking catal yst,
it is pref Ee%?lgg‘g@b? h%\ggk gh%%?b?'é&eg’éhéé’%tqr "c?]d tﬁggtglet%ﬁyé% seconds,
more pr ef egrabking2atdd PR icohiPise AeFsthlliNe 1@fatedPalBaREWSrk oxidet , _ VVO 00/ 40677
22 5 .~ ~ a a~3 PCTNS99128791 pependi ng upon the quality of the feed,
severity otompenentcdhis tomipaenoisasedng catabype thebredkelopar of prnary r eact i on
equi pnent used, it can be desirable to increase the tenperature of a
subsequent Prosusts\far the eatrlytig cracking mactior fntomleanprogducts sugh as enper at ur e
increase will be |less than about 100 F higher than in the first catalytic
cracking reaction step and in a range of about 950-1250 F.



Al though it is preferredstio slightly increase the semerity of any cracking
reactiron subsequent to the initial short contact timnme reaction steg 5 tyfysi
is not necessary. In general, the nore intense the second hydroprocessing
st'age, the | ess intense can be any subsequent cracking steps. A preferred
enbodi ment WP WM48677nvention is shown in FIG | . The first hperaina’mng
stage is carried out in hydrotreater 2312 The product of hydrotreater 23 may
be separat i i I g Ll oi such as |ight
ends, naphﬁﬁgb&gﬁ@p&;@% ?‘f‘?éﬁ%ﬁﬁﬁgﬁ%@n@cﬁ(gg&n&%kﬁi \}/)géfte??q)f%g‘r?@stor age or
further progpssiling tetfiledz@NfrEiewlirk dRidd coMporient i sefeqpal fromsthe geotp May
depend on factors such as the type of separation equi pnment enpl oyed.

Hydr ot r eat exbnbisting of zéolites; tectosteates, tatrahedral aluremopbephiatesd AlFP@dle first
catal _ytic cracking, stage. .Thqu referr t he,separator ,24, i s not
required, aﬁﬁ’d‘S‘I?h‘?ﬂ"alt%ECQQIPE’%"‘%M%SFGEégg‘BPSE B’f‘%ﬁl?&%%r% e conduct ed
as feed to hir [, Gi.C i t .. The cracking reaction is
carried out&géé?l%%‘e?taéﬁ%ﬁé%égﬁfd{oﬁwgh§ agg%hrtlgl e reactor 12, with the
spent catal yst being regenerated in a single regenerator 13. Although a
dual riser with single reactor design is shown as one prefen ed enbodi nent,
t he process of tZdodit¢sthantarobhe emplbyedinadcerianae vathi this myentiarhiaglugdae
reactor or nmore than two rjsers. 40677 23

= sl 2~
PCTI U_SQQlZEPPéh“PWT !agd ﬂY,mlFﬁ}tFrﬁqlgﬁﬁl-e'ﬁh?ﬁ&%h‘c?%Bﬁ‘ﬁug\ggg’%hg“?vnj ected into
the riser ]c%sﬁ’gﬁge? gg%ly(i@ée%Ligagﬁfolﬁé‘tf%jé;igﬁ,fﬂeﬁmntdh‘é 5@%&?%%@13 . The

reaction is _ using ‘a one sepatat or 0 Separate

t he hydr ocariipite ¥ dalitellcahERRite,eephRRRE, 1aRirteysdolecHeenatpsint, offetiteyst falls,
through a stripper and standpipe and is carried through a return line 15 to
t he regenermesslitd,3nondenite; bremstenitgeansd fergariteo Indludedamong the sgnthekied

hydr ocar bon py.oduct is.re d fromthe cycl b f inei 6

t hat | eads Zteg{’!'fs%?)é?‘git%ﬁaﬁgs%efﬂ gk.“‘* Z%éiségréﬁi% %3@1 Wi#’i s used io
separate a jph SHbbdeh! g i ont ai ning bottons fraction froma
napht ha anﬂ}%g t eén séﬂaa |c§§ﬁﬁA&s}hé gt ed above, operating conditions
wWithin the riser 10 are maintained such that |l ess than 50 vol. % of the
cracked hydrocarbon product fraomriser 10 has_a boiling point of |ess than
or equal to 430 Irgewensd alpminesilicate zeelitgn areelfecsivelusedanithisg bot t ons

fraction is_renoved fromthe separation ssel way of a ling 18. As the
mi d- di sti | I'%Y%H}é’ﬁ’d%é’ S ‘ﬁﬁ&i‘f‘g‘ﬂﬂ‘ﬂds B”o‘gf‘%?n‘g’efﬁéﬁi%ﬁ?ﬂ°§@{%m§b§or ted
through | i nabsituted fay SR FREABWBHOLSGpEAEntS! FSla&éxﬁplb,nlhﬁ(hhﬁﬂin;%?n the desired
rate, and the entire mxture is sent 1o a second hydroprocessi ng reactor
19. The seqoniomyalr bpreplaces by boear, tgallium Qitapiunaon grivelént dnagh ocessi ng

