WD 01/ 79382 PCT/ US01/ 11365 -1 CYCLE O L CONVERSI ON PROCESS | NCORPORATI NG
SHAPE- SELECTI VE ZEOLI TE CATALYSTS 5 BACKGROUND OF THE | NVENTI ON [ 0001] The
i nventi owoel/zi3es to a process for converting cycle oils poroducasss n

catal ytic cracking reactions into ol efinic naphthas. More particularly,
the invention relates to an out-board catal ytic cracking process for
converting a catalytically cracked light cycle oil (also referred to herein
as light 10 cat cycle oil or LCCO into light olefins (C2-C5) and catal ysts
used in such processes. [0002] Cycle_?jls such as LCCO produced in
fluidized catalytic cracking (FCC) reactions contain two-ring aromatic
speci es such as naphtha e The for formng | ow
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hydr opr 00?&%1%@1&%}6@&1@6 ﬁiv'entlén relaieslte dntout board CathiyEicwratkihp proodss €br i t was
derived n other conventional processes the hydroprocessed cycle oil is
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as anlOou ca%%ryclecgitl }ﬁdéOf gnatg 1ght o}l\?ms (Cz-(:,)' % and cata ysts use 16n such

processes.

[0002] Cycle oils such as LCCO produced in fluidized catalytic cracking
(FCC) reactions contain two-ring aromatic species such as naphthalene. The
need for blendstocks for forming low emissions fuels has created an increased

15 demand for FCC products that contain a diminished concentration of multi-ring
aromatics. There is also an increased demand for FCC products containing light
olefins that may be separated for use in alkylation, oligomerization,
polymerization, and MTBE and ETBE synthesis processes. There is a particular
need for low emissions, high-octane FCC products having an increased

20  concentration of C,-C, olefins and reduced concentration of multi-ring aromatics

and olefins of higher molecular weight.

[0003] Hydroprocessing a cycle oil and re-cracking hydroprocessed cycle
oil results in conversion of the cycle oil to a motor gasoline blend-stock. In
some conventional processes, the hydroprocessed cycle oil is recycled to the

25 FCC ﬁnit from which it was derived. In other conventional processes the
hydroprocessed cycle oil is re-cracked in an additional catalytic cracking unit,

sometimes referred to as an outboard catalytic cracker.



-2 [0004] Sone conventional hydroprocessing operations hydroprocess cycle
oil such as LCCOto only partially saturate bicyclic hydrocarbons such as
napht hal an@ ot/@3gr oduce tetrahydronapht hal ene. Hydr opr ocesBCTvgS@d365
subsequent LCCO re-cracking may occur in the primary reactor vessel.

Hydr oprocessed 5 LCCO may al so be injected into the FCC feed riser at a
poi nt downstreamof feed injection to provide for feed quenching. [0005]
Unfortunately, such re-cracking of hydpoprocessed LCCO results in

undesi rabl e hydrogen transfer reactions that convert unsaturated species
such as tetrahydronapht hal ene into aromati cs such as napht hal ene and
decr eases 10 okefin yield from.,the outhoard catalytic cracker.. [0006]
Ther o entiE1 " ncoiomie eyl At olfnPeRoyisaihl MdrgridBRt figis
produced f; : ' ] Y, THE
e o S RO R el e e R e et 1 o
conpr i sesnghtBilehé to Prochca tottdlsydesmphiindens. OHgdoproedssipad sidsequent st eps
of: (a) contacting a FCC feed with a catalytic cracking catalyst in a
first catbCHO te-crakingmaytaggur imtheprinanyaegetor vesseb kHygromneessedns t o

produce c d praducts;. (b),.separ ati Jeast a cycle oil fraction
cont ai*ni réémﬁﬁ’l §°E’Pd’% ted @%@E?&f(ggﬁﬁ?eg;a @d%omwg‘h‘?’mp g at |east
a fractio f. I I: ' .2 0oil fraction in the 20 presence of
a hydr ogeﬁigﬁilPﬁgggﬁgg@\hggggé&ehgg}]g%g{éeﬂﬁgg'i on conditions to forma
hydrogenated cycle oil; and, (d) contacting the hydrogenated cycle oil with
a catal yfgopsgr acki Umfedimt¥gt e cradkiakofihg despokedtad (WA0teqilss | N a
second fluid "catalytic cracking stage to forma second cracked product,
wher ei n timeursdesivable Hytdrogercramdfon reactiomscthiah gonteaatyensaturatgubspecesfsuom t he
first second fluid cafalytic 25 cracking stage and wherein the catal yst of
the seconi$ Etghydronephthelenedpigatprigtics sugibas Baglithalene BBd Weerea 50 and

abouty 95 Yo ARRRoRhEShlhed S8lalif QL 79382 PCT/ USOL/ 11365

[0006] There remains a need, therefore, for new processes for light olefins

produced from hydroprocessed cycle oils such as LCCO.

SUMMARY OF THE INVENTION

[0007] Accordingly, one embodiment of the present invention comprises a

15  fluid catalytic cracking process that comprises the steps of: (a) contacting a FCC
feed with a catalytic cracking catalyst in a first catalytic cracking stage under
catalytic cracking conditions to produce cracked products; (b) separating at least
a cycle oil fraction containing aromatics from the cracked products; (c)
hydrogenating at least a fraction of the aromatics in the cycle oil fraction in the

20 presence of a hydrogenating catalyst under hydrogenation conditions to form a
hydrogenated cycle oil; and, (d) contécting the hydrogenated cycle oil with a
catalytic cracking catalyst under catalytic cracking conditions in a second fluid
catalytic cracking stage to form a second cracked product, wherein the second
fluid catalytic cracking stage is separate from the first second fluid catalytic

25  cracking stage and wherein the catalyst of the second fluid catalytic cracking

stage comprises between about 50 and about 95 wt.% shape-selective zeolite,



-3 and between about 5 and about 50 wt.% of a | arge-pore zeolite having a
pore dianmeter greater than or equal to about 0.7 rim [00081 Another
enbodi mrewo of/74382 present invention conprises a process Por/usataBestically
cracking a cycle oil to selectively increase the yield of light 5 olefins
conprising the steps of. (a) contacting a FCC feed with a catalytic
cracking catal yst under catalytic cracking conditions in a first FCC
reactor to forma first cracked produgt conprising a cycle oil fraction
conprising aromatic species; (b) separating the first cracked product from
the catalyst of the first FCC reactor; (c) stripping the catalyst of the
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of the cycle orl”fraction m t rst cracked product; (Qg)

hydr ogenating a substantial portion of the aromatic species in the cycle
oi | in th{008]esencAnother emylsidigrnadt tie presait yisventiotecorhydses proesss ng
conditions to forma 15 substantially hydrogenated c%/cle oil ., wherein the
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under catalytic cracking conditions in a separate second F reactor to

form a sespavies; (Bcdepdratingrthetiirsiwrackédprodactironl thetcatadpst ofithe figstsECond  FCC
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separ at i ngathRRt o SR FNdt FUECHKRBi0RHAEK &6 tHe %t FUT fRichiry #f) separafifgsecond FCC

reactor; (J) “stripping
least a portion of the cycle oil fraction from the first cracked product; (g)

hydrogenating a substantial portion of the aromatic species in the cycle oil in the
presence of a hydrogenation catalyst under hydroprocessing conditions to form a

15  substantially hydrogenated cycle oil, wherein the hydrogenation catalyst
comprises at least one Group VIII metal and at least one Group VI metal on at
least one refractory support, wherein the Group VI metal is selected from the
group consisting of Pt and Pd, wherein the weight of the aromatic species in the
hydrogenated cycle oil is less than about 1% of the total weight of the

20 hydrogenated cycle oil; (h) contacting the hydrogenated cycle oil with a catalytic
cracking catalyst under catalytic cracking conditions in a separate second FCC
reactor to form a second cracked product, wherein the catalyst used in the second
FCC reactor comprises wherein the catalyst used in the second FCC reactor
comprises between about 80 and about 95 wt.% ZSM-5, and between about 5

