2 9 AUG 2003 1 HI GH ZECLI TE CONTENT AND ATTRI TI ON RESI STANT CATALYST,
METHODS FOR PREPARI NG THE SAVE AND CATALYZED PROCESSES THEREW TH FI ELD OF
THE | NVENTI ON The present invention relates to an inproved catal yst
conposition, its manufacture, and a process for reacting hydrogdrkgniijeed
over the inproved catal yst. BACKGROUND OF THE | NVENTI ON Processes such as
catal ytic cracking operations are commercially enployed in the petrol eum
refining industry to produce gasoline and -fuel oils from hydrocarbon-

cont ai ning feeds. These cracking operations also result in the production

of useful Ilower olefins, e.g., C-C, olefins, and it has becone
I ncreasingly desirable to maxim ze the yield of such olefins from
conversi on process operations in general. Endotherm c catalytic cracking

of hydrocarbons is comonly practiced in fluid catalytic cracking (FCC)
processes. Generally, FCCis comercially practiced in a cyclic node.
During these oper athlléis ZEOd TEY B ENFoANDLOBRIGERNI REYSAARTE ed wi t h hot
active, solid parti cuCATALYST aVETHOHS RORIPRENAING/ THESAMES or exanpl e, at
pressures of up to about AR® CATAEED PR KRS BSERPWIPHabout 650 C. The
catalyst is a powder with particle sizes of about 20-200 microns in
dianeter and with an average size of approximtely 60-100 mcrons. The
powder is propelled upwardly through a riser reaction zone, fluidized and
t hor oughl y m&iﬁ_ﬂﬂlﬁﬁﬂ}l@&br bon feed. The hydrocarbon feed is cracked
at the aforenentdoned hiagh tenperatures.by th tal yst and parated into
various hydrocar BgrPrp?e&t:I M re'iz{i‘?%oﬁ%rpérgégg% "16}4"525 1P%S%é?na§§ed in the
presence of pGnACAdtNG, arfPd Blovsds bOreh QM HaRRAEE (RAdva (BE iSrovddneaistabl e
car bonaceous residue known as "coke" 1S deposited on the catal yst. The
spent catal yst contains coke as well as nmetals 2 9 AUG 2003 that are

present in EBQ{EQIT( 3 <QESEgI§lITXIS’EEi\§FI§§ FCC are typically | arge pore

al um nosi | i eateceHpOSTH+ohn faujasite or zeolite Y. The coked

cat al yst particl §5,ad:8eSRPRLALAAVHE OALENE obdrARIHE drd VNG AL BnpRyRM it S,
YHE BEbInE of plogeaH

and after stripping, are transfterre regener at or where eis
the petroleum refining industry to produce gasoline and fuel oils from hydrocarbon-

containing feeds. These cracking operations also result in the production of useful
lower olefins, e.g., C,-C, olefins, and it has become increasingly desirable to
maximize the yield of such olefins from conversion process operations in general.
Endothermic catalytic cracking of hydrocarbons is commonly practiced in fluid
catalytic cracking (FCC) processes.

Generally, FCC is commercially practiced in a cyclic mode. During these
operations, the hydrocarbon feedstock is contacted with hot. active, solid particulate
catalyst without added hydrogen, for example, at pressures of up to about 50 psig and
temperatures up to about 650° C. The catalyst is a powder with particle sizes of about
20-200 microns in diameter and with an average size of approximately 60-100
microns. The powder is propelled upwardly through a riser reaction zone, fluidized
and thoroughly mixed with the hydrocarbon feed. The hydrocarbon feed is cracked at
the aforementioned high temperatures by the catalyst and separated into various
hydrocarbon products. As the hydrocarbon feed is cracked in the presence of cracking
catalyst to form gasoline and oleﬁﬁs. undesirable carbonaceous residue known as

“coke™ is deposited on the catalyst. The spent catalyst contains coke as well as metals



burned off to regenerate the catalyst. The regenerated catal yst then flows
downwardly fromthe regenerator to the base of the riser. These cycl es of
cracking and regeneration at high flow rates and tenperatures 0
tendency to physically break down the catalyst into even snaller paﬁ@%g1%s
called "fines". These fines have a dianeter of up to 20 m crons as conpared
to the average dianeter of the catal y8t particle of about 60 to about 100
mcrons. In determning the unit retention of catalysts, and accordingly
their cost efficiency, attrition resistance is a key paranmeter. Wile the
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to prevent fines fro becom ng airborne. Those skilled in the art also
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catal yst Halth URlregerkARSIab RbebOgr hetige 10 diameter, or the particles may
not be sufficientTy fluidized. Therefore, the catalysts are preferably
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cracking units include cyclones and electrostatic precipitators to prevent fines from
becoming airborne. Those skilled in the art also appreciate that excessive generation
of catalyst fines increases the cost of catalyst to the refiner. Excess fines can cause
increased addition of catalyst and dilution of catalytically viable particles.