catal yst, and the, hydyoprogessjng reaction is carried out under

hydr opr oc escgmpé’slﬁ%‘é it%‘?t(ﬂ‘ig ?‘CGYHCF ?l?f“réuﬁ“mi“?e SISManRM §3n bé (ysgfto

hydr opr 0C9§§;5199e Rt podtidbndnot her enbodi ment the md-distillate fraction
is renoved as a product ?rom Separator | 7 for storage or further »
processing. In this enbodi nent, the gas oil bottons from separator 17 do

not contain md _distillate. o _
The catalytic cracking catalyst used in this invention can further

comprise an active porous inorganic oxide catalyst framework component and
an inert catalyst framework component. Preferably, each component of the
catalyst is held together by attachment with an inorganic oxide matrix

component.

The active porous inorganic oxide catalyst framework component
catalyzes the formation of primary products by cracking hydrocarbon

molecules that are too large to fit inside the tetrahedral framework oxide



E_~_! -3 ~d 7.003 WO 00140677 PCTNS99/28791 24 Fol |l owi ng the secong
hydr opr ocessi ng reaction, a hydrogen-containing treat gas is separ ated!i¢/®h
the iightend products of the second hydropracessor. The hydrogen-contai ni ng
treat gas conprises unspent hydrogen fromthe second hydroprocessor. It may
further conyoi0s@oe? C4- hydrocarbon fraction) e.g., a hydrocapeersbsseydi on
containing C4 and |lighter hydrocarbons zir}’d ot her gases boiling bel ow about

60 F. The hydrogen-caontaining treat gas.is .gonducted via line 20 tq the

PUrer o censhent. THeAERYE BotoSanarimeit orion caulysf fatiebork SSmBantM .t o° 20
separates t il - L Ji : j romthe
se(F:)ond hydrgggpgﬁggé}gg&g&m%&@?a %@us%@?%%&@éﬁ&%&éﬁﬁ?%&%t ai ni ng

bot t oms fr daideQimobnt’dfHyifo@drbond Rfd lémmﬁla:eta@mbi%}atwm&ebmmki ng stage
via line 21. 1n addition to unsgent hydrogen, a light ends fraction, a

napht ha fr aompared tnan acodptablieshéetmaltbdarnl. adtlowrsunfage atessiliga (€ear at ed from
t he hydroprocessed gas oil_-contajping bottons Qroduct i.n separatar 20. The
naphtha fr aﬂﬂain&i 1§ ‘?fgq W&Ofe?cﬁiﬂr”bg'ﬁﬁhgﬂﬂalfl?l%lf‘iﬂﬁ exien af éfﬂ‘%?% 4R 9 a
boi I'i ng poi E The

m d-di sti l IIﬁ%aesru?gg@ltggngﬁgésﬁ%?%%lsﬁ?‘%e%so%‘%ﬂ afﬁgtﬁaﬁe\h‘g? (Qﬁ%‘{ac@\é@r .t’t o |less

than about ZSPME D3D67BPThpsundsiichedRosedindlbded, inGrdenkifeldet,/Bit e may be
returned to the f rst hydrr(r)grocessi ng stage for conbining with the fresh

g
feed. Al terhattalgllydusttielanthlinpmediing Ghemistoy, pp. 8533830 Novembere} 949,
pr ocessi ng. ita amr’bgl at.ed enbodi ment, .the aaght hag separ.ated fromthge product
of the secditiORSHEADDr HXBEERHFHIGARMIBA ARG SHIF AP FERNRCURPOMNScki ng
stage. In tﬁ?éi &gﬁg iment, the high boiling end of the naphtha is cracked
to produce a fl ght™ naphtha. The separator 20 can be any type of
separation equi pnent capable of effectively separating the hydroprocessed
product into its _conponent parts. For exanple, separator 20 can be a sinple
fractionator or Wsungrtsatalysteframewerk componentgdensifies,sirgngtbepppndacty 25

= col d_ sepdt RBPGESE SR Ml THG e FUADFOHATEROTA UBPOSEL 2558 fon. 't he.
hydr opr oc e&ﬁﬁdnv&ﬁﬁn&%ﬂd&ﬁﬁ%ﬁﬁﬁ @&a%ﬁfn?qﬁivﬁt?ﬂﬁitiiﬁ’?oi SghificaRfl¢ Brdafr0 i ser

11 for further catalytic cracking throdgh a I'ine 21. A portion of the
hydr opr ocedbanithieccreptableathetraalblankr Kaolinsana gthergdaystasewell asalphbi ne. The

cracking reaction..in riser 11 is quenched by separatin he ¢racked

product s fr"‘g‘m"c%t‘%tz‘ffé’%ﬁ,fé’lﬂ%éﬂaéﬁfw&l%ﬁgpké[S’zflpg?ftﬁFeéi‘f‘eW'he spent
cat al yst i%oﬁgmﬂi:ﬂl‘%d with the spent catalyst that is separated using the
cycl one separdtor 14, and is sent through the return line 15 to the
regenerator 13 where it is regenerated for further use. The cracked product
is sent to the separator 17 where it is conbined with the cracked product
from cycl one sepdlednerganic oxideanatiy sanponent binss shkestalysioennaponemis be