25 and about 20 wt.% of a large-pore zeolite having a pore diameter greater than or
equal to about 0.7 nm and a unit cell size less than 24.27A; (i) separating the
second cracked product from the catalyst of the second FCC reactor; (j) stripping
the catalyst of the second FCC reactor; (k) contacting the catalyst of the second



the catal yst of the second FCC reactor; (k) contacting the catal yst of the
second WD 01/79382 PCT/US01/ 11365 -4 FCC reactor with a gas conpri sing
oxygen; amap1/{9B¥2 passing the catal yst of the second FCC penusawriites sai d
second FCC reactor back to the second FCC reactor. BRI EF DESCRI PTI ON OF
THE DRAW NGS [00091 Figure 1 illustrates the variation of propylene yield
relative to the 5 weight percentage of an additive catal yst containing
ZSM5. [00101 Figure 2 illustrates theqvariation of total light olefin
yield relative to the weight percentage of an additive catal yst containing
ZSM5. [0011) Figure 3 illustrates the variation of C4 olefin yield to

per cent agkCor AR r R e Tl Rlsind b o (LB e 8 coptei O
DESCR P! Qo PO sbAMGMS G SARHRIF L cRTBPBAER o Qbobhie FOXORABlor

invention are based on the discovery that catalytically cracking a
substantially saturated cycle oil, such as LCCO in a FCCriser reactor

results iBRIEEDE@B!PH}IMQEﬂ‘IﬁE DRAWINIGS oi| 15 into light ol efins

such as propylene. Light olefin production increases when cracking occurs

i n the absence of hydrogen, receptor specj es t hat he found in
convent i o109 at al yf‘il@fé rladiustates thaycarition YVHEE‘;&\YQ%@ 1glativeyesthe and

ot her _ heav rocar bon, and naceous f The cycle oil is
hydr opt ocggg’g%’% agft gt d@ﬁBEFQﬁngF%t&mlP%@%ﬁ\ﬁ “Yhe aromatic speci es.
The 20 hydrogenated cycle oil is injected into a second FCC riser reactor

that is ivlcal |y FEaR8RGrafed Md {ae&lafdnrwwam%h& oféfin YREFFQAtiMsed to
convert nd ot hetf heavy FCC feeds 00131 While not W shing to be

bound by tnthetweighypepntageaftan ddditlm/@talyMOmamMg 7A§M4%e hydr ogenat ed
cycle oil in a second FCC riser reactor suppresses 25 undesirable hydrogen
transfer reactions that woul d otherw se occur if_ the Ydd e

[0 Figure 3 illustrates the variation of C4 oleﬁn yield to total saturates

(C4 olefins/sats ratio) yield relative to the weight percentage of an additive

10  catalyst containing ZSM-5.

DETAILED DESQRIPTION OF THE INVENTION

[0012] The embodiments of the present invention are based on the
discovery that catalytically cracking a substantially saturated cycle oil, such as
LCCO, in a FCC riser reactor results in beneficial conversion of the cycle oil

15  into light olefins such as propylene. Light olefin production increases when
cracking occurs in the absence of hydrogen receptor species that may be found
in conventional catalytic cracking feeds such as vacuum gas oil (VGO) and other
heavy hydrocarbon and hydrocarbonaceous feeds. The cycle oil is
hydroprocessed to saturate a substantial portion of the aromatic species. The

20 hydrogenated cycle oil is injected into a second FCC riser reactor that is
physically separated from the primary FCC riser reactor used to convert VGO
and other heavy FCC feeds.

[0013] While not wishing to be bound by any theory, applicants believe
that cracking the hydrogenated cycle oil in a second FCC riser reactor suppresses

25 undesirable hydrogen transfer reactions that would otherwise occur if the cycle



WO 01/79382 PCT/US01/ 11365 -5 oil were re-cracked in the primary FCC ri ser
reactor. Re-cracking in a second FCC reactor under cycle oil cracking
condi ti om0 (i/7982 conditions that exclude gas oils and reside@l11663 s from
the reaction zone) substantially elimnates hydrogen transfer reactions
bet ween hydrogen donor species present in the cycle oil and 5 hydrogen
receptor species present in the VA& or residual oil because the
concentration of hydrogen receptors spgcies is decreased. [0014] Suitable
FCC feeds for the catalytic cracking process in the primry FCC riser
react or include hydrocarbonaceous oils boiling in the range of about 430F

b 1050F (480-565Q), h i1, h hyd b 10 oi
Compr | 81 nUHETETF PR RS RS LS 6Rey 5a50Y- Restipo ke AIRoRd
npr | A il 58S e el
Vacuom o £ fefirunddf ol O Wil ALERRTARKL ot (B, chtiiofs ARl cRBRyCRRL" ol cum

hydr ocar befls ah@ gesidest; oilsofromahe r@idtion zoR8) suttdnitiallyetrdinated é%diﬁr ived
fromcoal |iquefaction processes; and mXxtures thereof. 15 [0015] Cycle

oi | f or matransfeooeagtions betweendiydrogen donvrespecion prese@tin theayeksoiliands under

conventional FCC conditions in the, presence of conventional _FCC
cat al y5t ( Bydroggneeapton speciesdipsent s the ?G&Pf F@&&%Pﬁrﬁﬁﬁ 3¢ ther eact i on

Fracti onabPRPRBeE indiodd Ralibpl SREIIEERRaGRT. TTE T i Sor ronctor
where it is injected 20 into the reaction zone so that the FCC feed

contacts podiqwi N9 SauaBR RECTRES fo&%@ﬁé@&i@,%r&@l&ﬁgbs@eesﬁ @Pd#fel The FCC
feed is cracked under conventional FCC conditions inthe presence of a

first cat ptiptarg FOQ@eisencpactirahglatde hjdmcprimmassousonith boiting in thde ramgemfi mar y
FCC reactor reaction zone include: (i) tenperatures from about 500C to 25
about 650eboyrd0sF 4papopt b@é%ﬁdﬁ&s‘%&ﬁ)é@o%@t)@@;ga@iml} hegvy Bydiosarbosar t i al

F (r)eg;% €s oflg 8g]m%?1%ijr}g r%l%tetnoalsd' Qof?f%igaang?/g 16§8°Il( E?QS%BI ﬁéaevglagr{c?/ refd{lgéﬁ about 20
petroleum crude oil; petroleum atmospheric distillation bottoms; petroleum
vacuum distillation bottoms; pitch, asphalt, bitumen, other heavy hydrocarbon
residues; tar sand oils; shale oil; liquid products derived from coal liquefaction

processes; and mixtures thereof.

15 [0015] Cycle oil formation occurs in one or more conventional FCC
process units under conventional FCC conditions in the presence of conventional
FCC catalyst(s). Each FCC unit comprises a riser reactor having a reaction
zone, a stripping zone, a catalyst regeneration zone, and at least one fractionation
zone. The FCC feed passes to the primary FCC riser reactor where it is injected
20 into the reaction zone so that the FCC feed contacts a flowing source of hot,

regenerated catalyst.

[0016] The FCC feed is cracked under conventional FCC conditions in the
presence of a first catalytic cracking catalyst. The process conditions in the
primary FCC reactor reaction zone include: (i) temperatures from about 500°C to
25  about 650°C, preferably from about 525°C to 600°C; (ii) hydrocarbon partial
pressures from about 10 to 40 psia (70-280 kPa), preferably from about 20 to 35
psia (140-245 kPa); and, (iii) a catalyst to feed (wt/wt) ratio from about 3:1 to



psia (140-245 kPa); and, (iii) a catalyst to feed (wt/w) ratio from about
3:1 to WD 01/79382 PCT/US01/ 11365 -6 12:1, preferably fromabout 4:1 to
10: 1, whaveot/fmssratal yst weight is the total weight of theTwatiziiyest
conposite. Though not required, steamnmay be concurrently introduced with
the feed into the reaction zone. The steam nmay conprise up to about 10
w.% preferably between about 2 and about 3 wt.%of 5 the feed.
Preferably, the FCC feed residence ting.in the reaction zone is |less than
about 10 seconds, nore preferably fromabout 1 to 10 seconds. [00171 The
catal ytic cracking catalyst of the first FCC stage conprises any

convent opsh SRS bR L S05 A i HEG s RSGRIS o0, ¢
Seol  te oeliioR the batt oibgi e THoudIPAGt e tbd, el nidiopd | K=t 200 (0),

for use igfoddigreptigsatroducétvwithithe fevdeingdiienatton@éied, | Bhe ste@mt@bpi ng about
10 to 40 wt. % alunmna and to which other pronoters may or nay not be

added. [ Ocdmprigevp ito iaboutat ®Gwit.&b,preferablylbetwoen abeutihanhabgutdewt.beobf t he
pr esent 5 jnyention are zeglites which are iso-structural to, zeolite Y.
These 3 ncﬁjhﬁcfjéeg‘h grefp{ﬂﬁbﬁbﬁ gﬁl&%eeﬁdﬁﬁlﬁle@%ﬁmﬁsmtthﬁ reagtiongonens 18p8r ogen and
ultra stahle S fo el | ' t he ol it.e may range from
about O. i&tag a%guﬁglsg%é{’as, %&g‘? g&ﬁa&ifﬁg’hfg%%tl @.g;?eém?dgﬁ crons. The
zeolite will be mxed with a suitable porous matrix material when used as

a catal ysfoggy 11 ui dheuaiyid éraskingldanalyst Brndfira R OCKbigo@mpankai n at

| east one cryStalline alumnosilicate, also referred to  herein as a

| ar ge- por sny eoventionh b CQcaalysty Suitabl g catelydisimehede: (p)emenphohsisolidbout 0. 7
nanoneters (nm . The pore djianmeter, also sonetines _referred tq as
ef f ect i veaqids,sugh aseluming, siligapdumning, sdicagnagnesigsilicidziseqnis.gilieazc hni ques

and drocar bons of own..m ni mum ki neti.c dia rs...See Breck, Zeolite 25
ol ecll ar 8rEy Shica FerTEn gk, e i e s RIRE Ay BRallof 1 (To70)
both of  containing faujasite. Silica-alumina materials suitable for use in the present

invention are amorphous materials containing about 10 to 40 wt.% alumina and

to which other promoters may or may not be added.