Additionally. the catalyst particles cannot be too large in diameter. or the
particles may not be sufficiently fluidized. Therefore, the catalysts are preferably
maintained under 120 to 150 microns in diameter.

Particulated catalyst additives are also typically included in the inventory of
conventional large pore cracking catalysts for FCC processes and are therefore subject
to the same attrition issues. These additives are very useful in enhancing the properties
of the resulting gasoline product as well as enhancing octane numbers of the gasoline
product. Such additives also are especially suitable for enhancing yields of C,-C,
olefins. Those olefins are useful in making ethers and alkylates which are in high
demand as octane enhances for gasoline. as well as useful in making other chemical

feedstocks.



i nproves hydrothermal stability and selectivity of zeolite Y. Phosphorous
also is added to "stabilize" ZSM5 containing catal ysts. Additives sold as
A efinsMax(tm by Gace Davison is an exanple. Stabilization ofzgim@gmyst
conposition neans stabilizing the activity of the conmposition to produce
hi gher yields of light olefins when conpared to a conposition which has
not been stabilized by phosphorus. Thi5™ conparison is normally nade after
deactivation with steam U S. Pat. No. 5,110,776 teaches a nethod for
prepari ng FCC catal yst conprising nodifying the zeolite, e.g., ZSM5, with

phosphorus. U. SartfdalatedNQialysss dndtddlidet g2 rddePaH aGihiber 6f coatpdoiads cat al yst
conprising zeolite, e.g., ZSM5, clay, and phosphorus. See also WO

98/ 41595 anatldilich to3hSpHmenctiPholpiite sgeciesr Eat axantpldidlye dadadystused on

fauj asite-based . cracking catalysts for. netals passivation see. U S. Pat.
Nos. 4, 9769MBESIURNS C4N 48HPREIN 2y pndcpf ?rrfgonsalpe@%&ﬁ%ln(%d@&m e chbcalgs.

4, 567 152, 58000141306 B 302 FLDN 1 PERRASACAGI LYY Lokl trS. Pt

Nos. 4. 4?3 I ncreasing gasol 1 ne sel ecti vi See U. S.

Pat. No. bda8ddd. EPB)S6 SM3cepdtes (BT NE;ng b2 8dh) Sic@ibh Withrafesethdompollads  Nos.
4.765.884 and 4,873.211). In U S Pat. No. 3.758,403, use of |arge-pore

cracki ng oapavyshydmthérnadsigbilitansisslestivity Z8Mobteaid Phospborpiug elso ahl y nodest
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cat al yti cswabilizitigttie adtivith@$ ehe waippeisioh t®p@dudditizgReryigidsofdight befinar i ous
conponents in a catalyst or catalyst additive and the relevant_effect

t hese conpdifkaeBPHEY IO dremapasitian Wrchhoenat begestabilizad hymhosphgrsouhlisi n or der

to maximgz maz}r};sli)inti-190@‘11raﬁ3imstdgg efdc-!a_cr:]evaitio Nith e of attrition becomes 2 9
AUG 2003 4°TREPSAS] ngl'y 28tts en. t1!or ex rrpsl €, the ZSM5 content of a

catal yst is i nrgaeedd. 8,1 16MrenERhéNEmeRbaySirefariagFOd Eatalydtn certain
i nstances, increasing a catalyst's ZSM5 content results In the use of

| ess bi ndeempmsingranodifiying drdzegiteac.pe ABM-5, webfphesphooys. kbbPatd¥eriti on prone
T e e
clay, and phosphorus. See also W0 98/41595 and U.S. 5,366,948. Phosphorus
treatment has been used on faujasite-based cracking catalysts for metals passivation
(see U.S. Pat. Nos. 4.970.183 and 4,430,199); reducing coke make (see U.S. Pat. Nos.
4,567.152; 4,584.091; and 5.082,815); increasing activity (see U.S. Pat. Nos.
4,454,241 and 4.498,975). increasing gasoline selectivity (See U.S. Pat. No.
4.970,183): and increasing steam stability (see U.S. Pat. Nos. 4.765.884 and
4.873.211).
In U.S. Pat. No. 3.758,403, use of large-pore cracking catalyst with large
amounts of ZSM-5 additive gives only modest increase in light olefin production. A
100% increase in ZSM-5 content (from 5 wt. % ZSM-5 to 10 wt. % ZSM-5 )
increased the propylene vield less than 20 %. and decreased slightly the potential
gasoline vield (C;, gasoline plus alkylate).
When attempting 10 improve or enhance the catalytic activity of these
compositions, the amounts of the various components in a catalyst or catalyst additive
and the relevant effect these components have on attrition have to be taken into

account in order to maximize attrition resistance. The importance of attrition becomes