OO ne S WL LT3R o Bh o PSS A S aRaise
reactor wall collisions. The inorganic oxide matrix can be made from an
inorganic oxide sol or gel which is dried to "glue" the catalyst components
together. Preferably, the inorganic oxide matrix will be comprised of oxides of
silicon and aluminum. It is also preferred that separate alumina phases be
incorporated into the inorganic oxide matrix. Species of aluminum
oxyhydroxides-g-alumina, boehmite, diaspore, and transitional aluminas such
as alpha -alumina, beta -alumina, gamma -alumina, delta -alumina, epsilon -
alumina, kappa -alumina, and rho -alumina can be employed. Preferably, the
alumina species is an aluminum trihydroxide such as gibbsite, bayerite,

nordstrandite, or doyelite.



Because the second hydroprocessi ng step renoves undesjrabl e contam nants
and inproves the quality of the feed to the riser 11, other petrol epm jyy 203
distillate fractions can be conbined with the md-distillate and gas oil
containing bottons fraction prior to hydroprocessing such as by |line 25.
These ot her WSeA¥496Tum di stillate fractions include petrol eumPOTAISYAS™It hat
are generally high in contaminant conterdt4 and typically would not be
directly processed in a catalytic cracking reactor. An exanple of such
petroleumdistillate fractions includes heavy coker oil streans. Havi ng now

fully described ffyhg stdpedtatadRic éﬁach'hF?r@&s@%&ﬁbx&ie@dn%’&ﬁ@%@nﬁbﬂ led in

the art that the invention can be perfornmed within a wide range of

par anet er s hydrbtarbohdted i subfectedo a firdt eatalffticictacking/Beacpon Clepl addesst 1. A
catal ytic cracking process for produci ng hi gh .qual i tt)F/‘, md &xi stillates

conpri si ng & BetiesRf tha gredust epthedarst eppction siEeis sSgpaatg AL LE BRI havi ng
an initial boi.lin ol nt .of | east out - W : QR ssi ng

cat al yst umloﬂﬁgf%%‘fgggPﬁ%a%o%&ia[dlﬁbhoanlﬁgtglﬁfc\rl\%r%%gé%%ﬁlggesg or in
order to fog a%atidr{&t%ﬂey&mpraeﬁmé&qﬂﬁgd&,%waaemlaﬁéwmfémwu.ctIng at least a
portion of tHe first ‘hydropfocessed hydrocarbon to a first catal ytic
cracker and contacting the portion of the first hydroprocessed hydrocarbon

wi th cracking catal yst under catalytic cracking condi é'h?glas V\/rhere' n.the
tenperature is fHepPMIDNE togthisigpemtion, afiex the hysdroprpsesse rqcargongteed | ess

than 5 seconds _in otd to forma first cracked .hyd t; (c)
conducti ng 4 &rggqﬁstbegfrgc%éﬂy%%aqag %ggsﬁctb%ﬁg&lwso&gfe?{l@g? ° g%‘%g?l‘gt or and
separat i ng f pddidtfldie bad 8¢ &t Esﬂagﬁﬁg B6ALRR Tratiof fidm the pRABEL 6 ther St
naphtha fraction, a first~light ends Traction, and a gas oil containing '
bott ons fr aracking readtiom. dhhe mid-distillbei fractopnymieferablf has ananiial Bading;, (d)
conducting at |east the gas oil-containing bottons fraction to

point of at least about 300° F, more preferably at least about 350° F, and a

final boiling point no more than about 800° F, preferably not more than about

700° F. The gas oil containing bottoms fraction is preferably a petroleum

distillate fraction having an initial boiling point of at least 600° F, more

preferably at least 650° F. The gas oil containing bottoms fraction is then

used as the feed for at least one subsequent catalytic cracking reaction step.

The remaining product portion of the first catalytic cracking reaction is sent to

storage or subjected to further processing in other refinery processing units.

It is preferred in this invention that the mid-distillate and gas oil
containing bottoms fraction be hydroprocessed prior to being subjected to any
additional catalytic cracking steps. The mid-distillate and gas oil containing
bottoms fraction is hydroprocessed by passing the fraction over a
hydroprocessing catalyst in the presence of a hydrogen containing gas under

hydroprocessing conditions.

