WD 01/ 79383 PCT/ US01/ 11443 RECRACKI NG M XTURES OF CYCLE O L AND CAT
NAPHTHA FOR MAXI M ZI NG LI GHT OLEFI N YI ELDS FIELD OF THE | NVENTI ON 5 [ 0001]
This i nvamdbom3sel ates to a fluid catal ytic cracki ng procP€BUSMI1e43
particularly, a mxture of cycle oil, light cat naphtha, and steam are
added to the reaction zone to inprove yields of Iight ol efins. BACKGROUND
OF THE I NVENTI ON [0002] Fluid catalytic cracking (FCC) is a well-known

met hod for convertin 10 _high boiling hydrocarbon feedstocks to | ower

boi ling, nore va&EﬁﬁA(EﬂN MIXTURHEN B Q@Hs ANBCATGh boil i ng
feedstock i s colNAPHAHAN FOR MAXIVEZING BIGHT OILEFENSSIEIDDSt he

subst anti al absence of hydrogen at el evated tenperatures. The cracking
reaction typically occurs in the riser portion of the catalytic cracking
reactor. Cracked products are separated from catal yst by neans of cycl ones
and cok®EID OF THRINVENFION e 15 steam stripped and sent to a
regenerat or where coke is burned off the catalyst. The regenerated
catalyst is then recycled to contact nore high-boiling feed at the

begi Aini 18001df t he Thisiaventigpmigtesing drid rtdydacumckingdreerssaMorgct i ve
crystalline alum nosilicates suc s zealites and active inorgani c oxide
componenrdrsftely adtiup o srcle i hefioas iigha ZdHpd A At o

i nor gani ' ' ] anor phous gels or sols that bind
t he con%ig)aﬁgﬁilgb{lg%&e "”@%%%ﬁ%ﬁ?ﬁ#@ﬂlo{l&lﬁ{o‘p‘ desirable that the matrix be
active, attrition resistant, selective wth regard to the production of
hydr ocaOOKGEROTND OB FPEFSINVENFKRONBKke and not readily deactivated by
net al s. rren catalysts nmay contain in excess of 40 wt. % zeolites.
25 [0004] There is a growng need to utilize heavy streans as feeds to FCC
units HeeiR)se sudtuidicatsdytic aaekihg(BCCS assd wel-lamwamethddoforoorvertingent i onal

FCC feeds such SUBSTI TUTE SHEET (RULE 26)
10  high boiling hydrocarbon feedstocks to lower boiling, more valuable products. In the

®)

FCC process, the high boiling feedstock is contacted with fluidized catalyst particles in
the substantial absence of hydrogen at elevated temperatures. The cracking reaction
typically occurs in the riser portion of the catalytic cracking reactor. Cracked products
are separated from catalyst by means of cyclones and coked catalyst particles are

15 steam-stripped and sent to a regenerator where coke is burned off the catalyst. The
regenerated catalyst is then recycled to contact more high-boiling feed at the beginning

of the riser.

[0003] Typical FCC catalysts contain active crystalline aluminosilicates such as
zeolites and active inorganic oxide components such as clays of the kaolin type

20  dispersed within an inorganic metal oxide matrix formed from amorphous gels or sols
that bind the components together on drying. It is desirable that the matrix be active,
attrition resistant, selective with regard to the production of hydrocarbons without
excessive coke make and not readily deactivated by metals. Current FCC catalysts may

contain in excess of 40 wt.% zeolites.

25 [0004] There is a growing need to utilize heavy streams as feeds to FCC units

because such streams are lower cost as compared to more conventional FCC feeds such

SUBSTITUTE SHEET (RULE 26)



WO 01/79383 PCT/ USO01/ 11443 -2 together wth high levels of nmetals such as
sodium iron, nickel and vanadium N ckel and vanadiummy |lead to

excessi vavOo dr/p3gas” production during catal ytic cracki ng. PCVaR@ditws when
deposited on zeolite catalysts can mgrate to and destroy zeolite
catalytic sites. Hi gh con carbon feeds | ead to excessive coke formation.
These factors 5 result in FCC unit operators having to w thdraw excessive
anounts of catalyst to nmaintain catalyst activity. This, in turn, leads to
hi gher costs fromfresh catal yst nake- up and deactivated catal yst

di sposal . [00051 U.S. 4,051,013 descri-Bes a cat cracking process for

simul taneously <cracking a gas oil feed and upgradi ng a gasoline-range feed
to produce high quality 10 notor fuel. The gasoline-range feed is contacted
with freshly regenerated catalyst in a relatively upstream portion of a
short-tine di a i 0, i { f rst lytic
cracki n(jo%%ﬁ%’% wtﬁk@é}%}%g‘ﬂ% I%’Zﬁge%lggﬁh Seegﬂlﬁg’r?é%rpﬁ%lg%l{éggnﬁ]?hadh@dhggﬁegl yst in
a relatj diowp QbeRfVeOf 85T pro@iicticadiringcatdiee watkingi s

mai nt ai r%lggjg%ﬂasecoﬁigw?gtgl ytEi [ gr ggilgng Iicondi ti ons.ﬂgﬁ S. ?ﬂ;c 043,522 rel ates
to the cwmediwhowhed dgsosited bnizeolith chiatiysteeeanbmipyatedo ehé flesiroy Z&okitet ur at ed
paraffin feed is conbined with an olefin feed and the m xture contacted
with a zetalytiesitest &ligh con tabon desdsdead igrexcpssivessoks foERt ﬁh@éﬁ cory, s,
4,892,643 dis es.a cat cracki operation utilizin si.ngle riser
eactor TR C SRR PSRy TR RS o 480 PR TN o 1 he
riser at_a | st fi: ' ' [

car ol yorm BTN abRY FAIR 105 P SRETERG: £ hiBhor doSf (AR B cRBSRAEE
presencey ndade%@ﬁ%tgd@ﬁh%ydigﬁosg[.acki ng catalyst. U S. 5, 846, 403 di scl oses
an FCC reaction wherein"a mxture of |light catalytically cracked naphtha
("l'ight cat naphtha" or "LCN') and steamis injected into an FCC riser at
a poi nt [0p83]r eam d¥.SgdH53i013adeseribsisdurat crasking prpeessifonsimolispequsly and st eam
coinjection.results.in augnmented |ight ol efin praduction i.n.the FCC unit.
25 [ 00061aqkinga gpsiofde A aing a%&é%hl}eﬁwgegﬁ%géér%‘?‘%?éé’é%‘?eguﬂgﬁab| e of