5,3 )66.948), it has been difficult to prepare catal ysts and additives
which contain a great mpjority, i.e., greater than 60% of the active
conponent over the other conponents in the catalyst. For exanple. it vvould
be desirable to increase the anpbunt of ZSM5 to these high leyglggin

certain catalysts in order to produce a particle which is nore ac |ve I n
producing C -Cc olefin. Refiners, e.g.4-FCC refiners, DCC (Deep Catal ytic
Cracking) refiners. as well as fixed fluidized bed refiners, woul d al so
find it advantageous to enhance ethylene yields in order to maximze the
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as i npr ovgdatanajuom)t y.ewigtdatet tan <084 ef thabotiveedingraestadvel thelotiimkeup rat es.
Attrition resi stance and hi gh cat al i/Fat content. woul d al so benefit processes
used to FUBRANCRIFIR Heeabbyst 5‘?1}?@‘1&“ i Would b6 deritbleciodewrang tlpﬁr&r@@sﬁes Such
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provi de aR mdreRheNedinGrédlcHEiC.a00hiefin. | Mproved process using the sane to
chemcally react a hydrocarbon feedstock. Z 9 AUG 2003 5 Specifically, the
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to the catalyst to 10% or | ess by weight of the catalyst and further
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catal ysts cont 5% zeolite can
y avenues for enq]%nmgg et%yﬁene yne? s. Using those additives or compositions,

however, without materially affecting the vield of other olefins can be difficult.
especially in light of the other concerns mentioned above with respect to attrition.

Therefore. with certain refiners. it would not only be highly desirable to
prepare a catalyst composition having a high attrition resistance, it would also be
desirable to provide catalyst compositions having improved activity for ethylene
production as well as substantially maintain the compositions” ability to produce other
olefins. Those skilled in the art will also appreciate that improved attrition resistance
as well as improved activity will translate into reduced catalyst makeup rates.

Attrition resistance and high catalyst content would also benefit processes used
to react hydrocarbons other than hydrocarbon cracking processes. Such processes

include hydrocarbon isomerization. dimerization and the like.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved catalyst and an

improved process using the same to chemically react a hvdrocarbon feedstock.



be prepared. Acceptable Davison Attrition Indices of 20 or less are

achi eved by further selecting a phosphorus (as P205) to tot aI al um na
nolar ratio sufficient to namintain these attrition indices. ﬁ]
mai nt ai ni ng acceptable activity, e.g.. olefin yields in FCC. S &5@1@
attrition properties are reflected by particles having Davison index
attrition nunbers of 20 or lower, and-preferably |ess than 10. The catal yst
is especially effective for producing light C -C, olefins (propylene and
butyl ene) in hydrocarbon cracking processes. such as those in a FCC Unit.
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catal yst. These results are taken at

quantity of light olefins produced in a FCC unit is strongly affected by the amount of
stabilized zeolite, e.g., ZSM-5 or ZSM-11. in the unit and the unit conversion.
Conversion is important since the amount of light olefins produced tends to increase
with unit conversion. The advantage of a catalyst which contains a high level of
active zeolite is: 1) higher absolute amounts of active zeolite can be put in the unit
and/or 2) if the high content catalyst is used as an additive catalyst at constant ZSM-5
or ZSM-11 level, a lower quantity of additive is required and as a result there is less
dilution of the standard FCC catalyst. thereby allowing the unit to operate at higher
conversion.

The invention also provides an improved phosphorus stabilized catalyst
composition having a high content of active components, and suitable attrition

resistance. which is more selective towards producing ethylene without significantly

affecting total olefin yields exhibited by conventional additives in FCC units.



70% conversion of the hydrocarbon. Figure 7 illustrates total w.%olefin
yield as a function of carbon nunber as conpared agai nst a conventi onal
catal yst. These results are shown for 70% conversion |evel of the
hydrocarbon. This figure as well as Figure 6 also show the effex§ Aufhell)
invention has in increasing ethylene yield. Figure 8 illustrates the

i nvention conprising 80% 2ZSM5 and furéher i.llustrates how the nolar ratio
of phosphorous (P205) and alum na affects propylene yield. Figure 9
illustrates the propylene yield of an enbodi nent conprising 80% ZSM5
conpar ed a-copyenthonal ~catakyst, on.a.ZSM5 wei ght basis and catal yst
basis. Fi E IO OF THE DRAWINGS yield for an enbodi nent
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primary catalyst for a catalyzed reaction involving hydrocarbon feedstock,
as an ad@lwpipad).-to a fresh catal yst stream or as an additive to an

exi sting catal yst inventory.. The cataly LS prepared fromzeolite,
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are well _known in the art.
70% conversion of the hydrocarbon.

Figure 7 illustrates total wt.% olefin yield as a function of carbon number as
compared against a conventional catalyst. These results are shown for 70%
conversion level of the hydrocarbon. This figure as well as Figure 6 also show the
effect the invention has in increasing ethylene yield.

Figure 8 illustrates the invention comprising 80% ZSM-5 and further
illustrates how the molar ratio of phosphorous (P,O;) and alumina affects propylene
vield.