As used herein, hydroprocessing includes both hydrotreating and mild

hydrocracking, with mild hydrocracking indicating that sufficient cracking of



a hydroprocessor and hydrgprocessing gas oil-containing bottons fraction
under - hydr oprocessing conditions in order to forma second hydropr%éeﬂﬁbmm
hydr ocar bon, wherein the second hydroprocessor has a higher hydrogen
partial pressure than the first hydroprocessor; Lm! ~ . lL~d :.~Oj) -27
(e) conducwmaow/4a627 second hydr oprocessed hydrocarbon to a sepords®essat or;
separating at |east a fraction containifg unspent hydrogen and a
hydr opr ocessed, gas oil -containing bottons fyaction; conbi ni at | east

the fracti 6A0ZEnT 4eed frgcuem panecaiprrdsysh tmtttﬁcrpnéawwgggslf% ‘F%ggs of step
; f duct i t. | t t ]z t al ni bot t
rnett on © Stk bl o Yoobb R F » RaaiERitan i ek B KRR B0 ceased
o S f ! ! v ng <
Syt o MR SALADE WATInBEny ot BEiNtdn thean GAE BrafpL oFNOR

1250 F in okdeiprbeedstigitan beeontoltéPhiteskinprbper sslbaivnufadtalyst agmail( g)
conbi ni ng tZe fpl rst crgz:(c:ked hydr ocar bon prgduct and t he sec%nd cracked

hydr ocar bonas by sxhiisnizing operation weddimar at i on and hydr opr ocessi ng of at
| east the gas oil-containing bottons fraction. 2. The catal ytic cracking
process of claim1, wherein the first light ends fraction is a (4-

ny ocar bon 11 2t ST Bl s A AE S oSk 1, vher el

less than 50 vo _ crac rocar uct med in step
(b) has a Rkeigkt herdinisafficibnilp sautdi@ Bromatisitngs ofofmindre edsily bracksslal ytic
cracking process of claim1, wherein at |east 60 _val~ % of the conbi ned
first and sephthentrmngeditiydlsodiesivableghasghe hydioprecessing stagas comysrt i ng poi nt
of .l ess h(’ilxgllsaotlrzr'cxet((:lélI %lydg'c())caﬁggns':s'uch as olefins and diolefins to paraffins using a

typical hydrogenation catalyst. Objectionable elements can also be removed

by the hydroprocessing reactions. These elements include sulfur, nitrogen,

oxygen, halides, and certain metals.

The hydroprocessing stages of the invention are performed under
hydroprocessing conditions. Preferably, the reaction is performed at a
temperature ranging from about 400° to about 900° F, more preferably from
about 600° to about 850° F. The reaction pressure preferably ranges from
about 100 to about 3000 psig, more preferably from about 500 to about 2000
psig. The hourly space velocity preferably ranges from about 0.1 to about 6
V/V/Hr, more preferably from about 0.3 to about 2 V/V/Hr, where V/V/Hr is
defined as the volume of oil per hour per volume of catalyst. The hydrogen
containing gas is preferably added to establish a hydrogen charge rate ranging
from about 500 to about 15,000 standard cubic feet per barrel (SCF/B), more
preferably from about 1000 to about 5000 SCF/B.

Hydroprocessing conditions can be maintained by use of any of several
types of hydroprocessing reactors. Trickle bed reactors are most commonly
employed in petroleum refining applications with co-current downflow of

liquid and gas phases over a fixed bed of catalyst particles. It can be



5J~!"J ?D03 -28 5. The watal ytic cracking process of_claim1, wherg
catal ytic cracking conditions of step (f) include a reaction tenperé

that. is at

of step (b).

50 b g

| east equal to that used under the catal ytic cracking conditions

6. The catalytic cracking process of claim1l1, wherein the

portion of WWR0¥406%t hydroprocessed hydrocarbon is contact ed RET/USERETMI N
catal yst for | ess than 2 seconds. 7. Thdfcatal ytic cracking process of

e Bl RS st 15

ntercurrent, noving

bed,

expanded bega&dfs, 3 Which Mediquid phiNe passes doveh fhrbagly b fixedrdidMatglyacess of

claiml wherein the unspent

ydr ogen-containing fraction further conprises

hydr opr oc e sagainst ughard:nityisgttestyghs pparobeesphbyad po obtain bighemeeacitoal yt i ¢
cracking process of claim1 further conprising ﬁggar ting.a first
KB

mi d- di sti | |73t anddewrilgniate ematies hydragepateneqp

oS o P, LB BEeE e ppgea -

hydr opr ocesge
hydr ocar bon.

conpri sing

Homminhgrent

125R&eald d¥erncly O ARAIS AR SArAUMES 1 THeafidreedtePfedhe second
hydr opr ocessed hydrocarbon and conbi ning the hydroprocessed napht ha

fracti on wistteatrheMoyihgipedreestoe dypesaenerallydnciude neavgorbovheram 4 camtivieon. ~1
~| . The catal ytic cracking~process of claim=1- f_ur},her coprpri si ng

bed of catalyst particles 1s contacted by upward-flowing liquid and treat gas:

The catalyst bed can be slightly expanded by the upward flow or substantially

~ expanded or fluidized by increasing flow rate, for example, via liquid

recirculation (expanded bed or ebullating bed), use of smaller size catalyst
particles which are more easily fluidized (slurry bed), or both. In any case,
catalyst can be removed from a moving bed reactor during onstream
operation, enabling economic application when high levels of metals in feed
would otherwise lead to short run lengths in the alternative fixed bed designs.
Furthermore, expanded or slurry bed reactors with upward-flowing liquid and
gas phases would enable economic operation with feedstocks containing
significant levels of particulate solids, by permitting long run lengths without
risk of shutdown due to fouling. Use of such a reactor would be especially
beneficial in cases where the feedstocks include solids in excess of about 25
micron size, or contain contaminants which increase the propensity for foulant
accumulation, such as olefinic or diolefinic species or oxygenated species.
Moving bed reactors utilizing downward-flowing liquid and gas can also be

applied, as they would enable on-stream catalyst replacement.