10  motor fuel. The gasoline-range feed is contacted with freshly regenerated catalyst in a

relatively upstream portion of a short-time dilute-phase riser reactor zone maintained at
first catalytic cracking conditions and the gas oil feed is contacted with used catalyst in a
relatively downstream portion of the riser reaction zone which is maintained at second
catalytic cracking conditions. U.S. 5,043,522 relates to the conversion of paraffinic

15 hydrocarbons to olefins. A saturated paraffin feed is combined with an olefin feed and
the mixture contacted with a zeolite catalyst. The feed mixture may also contain steam.
U.S. 4,892,643 discloses a cat cracking operation utilizing a single riser reactor in which
a relatively high boiling feed is introduced into the riser at a lower level in the presence
of a first catalytic cracking catalyst and a naphtha charge is introduced at a higher level

20  in the presence of a second catalytic cracking catalyst. U.S. 5,846,403 discloses an FCC
reaction wherein a mixture of light catalytically cracked naphtha ("light cat naphtha" or
"LCN") and steam is injected into an FCC riser at a point upstream of gas oil or residual
oil injection. Such LCN and steam coinjection results in augmented light olefin

‘production in the FCC unit.

25 [0006] It would be desirable to have improved FCC processes capable of

increasing light olefin yield while at the same time reducing dry gas.



increasing light olefin yield while at the sane tinme reducing dry gas. WO
01/ 79383 PCT/ USO1/ 11443 -3- SUMMARY OF THE | NVENTI ON [ 00071 It has been

di scover adophau3saddi ng a mi xture of cycle oil, |ight cat PompketmEs43and
steamto an upstreamreaction zone in an FCC process results in inproved
light olefin yields conpared to base operation and a decrease in dry gas
conpared to 5 neat |ight cat naphtha recycle. Accordingly, the present
invention relates to a fluid catalytic cracking process for upgrading
feedstocks to increase yields of C3 and C4 ol efns, the process conprising:
conducting hot regenerated catal yst to3an FCC unit having at |east one
riser reactor containing a downstream and an upstream reaction zone; 10
contacting hot catalyst with a cycle oil, a light cat naphtha, and steamin
the wupstreamreaction zone at a tenperature of from about 620 to 775C and
a vapor Sﬂl@]#@@?@ﬁimqmﬁﬂ@' |, naphtha, and steamof less than 1.5
sec. wherer] a portron of the C5 to C olefns present in the

| ight cat naphtha is cracked to C3 and C4 olefins and wherein at |east a
portion [g007]he cydtRavbdensdiswiveredithat iding emixiuee obcycke oibdighscaint o | ower
boi I'i ng point products including C2 to C5 olefns, contacting.the catalyst,
cr acked mapbtha, aid stparoda en sipstaeain eoagtivg donipamECEHRIaERss Sesulty iy BpPROYRAf r om

t he upstreamreaction zone with a heavy feedstock i.n ¢t he downstream
reactio r]rlgjé gl?ﬂé‘tylﬁl:ﬁls PﬁWEﬁdng(i’ﬁﬁ%Pﬁ?ra?é 6‘?‘?? 38%6%?8&8@% g6° fQ}nE}%TG@%% th
vapor resi e I f S o ; ing spent
cat apysuretpRigathiffE: Koy SR LPAIAY i ceftchP bR SRuEs i RbidD PP o
Zones t%a?al?@%@lﬁh%?r@&@@forﬁ%?ﬁdcﬂﬁ% feedbtoeks foiacrenscyieldspf@juatiC,a cycl e
oil fraction, alig cat naphtha racti on, and steam from spent catal yst

and r ecysléfinyg thet proeesstcomppsirig: on of the cycle oil fraction and light cat
naphtha fraction to the upstreamreaction zone in step (b);

conducting hot regenerated catalyst to an FCC unit having at least one riser

reactor containing a downsiream and an upstream reaction zone;,

10 contacting hot catalyst with a cycle oil, a light cat naphtha, and steam in the
upstream reaction zone at a temperature of from about 620 to 775°C and a vapor
residence time of cycle oil, naphtha, and steam of less than 1.5 sec. wherein at least a
portion of the Csto C, olefins present in the light cat naphtha is cracked to C; and C,
olefins and wherein at least a portion of the cycle oil's saturated species are converted

15  into lower boiling point products including C, to C; olefins;

contacting the catalyst, cracked cycle oil products, and cracked naphtha products,
and steam from the upstream reaction zone with a heavy feedstock in the downstream
reaction zone at an initial temperature of from about 600 to 750°C with vapor residence

times of less than about 20 seconds;

20 conducting spent catalyst, cracked products and steam from the first and second

reaction zones to a separation zone;

separating from the cracked products a cycle oil fraction, a light cat naphtha
fraction, and steam from spent catalyst and recycling at least a portion of the cycle oil

fraction and light cat naphtha fraction to the upstream reaction zone in step (b);