[0018] Zeolitic materials suitable for use in the practice of the present

15 invention are zeolites which are iso-structural to zeolite Y. These include the
ion-exchanged forms such as the rare-earth hydrogen and ultra stable (USY)
form. The particle size of the zeolite may range from about 0.1 to 10 microns,
preferably from about 0.3 to 3 microns. The zeolite will be mixed with a suitable
porous matrix material when used as a catalyst for fluid catalytic cracking. The

20 catalyst may contain at least one crystalline aluminosilicate, also referred to
herein as a large-pore zeolite, having an average pore diameter greater than
about 0.7 nanometers (nm). The pore diameter, also sometimes referred to as
effective pore diameter, is measured using standard adsorption techniques and
hydrocarbons of known minimum kinetic diameters. See Breck, Zeolite

25  Molecular Sieves, 1974 and Anderson et al., J. Catalysis 58, 114 (1979), both of
which are incorporated herein by reference. Zeolites useful in the second

catalytic cracking catalyst are described in the “Atlas of Zeolite Structure



whi ch are incorporated herein by reference. Zeolites useful in the second
catalytic cracking catalyst are described in the "Atlas of Zeolite

St ruct ur avO/BE¥ 9382 PCT/ USO01/ 11365 -7 Types", eds. W PCT/WBIr3@and D. H.
A son, Butterworth-Heineman, Third Edition, 1992, which is hereby

I ncorporated by reference. [00191 The | arge-pore zeolites may include
"crystalline adm xtures" which are thought to be the result of faults
occurring within the crystal or 5 cryskalline area during the synthesis of
the zeolites. The crystalline adm xtures are thensel ves nedi um pore size,
shape sel ective, zeolites and are not to be confused with physical

adm xtures of .ze whi ch_di stal s cryst tes of
di fferent I YE%?r”lfF \& idé\a?@réad@@ é&@ﬁtﬁp }%ﬁ%n‘ir&g%pl itd conposite

catalyst BAIe 882 RB RN Bea eV velneEi DL D Gt er Speci es

such as phosphorous-containing species, clay filler, and species for

i npar ti ng[gyid]t i onatrheadmdkyiore zEéineE'rWiﬂclﬂde ‘Cefdtaidine ddatikfFes’cr acki ng and
nmetal s passivation. Such an additional "catalytic functionality may be

provi ded, which avecthphght tbybecthemesulieLfanitaioocwmyingpeithimsthe lcnystsl erddi ti on,
I ndi vi dual catalyst particles may contain | arge-pore zeolite, am)rphous

speci 6%, @msal I%ﬁmm@mng ﬂi@%’nﬂ@é’é ofdhezeolitshd The erystalling jgdmigtures 00211

I
Si 17 ca ol B HESEEs Byt mer Sied shmedtlsc Rk PG I AT 1% 071 12

beryl i a, éﬂﬂl's %Aﬂhtlﬁ{ys%ﬂ %&ﬁlit%!'r 7 otRCR WhitAistiét Rrials o

silica-alumna-thoria um na-zirconla, nmagnhesi a an

si | i ca- magRgeillites iof different Zéulitonard physigallygireserttén the damee Eatalysof a cogel .
The matrix itself may possess acidic catalytic properties and nay be an
anor phouscempesiteadr hykhothenmalegactioohikéuneat ri x conponent binds t he
particle conponents together so that the catal yst particle product is hard

enougﬂ) ' O[(ﬁ)'ir YI ve 'ﬂle ca%?}gtgcl ((::rlagkfi*llrédcatael(}ﬂ/gtt particles macyoclsc;r{tgfnoﬁllgfals:r shuech
as platinum, promoter species such as phosphorous-containing species, clay
filler, and species for imparting additional catalytic functionality, such as
bottoms cracking and metals passivation. Such an additional catalytic
functionality may be provided, for example, by aluminum-containing species. In
15  addition, individual catalyst particles may contain large-pore zeolite, amorphous

species, other components described herein, and mixtures thereof.

[0021] Non-limiting porous matrix materials that may be used include
alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-
beryllia, silica-titania, and ternary compositions, such as silica-alumina-thoria,

20  silica-alumina-zirconia, magnesia and silica-magnesia-zirconia. The matrix may
also be in the form of a cogel. The matrix itself may possess acidic catalytic
properties and may be an amorphous material. The inorganic oxide matrix
component binds the particle components together so that the catalyst particle
product is hard enough to survive inter-particle and reactor wall collisions. The

25  inorganic oxide matrix may be made according to conventional processes from an
inorganic oxide sol or gel that is dried to bind the catalyst particle components

together. Preferably, the inorganic oxide matrix is not catalytically active and



25 inorganic oxide matrix nmay be made according to conventional processes
froman inorganic oxide sol or gel that is dried to bind the catal yst
particl e wonpmsents together. Preferably, the inorgani c pgT/@SOWMEBES X | S
not catalytically active and WD 01/79382 PCT/ US01/ 11365 -8 conprises

oxi des of silicon and alum num Preferably, separate alum na phases nay be
I ncorporated into the inorganic oxide matrix. Species of alum num
oxyhydr oxi des- g-al um na, boehmte, diagpore, and transitional alum nas such
as a- alumna, (3-alumna, y-alum na, 5-alum na, s-alumna, x-alum na, and
p-alum na 5 can be enpl oyed. The al um na species may be an al um num

trihyd I d h | | t It t di . d lite. Th
i x mabeRPaes e dothgin id ARRunn BB, SErHCHAIORE o [ 0002
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40 wt. % 6%}@6}%&&%%%1%%3){ bf)élﬁﬁlté,ttﬂﬂépo'i_’e,taﬁd%ﬁ%ﬁiolﬁﬁl MindhadReRds @R the

total weight "of the catalyst. Generally, the particle size of the total
catal yst Whhlind,BgRmihhOfhRbeith, SRluhtind Walttingnsalumidb airl Galuntinkh an
average particle dianeter of about 60 mcrons. The surface area of the

mat ri X5 matar baempldyledb & heeduminrspecios may B850 alamgnuprtahpdeaxide $6htas 200
n2/ g, nore_preferably from about 50 tq, 100 nR/g.. 15 Wiile the surface area
of the 11 BibbsibebaysEesnoidsiranditcy of avlit. The mrateial Taay k89 SeniHY anount
of zeolite material used, it M sual ly be |l ess than about 500 nR/g,

pr ef er abl &qqphm%@&ﬁ%ﬁ%g@@pb@tég, nore preferably fromabout 50 to 250
n2/g, and nmost preferably from about 100 to 250 nR/g. [0023] The cracking
reacti ons[gippesi t s gakigbRMarhGhts BF 2bdlsE coiﬂjf@hgﬂwin B8 toRfdehialat wAl t he

catal yst. The cracked products are separatéd fromthe coked™ catal yst and

at | east genevally camgef froimeabna dkedibpub 6 wittSo spreferablyufrordatiantd to about

fractionator. The fractionator separates at |east a cycle oil fraction,
%@éﬁ"g@n

pr ef ettibl $0 avt.%yendmere prefarably frams abawind yabovs Alwe s thetaidli ng

single angvegg%' l:())If?her ci:eﬁglyst. Generally, the particle size of the total catalyst will range

from about 10 to 300 microns in diameter, with an average particle diameter of
about 60 microns. The surface area of the matrix material will be less than about
350 m%/g, preferably 50 to 200 m%g, more preferably from about 50 to 100 m®/g.
15  While the surface area of the final catalysts will be dependent on such things as
| type and amount of zeolite material used, it will usually be less than about 500
m?/g, preferably from about 50 to 300 m?/g, more preferably from about 50 to
250 m?/g, and most preferably from about 100 to 250 m%/g.