The catalyst used in the hydroprocessing stages can be any
hydroprocessing catalyst suitable for aromatic saturation, desulfurization,
denitrogenation or any combination thereof. Preferably, the catalyst is
comprised of at least one Group VIII metal and a Group VI metal on an

inorganic refractory support, which is preferably alumina or alumina-silica.



conducting the first hydroprocessed hydrocarbon to a-third separator oy

| ocated in series between the first hydroprocessor and the first catzaﬁ 3)%”? 403
cracker and 2 ~~ .Itl~ 2rD3 -29 separating fromthe first hydroprocessed
hydr ocarbon at | east a second unspent hydrogen-containing fraction. 12. The
cat al yti c cW&oli4p6y7 pr ocess of claim 11 further conprising sSeparaidosghi om
the first hydroprocessed hydrocarbon atiVeast a md-distillate fraction.

13. Th | yti Ki f claiml th i Si

L e Ao i B RSB AL KA B8 AR S o

} | ght _ ends ({ §AG4HOR ahd %%‘? wznedfe‘fﬁ:teﬁli#}'ze&ﬁ&ﬁﬁ 'nglooém%slﬁeﬁfen%'. gpbm 13
urther conprising separating tromthe tirst hydroprocessed hydrocarbon at

| east a seepaflplatiesdorhpagidsOdte listed in the Periodic Table found at the last
.AS. A2. A/ L. A AY(, . AYE. A. A3a. AE. Au . Al l . All . AE. AhSy. Al . AhY. Al .E. Al . A@. A AN
Al . A . Apage oiaSdvanceddngrganic Chemistry, 2nd Edition 1966, Interscience
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catalyst of the present invention. Preferred are alumina and silica-alumina,

including crystalline alumino-silicate such as zeolite. More preferred is
alumina. The silica content of the silica-alumina support can be from 2-30 wt.
%, preferably 3-20 wt. %, more preferably 5-19 wt. %. Other refractory
inorganic compounds may also be used, non-limiting examples of which
include zirconia, titania, magnesia, and the like. The alumina can be any of
the aluminas conventionally used for hydroprocessing catalysts. Such
aluminas are generally porous amorphous alumina having an average pore size

from 50-200 A, preferably, 70-150 A, and a surface area from 50-450 m%g.

In the staged catalytic cracking process of this invention, a short
contact time reaction step is preferably included. In the short contact time

reaction step, it is preferable that the hydrotreated hydrocarbon feed contacts
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cracked hydrocarbon product. It is also preferred that the catalytic cracking
conditions are controlled so that less than 50 vol. % of the first cracked
hydrocarbon product has a boiling point below about 430° F. More
preferably, catalytic cracking conditions are controlled so that 25-40 vol. % of
the first cracked hydrocarbon product has a boiling point equal to or below

about 430° F.

The 430° F. boiling point limitation is not per se critical, but is used to
give a general indication of the amount of gasoline and high quality distillate
type products that are formed in the short contact time reaction step. In the
short contact time reaction step, therefore, it is desirable to initially limit the
conversion to gasoline and high quality distillate type products. By

controlling the conversion in this step, hydrogen transfer can be minimized.

According to this invention, short contact time means that the
hydrocarbon feed will contact the cracking catalyst for less than about five
seconds. Preferably, in the short contact time reaction step, the hydrocarbon

feed will contact the cracking catalyst for 1-4 seconds.

The short contact time reaction step can be achieved using any of the
known processes. For example, in one embodiment a close coupled cyclone
system effectively separates the catalyst from the reacted hydrocarbon to
quench the cracking reaction. See, for example, Exxon's U.S. Pat. No.
5,190,650, of which the detailed description is incorporated herein by

reference.

Short contact time can be achieved in another embodiment by injecting

a quench fluid directly into the riser portion of the reactor. The quench fluid is
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injected into the appropriate location to quench the cracking reaction in less
than one second. See, for example, U.S. Pat. No. 4,818,372, of which the
detailed description is incorporated herein by reference. Preferred as a quench
fluid are such examples as water or steam or any hydrocarbon that is
vaporizable under conditions of injection, and more particularly the gas oils
from or visbreaking, catalytic cycle oils, and heavy aromatic solvents as well

as certain deasphalted fractions extracted with a heavy solvent.

In yet another embodiment, short contact time can be achieved using a
downflow reactor system. In downflow reactor systems, contact time between
catalyst and hydrocarbon can be as low as in the millisecond range. See, for
example, U.S. Pat. Nos. 4,985,136, 4,184,067 and 4,695,370, of which the

detailed descriptions of each are incorporated herein by reference.