WO 01/ 79383 PCT/ US01/ 11443 -4 conducting spent catalyst to a stripping
zone and stripping spent catal yst under stripping conditions; and
conduct i mgo8t/793pped spent catal yst to a regenerati on zonePa@n@solegesder ati ng
spent catal yst under regeneration conditions. 5 [0008] In another

enbodi nent, the invention is related to a product fornmed in accord with
such a process. BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] Figure 1 is a flow
di agram showi ng the two zone feed injection systemin the riser reactor.
10 [0010] Figure 2 shows the selectivity for olefins conpared to dry gas
for various LCN cycle oil ratios. DEFM LED DESCRI PTI ON OF THE | NVENTI ON
[0011] The invention is based on the discovery that increased C3 and 4

ol efin production over conventional (i.e., base) FCC operation and
decreased dry gas 15 production conpared to neat LCN recycle in an FCC

process may b bt.ai n 1.0, et . i . poi nt
upst ream of ﬁgﬁ@‘ﬁ‘t?’@éﬁg{lﬁ%&@%ﬁgﬁ% Sk%?pelﬁg %cbill’?% %:du?uz}b% g S? Elgt ?dzegzérﬂ@gﬁﬁi S

rel at ed b SE eactor having at |east one two-zone riser reactor
wher ei nsg@éi e!g gﬁﬁlﬁ?_%%?ngnd steamare injected into a second zone upstream
of a first zone, the heavy feed being injected into the first zone. 20
.[00121 The rcoaéuctingattippedadpent ¢ajaliystatb aFegenenation zaneiandgegeneratogetpentt ed
catalyst fromthe regenerator, Fresh catalyst nay be included in the

cat al ystcatadystiunderiageneraiiqn congdifiansr . A 1ift gas such as |ight hydrocarbon
vapors, or steamnmay be added to the riser reactor to assist in fluidizing

the bol cabdl YS! BALLHALeSybich S, BESHRAbiORT AR 16X Bl form¥R 0L/ 79383

accord with such a process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a flow diagram showing the two zone feed injection system in

the riser reactor.

10 [0010] Figure 2 shows the selectivity for olefins compared to dry gas for various
LCN:cycle oil ratios.

DETAILED DESCRIPTION OF THE INVENTION

[0011] The invention is based on the discovery that increased C; and C, olefin
production over conventional (i.e., base) FCC operation and decreased dry gas

15  production compared to neat LCN recycle in an FCC process may be obtained by
injecting cycle oil, LCN, and steam at a point upstream of heavy feed injection. More
particularly, the invention is.related to an FCC riser reactor having at least one two-zone
riser reactor wherein cycle oil, LCN, and steam are injected into a second zone upstream

of a first zone, the heavy feed being injected into the first zone.

20 .[0012] The riser reactor of a typical FCC unit receives hot regenerated catalyst
from the regenerator. Fresh catalyst may be included in the catalyst feed to the riser
reactor. A lift gas such as light hydrocarbon vapors, or steam may be added to the riser

reactor to assist in fluidizing the hot catalyst particles. In the present process, cycle oil,



i ght cat naphtha, and steam are added in an upstream zone of the riser
reactor. The «cycle oil may include heavy cycle oil, light cycle oil, and
m xt ur es wher/esBs Heavy cycle oil refers to a hydrocar borCBUS@EZIM430i | | ng
in the range of 240C to 370C (about 465F to about 700F). Light cycle oi
refers to a hydrocarbon streamboiling in the range of 5 190C to 240C
(about 375F to about 465F) . Light cat naphtha refers to a hydrocarbon
stream having a final boiling point |ess than about 150C (300F) and
containing olefins in the C5 to C9 range, single ring aromatics (C6 - C9)
and paraffins in the C5 to C range. SWcle oil and light cat naphtha
("LCN') is injected into the upstream reactor zone together with 2 to 50
wt. % of steam based on total weight of cycle oil and 10 LCN. The cycle
oil, LCN, and steam have a vapor residence tine in the upstream zone of

| h '
ess t qf%/}ﬁ Pg&sﬁsapﬁ%}% éﬁﬂ% §g§aﬁf &t %ggéﬁ Mc}a Atlfuﬁiﬁltﬁeﬁ'ﬁrkoﬁ@ Q)‘i"thelm%cr%@é‘oto@ ”Pherlrg(r)e

preferab secon rati os range from /75 -

(wt/wt) (?Jtldﬁiﬁﬁ&yriﬁdudé hé®e ¢yeldoi, lighiPayelp dily anperiatutesahereof.t Heavyaogde of

620 - 775C. The addition of cycle oil, steam and LCNin this upstream
zone r esail tefers to & hydesasgsbnGareantbailing iretherrange ef 2H)°O)toF7RK (apoTAGTFt 0 C9
olefins in the LCN feed and cracking principally saturated, species in cycle
oil to tprbduc®OTEphLight greleldilgiefass ips bydrecarbop stean bodingt the fangerfavy FCC
feedstocks having a boiling point in the 220 - 575C ran such as gas oils
and Jacukibrgas 2406 (et e feabeut oA )aciebt s ARPRIBEGRIETs B2t | on zone.
Smal | a nts (1-15 wt,%. of higher. baoil.i fractiQ um 20
resi ds Prer Ibéﬁe@&“ pﬁlggtafﬁﬁiagEﬁgmgo%tggs%tb%g@%@ﬂéﬁb@@l@%fé%ﬁ@0ndi tions
in the : | N, JaC L3 : erat

00- 750 LA SAUARTAL €21 O Faldds G il LBl E O, SNPRS00 -
400 kPa thed¢a ), edrigel aTycdé ofifand light Cat(aphite X "loON"Y Blinjectedsintbethe @pttreans of 2
- 20 seconds, preferably |less than 6 seconds. [0014} Sui t abl e catal ysts

i ncl ude raastorzonsl tpgetheywitha toysQwb o ebsteam draged enitotpl weight phexcle pil@ndcar bon

feeds. It _is preferred that the catalytic cracking catal yst conprise a
crydPal 15GH. { rcé’ﬁi?o‘?lglL@ﬁaﬁ%‘&ﬁP%n Véé V@Bﬂﬁa@ﬁéﬁ’@ge Hiedn i@ﬂﬂﬁ%&w 188 sed
to catal aﬁgss\%%u? %oﬁ%@s&%&ﬁ?&lf& %eASLs}:tJ.’han about 1.0 sec, and more preferably less

than 0.5 seconds. Cat/oil ratios range from 75 - 150 (wt/wt) at pressures of 100 to 400

kPa and temperatures in the range of 620 - 775°C. The addition of cycle oil, steam, and

LCN in this upstream zone results in increased C; and C, olefins yields by cracking Cs
15  to C, olefins in the LCN feed and cracking principally saturated species in cycle oil to
produce naphtha and lighter products.