[0023] The cracking reactions deposits coke on the catalyst, thereby

20 deactivating the catalyst. The cracked products are separated from the coked
catalyst and at least a portion of the cracked products are conducted to a
fractionator. The fractionator separates at least a cycle oil fraction, preferably a
cycle oil fraction containing aromatic species including single and double ring
aromatics, from the cracked products. The coked catalyst flows through the

25 stripping zone where volatiles (strippable hydrocarbons) are stripped from the
catalyst particles with a stripping material such as steam. Stripping preferably

occurs under low severity conditions to retain a greater fraction of adsorbed



aromatics, fromthe cracked products. The coked catal yst flows through the
25 stripping zone where volatiles (strippabl e hydrocarbons) are stri pped
fromthewaeat/zd3gst particles with a stripping materi al SuBPOT/ESOISLIBEEM
Stripping preferably occurs under |ow severity conditions to retain a
greater fraction of adsorbed WO 01/79382 PCT/US01/11365 -9 hydrocarbons
for heat bal ance. The stripped catalyst is then conducted to the
regeneration zone where it is regeneraged by burning coke on the catalyst
in the presence of an oxygen containing gas, preferably air. Decoking
restores catalyst activity and sinultaneously heats the catal yst to about
650C to 750C. The hot 5 catalyst is then recycled to the e%%far FCC ri ser
il
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significaﬁ%é concentrat1®n tic ard unsaturated species’in the
cycl e oi |actﬁﬁ@aﬁisihﬁﬂfaﬁeoﬁé1? hiegtsithe batdlyaptoslonsicsy°End 750ECoFhedioton are
used broadly “herein and include for exanple hydrogenation of aromatic
speci &5 t catslystisahen a¢cyctad todhp peineary FCE aiseoreactord ddue gas forgedang
hydrof m ng. [00251 The cycle oil hydrogenati.on may ocgur in
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of an effggct] -obrocessi ng or hydrogenation catal yst. As
I s known goﬁctoﬁgg%@fgfé%rﬁ{m%&}’ot l(gé?art, t he degree of hydroprocessi ng can
be controlled through proper selection of catalyst and by optim zing

oper at i onjgp2gqli t i onat 1&Aseh Poriidry of theecydydloid iy sepassted fromm the alaced
significant amount of the aromatic species, e.g., 20 naphthal ene and

deri vat i veodubkambtheq hyajpbpioatssed 20 fommd hydrogenatidoeiegdé bilavkerein and
derivatives thereof ("tetrahydronaphthal epnes”) to decahydronaphthal_ene and
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are saturated. The terms hydroprocessing and hydrogenation are used broadly
herein and include for example hydrogenation of aromatic species to substantial

or complete saturation, hydrotreating, and hydrofining.

[0025] The cycle oil hydrogenation may occur in a hydroprocessing

15  reactor under hydroprocessing conditions in the presence of an effective amount
of a hydroprocessing or hydrogenation catalyst. As is known by those of skill in
the art, the degree of hydroprocessing can be controlled through proper selection
of catalyst and by optimizing operation conditions. Preferably, the
hydroprocessing saturates a significant amount of the aromatic species, €.g.,

20  naphthalene and derivatives thereof (“naphthalenes™) and tetrahydronaphthalene
and derivatives thereof (“tetrahydronaphthalenes™) to decahydronaphthalene and
derivatives thereof (“decahydronaphthelenes™). Objectionable species can also
be removed by the hydroprocessing reactions. These species include non-
hydrocarbyl species that may contain sulfur, nitrogen, oxygen, halides, and

25 certain metals.

[0026] Hydroprocessing may be performed in one or more stages

consistent with the objective of maximizing conversion of multi-ring aromatics



be renoved by the hydroprocessing reactions. These species include non-
hydr ocar byl species that may contain sul fur, nitrogen, oxygen, halides, and
25 certawonetaBs. [ 00261 Hydroprocessi ng nay be perfor neBCT/US@nE3&s nor e
stages consistent with the objective of maxi m zing conversion of
multi-ring aromati cs WO 01/ 79382 PCT/USO1/ 11365 -10 species (e.g.
napht hal enes) to the corresponding fully saturated species (e.qg.,
decahydr onapht hal ene). For a singl e-sti@ge operation, the reaction occurs at
a tenperature ranging from about 200C to about 455C, nore preferably from
about 250C to about 400C. The reaction pressure preferably ranges fromb5
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the volune of oil feed per hour per 10 vol une of catalyst.
hydr ogen- glsnit@50PCgo edsut 400G Thabéactiodgeessuce preftrably singes finoahi ogen char ge
rate rangi ng from about 1,000 to about 15,6000 standard cubic feet per
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oper at i onfroh8hdid @, $tPhbout2 VIVALr, AndsanaeRSHetrhbly &IOS OFiant i al
anounts of sulfur and nitrogen, and convert bicycli¢ aromatics such as
napht hal esteait 20V aiHz, stteye ¥aViiHaisedefamdcisehe yobimesf 2l feed per hour per

t et rahydr onapht hal enes, preferably to conpletely saturated d{s‘r{oeci es such as

decahlftir ovlpmerel eatalyst. Thee hydrogeacagtaipivg gas anpraferabliepddedda ar condi ti ons

as establish a hydrogen charge rate ranging from about 1,000 to about 15,000

standard cubic feet per barrel (SCF/B), more preferably from about 5,000 to
about 10,000 SCF/B. Actual conditions employed will depend on factors such
as feed qualify and cafalyst but should be consistent with the objective of

15 maximizing conversion of multi-ring aromatic species to saturation to form a

substantial concentration of decahydronaphthalenes.

[0027] In a two-stage operation, the cycle oil is first hydroprocessed to
remove substantial amounts of sulfur and nitrogen, and convert bicyclic
aromatics such as naphthalenes to partially saturated species such as

20 tetrahydronaphthalenes, preferably to completely saturated species such as
decahydronaphthalenes. The first stage is operated under similar conditions as
described for a single stage operation. The second-stage hydrogenation reaction
occurs at a temperature ranging from about 100°C to about 455°C, preferably
from about 100°C to about 450°C, and more preferably from about 200°C to

25 about 400°C. The reaction pressure ranges from about 100 to about 3000 psig,
preferably from about 450 to about 2000 psig, and more preferably from about
1300 psig to about 2000 psig. The hourly space velocity preferably ranges from



described for a single stage operation. The second-stage hydrogenation
reaction occurs at a tenperature ranging from about 100C to about 455C

pr ef er ablwo of/rss2 about 100C to about 450C, and nore pref epabiUgoiiniosh about
200C to 25 about 400C. The reaction pressure ranges from about 100 to about
3000 psig, preferably from about 450 to about 2000 psig, and nore
preferably fromabout 1300 psig to about 2000 psig. The hourly space
velocity preferably ranges from WO 01,yQ382 PCT/US01/ 11365 -11 about 0.1
to 6 VIVIH, preferably about 0.8 to about 2 V/V/H . The hydrogen-
containing gas is added to establish a hydrogen charge rate ranging from
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I nherent in co-current flow trickle bed reactors. [0029] Mving bed
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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 advantageous to utilize alternative reactor technologies. In countercurrent-

15  flow reactors, the liquid phase passes down through a fixed bed of catalyst
against upward-moving treat gas. Countercurrent-flow reactors obtain higher
reaction rates and alleviate aromatic hydrogenation equilibrium limitations

inherent in co-current flow trickle bed reactors.

[0029] Moving bed reactors may be employed to increase metal and

20 particulate tolerance in the hydroprocessor feed stream. Moving bed reactors
generally include reactors wherein a captive bed of catalyst particles is contacted
by upward-flowing liquid and treat gas. The catalyst bed may be slightly
expanded by the upward flow or substantially expanded or fluidized by
increasing flow rate via liquid recirculation (expanded bed or ebullating bed),

25 using smaller size catalyst particles that are more easily fluidized (slurry bed), or
both. Moving bed reactors utilizing downward-flowing liquid and gas may also

be used because they enable on-stream catalyst replacement. In any case,



generally include reactors wherein a captive bed of catalyst particles is
contacted by upward-flowng liquid and treat gas. The catal yst bed may be
slightlywexpassied by the upward flow or substantially expendse/aBses
fluidized by increasing flowrate via liquid recirculation (expanded bed
or ebullating bed), 25 using smaller size catalyst particles that are nore
easily fluidized (slurry bed), or both. Mving bed reactors utilizing
downward-flowi ng liquid and gas may alo be used because they enable
on-stream catal yst replacenent. In any case, WD 01/79382 PCT/ US01/ 11365
-12 catal yst can be renoved froma noving bed reactor during onstream
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increase the propensity for accumulating foulants such as olefinic, diolefinic, or

oxygenated species.