Figure 9 illustrates the propylene yield of an embodiment comprising 80%
ZSM-5 compared to a conventional catalyst on a ZSM-5 weight basis and catalyst
basis.

Figure 10 illustrates the ethylene yield for an embodiment comprising 80%
ZSM-5 compared to a conventional catalyst on both a catalyst and ZSM-5 weight

basis.



Alum na The alum na enployed to make the invention is referred to herein
as "added alum na". The added al um na conponent of the catal yst of the
present invention therefore is defined herein as al um na separately added
to the slurry of starting conponents and dispersed in the natri&ﬂé%S?%&
catalyst. The alum na prinarily serves; to act with phosphorous to form

bi nder for the zeolite. Added al um na does not include alumna present in
t he ot her conponents of the additive. e.g., shape selective zeolite or any
clay used to prepare the additive. On the other hand, the term"total

al umi na" aREN<HEDRIPESGRIMHENSs t o added al umina and al umina present in the

ot her conponents. Suitable added. al um na includes particul ate alum na
having a total i’cﬁ‘Faa%’léSl&P@a?Sl“%&0%@5%%@&0?99&& Prustet b g urPlBrafiltier, Emmett
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(n2/ b), preferably -greater rom “about 145 to
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be greater than 0.35 cc/g. Such alum na nay conprise a mnor anount of
silica orThka ¢tealystnopgpaed froxizgektesaleniraspliosphoraboand @ptionalbadiftianai ght
percent. preferably from about 0.1 to 6 weight percent silica, based on

t he wei ght“B#PYRRSal uni na conponent of the particles. The average particle
size of the alumina particles will generally be less than 10 m crons,
preferably I ess than 3 mcrons. Preferably, the porous alumna will be
bul k al um B&litdhe term "bul k" with reference to the alumna is intended
herein to desi&nate a material which has been Breforned and placed in a

physi cal form stemmeragly ysed zeplitgsdening adeonsiainp brdstef &trdieanhectsad éor
stabilize (o} 1 Nl t-d.5~added. .t o, a iLnorgani ¢. Lix containin
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charact er i 3tg-22 (T98BLindbh 1.S. Pdt. UG 1 P3N0 bsthl sFhvehial agiin@spdraelitepin but are
not limted to, CP3 fromAl coa and Catapal B from Condea Vista. O her

sui t abl e dwuretesencgf added al umi na i nclude col | oi dal al umina or al um na
sots. reactive

| um_ npa | um num chl orhydral, and.the |ike. Pho rus
Sui tabl o phospraPErEaH SR T hetat S BRE L RGRINGR S B CHoPod)
phpz pho 3 OUSy idrihedinRRIR (e.S FotSsisd ofIRAS RBOIIAG0aBbE 7 ARbdtfont) zRAASLhOr OUS
acid an
ZSM-5 (U.S. Pat. No. 3.702.886 and Re. 29.948) and ZSM-11 (U.S. Pat, No..
3,709.979) are preferred. Methods for preparing these synthetic zeolites are well

known in the art.

Alumina

The alumina employed to make the invention is referred to herein as “added
alumina”. The added alumina component of the catalvst of the present invention
therefore is defined herein as alumina separately added to the slurry of starting
components and dispersed in the matrix of the catalyst. The alumina primarily serves
to act with phosphorous to form binder for the zeolite. Added alumina does not
include alumina present in the other components of the additive. e.p.. shape selective
zeolite or any clay used to prepare the additive. On the other hand. the term total
alumina™ as used herein reters to added alumina and alumina present in the other
components.

Suitable added alumina inciudes particulate alumina having a total surface area.

as measured by the method of Brunauer, Emmett and Teller (BET) greater than 50



m xtures thereof. Ammoni um salts such as nonoamoni um phosphat e ( NH4) H2P04,
di ammoni um phosphat e (NH4) 2HPG3 nonoanmoni um phosphite (NH4 di anmoni um
phosphite (NH4)2HPG3, and mixtures thereof can also be used. Qtherg g 6 200
sui t abl e phosphorous conpounds are described in WO 98/41595. the conpengg
of which are incorporated herein by reference. Those conpounds i ncl ude
phosphi nes. phosphoni ¢ acid. phosphondfes and the |ike. Optional-Inorganic
Oxi de The catal yst of this invention can include suitable inorganic oxide
matrices, such as non-zeolitic inorganic oxides. including silica.