[0013] Conventional heavy FCC feedstocks having a boiling point in the 220 -
575°C range such as gas oils and vacuum gas oils are injected in the downstream riser
reaction zone. Small amounts (1-15 wt.%) of higher boiling fractions such as vacuum
20  resids may be blended into the conventional feedstocks. Reaction conditions in the
downstream reaction zone include initial temperatures of from 600-750°C and average
temperatures of 525 - 575°C at pressures of from 100 - 400 kPa and cat/oil ratios of 4 -
10 (wt/wt) and vapor residence times of 2 - 20 seconds, preferably less than 6 seconds.

[0014] Suitable catalysts include any catalyst typically used to catalytically
25  “crack” hydrocarbon feeds. It is preferred that the catalytic cracking catalyst comprise a

crystalline tetrahedral framework oxide component. This component is used to catalyze



-6 the breakdown of primary products fromthe catal ytic cracking reaction
into clean products such as naphtha for fuels and olefins for chem cal

f eedst ocw0 0PTBBEr ably, the crystalline tetrahedral franRP@DURIIONILIE
conponent is selected fromthe group consisting of zeolites,
tectosilicates, tetrahedral al um nophosphates (ALPGCs) and tetrahedral 5
sili coal um nophosphates (SAPGs). Moire preferably, the crystalline framework
oxi de conponent is a zeolite. [0015] Zeolites which can be enployed in
accordance with this invention include' both natural and synthetic
zeolites. These zeolites include gneli-Atte, chabazite, dachiardite,
clinoptilolite, faujasite, heulandite, analcite, levynite, erionite,
sodalite, 10 cancrinite, nepheline, lazurite, scolecite, natrolite,
offretite, nesolite, nordenite, brewsterite, and ferrierite. Included

anong t ' ' |4 : ; 7 -8 B, E F
o e P L Do 8 DR lschdhing ket aflaf |

gener al , pralisets s ds iaphthazfep fiidlesndolefiné fawheridal festboks. Phiferablyy € i on.
However,” the alum numas well as the silicon conponent can be substituted

for ot hesrystsllihe seteahiedial Camewarktoxidermmponenpisselected faomithe groupaonsisingan be
repl aced by boron, gallium titaniumor_trivale al ,conposi tions which
are heawf@eo}cﬂ‘?&ﬁeﬁmﬁ&cﬂ@ﬁﬂ tefr @ﬂ@ﬁl}@ﬁhowat@égitﬁ%aﬁé@@wa@ silicon

portion. .J 0017]. The catal yti ackin t ! .S Lon can
Furt fer sinmrreinebioriefiySARSR T B argRBY s HISRUIE fdbepbi St
conmponent, e isia%roﬁité?at al yst 20 franmework conponent. Preferably, each
conmponent the catalyst is held together by attachment with an inorganic
oxi de matri x conponent. [0018] The active porous inorganic oxide catal yst

f r amewor 00tShponerieolites whicheantbeenipioyet incarcofdapce wthythisrinvention ihglude’
cracki ng hydrocarbon nolecules that are too large to fit_inside the

t et rahe natural@nd syphetiageolitay Heeseveoliss mpdudagnghniie chabagitede cat al yst

Bafgggggap%%?@%gg éq&ﬁgfi@, ?auﬁ'a{]s\{t%f]ﬁelu?gndit%, Qﬁa%i?er, ?ebl itg, Yo e,sso'(ﬂlﬁ’rce?am ¢ Wo
10  cancrinite, nepheline, lazurite, scolecite, natrolite, offretite, mesolite, mordenite,
brewsterite, and ferrierite. Included among the synthetic zeolites are zeolites X, Y, A,

L.ZK-4,ZK-5,B,E,F,H,J,M, Q, T, W, Z, alpha and beta, ZSM-types and omega.

[0016] In general, aluminosilicate zeolites are effectively used in this invention.

However, the aluminum as well as the silicon component can be substituted for other
15 framework components. For example, the aluminum portion can be replaced by boron,

gallium, titanium or trivalent metal compositions which are heavier than aluminum.

Germanium can be used to replace the silicon portion.

[0017] The catalytic cracking catalyst used in this invention can further comprise
an active porous inorganic oxide catalyst framework component and an inert catalyst
20  framework component. Preferably, each component of the catalyst is held together by

attachment with an inorganic oxide matrix component.

. [0018] 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 oxide component. The active porous inorganic

25  oxide catalyst framework component of this invention is preferably a porous inorganic



-7 oxide that cracks a relatively | arge anmount of hydrocarbons into |ower
nol ecul ar wei ght hydrocarbons as conpared to an acceptabl e thermal bl ank.
A |l ow suMaos7®ssea silica (e.g., quartz) is one type of RPCT®ptiatihs t her nal
bl ank. The extent of cracking can be neasured in any of various ASTMtests
such as the MAT (mcroactivity test, ASTM 5 #D3907-8). Conpounds such as
those disclosed in Geensfelder, B. S., et al., Industrial and Engi neering
Chem stry, pp. 2573-83, Nov. 1949, are desirable. Alum na, silica- alumna
and silica-alum na-zirconia conpounds are preferred. [0019] The inert

catal yst framework conponent densifiess7-strengthens and acts as a
protective thermal sink. The inert catalyst framework conponent used in
this 10 invention preferably has a cracking activity that is not
significantly greater than the acceptable thernmal blank. Kaolin and other

¢l ays as . . . . . o
exanpl eso%i?é t)hrag? %aﬁggéy%@??lyg%r élonen% Ebflﬁg@ggﬁrb I ﬂeﬁlfc;nlg)r“gégg?@b%lgl de r%gl'} rix
conponentiy@b&¥Bord ¥ comitry® to fPARePRbISthefRAHINN. A dowhaifabdgreg atliay st
product i's hard enough to survive Interparticle and reactor 15 wall

col | i si ofesg., qitaetz) soorgaype obacatptabie themnaldanie Teelexttntooh crackingcamabé ¢ oxi de
sol or gel which is dried to "glue" the cata canponent s t oget her .