[0031].. .. _The catalyst used in the hydroprocessing stages can be any
hydroprocessing catalyst(s) suitable for aromatic saturation, desulfurization,

15  denitrogenation or any combination thereof. Suitable catalysts used to
completely hydrogenate the cycle oil include monofunctional and bifunctional,
monometallic and multimetallic noble metal-containing catalysts. Preferably, the
catalyst comprises at least one Group VIII metal and a Group VI metal on an
inorganic refractory support. Any suitable inorganic oxide support material may

20 be used for the hydroprocessing catalyst of the present invention. Preferred are
alumina and silica-alumina, including crystalline alumino-silicate such as
zeolite. 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,

25  titania, magnesia, and the like. The alumina can be any of the aluminas

conventionally used for hydroprocessing catalysts. Such aluminas are generally



20 be used for the hydroprocessing catalyst of the present invention.
Preferred are alumna and silica-alumna, including crystalline

al um no- woboai3e2 such as zeolite. The silica content of péorUSeli16&- al um na
support can be from2-30 w.% preferably 3-20 wt.% nore preferably 5-19
w.% O her refractory inorganic conpounds may al so be used, non-limting
exanpl es of which include zirconia, 25 titania, magnesia, and the |like. The
al um na can be any of the alum nas cogmyentionally used for hydroprocessing
catal ysts. Such alum nas are generally WO 01/79382 PCT/US01/ 11365 -13

por ous anor phous al um na havi ng an average pore size from 50-200 A,
preferabl 70- 150 AB ace area from 50-45 $(9 ho 32] The G oup
VI11 and wﬁawm@ HB%E %qnq(\f%%ppget% oy p0-208itNary skill in
the art a |, Ghe e s_dsPhe f the 5 Elenents. The
G oup VI IBf’e@{a‘B an 15(t§’e‘x*>pre‘gae?\ fg‘%%‘?g?r‘r’o%r? rggﬁ}& from2- 20 wt.%
preferably 4-12 wt.% and may include Co, Ni, and Fe. The G oup VI netals

may be W [g¢32]0or Cr TheiGiou gbml g Gretp V‘Ifwn@saum‘éke il idknowy tdthoser esent
in an anount ranging from 5-50 % preferably from 20-30 wt.% The
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noble metal may include, but is not limited to, Pt, Ir, or Pd, preferably Pt or Pd,

to which is generally attributed the hydrogenation function.

[0033] One or more promoter metals selected from metals of Groups IIIA,
IVA, IB, VIB, and VIIB of the Periodic Table of the Elements may also be
15 present. The promoter metal, can be present in the form of an oxide, sulfide, or
in the elemental state. It is also preferred that the catalyst compositions have a
relatively high surface area, for example, about 100 to 250 m?%/g. The Periodic
Table of which all the Groups herein refer to can be found on the last page of
Advanced Inorganic Chemistry, 2nd Edition, 1966, Interscience publishers, by
20 Cotton and Wilkinson. All metals weight percents for the hydroprocessing
catalyst are given on support. The term “on support™ means that the percents are
based on the weight of the support. For example, if a support weighs 100 g, then
20 wt.% Group VIII metal means that 20 g of the Group VIII metal is on the
- support.

25 [0034] Cycle oil hydroprocessing occurs under conditions that
substantially saturate the aromatic species, i.e., converting species such as

naphthalene and alkyl-substituted derivatives thereof (naphthalenes) and



20 Cotton and WI kinson. Al netals weight percents for the hydroprocessing
catal yst are given on support. The term "on support' 'neans that the

per cent s vapel/74385ed on the wei ght of the support. For exarpl@sol/fi3& support
wei ghs 100 g, then 20 w.% G oup VIII netal means that 20 g of the G oup
VIIl metal is on the support. 25 [0034] Cycle oil hydroprocessing occurs
under conditions that substantially saturate the aromatic species, i.e.,
converting species such as naphthal enqg.and al kyl -substituted derivatives

t her eof (naphthal enes) and WO 01/ 79382 PCT/ US01/ 11365 -14

t et r ahydr onapht hal ene and al kyl -substituted derivatives thereof
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aromati c 'specl es content ‘ranges om about g preferably
0-0.1 15 wm.% nore preferably 0-0.05 w.% nost preferably 0-0.01 wt.%
based upoj§0BBg t ot The hedaiprocdssingds byrduged so thhtalechieydrohapifthalehesror e
preferably, the total _aromatic specjes content in the hydrogenated cycle
oi | rangetreithe mast abwadant 2-xing speaies i the dydrogsmatadeeele Al about 1 wt. %

e R efﬁégﬁxl drgﬂa%rﬂtﬁggﬁjets aore tp(r)e:ferably the most abundant saturated species in

the hydrogenated cycle oil.

[0036] Preferably, the total aromatic species content in the hydrogenated
cycle oil ranges from about 0 to about 5 wt.%, with atotal 2-ring or larger
aromatic species content ranges from about 0 to about 1 wt.%, preferably 0-0.1
15  wt.%, more preferably 0-0.05 wt.%, most preferably 0-0.01 wt.% based upon the
total weight of the hydrogenated cycle oil. Still more preferably, the total
aromatic species content in the hydrogenated cycle oil ranges is less than 5
wt.%, more preferably less than about 1 wt.%, more preferably from about 0 to
about 0.6 wt.%, with a total 2-ring or larger aromatic species content less than 1
20  wt.%, more preferably less than 0.1 wt.%, more preferably less than or equal to
about 0.01 wt.% based upon the total weight of the hydrogenated cycle oil.

[0037] The hydrogenated cycle oil passes to the second FCC riser reactor
for injection and further cracking by contacting it catalytic cracking catalyst as
described below for the second catalytic cracking stage. Hydrogenated cycle oil
25  cracking in the second FCC reactor results in cracked products having
substantial concentrations of naphtha and light olefins (C,-C,). Appropriate

cracking conditions in the second FCC reaction stage include: (i) temperatures



about 0.6 wt.% wth a total 2-ring or larger aromatic species content |ess
than 1 20 wt.% nore preferably less than 0.1 w.% nore preferably |ess
than or aeyoal/74382 about 0.01 w. % based upon the total wePghUS@if11845e

hydr ogenated cycle oil. [0037] The hydrogenated cycle oil passes to the
second FCC riser reactor for injection and further cracking by contacting
It catalytic cracking catalyst as described below for the second catal ytic
cracking stage. Hydrogenated cycle o0ily5.25 cracking in the second FCC
reactor results in cracked products having substantial concentrations of
napht ha and light olefins, (C2-C4). Appropriate cracking conditions in the
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catal yti ¢ cracking stage conprises a Ive zeolite and a

| ar ge- porwt.geef iechydogéeitedbyclewiltepds Rreferatily, the cyale&ﬁl ﬁésﬁdmettimé t he
catal yst of the second catal ytic cracking stage is m xture

shape- sel iacthiesecosbFCCereaetion none isdesstheniabbub2Q S¢Qﬂﬂéé mor@plﬂ@tabbe on a
matrix 15 materi e enbpdi nent, the catalyst of the second catalytic

cr acklithg E@ta@@nageﬂbir F%i SgeAMUSen about 50 and about 95 wt.% nore
preferably between about 80 and about 95 wt.% nore preferably about 90

W % of gkl VSt $ROLAaRRSf he second catalytic cracking stage comprises a
shape-selective zeolite and a large-pore zeolite, preferably on separate matrix
materials so that the catalyst of the second catalytic cracking stage is a mixture

_ (;f shape-selective zeolite on a matrix material and large-pore zeolite on a matrix
15 material. In one embodiment, the catalyst of the second catalytic cracking stage
comprises between about 50 and about 95 wt.%, more preferably between about
80 and about 95 wt.%, more preferably about 90 wt.% of a catalyst containing a
shape-selective zeolite, preferably ZSM-5, present in an amount preferably
ranging from about 10 to about 50 wt%, more preferably about 20 to about 30
20 wt% based on the total weight of the catalyst containing the shape-selective |
zeolite. The remainder of the catalyst of the second catalytic cracking stage
contains a large-pore zeolite having a pore diameter greater than 0.7 nm. The
catalyst of the second catalytic cracking stage preferably comprises a matrix

material having a surface area greater than 40 m%/g.

25  [0039] In some embodiments, it may be desirable to incorporate both the
large-pore zeolite and shape-selective zeolite onto the same matrix material. In

such an embodiment, the matrix material preferably comprises 50% or less by



shape-sel ective zeolite, preferably ZSM5, present in an anount preferably
rangi ng from about 10 to about 50 wt% nore preferably about 20 to about 30
20 wt % bavedi/m3st he total weight of the catal yst containi PQTAURE/11365
shape-sel ective zeolite. The remainder of the catalyst of the second

catal ytic cracking stage contains a |large-pore zeolite having a pore

di aneter greater than 0.7 nm The catalyst of the second catalytic
cracking stage preferably conprises agatrix material having a surface
area greater than 40 n2/g. 25 [00391 I'n some enbodi ments, it may be
desirable to incorporate both the |large-pore zeolite and shape-selective

ﬁguz e'&i;u :‘?ﬁ%% ?Eﬁe@%&%ﬁ%&é_ﬁ%{%ﬁw&r 't %'r:fteil? tﬁg%@lﬁﬁ% FCHADSD1 ﬁgéix
chape. Saeititive el L UEEBbu oo lE pERDRsY Brooe AREE LORBIARIT oL ' 10
and abo“twﬁﬁeof’\fhe%&fl v&{igt[ut@tﬁlelc‘g’rﬁaggﬁtanﬁfthé %liglﬁtrﬁﬂid of sﬁ%\l}%—éélé‘ctiw ght ratio

of shape-selective zeo eto -pore zeolite Is between about 1:1 and
about 100zeblitey lrge-poss goolitt is bettveerabaioll addhbanti168dymd@e: 1, still nore
preferably between about 3:1 and about 90:1. [0040] Preferred |arge-pore
zeol i tes preferably beawaey sbowt2:1 adabovh90:d astall yaare prefezalily bgtweaiye i ncl ude
zeolites iso- g'g}:]uc U’{:alte‘%f zeolite Y. These include the ion- exchanged
forms sucbosd 3ihand abeut?d:1y hydrogen and ultra stable (USY) form 10
Preferably, the large-pore zeolite is zeolite Y having a unit cell size

| ess t hanig@ay €qual iﬁ@@ . ual to
about 24.@&9] [OOA,]I)Llie(f re @gé?oﬁ%é%oéﬁ@%ﬁg%&?é@%%gﬁ%lges%ggg&gg&'lSeful in
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equal to about 24.33A, more preferably less than or equal to about 24.27A.