The particular catalytic cracking conditions used to achieve conversion
to a product in which less than 50 vol. % of the product has a boiling point
less than 430° F. are readily obtainable by those of ordinary skill in the art.
Once the preferred particular cracking catalyst is chosen, the operations
parameters of pressure, temperature and vapor residence time are optimized
according to particular unit operations constraints. For example, if it is
desired to use a zeolite type of cracking catalyst, the short contact time
reaction step will typically be carried out at a pressure ranging from about 0 to
about 100 psig (more preferably from about 5 to about 50 psig), a temperature
ranging from about 900° to about 1150° F (more preferably from about 950°

to about 1100° F), and a vapor residence time of less than five seconds.

Regardless of the type of quenching step used to achieve the short
contact time reaction, the catalyst is separated from the vapor to obtain the

desired products according to the known processes, such as by using cyclone
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result of the catalytic cracking reaction.

The products recovered from the short contact time reaction step may
be separated and a mid-distillate and gas oil-containing bottoms fraction may
be recovered for the second hydroprocessing stage and additional cracking.
Alternatively, the mid-distillate boiling fraction is separated and removed for
storage or further processing. Preferably, the mid-distillate and gas oil

) containing bottoms fraction contains a mid-distillate having an initial boiling
point of at least 300° F, more preferably an initial boiling point of at least 350°
F.

After the mid-distillate and gas oil containing bottoms fraction is
separated, it 1s preferably hydroprocessed in the second hydroprocessing stage
and then separated to recover unspent hydrogen, hydroprocessed light ends,
naphtha, and mid-distillate products. A stream comprising the recovered
unspent hydrogen fraction is then conducted to the first hydroprocessor and
combined with the feed. In some cases it is desirable for the stream to contain
recovered naphtha and mid-distillate fractions. Alternatively, the naphtha and
mid-distillate products separated from the products of the second
hydroprocessing stage may be removed as products for further processing or
storage. In another embodiment, the naphtha separated from the product of
the second hydroprocessing stage is conducted to the second catalytic cracking
stage. In this embodiment, the high boiling end of the naphtha product is
further cracked in order to produce a "light" naphtha. In general, the particular
embodiment employed will depend on the equipment used, such as the type of
separation equipment employed following the second hydroprocessor.

Importantly, though, in all embodiments hydrogen recovered from the second



s<<<4<| <CYDr DV s910938 ().-  7y109%3& () -
109638 () - +@ 10%G+& () - @ 10%C& () - f &MLO%EE ()- 10 10r DsDt DuDDDD3R{F{N =40
10%m& ()- &LO%T& ()-!10%n & ()-! (! 109%EE& ()-! 109 ()-3 10G 10G

10G{ FH| HKKKKKKb@ 9! 1! 109& () -ss' 109& ()- 10m 10m 10nm#10%m& () -

1 10%18 () WOL0RmEY () - SKENORSSSSW [ M@9! 1 10 10 10! | S2109%& ( perRisifNssmyy ) - !
109 ()-!!109%& () - sSSSSSSUIEM@ 9! | Y10%RE () - #, 109%G& ()-s' @OYGE () -

}-goo/gé&( % ; _1 : %%@&&%8%%@%6&@ gw&ggy\%&fgé&% )cl_ogb_ilned with the
YY622222274G9) Q%R G) - S' 10%& () -

Gas oil-containing bottoms from the second hydroprocessor are
subjected to at least one subsequent cracking step with a cracking catalyst
under catalytic cracking conditions which favor cracking of the heavier
hydrocarbons contained in the bottoms fraction. It is preferred in any
subsequent cracking step following the second hydroprocessing stage that the
reaction time be longer and the reaction temperature be at least equal to that
used in the short contact time reaction step. The appropriate catalytic cracking
conditions employed following the short contact time reaction step are
preferably controlled so that the combined products of all of the cracking steps
will yield an overall product in which at least 60 wt. %, preferably at least 75
vol. %, and more preferably at least 85 vol. % of the overall product has a
boiling point of less than or equal to about 430° F. In any cracking steps
following the hydroprocessing step, the conditions which are used to achieve
the desired overall product boiling point characteristics are readily obtainable
by those of ordinary skill in the art and are optimized according to the needs of
the specific operating unit. Since the same catalyst is generally used in the
short contact time reaction step as in a subsequent cracking reaction step, it is
preferred to increase slightly severity of the reaction conditions in the
subsequent reaction step. Preferably, this is done by increasing the
temperature or vapor contact time, or both, in the subsequent reaction step,
while maintaining reaction pressures similar to that in the first catalytic
cracking step, although reaction pressures can be adjusted without changing
temperature or vapor contact time. For example, when using a zeolite type of
cracking catalyst, it is preferred to have a vapor residence time of less than 10

seconds, more preferably a vapor residence time of 2-8 seconds.
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hydroprocessing stage and the particular reaction equipment used. it can be
desirable to increase the temperature of a subsequent catalytic cracking
reaction step. Preferably, any temperature increase will be less than about
100° F higher than in the first catalytic cracking reaction step and in a range of

about 950°-1250° F.