Pr ef er ablpasurebin Wr‘bt{a‘ﬁ‘in@us o 1M tasis ﬁ‘il& 3% the kﬁ%&aﬁwgw%mb%éﬂ@ of
siligon iAum 1t .is al referred. r at ' es be
I nco por@?g%ﬁi’ﬂpoe?lﬁgow\% sd]gﬁiag %‘%Pgiéscl%?g % @%%ﬁ%’ %f §,%1k %@%ﬁm
Othydrﬁﬂﬁ%ﬁ;@%ﬁg@?ﬁmﬁ?ﬁ@éﬂa-@,Wﬁ?@,aa%'dégiﬁa%?é.tAﬁﬁﬂiha,aéin‘A-nfiS such
20 as a-alumna, —alum na, y-alum na, 8-alum na, s-alumna, X-alum na,
and p- al altinfien arbdiliGeakmihayadoniRrcefigroahlly aretprefealedmi na species is an

al umi num tri hydroxi de such as gibbsite, bayerite, nordstrandite, or
doyelite. 10021] Coked catalyst particles and cracked hydrocarbon products

from t hel00&kt r earnd Brimedsmialy st deameveerkiqoptponsniedensieshairangghans ppd @et§asar e
conducted fromthe 25 ris reactor.into the main reactor. vessel which
cont a ne BILTROE erpRl stok e S op- G sb o Res Befppidisged I

10  invention preferably has a cracking activity that is not significantly greater than the

acceptable thermal blank. Kaolin and other clays as well as a-alumina, titania, zirconia,

quartz and silica are examples of preferred inert components.

[0020] The inorganic oxide matrix component binds the catalyst components
together so that the catalyst product is hard enough to survive interparticle and reactor

15 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 oxyhydroiides v-alumina, boehmite, diaspore, and transitional aluminas such

20  as o-alumina, B-alumina, y-alumina, 3-alumina, e-alumina, k-alumina, and p-alumina
can be employed. Preferably, the alumina species is an aluminum trihydroxide such as

gibbsite, bayerite, nordstrandite, or doyelite.

[0021] Coked catalyst particles and cracked hydrocarbon products from the
upstream and downstream reaction zones in the riser reactor are conducted from the

25  riser reactor into the main reactor vessel which contains cyclones. The cracked



-8 hydrocarbon products are separated from coked catal yst particles by the
cyclone(s). Coked catalyst particles fromthe cyclones are conducted to a
strippi ngv@on®3shere strippabl e hydrocarbons are stri ppeBCtusonaesed
catal yst particles under stripping conditions. In the stripping zone,
coked catalyst is typically contacted with steam 5 Stripped hydrocarbons
may be conbi ned with cracked hydrocarbon products and recovered for
storage or further processing. [0022] After the coked catalyst is stripped
of strippabl e hydrocarbon, the catalyst is then conducted to a
regenerator. Suitable regeneration temderatures include a tenperature
rangi ng from about 1100 to about 1500F (593 to about 816C), and a 10
pressure rangi ng fromabout 0 to about 150 psig (101 to about 1136 kPa).
The oxidizing agent used to contact the coked catalyst will generally be

an OXYQ%#Q%%erﬂﬂiu%saré Héiﬁratﬁé fidhd co Y&?ﬂyﬁ%ﬁ[@l&%ﬁﬁa@?ﬁnﬂg&g The

coked catalyst 1s"contacted wth the oxidizing “agent ufficient

to rendvEokddycatalpttysiriiclos frain the @gtloaeparetooatucttd the sepphgnaarovberdeposi t
and thereby regenerate the catalyst. 15 [00231 Referring nowto Fig. 1, hot

cat al yststippablehydresarbene aersitipped(filom cokedmatalyist partinkes ander strippingh
regener at ed, cat a t st.andpipe 12 and s|lide valve 14 intq the "J" bend
pi pe 16 EW"@O&!‘%%& HrippRg zegeroksd G?ta&séﬁéﬁpﬁéﬁlﬁo@%c?aé” IH? eI eact or

32, Liftg,.. .S hnj [ NLpe .16 i N j e 18

ther by TIPS DSOS b B RishRrb R Rgro i bEIMBRSBHT OO0,
napht ha 2o 288 Fdiekorbé br ﬁ&g@[:?%eggu@g_i njected into 20 upstreamreaction
zone 34 through nozzle 26; nmultiple injection nozzles nay be enployed. In
reaction zone 34, C5 to C9 olefins in the LCN are cracked to C3 and C4

ol ef i ns.[0822fover , Afier theawked catalysst mrstrgpettod seipablet lsdlrepmbomshecatabyst i n
the cycle oil is caqnverted to | ower ?oi | ing point products jncluding |ight

ol ef i ns.is hnscandueierldn airezeneraion: exiipplasieapRerauan tramEaiUrRaCclidE ani gh

cat ol yet R T e hraaReTi o Bo3R aBad iy CRA biaBal s P S0 cam

reaqpl 0nEQiife Sgind fréBAHobPl t& MGt 180 MO th aBeht NSBWPH CPhe oxidizing
agent used to contact the coked catalyst will generally be an oxygen-containing gas such
as air, oxygen and mixtures thereof. The coked catalyst is contacted with the oxidizing
agent for a time sufficient to remove, by combustion, at least a portion of the

carbonaceous deposit and thereby regenerate the catalyst.