[0041] Preferred shape-selective zeolite species useful in the catalyst of
the second catalytic cracking stage include medium-pore-size zeolites generally
having a pore size from about 0.5 nm, to about 0.7 nm. Such zeolites include,

15  for example, MFI, MFS, MEL, MTW, EUO, MTT, HEU, FER, and TON
structure type zeolites (IUPAC Commission of Zeolite Nomenclature). Non-
limiting examples of such medium-pore-size zeolites, include ZSM-5, ZSM-12,
ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, silicalite,
and silicalite 2. A preferred shape-selective zeolite ZSM-5, which is described

20 in U.S. Patent Nos. 3,702,886 and 3,770,614. ZSM-11 is described in U.S.
Patent No. 3,709,979; ZSM-12 in U.S. Patent No. 3,832,449; ZSM-21 and ZSM-
38 in U.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.

25  [0042] The particle diameter of the catalyst of the second catalytic
cracking stage will range from about 10 to 300 microns, with an average particle

diameter of about 60 microns.



limting exanples of such nedi um pore-size zeolites, include ZSM5, ZSM 12,
ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 38, ZSM 48, ZSM 50, silicalite, and
silicalitwoi/79sspreferred shape-sel ective zeolite ZSM5, miiwko/g3eescri bed
20 in U S. Patent Nos. 3,702,886 and 3,770,614. ZSM11 is described in U S
Patent No. 3,709,979; ZSM 12 in U S. Patent No. 3,832,449; ZSM 21 and ZSM
38 in U S Patent No. 3,948,758, ZSM23 in U S. Patent No. 4,076, 842; and
ZSM35 in U S. Patent No. 4,016,245. Akl of the above patents are

i ncorporated herein by reference. 25 [0042] The particle dianeter of the
catal yst of the second catalytic cracking stage will range from about 10

to 300 mcr , W th, an average .partjcl di anet er of about, 60 mi crons. WO
0% 79337 BeIFTison) 1high ofeliny Teouhee omke BIEPRHE brdest RIS Va5 Fhe
preferre : f SaeS ot

ol i gi mer ?@g{‘?g"ﬁﬁﬁh’%ﬁggﬁ‘é@ |%@n%:efcr)- pgﬁl;ll’n@rl?l%? i%gﬁzéﬁ’ ‘EOZ? 8@5‘?631 r?gpfnzlat i on,
and rel atRelpplRAGEARAToN BAA ERRII MRbcedReS Er{@éihéﬁét Yoy nieRizhA6AT) to form

macr onol ecuf es. Such Iight ol efins nay be pol ynerized both al'one and in 5
conbi nat i macreindicouloer Sapke tightolefins atayobeipolymerized hoth piare amgdtinon net hods

known in the art. In _sone cases iit may be desjrable to separate
concerdt r sganbingtien mith othgr species in aeqidaResew eLE10n Qﬁfah%isef ins prior

to polynerization. r | ene_and, et hyl ene. a referred | rization

f eeds. g}m&ﬁgﬁaﬁg%%&c%e[s%mﬁ)ea eglraﬁgeftgrsleggraﬁeglcyﬁg?lﬁ%ﬁ on
products r gé@/g QFM sdance with
an enbodié‘rgﬁt? ’ g? g{aﬁlte’s%%%ﬁ% on, %:eggf%ﬁé 1%%%%?%2%@ Pdc))?{; a cyf:llgg' oi |
stream prepyimeindecthyienanye pfeterred poblymoriztion deds rRolgpeylaedarddir t her
cracked in a second FCC riser reactor. Catalytic 15 cracking conditions in

t he secorpbly@bylanseare peeferred potyhedzaticaproducismaade thegefem.

10 EXAMPLES

Example 1

[0044] In accordance with an embodiment of this invention, cycle oil
obtained from a cycle oil stream produced by a primary FCC reactor was
hydroprocessed and further cracked in a second FCC riser reactor. Catalytic

15  cracking conditions in the second FCC riser reactor include temperatures ranging
from about 1000-1350°F (535-760°C), catalyst/cycle oil ratios of 25-150

(wt/wt), and vapor residence times of 0.1-1.0 seconds in the pre-injection zone.

[0045] First, two cycle oil samples were hydrogenated to produce a
significant amount of tetrahydronaphthalenes (Table 1, column 1) or under

20 different hydrogenation conditions to produce significant amounts of
decahydronaphthalenes (Table 1, column 2) prior to upstream injection into the
second FCC reactor. As set forth in Table 1, the hydrogenation conditions to
form decahydronaphthalenes result in nearly complete saturation of aromatic

species present in the cycle oil.
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01/ 79382 VReo1/148€4/ 11365 -19 [ 00461 Second, a M croacti vi PgT/USEII11B45 t
("MAT") was used to test the effect of added ZSM5 cracki ng catal yst on
propyl ene production in the second riser reactor. MAT tests and associ at ed
hardware are described in Ol and Gas 5 64, 7, 84, 85, 1966, and G| and
Gas, Novenber 22, 1971, 60-68. Conditions wused included tenperature 550C,
run time 1.5 sec., catalyst charge 4.Qo¢9, feed volunme 0.95-1.0 cnB, and
cat/oil ratio 4.0-4.2. The base catal yst enpl oyed was a conventional FCC

catal yst containing zeolite Y. The results illustrated in Figure 1 and
Tabl e 2 show that adding a catalyst containing ZSMS i nproves 10 propyl ene
yield pr t he { gﬁg} " I beI ow
about 950':30%/§j I n t g&% 8%#&% "Fos\?v:Ur'%qdfj1 xanpl zwa@t&é% %

Sased on éﬂf&t‘fb?'aﬁﬂéd Z@M@cﬁa@l@ﬁ gladlPa drﬁﬁ&)bs)le V@?@d@@ei(ﬂi Nﬁﬂle%c&ﬁd S bas ed
pon the total weight of the cat al yst char ge. 01/ 79382 PCT/ US01/ 11365
-20- U N 1@éer reactor. MAT tests and associated hardware are described in Oil and Gas
5 64,7,84,85, 1966, and Oil and Gas, November 22, 1971, 60-68. Conditions
used included temperature 550°C, run time 1.5 sec., catalyst charge 4.0 g, feed
volume 0.95-1.0 cm®, and cat/oil ratio 4.0-4.2. The base catalyst employed was
a conventional FCC catalyst containing zeolite Y. The results illustrated in
Figure 1 and Table 2 show that adding a catalyst containing ZSM-5 improves
10  propylene yield provided the amount of the ZSM-5-containing catalyst remains
below about 95 wt.%. In this and in the following examples, product wt.% is
based on the weight of the feed to the reactor, and catalyst wt.% is based upon

the total weight of the catalyst charge.
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uo, W C1400 oOcti OO--i MM MW MC- 0l M[~cVd .-+ M-4 wO0O
0) 041 C dI v Uala~alZ~Uw w H U U- WO 01/79382 PCT/USO1/ 11365 -21-
Exanpl e 3v@00#9882 | n accordance wi th anot her enbodi nent, thCHUSKZITRéSE
describes the effect of zeolite unit cell size on olefin production in the
second riser reactor. As in exanple 1, a cycle oil was hydroprocessed to
forma significant anobunt of 5 decahydronapht hal enes and a MAT unit was
used to simulate conditions in the second riser reactor. MAT Conditions
used included tenperature 1020F (5509 , run time 15 sec., catalyst charge
4.0 g, feed volume 0.95-1.0 cnB, and “cat/oil ratio 3.7 to 12. [0048] In
Table 3, catalyst A contains zeolite Y with a unit cell size 10 (UCS) of
about 24mﬁﬂagﬁigleolite surface area of 152 n2/g and a matrix surface area
of 103 nR/g. Catalyst B contains ZSM5 (about 40 wt % based on the total

wei ght of Catalyst B). Catalyst C contains zeolite Y having a unit cel

size of [@0a9] 24. 3 decordarelwitleassthbeeabadiegernf thibexdmpRAestripesand a

matri x surface area
the effect of zeolite unit cell size on olefin production in the second riser reactor.
As in example 1, a cycle oil was hydroprocessed to form a significant amount of
5 decahydronaphthalenes and a MAT unit was used to simulate conditions in the
second riser reactor. MAT Conditions used included temperature 1020°F
(~550°C), run time 15 sec., catalyst charge 4.0 g, feed volume 0.95-1.0 cm®, and

cat/oil ratio 3.7 to 12.