Although it is preferred to slightly increase the seventy of any cracking
reaction subsequent to the initial short contact time reaction step, this is not
necessary. In general, the more intense the second hydroprocessing stage, the

less intense can be any subsequent cracking steps.

A preferred embodiment of the invention is shown in FIG. 1. The first
hydrotreating stage is carried out in hydrotreater 23. The product of
hydrotreater 23 may be separated in separator 24 into lower boiling point
streams such as light ends, naphtha, and distillate which may then be diverted
for storage or further processing. The content of any lower boiling point
streams may depend on factors such as the type of separation equipment
employed. Hydrotreated bottoms from the separator are routed for feed to the
first catalytic cracking stage. Though preferred, the separator 24 is not
required, and all of the first hydroprocessor's products may be conducted as

feed to the first catalytic cracking stage.

The cracking reaction is carried out using dual risers 10, 11 and a single
reactor 12, with the spent catalyst being regenerated in a single regenerator 13.
Although a dual riser with single reactor design is shown as one preferred
embodiment, the process of this invention can be carried out using more than

one reactor or more than two risers.
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In FIG. 1, hydrotreated hydrocarbon feed is injected into the riser 10

where it contacts hot catalyst from the regenerator 13. The reaction is

preferably quenched using a cyclone separator 14 to separate the hydrocarbon

material from the spent catalyst. The spent catalyst falls through a stripper

and standpipe and is carried through a return line 15 to the regenerator 13

where it is regenerated for further use.

Cracked hydrocarbon product is removed from the cyclone 14 by way
of a line 16 that leads to a separation vessel 17. The separation vessel 17 is
used to separate a mid-distillate and gas oil containing bottoms fraction from a
naphtha and light ends fraction. As stated above, operating conditions within
the riser 10 are maintained such that less than 50 vol. % of the cracked
hydrocarbon product from riser 10 has a boiling point of less than or equal to

430° F.

The mid-distillate and gas oil-containing bottoms fraction is removed
from the separation vessel by way of a line 18. As the mid-distillate and gas
oil containing bottoms fraction is transported through line 18, a hydrogen-
containing gas stream is injected at the desired rate, and the entire mixture is
sent to a second hydroprocessing reactor 19. The second hydroprocessing
reactor 19 contains a hydroprocessing catalyst, and the hydroprocessing
reaction is carried out under hydroprocessing conditions, utilizing a fixed or

moving bed of hydroprocessing catalyst.

In another embodiment the mid-distillate fraction is removed as a
product from separator 17 for storage or further processing. In this
embodiment, the gas oil bottoms from separator 17 do not contain mid-

distillate.
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Following the second hydroprocessing reaction, a hydrogen-containing
treat gas is separated from the lightend products of the second hydroprocessor.
The hydrogen-containing treat gas comprises unspent hydrogen from the
second hydroprocessor. It may further comprise a C4- hydrocarbon fraction,
e.g., a hydrocarbon fraction containing C4 and lighter hydrocarbons and other
gases boiling below about 60° F. The hydrogen-containing treat gas is
conducted via line 20 to the first hydrotreater, where it is combined with the
fresh feed. Separator 20 separates the hydroprocessed, gas oil-containing
bottoms fraction from the second hydroprocessor's products. The
. hydroprocessed, gas oil-containing bottoms fraction is routed as a feed to the
second catalytic cracking stage via line 21. In addition to unspent hydrogen, a
light ends fraction, a naphtha fraction, and a mid-distillate fraction may also
be separated from the hydroprocessed gas oil-containing bottoms product in
separator 20. The naphtha fraction includes a hydrocarbon fraction preferably
within a boiling point range of C4 (about 60° F.) to less than about 430° F.
The mid-distillate fraction has a boiling point range of about 350° F. to less
than about 700° F. The separated light ends, naphtha, and distillate may be
returned to the first hydroprocessing stage for combining with the fresh feed.

Alternatively, they may be diverted for storage or further processing.

In a related embodiment, the naphtha separated from the product of the
second hydroprocessing stage is routed to the second cat cracking stage. In
this embodiment, the high boiling end of the naphtha is cracked to produce a
"light" naphtha.

The separator 20 can be any type of separation equipment capable of
effectively separating the hydroprocessed product into its component parts.

For example, separator 20 can be a simple fractionator or could be a series of
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collection vessels such as a hot separator vessel followed by a cold separator

vessel followed by a fractionator.

Afier separation, the hydroprocessed, gas oil-containing bottoms

fraction is injected into riser 11 for further catalytic cracking through a line 21.

A portion of the hydroprocessed bottoms can be withdrawn as a purge stream

in a lins. The cracking reaction in riser 11 is quenched by separating the

cracked products from the spent catalyst using a cyclone separator 22. The

spent catalyst is combined with the spent catalyst that is separated using the

cyclone separator 14, and is sent through the return line 15 to the regenerator

13 where it is regenerated for further use. The cracked product is sent to the

separator 17 where it is combined with the cracked product from cyclone

separator 14. Altemnatively, the cracked product may be combined with the

hydroprocessed product from second hydroprocessing reactor 19 and sent to

separator 20 or separator 24.