15 [0023] Referring now to Fig. 1, hot catalyst 10 from the regenerator (not shown)
is conducted through regenerated catalyst standpipe 12 and slide valve 14 into the “J”
bend pipe 16 which connects the regenerator standpipe 12 to the riser reactor 32. Lift
gas 20 is injected into pipe 16 through injection nozzle 18 thereby fluidizing hot catalyst
particles 10. Cycle oil and light cat naphtha 22 together with steam 24 are injected into

20  upstream reaction zone 34 through nozzle 26; multiple injection nozzles may be
employed. In reaction zone 34, C to C, olefins in the LCN are cracked to C; and C,
olefins. Moreover, at least a portion of the saturated species present in the cycle oil is

“converted to lower boiling point products including light olefins. This reaction is
favored by short residence times and high temperatures. Cracked hydrocarbon

25  products, partially deactivated catalyst and steam from reaction zone 34 are conducted

to downstream reaction zone 36. In reaction zone 36, conventional heavy FCC



WO 01/ 79383 PCT/ US01/ 11443 -9 feedstocks 28 are injected through nultiple
i njection nozzles 30 and conbined with the cracked hydrocarbon products,
cat al yst veadr/z38am from reacti on zone. Residence tines |iPRCroRa/B3643are

| onger which favor conversion of feed 28. Cracked products fromzone 34
and 36 together with coked catal yst and steam are then conducted to the
reactor 5 vessel containing cyclones (not shown) where cracked products are
separated from coked catalyst particles. [0024] The LCN.cycle oil ratio at
injection should range fromO0.1 to 0.75, based on the conbi ned wei ght of
cycle oil and LCN. Preferably the rati® ranges fromabout 0.1 to about
0.6, and nore preferably fromabout 0.2 to about 0.5. 10 [0025] The
invention will now be further understood by reference to the follow ng
exanpl es. EXAMPLES [0026] Conparative recycle options for short contact

ti me FCGoaiidoks W8Tafe ifbd oS ISuNpl @ iHERRS RIS MdvethifedwitRthst i ng
FCC unit. Accordingly; the 15 Talculation directly conpared existing unit

per f or meravketdvihytirovatbon podacts,eatdlys and sfehpcfromgetdivnamec Relselenéd times ect i on

in adm xture with the hea_v'ﬁ feed and _ approximately two msterﬁsr upst ream of
t he pri negne eare lapgern whic! 9

/ y ¢ favay gonksision in/fﬁed %8-&?'«%'6@@[@1&9& MFRenge of
?fgzﬁ "7 et ibaoghel eRRe el it e eoRanalBio B6%8ed i “wr e
w58 vadhust SR s R e DB MR SRR AT ot 1 s

are sumkédesalyst Jahbles! . TABLE |: FEEDSTOCK PROPERTI ES

[0024] The LCN:cycle oil ratio at injection should range from 0.1 to 0.75, based
on the combined weight of cycle oil and LCN. Preferably the ratio ranges from about

0.1 to about 0.6, and more preferably from about 0.2 to about 0.5.

10 [0025] The invention will now be further understood by reference to the

following examples.
EXAMPLES

[0026] Comparative recycle options for short contact time FCC units were

evaluated using a process model based on an existing FCC unit. Accordingly, the
15  calculation directly compared existing unit performance with calculated results

reflecting LCN and cycle oil injection in admixture with the heavy feed and

approximately two meters upstream of the primary feed injectors. A cat cycle oil
("CCO") with boiling range of 240/370°C, light cat naphtha (LCN) with 10/100°C
boiling range, a constant fresh feed rate of 172 m3/hr, and nominal recycle rate of 10

20 m3/hr were used in this example. The heavy feed employed contained VGO and about

4 wt.% vacuum resid.



VGO VAC RESID Gavity, APl 23.8 11.4 Sulfur, w.% 1.10 1.40 Thiophenic
sulfur, w.%0.88 1.12 N trogen, wpm 1369 4111 Basic nitrogen, wpm 413
1247 Comweadsmiszarbon, wt.% N. A. 15.3 5 [0028] Catal yst peDpsetriless are set
forth in Table I'l: TABLE I1: CATALYST PROPERTIES Unit Cell, O+ 24.27
Surface area, n2/krn 0.80 ABD, gnicc 0.40 Pore Vol., cc/gmREOQ w.% 1930
V, wppm 4150 N, wppm 61 10 (0029] Wen recycl e was enpl oyed, air bl ower
rate ranged about 4% above the base case. Maxi mum catal yst circul ation
rate was 19 tons/min. Table Il summarizes sinulation results for neat
LCN, neat CCO, and several exanples ofl®heir blends. WO 01/79383

PCT/ USO01/ 11443 -11- ONI~ V U O N ON 00 0100 NOO MMm\0 01 NNC, 0*1
V Ntn 1D 1C-" O10 NNNOOO NU

[0027] Feed properties are summarized in Table I.

TABLE I: FEEDSTOCK PROPERTIES

VGO VAC RESID
Gravity, API 23.8 114
Sulfur, wt.% 1.10 1.40
Thiophenic sulfur, wt.% 0.88 1.12
Nitrogen, wppm 1369 4111
Basic nitrogen, wppm 413 1247
Conradson carbon, wt.% N.A. 15.3
5
[0028] Catalyst properties are set forth in Table II:
TABLE II: CATALYST PROPERTIES
Unit Cell, @ 24.27
Surface area, m2/gm 0.80
ABD, gm/cc 0.40
Pore Vol., cc/gm 1.52
REO, wt.% 1930
V, wppm 4150
Ni, wppm 61
10
[0029] When recycle was employed, air blower rate ranged about 4% above the

base case. Maximum catalyst circulation rate was 19 tons/min. Table Il summarizes

simulation results for neat LCN, neat CCO, and several examples of their blends.