si | i ca- al saRae maergpesgram (h?Q) AuGe2b08g@ateothan 140 ni2ANifer exaiptQ fifoy and

m Xt ures tHergof,. Tﬂﬁ q?tri ces rrag i nclude one or nore of various known
clays, sulhOYs ‘ndAANE M Y. Srifeiablythepors vohue BFET o thepartionate @jumina

at tapul gi | | ke S r ef er abl the.inorganic oxide.is a clay
as descri E«ZEA bi@%@e;ﬁ%}gpﬁ@g{ > C%g'. g%@h@‘#@é’@é}‘&f@m"%% MEGPT agogsOtEHFaang U, S,
Pat. No. ér 668 R3antiiexidemitii & GOMRBOATL) [TYs BRI BERAL. hilrekdify kAl yst 10
amounts rangi ng fromabout O to about 60 wei ght ‘percent.” I'n certain

enbodi mengkoutd. hip ¢ wejghtpareibbijich rmseddote wedzlitof tebmuhizCompokeioft he

t ot al catﬁl yst .ﬁomﬁ‘si tion. It is also within the scope of the invention to
i ncor por at' & RAUY'R% [0524F98% PagtHe size phtheralumisa particlessvidk seaeratly hedessf

zeclites, : b ' idat i oot er s etc, l.n general, the
cat al yst g%h? )r?isnsm?%éﬁ? fesn 1 iélsﬁglﬁgfyjarg%ﬁorn ggprfgieéﬁé‘ ti’? BPTQps 8If”“f’ﬂ%g”@orrponent s
nment i onedbaboikenlurbiniat A RrftBER" COMMREfERICe (Phe RIERAA NG RALIRAUS Sl urry
conpri si ng@zeol ite having a constraint index of 1 to 12.

phosphor uSeXgifteat fatrgiak wisd hatibecal preformedaand plogad iorgitiygicalnfatmisuciconpri si ng
clay, etcg.,| unt s ich will result _.i.n final drjed product of step
(b) " havi n‘g‘f_a¥ hoaiiss eafﬂ“i’ﬂggb%%wgm&fe %%*Mlzef%o that WB?’b“ﬂwﬁe‘imﬂfby wei ght
added al uioRnicatx Gnidd: RYid8] %bl@%ﬁﬁﬂ@%gh@wgﬁﬁotmﬁﬁ'é§g'ifceo{) and no
more than 30% by weight total alum na; spray drying the 8l urry of step
(a) at a Mslp@eicharaethrisiics mepturailyl éshatﬂhmrticvaallamﬂimﬂinapﬁIEﬂlﬁieabtthBré asts t han

about 2; ﬁr%jted to, CP3 from Alcoa and Catapal B from Condea Vista.
Other suitable sources of added alumina include colloidal alumina or alumina

sols. reactive alumina. aluminum chlorhydrol and the like.

Phosphorus

Suitable phosphorus-containing compounds include phosphoric acid (H;PO,).
phosphorous acid (H,PO,). salts of phosphoric acid. salts of phosphorous acid and
mixtures thereof. Ammonium salts such as monoammonium phosphate (NH,)H,PO,,
diammonium phosphate (NH,),HPO; monoammonium phosphite (NH,)H,PO;.
diammonium phosphite (NH,),HPO,, and mixtures thereof can also be used. Other

suitable phosphorous compounds are described in WO 98/41595. the contents of
which are incorporated herein by reference. Those compounds include phosphines.

phosphonic acid. phosphonates and the like.

Optional Inorganic Oxide

The catalyst of this invention can include suitable inorganic oxide matrices.

such as non-zeolitic inorganic oxides. including silica. silica-alumina, magnesia.



(c) recovering a spray-dried product having attrition properties as
evi denced by a Davison Index of 20 or |ess. Methods for slurrying, mlling,

spray drying and recovering particles suitable as a catalyst or @gm@gg
are known in the art. See U S. Patent 3. 444.097 as well as WO

and U. S. Pat. 5,366.948. The catal yst particle size should be in the range
of 20-200 m crons, and have an average’ particle size of 60-100 m crons. As
i ndi cat ed above, the anmobunt of added alumina is 10% or | ess by wei ght of
the total conponents naking up the particles. with particles conprising

3- 8% addedoda Aitdhie ZR0Bia-and thiutbiiiRedIeTROMIPREs PELTRIY dhel RmbrS6r
processes in terns of the resulting attrition properties and olefin yield.

Mol ar Rat iveriots JrtesgpHasosish @Prosividrdicaite Alaghn fallThatep howphior. us/ t ot al
ospho P20S, is selected to

| um tio, wh ' h h [ )
AT T R S R NE Mt B e R
ratiois aseopaclgctaey i, 041N 46, 91080 B0 Yh ek, PO, idhdgdss A cul at ed

usi ng standar techni ques and IS rea |1y ca ate rom € anounts of

phosphor oysatdgd 8edpormntdmapbabreatdlin the cpfaBsehtaniduntshengdgdifidny eboutliaoexanpl es
below illustrate methods for obtaining the appropriate ratios. As

i ndi cat ed abewt|G0ereightpertent| lnwkmain embpdidestsadde o preferabily froanzbaalk bfitma t hat
may be present_.in other copponents. i..e., non-added alum na. Total alum na
can be rreé@ﬁ?tesg ‘B‘;‘/%ﬁgﬁl? tgﬁgg?@?’g.coﬁﬁf’?’%ﬁ'f or obtaining suitable attrition
resi stance and|pigfsghfifh Belstdelof theSinvARRANGERLPOPRD it IR GUNE Bt
zeolite. Cenerally, the higher the zeolite content, the larger the ratio
used. GCenemnatriajs schhablher typts dseolass, wilyk. @shopradexidedoxiditianspromotdit.ai n

attrition indices of about 10 or less, are indicated below Al other
ranges of ®fatios within the suitable ranges are also contenplated. e.g.,