[0048] In Table 3, catalyst A contains zeolite Y with a unit cell size

10  (UCS) of about 24.30 A, a zeolite surface area of 152 m?/g and a matrix surface
area of 103 m%/g. Catalyst B contains ZSM-5 (about 40 wt% based on the total
weight of Catalyst B). Catalyst C contains zeolite Y having a unit cell size of
about 24.32 A, a zeolite surface area of about 139 m?/g and a matrix surface area
of about 111 m*/g. Catalyst D contains zeolite Y having a unit cell size of about

15 2427 A, a zeolite surface area of about 129 m*/g and a matrix surface area of
about 104 m?*/g. Catalyst E is an amorphous FCC catalyst containing no zeolite

and having a high surface area of about 92 m%/g.
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WO 01/79382 PCT/US01/ 11365 -23 [0049] In Figures 2 and 3, circular points
are for the catalyst m xture of Table 3, colums 1 and 5 as well as the
100% base catalyst Bwith no ZSM5 caBalyst, square points are for the
catal yst m xture of colum 2, crosses are for the catalyst m xture of
colum 3, and x-circle are for the catalyst mxture of 5 colum 4. [0050]

As shown bl e -' thyl ene,
pr opyl ene[baé%ﬁ but e es%ﬁf\é}eﬂ%ﬁf% cgllgfg(ﬁh %I%r tﬂe%ﬁlgétgéiﬂ(ﬁ:%en ig.l ning the
| over unitaehl csliusths 1 3h@8-R0El ssrﬁfékl(rw/o%g@bmat sOB WithhiolEgel-5t  was
observed W th & catal yst m xture containing 25% cat alyst B plus 75% ZSM
catalyst, square points are for the catalyst mixture of column 2, crosses are for
the catalyst mixture of column 3, and x-circle are for the catalyst mixture of

5 column 4.

[0050] As shown in Table 3, the highest yields of total light olefins,
ethylene, propylene, and butenes were produced with catalyst mixtures
containing the lower unit cell size, large-pore cracking catalyst C. This benefit
was observed with a catalyst mixture containing 25% catalyst B plus 75% ZSM-
10 5 additive and with a mixture containing only 10% large-pore cracking catalyst

C and 40% of an amorphous cracking catalyst containing no zeolite.

[0051] Figure 2 illustrates that for a substantially constant wt.% ZSM-5, a
decrease in the unit cell size of the zeolite Y increases the total light olefins
yield. Figure 3 illustrates that for a substantially cons;tant wt.% ZSM-5, a

15 decrease in the unit cell size of the zeolite Y increases the ratio of C, olefins

yield to saturated C, product yield.



10 5 additive and with a m xture containing only 10% | arge-pore cracking
catalyst C and 40% of an anorphous cracking catal yst containing no
zeolite. WOOb193sFigure 2 illustrates that for a substantiBCTysSeionsdsant wt. %
ZSM5, a decrease in the unit cell size of the zeolite Y increases the
total light olefins yield. Figure 3 illustrates that for a substantially
constant w.% ZSM5, a 15 decrease in the unit cell size of the zeolite Y
increases the ratio of C4 olefins yiehd to saturated C4 product yield. WO
01/ 79382 PCT/ US01/ 11365 -24- CLAIMS: 1. Afluid catalytic cracking process
conprising: 5 (a) contacting a FCC feed with a catal ytic cracking catal yst
ina first catalytic cracking stage under catalytic cracking conditions to
produce cracked products; (b) separating at least a cycle oil fraction
from t he CEAIMS: products, 10 said cycle oil fraction conprising
aromatics; (c) hydrogenating at |least a fraction of said aromatics in at

| east a portion of said cycle oil fraction in the presence of a

hydr ogenat.i ng &dhad ¢atalytinelackinggirogessdonyprisimndi tions to forma
hydr ogenated cycle oil; and, 15 (d) contacting said hydrogenated cycle oil
with a catalytic cracking catalyst under catalytic cracking conditions in

sai 3‘3%2;?23“} (af o coniadinecs BECReAgv R 8 sabuik FoBuRE Aty B B O 7 rst
. . . Y i
econd {144 BGbBe Lo EpaRM AT crkRIE Lehaifl REpOAEL BRIKBA | 1 o

95 wt. % ;ﬁr auf)t@,t al yst containing a shape-selective zeolite, and between
about 5 ng about 50 wt.% of a catalyst containing a | arge-pore zeolite
having a pore dianeter greater than or equal to about 0.7 M.

(b)  separating at least a cycle oil fraction from the cracked products,

10  said cycle oil fraction comprising aromatics;

(c)  hydrogenating at least a fraction of said aromatics in at least a
portion of said cycle oil fraction in the presence of a hydrogenating catalyst
under hydrogenation conditions to form a hydrogenated cycle oil; and,

15

(d) contacting said hydrogenated cycle oil with a catalytic cracking
catalyst under catalytic cracking conditions in a second fluid catalytic cracking
stage to form a second cracked product, said second fluid catalytic cracking
stage being separate from said first second fluid catalytic cracking stage, wherein

20  the catalyst of the second fluid catalytic cracking stage comprises between about
50 and about 95 wt.% of a catalyst containing a shape-selective zeolite, and
between about 5 and about 50 wt.% of a catalyst containing a large-pore zeolite

having a pore diameter greater than or equal to about 0.7 nm.

25 2. The process according to claim 1 wherein said hydrogenated cycle oil

comprises less than about 5 wt.% aromatics.



25 2. The process according to claim| wherein said hydrogenated cycle oil
conprises |l ess than about 5 wt.% aromatics. WO 01/ 79382 PCT/ US01/11365 -25
3. The pmwoaews®3srcording to claim1l wherein the hydrogenaredusyiciigssoi |
conprises |less than about 1 w.% 2-ring or |larger aromatic species. 4. The
process according to claim2 wherein said shape-selective zeolite is 5
ZSM5. 5. The process according to claim4 wherein said |arge-pore zeolite
is zeolite Y. 10 6. The process accopding to claim5 wherein said zeolite
Y has a unit cell size less than or equal to about 24.33A. 7. The process
according to claim6 wherein said zeolite Y has a unit cell size of |ess

wherein the calBe pecss aqdudingte i Aty ndns PYEREGRECAgeIc Bpr i ses
erein the ca t ri ses
The. pr ocaRTBrifeS G A QBopEP sye f:Bha by 1GREPa Rk ORRIAY 19 20000, 20

catal ytic cracking stage conprises about 90 w.% of a catal yst contai ning
ZSM 5. 10. The process according to claim1l wherein the tenperature within
the first4, 25 The ptocebcacuondinigrig cidiag? wherdiatsaibshapieensledddD@Cealite Bbout

650C. 11. The process according to claim10 wherein the residence tine
withi® t eSM-brst catal ytic cracking stage i s between about 1 and about 10
seconds. WD 01/79382 PCT/US01/11365 -26 12. The process according to claim
11 wherein the tenperature within the

5. The process according to claim 4 wherein said large-pore zeolite is zeolite
Y.
10 6. The process according to claim 5 wherein said zeolite Y has a unit cell

size less than or equal to about 24.33A.

7. The process according to claim 6 wherein said zeolite Y has a unit cell

size of less than or equal to about 24.27 A.

15
8. The process according to claim 7 wherein the catalyst of the second
catalytic cracking stage comprises between about 80 and about 95 wt.% of a
catalyst containing ZSM-5.

20 9. The process according to claim 7 wherein the catalyst of the second

catalytic cracking stage comprises about 90 wt.% of a catalyst containing ZSM-

5.

10.  The process according to claim 1 wherein the temperature within the first

25  catalytic cracking stage is between about 500°C and about 650°C.