z ON\ZW
6&WWO~Cﬂd
_.me-¢Nw
oo — | ©
—AO . .— 1 - . Z
- 8> =
z m L Z =~ P 66y 66t 66’7 66t 0°S 86t 8% A4 %LM TH0D
0°& s > N m QN 9501 6501 ¥9°01 69°01 7801 G501 LE6 49 %LA O 0LE) SWLE
- c w ~ D 0o L9 6v91 €191 LLST €671 STLI 6£91 49 %1LM (O 0LE/0YZ) OOD
— - sSs<—sYt LUt Ts1T W 96'TC SEVT 70°0T $0°ST 4 %L (O 001/$0) NO'T
WO Wp.. QW > (b4 i i )
T_s=sol 2
>8¥0o° _ 0 D 6T 76T 16T 6T 63°C €6T €8T 49 %1M ‘SENVINE
S-—-~YF g5 ¥6°'S L8°S CES 19 909 'S a4 %LM SANTTALOT
ZO&V -
2P a0’ el 1 Wl wi 11 €'l 8T'1 AT %1M ‘ANVIOAd
m gl o => S R 8TV €Ty Sy 80V 8EY v6'€ A4 %JIM ANTTAOEd
Oduoz0 [ B
oz & _m m > vEY 6TV Ty I't ¥6'€ 6y €9°¢ SVD Xdd - 170
C, o N _. ~ <
m ) - ! =K D SO L90L 96°0L YTIL LS1L 0L L %LM “NOISITANOD £ 0¢v
oz.-06 ' _ox
L= > 08 Z0o 4 £69 £69 69 $69 369 169 VIN DDA ‘INAL INI-Tdd
G°°5o% - LEO LEO 3€0 6£0 70 SE0 V/IN DFS “HALL ST dVA [NI-Tdd
_o0~8 - B g1 9T 6°€ v'S T'6 0 0 TH/L ‘ATIDADTI 00D
Z® STaT > zs oy S€ €T 0 I'L 0 TH/L ‘TIDADTI NDT
pd 0so® " qm L6L] L6'L3 L6L8 L6L8 3y'38 16'L8 €98 /SN IV TVIOL
=N 989 ¥8'9 89 9.9 199 689 99 (@1 TVLIOL) LM/LM TO/LVD
m S%%c0 %0 < L2 83l L'81 981 981 L¥'81 9331 LTLY W/L DdD LvVD
s> °¢ 2 " O% 669 669 00L 00L 70L 869 "90L D DA “‘INAL NIOTT
2" 1TdsdhD s IS43 TS 543 [$73 [SZS [543 D DAA ‘dNAL J0IDVAT
S Wi - Z SO T « 69 69T 0LT 0L 0LZ 0Lz 0LT D Ddd ‘JNAL add4
o o m = WO T P 91 €91 S¥91 gYo1 7991 o1 T'LST JH/L 91vd 934 TVIOL
> b o zZ = o UM TLST T'LST T'LST T'LST T'LST T'LST TLST AH/L ALV qa99d HSTI
o . > D y
S _O0=9w~"9P FDAOM | TIOADAY | HIDADAE | AIOADTH | TIDADHN | AIDXDHYU ASV #ASVD
m w©O _ ..00 | GO®NOT | 0DD®NIT | 000 ®NIT | 00D ® NOT 02D NO'T
Nd.mlm_._mhmm L 9 s 4 3 (4 I
o — -
twmp,N_O® NI A 1dV.L
|owo_awNNw
ez zz —_
Z O .= )‘m
V.N\mIaOv
Do_0U0DO0 -
> Z, WMMO
o.>_00z56==2




WWPE- ~UWAWU>~ guMJ0 x w Qa U Ncl) 00 wwJUUhaUaa aawal aURaU WO 01/ 79383
PCT/ US01/ 11443 -12 [0030] Feed pre-heat and riser outlet tenperatures are
const ant wonl/zaseh exanple. At approxi nately constant totBCTUSEyOk43 rat e,
the highest light olefin yields and the highest olefin to dry gas
selectivity are achieved with LCN and CCO recycle. Cases wth recycle of
LCN and CCO streans in adm xture with base gas oil feed results in 5

i nprovenents that are nuch I ess pronounced. Dry gas yields increase with
increasing LCN recycle. There is a 2 . % 4300F conversion penalty for the
neat LCN recycle case (and |arge LCNVOl une reduction), whereas the neat
CCO recycle option gives a mniml conversion debit. In essence, exanples

2 and 3 [lﬂlﬂé_@kﬁt thEeeIdct@r@he@t aghtises Puilghiemperatiieg are emstank songagh gxample.

I ncreased w t hout arge dr as penal n nyersi.on. .10 of .fresh feed
i s maxi ng%mmf%%?’ dengianbiof e ’iaﬁf‘aﬁﬁ"t ﬁi&ﬂ?éﬁﬁ%‘?i}’%ﬁ SEFES BRdten yi el d

I ncreasq,: r | ' . ; ] ' E%J(ﬂlé n cle oil
with LCN® g%sggreéﬁla@r#g%g??}é%ﬁ{lﬁﬁgmﬁ%n |&F§N%%glz%(r39ir}gé e i %a I gure 2
shows t hgith E‘é‘d}@?&@fl@N‘ A€ CO ffcaths)th @dthigiuye WeHl baye gdd6il foedrreadss ihn dry
gﬁs é; el.glhp!botted ]:ﬂt?lart vari ogze L%cyclgdgb;y]rgatl_os on the ail;hs](_:i ssa. 15 For
t he BBl enchprbvérbhtaticht @@Onuch éesp pedremmeed. acyichisdnerease withindreasinghout 30
wt . % :_CN.C[ 0032] T;{el cal cul ated pre-injection vapor residence tine for all
exanpl esLCN reayyie.oThermtiehy? wots4309F einversign perdltyfortheamehbCNEsecyeleel y hi gh
(120-160) cat/oil ratios_ are realized at these elfvat ed tenperatures, ang

Eot hdcthﬂS? (andhlargﬁ LGN valume sedudtion) ierersciie negir o geyclaortem §ives ape

oun Lt ] | i d that 41y ' .he,.

one. may BB BNEIPh b E RERSHLG: PRODIEN APk r Apka g [ed SRSt r eam
wherein light olefins yields are increased without a large dry gas penalty and conversion

10  of fresh feed is maximized.

[0031] Figure 2 shows that the ratio of light olefin yield increase to dry gas yield
increase may be adjusted by including cycle oil with LCN recycle, in accord with the
invention. The ordinate in Figure 2 shows the increase in light olefin yield divided by
the increase in dry gas yield plotted for various LCN:cycle oil ratios on the abscissa.