0.4 to 1.0. O. 0. E : I .o Pr rred
Pt 6 30- 500 T2epfdl the sRafyst AR ebEn AN s i LD ESTELLAY AT T O o
0. 45 to 1.cOmbongeaertioned heovemSundbleftephasprizets i s sel ected to
sufficiently harden the particle without causing a lgss in activity.in
ternms of ol efi f@lyi ePEFPATHEALRAUEPYS BHTY CHRPIIHE FOLERYIpMDE GaNSUGINtt hi s

purpose is from aboyl;.6 9 t@??"[’)thogp[h(g?&tco%ﬂ%ihg E@l%pound. alumina and

optionally, matrix comprising clay, etc., in amounts which will result
in a final dried product of step (b) having from about 30-85% ZSM-5
or ZSM-11, no more than 10% by weight added alumina. about 6-24%
by weight phosphorous (as measured P,O;) and no more than 30% by
weight total alumina;

(b) spray drying the slurry of step (a) at a low pH. such as a pH of less than

about 3, preferably less than about 2; and

(c) recovering a spray-dried product having attrition properties as

evidenced by a Davison Index of 20 or less.

Methods for slurrying. milling, spray drying and recovering particles suitable
as a catalyst or additive are known in the art. See U. S, Patent 3. 444.097 as well as
WO 98/41595 and U.S. Pat. 5.366,948. The catalyst particle size should be in the
range of 20-200 microns. and have an average particle size of 60-100 microns.

As indicated above, the amount of added alumina is 10% or less by weight of

the total components making up the particles. with particles comprising 3-8% added



conposition. The amount of phosphorus can also be in all other ranges
contained wthin the range of 6-24% e.qg., 7-23% 7-15% etc. As
illustrated in Figure 5 alumna affects olefin yield and attrition, and it
is shown that 10% or |ess added al umina provi des a bal ance of thbd4Hs 2003
properties. The ratios above are therefore a reflection of the effects

al um na and phosphorus have on the ré8ulting particles' properties. 2 9
AUG 2003 -11 The Davison Attrition Index is used to neasure attrition of
the additive. To determne the Davison Attrition Index (D) of the

cat al yst lurhidd P t ol : r Y} rticles in
the 0O to 20 m cHrég?f fngﬁ e. e%r?@f%%??r‘?“%’f%&‘?sg{‘g&? ﬁg"rgtﬂ%clgﬁpg'g Eét(gfﬂlmrll] a har dened
st eel | etpropgrtitsamichgiein pieddii si on bored orifice through which an air jet of

hum dified (609 air is passed at 21 liter/mnute for 1 hour. The DI is
defi ned m&&%&@&ﬂmo P-4 soapraus28,Gn/EetahAlumime generated during the test
relative to t moupt of X20 m cron terial initially present, i.e._
fornul a bel owhﬁﬁ &'iﬁﬁﬁor\}\‘f/ t%‘éi(f?u'ﬁm? B9 %@feﬂhﬁwl@ﬁ?lﬂmﬁdi‘ peEsust #sng t est
wt. of orgoniigkel2OeltEERRD Rl ’ ; fofitdo JNgsd ower the DI
nunber, the more attrition @eé%ﬁgér%?larés@é ﬁ%ﬁ@lg} Q]I%’g{)faboggﬁ%ﬂg?sal ly

accept ablEheattio ist alon sel@sédStoaptienitesol e fvdlyidd. €DhibYati iPeal@filale@9Singhan about 20,

and preferably less than 10. I—]g)grocar bon Conversi on Processes As discussed
earlier, Stansaidigeinus and isigpdisintadeuiaied fing tbhemovals of phesphorous added| vi ng a

hydr ocar Lring.catalyst to facilitate the reaction, Such

react i on%%?rﬁét?ﬁzﬂgrﬁ%?rg%%r o ‘eégﬁé"r-sﬂ%e’ﬁf‘%ﬁ%ﬁ‘;&‘”pﬁifHPR_?i‘ngﬁ?f&f&fcu| ar

wei ght  rodelifing @e Qfprapridtélf 108" RO hdi@itdl earférdfdtaINhminh rclMiEidQn can al so
be enployed in isomerization, dinerization. polynerization, hydration and

aromat i zaduwina aTH @l woindithat oy befpresenthin mtivr esspenanse i knownaddedt he art, See
U S Patent 4,4 35 incorporated herein by reference. O her applicable
processe?l‘fﬂﬁlﬁuﬁtﬁﬁgwﬂ? ﬁ@fég%‘f"’easr“_éng?ynlh‘llg?“ lV%iﬁrsal kyl ation of aromatic