Because the second hydroprocessing step removes undesirable

contaminants and improves the quality of the feed to the riser 11, other

petroleum distillate fractions can be combined with the mid-distillate and gas

oil containing bottoms fraction prior to hydroprocessing such as by line 25.

These other petroleum distillate fractions include petroleum fractions that are

generally high in contaminant content, and typically would not be directly

processed in a catalytic cracking reactor. An example of such petroleum

distillate fractions includes heavy coker oil streams.

Having now fully described this invention, it will be appreciated by

those skilled in the art that the invention can be performed within a wide range

of parameters within what is claimed.
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1. A catalytic cracking process for producing high quality mid-

distillates comprising the continuous steps of:

(a) contacting a hydrocarbon feed having an initial boiling point
of at least about 400° F with a hydroprocessing catalyst under
hydroprocessing conditions in a first hydroprocessor in order to form a

first hydroprocessed hydrocarbon;

(b) conducting at least a portion of the first hydroprecessed
hydrocarbon to a first catalytic cracker and contacting the portion of
the first hydroprocessed hydrocarbon with cracking catalyst under
catalytic cracking conditions wherein the temperature is from 900° to
1150° F. and the catalyst contact time is less than 5 seconds in order to

form a first cracked hydrocarbon product;

(c) conducting the first cracked hydrocarbon product to a first
separator and separating from the first cracked hydrocarbon product at
least a first naphtha fraction, a first light ends fraction, and a gas oil-
containing bottoms fraction having an initial boiling point of at least

300 °F;

(d) conducting at least the gas oil-containing bottoms fraction to
a hydroprocessor and hydroprocessing gas oil-containing bottoms
. fraction under hydroprocessing conditions in order to form a second
hydroprocessed hydrocarbon, wherein the second hydroprocessor has a

higher hydrogen partial pressure than the first hydroprocessor;
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(e) conducting the second hydroprocessed hydrocarbon to a

second separator; separating at least a fraction containing unspent

hydrogen and a hydroprocessed, gas oil-containing bottoms fraction;

and combining at least the fraction containing unspent hydrogen with

the hydrocarbon feed of step (a);

(f) conducting at least the hydroprocessed, gas oil-containing
bottoms fraction to a second catalytic cracker and contacting the
hydroprocessed, gas oil-containing bottoms fraction with cracking

catalyst under catalytic cracking conditions wherein the temperature is
from 950° to 1250° F 1n order to form a second cracked hydrocarbon

product; and

(g) combining the first cracked hydrocarbon product and the
second cracked hydrocarbon product for continued separation and

hydroprocessing of at least the gas oil-containing bottoms fraction.

2. The catalytic cracking process of claim 1, wherein the first light

ends fraction is a C4- hydrocarbon fraction.

i 3. The catalytic cracking process of claim 1, wherein less than 50
vol. % of the first cracked hydrocarbon product formed in step (b) has a

boiling point of less than or equal to 430° F.

4. The catalytic cracking process of claim 1, wherein at least 60
vol. % of the combined first and second cracked hydrocarbon products have

an overall boiling point of less than or equal to 430° F.
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5. The catalytic cracking process of claim 1, wherein the catalytic
cracking conditions of step (f) include a reaction temperature that is at least

equal to that used under the catalytic cracking conditions of step (b).

6. The catalytic cracking process of claim 1, wherein the portion of
the first hydroprocessed hydrocarbon is contacted with cracking catalyst for

less than 2 seconds.

7. The catalytic cracking process of claim 1, wherein the first and
second hydroprocessor stage are independently at least one of a trickle bed,

countercurrent, moving bed, expanded bed and slurry bed reactor. -

8. The catalytic cracking process of claim 1 wherein the unspent
hydrogen-containing fraction further compnises hydroprocessed light ends and

hydroprocessed naphtha.

9. The catalytic cracking process of claim 1 further comprising
separating a first mid-distillate fraction from the first cracked hydrocarbon and
a hydroprocessed mid-distillate fraction from the second hydroprocessed

hydrocarbon.

10.  The catalytic cracking process of claim 1 further comprising
separating a hydroprocessed naphtha fraction from the second hydroprocessed
hydrocarbon and combining the hydroprocessed naphtha fraction with the

hydroprocessed, gas oil-containing bottoms fraction.

11.  The catalytic cracking-process of claim I-further.comprising
conducting the first hydroprocessed hydrocarbon to a third separator located in

series between the first hydroprocessor and the first catalytic cracker and
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13.  The catalytic cracking process of claim 12 further comprising
separating from the first hydroprocessed hydrocarbon at least a second light

ends fraction.
14.  The catalytic cracking process of claim 13 further comprising

separating from the first hydroprocessed hydrocarbon at least a second

naphtha fraction.
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