11.  The process according to claim 10 wherein the residence time within the

first catalytic cracking stage is between about 1 and about 10 seconds.



second catal ytic cracking stage is between about 495C and about 700C. 5 13.
The process according to claim 12 wherein the residence tinme wthin the
second cav@byt43s2 cracki ng stage i s between about 1 and abpOr/Ut@/m8&s0ONds.
14. The process according to claim1l further conprising the step of
separating propylene fromthe second cracked product and pol ynerizing the
propyl ene to 10 form pol ypropyl ene. 15. The process according to claim!|l
wherei n said hydrogenating catal yst c¢goprises at |east one Goup VIII
netal and at | east one Goup VI netal on at |east one refractory support.
15 16. The process according to claim15 wherein said Goup VIII nmetal is
sel ected fromthe group consisting of Pt, Pd, and In 17. A process for
catalytically cracking a cycle oil to selectively increase the 20 yield of

eodn 01 cIars BRRBRAGRACIRIRL SR 11 (Per bR HhRErBuE il Bgle M 1 2

catal ytic Cracki _ catal'ytic crac ions’in a first
FCC react giooh@ c%?dlﬁi‘i@cfdckﬁi% §h2S IasbtwBER 86t 4 BT asdig dopPOduct

conprising a cycle oil fractioh conprising 25 aronatic species; (b)
separating said first cracked product fromthe catalyst of the first FCC
reactor; WD 01/79382 PCT/USQ1/11365 -27 (c). stripping the catal yst of the
first FCCl3.eactlbe Proeess eoerratns Wocleime 12 yrhar %&tiléﬁeﬁtlﬂ@“fq e Vlﬂ@?nrta%tct or

8, OB BB Sy BT £ B 688 Lot e 11Tt FOC

14,  The process according to claim 1 further comprising the step of separating
propylene from the second cracked 'product and polymerizing the propylene to
10  form polypropylene.

15.  The process according to claim 1 wherein said hydrogenating catalyst
comprises at least one Group VIII metal and at least one Group VI metal on at
least one refractory support.

15

16.  The process according to claim 15 wherein said Group VIII metal is

selected from the group consisting of Pt, Pd, and Ir.

17. A process for catalytically cracking a cycle oil to selectively increase the

20 yield of light olefins comprising the steps of:

(a)  contacting a FCC feed with a catalytic cracking catalyst under
catalytic cracking conditions in a first FCC reactor to form a first cracked
product, said cracked product comprising a cycle oil fraction comprising

25  aromatic species;

(b)  separating said first cracked product from the catalyst of the first
FCC reactor;



(f) separating at |east a portion of the cycle oil fraction fromsaid first
10 cracked product; (g) hydrogenating a substantial portion of the aromatic
speci es iwoat/7938east a portion of said cycle oil fracti onPCVUSOIG11p6SeSENnce
of a hydrogenation catalyst under hydroprocessing conditions to forma
substantially hydrogenated 15 cycle oil, said hydrogenation catal yst
conprising at |least one Goup VIII netal and at |east one Goup VI netal
on at |east one refractory support, sapd Goup VI netal selected fromthe
group consisting of Pt and Pd, wherein the weight of the aromatic species
in the hydrogenated cycle oil is I ess than about 5% of the total weight of

sai d hydrogenated cycle.oil; and, 2 h cting said hydrogenated cycle
oil with a caxéfyti%W%Pgewiﬁ§a&gﬁﬁggﬁgiﬁﬁﬁ§@$§B§Fa%ytic cracki ng conditions
in a separate second FCC reactor to forma second cracked product, wherein
the catal yst used in the second FCC reactor conprises between about 80 and

about 95 Wt-%@ a Eaitadtite the@atadytioTehe Birst PEQ reavior Wethvwegsy about 5 and
about 20 wt.% of a catalyst contalning |large- pore zeolite having a pore

di amet er @meatisngtoxygeny equal to about 0.7 nmand a wunit cell size |less
than 24.27A; WD 01/79382 PCT/ US01/ 11365 -28 (i) separating the second
crackéd product fromthe catal yst of the second FCC reactor; (j) stripping

the catal yst of \the second F rea [ C chi yst of

t he second FCC(fe) eackHP G c%aé\gg O%Eﬁ%ﬁﬁticﬁ‘g)f%%%%ﬁﬁct‘éa@%ﬁw(%ﬁ S%ing the
cat al yst 1%5 he second FCC reactor to said second FCC 10 reactor back to

t he secon reactor.

(f)  separating at least a portion of the cycle oil fraction from said first

10 cracked product;

(g) hydrogenating a substantial portion of the aromatic species in at
least a portion of said cycle oil fraction in the presence of a hydrogenation
catalyst under hydroprocessing conditions to form a substantially hydrogenated

15  cycle oil, said hydrogenation catalyst comprising at least one Group VIII metal
and at least one Group VI metal on at least one refractory support, said Group VI
metal selected from the group consisting of Pt and Pd, wherein the weight of the
aromatic species in the hydrogenated cycle oil is less than about 5% of the total
weight of said hydrogenated cycle oil; and,

20

(h)  contacting said hydrogenated cycle oil with a catalytic cracking
catalyst under catalytic cracking conditions in a separate second FCC reactor to
form a second cracked product, wherein the catalyst used in the second FCC
reactor comprises between about 80 and about 95 wt.% of a catalyst containing

25  ZSM-5, and between about 5 and about 20 wt.% of a catalyst containing large-
pore zeolite having a pore diameter greater than or equal to about 0.7 nm and a

unit cell size less than 24.27A;



18. The process according to claim17 further conprising the step of
separating propylene fromthe second cracked product and pol yneri zing the
propyl enavo o1/fwsm pol ypropyl ene. 15 19. A fluid catal yti cPcT/@skimngespr ocess
conprising: (a) contacting a FCC feed with a catalytic cracking catalyst in
a first catalytic cracking stage under catalytic cracking conditions to
produce cracked 20 products; (b) separating at least a cycle oil fraction
fromthe cracked products, said cyclggoil fraction conprising aronmatics;
25 (c) hydrogenating a substantial portion of said aromatics in at least a
portion of said cycle oil fraction in the presence of a hydrogenating

catal yst under, hydrogenation condjtions,to fo a subst ant.i

hydr ogenat ed c{‘/)cl e %9?3{3“1’&&3? SHOHGF prlgéw:{ggljp/ %fé@%ﬁysggltt%)

cont acti ! nated cycle oil with a catalytic cracking catalyst
under caB%F§?¢g(g¥§%%?ﬁb conditions in a second fluid catalytic cracking
stage to forma second cracked product, said second fluid catal ytic
cracking 5 stage being separate fromsaid first second fluid catalytic
cracki ng st agej) whesteppingtthe catalyst pf thesecond el seatton;ui d cat al ytic
cracki_ng stage conprises a shape- selective zeolite and a | arge-pore

zeol i Pe havi ng a pore dianeter greater than or equal to about 0.7 nmand a
unit cell sizeyhess . t 7 ' rial and
wherei n the shépe- s& [%#} gé’%ﬁﬁ%@rﬁ@&%@é@%?%@fﬁﬂg legésgorrpri se

bet ween qggﬂgﬁéggQ&9§QQQ%m,8o w.%of the total weight of the catalyst and
the weight rati o of “Shape-Selective zeolite to |arge-pore zeolite is

bet ween about 1:1 and about 100: 1, and wherein the matrix nmaterial has a

surface area greater than 40 n2/g. )
passing the catalyst of the second FCC reactor to said second FCC

10 reactor back to the second FCC reactor.

18.  The process according to claim 17 further comprising the step of
separating propylene from the second cracked product and polymerizing the
propylene to form polypropylene.

15

19. A fluid catalytic cracking process comprising:

(@ contacting a FCC feed with a catalytic cracking catalyst in a first
catalytic cracking stage under catalytic cracking conditions to produce cracked

20 producté;

(b)  separating at least a cycle oil fraction from the cracked products,

said cycle oil fraction comprising aromatics;

25 (c)  hydrogenating a substantial portion of said aromatics in at least a
portion of said cycle oil fraction in the presence of a hydrogenating catalyst
under hydrogenation conditions to form a substantially hydrogenated cycle oil;

and,



15 20. The process according to claim19 wherein the weight ratio of shape-
sel ective zeolite to large-pore zeolite is between about 3:1 and about
90:1. 21.wOhe7psncess according to claim 1.9 wherein the BOmpseisaB&Ct i ve
zeolite is ZSM5.

-29.

(d) contacting said hydrogenated cycle oil with a catalytic cracking
catalyst under catalytic cracking conditions in a second fluid catalytic cracking
stage to form a second cracked product, said second fluid catalytic cracking

5 stage being separate from said first second fluid catalytic cracking stage, wherein
the catalyst of the second fluid catalytic cracking stage comprises a shape-
selective zeolite and a large-pore zeolite having a pore diameter greater than or
equal to about 0.7 nm and a unit cell size less than about 24.27A on the same
matrix material and wherein the shape-selective zeolite and large-pore zeolite

10  comprise between about 10 and about 80 wt.% of the total weight of the catalyst
and the weight ratio of shape-selective zeolite to large-pore zeolite is between
about 1:1 and about 100:1, and wherein the matrix material has a surface area

greater than 40 m?/g.

15 20. The process according to claim 19 wherein the weight ratio of shape-

selective zeolite to large-pore zeolite is between about 3:1 and about 90:1.

21.  The process according to claim 19 wherein the shape-selective zeolite is

ZSM-5.