hydrocarbons. radtios!fef siRnafe s%ft%@%ftﬁéor?&gistahgggﬁti h}?%rﬂeﬂ aEt{l}gﬂﬂgur poi nt of

fuel oils. For the purposes of this iInvention, rocar eedst ock” not
onl y i ncldedesleor gami the compoinfdsolatenGaheralig, thahiyher hadeolite content, the

t he

larger the ratio used. Generally suitable ratios, as well as preferred ratios to obtain
attrition indices of about 10 or less, are indicated below. All other ranges of ratios

within the suitable ranges are also contemplated. e.g., 0.4 t0 1.0, 0.25 to 0.7, etc.

Zeolite Content Suitable Ratio Preferred Ratio
30-60% zeolite 02tol.0 0.25t0 0.70
>60-85% zeolite 02t 1.9 0.45t0 1.0

In general, the amount of phosphorus is selected to sufficiently harden the
particle without causing a loss in activity in terms of olefin yield. The sufficient
amount ot phosphorus for this purpose is from about 6 to about 24% of the total
composition. The amount of phosphorus can also be in ali other ranges contained
within the range of 6-24%, ¢.g., 7-23%, 7-15%, etc.

As tllustrated in Figure S. alumina affects olefin yield and attrition, and it is
shown that 10% or less added alumina provides a balance of those properties. The
ratios above are therefore a reflection of the effects alumina and phosphorus have on

the resulting particles” properties.



hydrogen atons. but al so includes hydrocarbons conprising oxygen. nitrogen
and sul fur heteroatons. The feedstocks can be those having a w de range of
boiling tenperatures. e.g., naphtha. distillate, vacuum gas oil a@@
residual oil. Such feedstocks also include those for making hegg y@
conpounds such as pyridine. Z 9 AUG 1003 - 12 The invention is
particularly suitable for fluidized prdcesses e.g., in which catalyst
attrition is a factor. The invention is especially suitable for fluidized
catalytic cracking of a hydrocarbon feed to a m xture of products

conpri si ng gasqisk Mevidnkatkd @ [nddAOk @8dd Rl m@kkilatigon 8Nthe hBNERe Ogf i NS, in
the presence of conventional cracking catalyst wunder catalytic cracklng
condi t i ondetefiyipe ¢clad Dhyldtpm)aanbmmhw,deh (Bl), oiﬁl%«:iﬁ:t!pnk 7.0 @ Ssahppractsses nmay
include in whole, or in part as oil (e.g. %‘ medi um or heavy gas
0i 1) havi rﬁgscm?nmqaemovsmtickg in 8«@.049 2&6}3\?@%%& hose rarucles ase%epou nt of at

| east about 0 0|nt of

f eedst ockcOntgcq lgﬁoa P%@?ﬂ @nsu%e}at avu}%a BLeFIS' vacfﬁmq au 3 tﬁr(?ugh wthhcgr mal oil,
residual gj Iihr QW hansdified (603‘5@1@15&3995&&%Uﬁiﬁhte?/%ﬁmﬁ@m 1O dur. BRRADE;sOI |

synt hetic fuel, heavy hydrocarbon fractions derived fromthe destructlve
hydr ogenadtﬁnn:dcafs tioopéreertt af 0l nehes {inesgenerates!, dunyg tlt egatletved @abist ocks
derived from any f the fore Qing, and the lik A? wi |l be recognized,

the di sti PPAVISH >3 RicgHena58 |lv=ﬂgﬂyab€§?lm emF OB %bove about 400 C.
must be carried out under vacuumin order to avoid thermal cracking. The
boiling tenperatures utilized herein are expressed in terms of convenience
of the boiling p ) ntoé)cﬁorrmvma{ﬁoaxhrmﬁrphﬁr&i@l foresd diéng RS ds or deeper

cut gas oils ha 1 wi th high
metal s contents. can a|SQQgQ9§ggé ed ugbﬁopgﬁééﬁﬁggﬂ§ﬁ%ﬁ£¥%§% ytic
cracking units are generally operated at tenperatures fron1about 400 C. to
about 650 C.. usually fromabout 450 C. to about 600 C., and under

reduced, at rmsfShe}q%erthﬁDéup!ebqt thospite ritutipn essistaneis th@gnialw f rom about.