15  For the blend of LCN and CCO, the preferred blend composition contains about 30
wt.% LCN.

[0032] The calculated pre-injection vapor residence time for all examples is
approximately constant at only 0.35-0.4 second. Extremely high (120-160) cat/oil ratios
are realized at these elevated temperatures, and both catalytic and thermal reactions

20 occur. While not wishing to be bound by any theory, it is believed that CCO injected
into the upstream zone may provide an in situ quench for LCN cracking at this

extraordinary intensity.

[0033] It should be noted that 430°F conversion decreases resulting from catalyst

"pre-coking" prior to base feed injection. However, the conversion decrease is smaller
25 | for CCO compared to LCN at virtually identical coke yield. While not wishing to be

bound, it is believed that recycling CCO drives bottoms yield up slightly more than

recycling LCN at the same volumetric flow rate, but cycle oil conversion is enhanced.



extraordinary intensity. [0033] It should be noted that 4300F conversion
decreases resulting fromcatal yst "pre-coking" prior to base feed

i njecti owObBDWMS8Er, the conversion decrease is smaller 2BCT@R01IQT@3Conpar ed
to LCN at virtually identical coke yield. While not wishing to be bound, it
is believed that recycling CCO drives bottons yield up slightly nore than
recycling LCN at the sane volunetric flowrate, but cycle oil conversion is
enhanced. WO 01/ 79383 PCT/US01/11443 -13- WHAT IS CLAIMED IS: 1. A fluid
catal ytic cracking process to increasejyields of C3 and C4 ol efins which
conprises: (a) conducting hot regenerated catalyst to an FCC unit having at
| east 5 }ai r "ﬁﬁ)i%{:ont ai ni ng a downstream and an upstream reaction
zone, (byﬁggri w alyst with a cycle oil, a light cat naphtha,
and steamin the upstreamreaction zone at a tenperature of from about 620

to 775C and a vappr regj ﬂﬁa%ﬁta]i}%aﬂgcir&%ki%%ﬁf&eg ﬂo,in&%%@é@e%dg%gg%pg@;f

| ess than 1.5 sec. wherein at tiron of the
present BfihdWhidhiddmsidesnapht ha is cracked to C3 and 10 C4 olefins, and
wherein at |east a portion of the saturates in the cycle oil is converted

to lower boiling point products includi ng C3 and C4 ol efins, (c)
contacting at | easfa)t hecarsltugtipg hopiregdagrated satakyst faeannFCCawait haying hleast
cracking, and steamfromthe ypstream rq%acti on zone with a heavy feedstock

in tRe YMHSST FEGHTCOREILGE & Sfreag AnC AN YDSITCRIB RN Z00C0f  f r om about

600 to 750C with 15 vapor residence tinmes of |ess than about 20 seconds,

(o) conducti ng spe coalidhny 1K DIACHGIT 5% BURI hilihd g 111"

and second reaction’zonés _ separati on ‘zore, arati'ng r_omthe
cracked @epueHe whshahTeitlon/Zonetat @ femperhh@Obf froAt abbapB20%0 T75C e and

steam from spent catalyst and recycling at least a portion of the
vapor residence time of cycle oil, naphtha, and steam of less than 1.5 sec. wherein at
least a portion of the Csto C, olefins present in the light cat naphtha is cracked to C; and
10  C, olefins, and wherein at least a portion of the saturates in the cycle oil is converted to

lower boiling point products including C; and C, olefins,

(c)  contacting at least the catalyst products of cycle oil and naphtha
cracking, and steam from the upstream reaction zone with a heavy feedstock in the
downstream reaction zone at an initial temperature of from about 600 to 750°C with

15 vapor residence times of less than about 20 seconds,

(d  conducting spent catalyst, cracked products and steam from the

first and second reaction zones to a separation zone,

()  separating from the cracked products a cycle oil fraction, a light
cat naphtha fraction, and steam from spent catalyst and recycling at least a portion of the

20  cycle oil fraction and light cat naphtha fraction to the upstream reaction zone in step (b),

()  conducting spent catalyst to a stripping zone and stripping spent

.catalyst under stripping conditions, and

(g)  conducting stripped spent catalyst to a regeneration zone and

regenerating spent catalyst under regeneration conditions.



20 cycle oil fraction and lIight cat naphtha fraction to the upstream
reaction zone in step (b), (f) conducting spent catalyst to a stripping
zone and woOpi/pBBRHg spent catal yst under stripping condit PONVESO1ZNEH3( g)
conducting stripped spent catalyst to a regeneration zone and regenerating
spent catal yst under regeneration conditions. WO 01/79383 PCT/US01/ 11443
-14 2. The process of claim1l wherein the anount of steamin the wupstream
reaction zone is from2 to 50 w.% based on total weight of |ight cat
naphtha and cycle oil. 3. The process, of claim1 wherein the residence
time of cycle oil, 5 naphtha, and sté]a' in the upstreamreaction zone is

| ess than about 1 sec. 4. The process of claim1l wherein process conditions
in step (b) include calkgprocessiaf claim bwhereirythe amegunt ofsisar indhepr essur es

Ctep () UPSTRET GaRORCRR L FBIN2 R BEbibmed S G Mo BhEECREy B L™ oo

kPa and a}f@%%ler Fi dence 10 tinmes of 2 - 20 sec. 6. The process of claiml
wherein e’Teedstock in step (c¢) includes from1l to 15 wt.% based on
feedst ock, of a higher boiling fraction with initial boiling point greater
than 565C. 3. The process of claim 1 wherein the residence time of cycle oil,

5  naphtha, and steam in the upstream reaction zone is less than about 1 sec.

4. The process of claim 1 wherein process conditions in step (b)

include catalyst/oil ratios of 75 - 150 (wt/wt) at pressures of 100 - 400 kPa.

5. The process of claim 1 wherein process conditions in step (c)
include catalyst/oil ratios of 4 - 10 at pressures of 100 - 400 kPa and vapor residence

10 times of 2 - 20 sec.

6. The process of claim 1 wherein the feedstock in step (c) includes
from 1 to 15 wt.%, based on feedstock, of a higher boiling fraction with initial boiling
point greater than 565°C.