at mospher ¢, Y phceBiefle ﬂétfEmwiféwgc%%%ﬁ%%ﬁ%h@%@ﬂ%@% e

suspendedampp&hﬁmﬁﬁﬁgsqgglmropelIed upward in a reaction zone.
rel atively heavy hydrocarbon feedstock. e.g.. a gas oil. is adnlxed with a

catalyst to provide a fluidized suspension and cracked in an el ongated

react or. . .
Hydrocarbon Conversion Processes

As discussed earlier, the invention is suitable for any chemical reaction
involving a hydrocarbon feed requiring catalyst to facilitate the reaction. Such
reactions inciude hydrocarbon conversion processes invoiving molecular weight
reduction of a hydrocarbon, e.p., cracking. The invention can also be employed in
1somerization, dinwrizatién._ polymerization, hydration and aromatization. The
conditions of such processes are known in the art. See U.S. Patent 4,418.235
incorporated herein by reference. Other applicable processes include upgradings of
reformate. transalkylation of aromatic hydrocarbons, alkylation of aromatics and
reduction in the pour point of fuel oils. For the purposes of this invention,
“hydrocarbon feedstock™ not only includes organic compounds containing carbon and
hydrogen atoms. but also includes hydrocarbons comprising oxygen. nitrogen and
sulfur heteroatoms. The feedstocks can be those having a wide range of boiling
temperatures. e.g.. naphtha. distillate, vacuum gas oil and residual oil. Such

feedstocks also include those for making heterocyelic compounds such as pyridine.



or riser. at elevated tenperatures to provide a mxture of l|ighter

hydr ocar bon products. The gaseous reaction products and spent catalyst are
di scharged fromthe riser into a separator. e.g., a cyclone unit§ jgcgped
wi thin the upper section of an enclosed stripping vessel. or stripper.
with the reaction products being conveyed to a product Z 9 AUG 2003 -13
recovery zone and the spent catal yst entering a dense catal yst bed within
the lower section of the stripper. After stripping entrained hydrocarbons

f th t t al t. . th |y i . dt t al yst
regenerat of uni 1T SNENInf BDSHReY slbie s (RAIEY BiacRebusaty e R at ed
bet ween t Reraljss ﬁﬁriﬂﬂﬁlisLehﬁctEP.gﬂ%é?{}ﬂr{mq{‘%g@cﬁ%l\gf%%ﬁta&etf‘(’naﬁl?ifd?{e{j ﬁgﬁﬁtg rom the

|atter to the former thereby sup ng needs 0 cki ng

reaction whicking of ehygtrbdretion feed Gasmixigdlof P@dE&@c&ﬁbﬂsiﬁQh&H@ﬁn&V:ﬁl&ﬂﬁég _
receiver is co_nPr essed and directed for further processing and separation

to gasol i Retean@ pliylete. andlomss olefing.in O pessdnc@of cpnomitionalakafkinschalysg
directed rochem.cal unit or to an alkylation unit to produce a
hi gh oct aﬁllgd%ra%g}fl' HeCROkiPReondiignsi on of an isoparaffin (usual |y iso-butane)

wi th one or rmr'?%zpﬁ’éaltl]?@ﬂl:&%ﬁ?l.é?ﬁls@slicgz‘i‘ﬂogsm:ll ?}Q%Fés%?lgg%@&deyingﬁg)ﬁg | ene and
I mlar fashion a

butyl ene). Ethyl'ene would be recovered In a s nd processed
to addi t oomaparpet gasaiilalrigG dight metfum, Bh@eHGGac oy lensnoan edtixlitbilpias | ncl ude a
riser top terrpgr at u%)e gf Jromabout 500 C. to about 595 C., preferably

fr om abouP°¥B@oeve akpub pititC.5550°E poind afiatipast abqwt @6&% Grryd an evd apiotief 530 C.

t o about o oS th Qi iLght ratio. o romabout, 3 to about 12, .
pr ef er abl gégra%rﬁbaogg%ﬁ ?’t]{l)]_g(g eg}é}ft%cgﬁ],ayﬁﬁa '%‘é‘{e %F%F'étr%?ﬁloﬂ)‘ YedHaBbut 5 to
about 10; olnthefrabladiy, ésidRsbidRPER stdciBuwile [dpiRLdD eifkaltt SiLlsRaRRPUt 15 _
seconds, preferably fromabout 1 to about 10 seconds. The catal yst of this
i nvent i onsythetig fugh|heawshyirerattainyfmcti ahokeeived fromsthadesidiivé ve to  cracki ng
processes ich | gy _conventjonal | arge-pore | ecul ar, sie conmponent .
The same Apgrogudtioheoflcla pliches Rropalfs, Bxdbiredied Trgdaipekedenived Femuat ng

cat al yst soffi fordp@ R FEhEBKE A adyR] Baek S1Ghi 2AT hf; io ., t han
about 7 Angst ror% i&.ﬁ effective dianmet e%%li%gh@gg%?ghgﬁﬁgﬁlﬁg%%gﬁ%l ecul ar
si eve i ncPpéigeleundamdtions bovelaButRE0° CNaoustde882ied 42) undeEXacweoin dreevto( U. S.

Pat. No. 3.1 8 0r07 , 1I trast abll. ey g)US (U S. Pat. No. 3. 443.‘ 070); Rare
Farth ex Cﬁ‘é‘ﬂé He Qlf% ﬁ%?#] ng L'f}@_bm Ing temperatures utilized herein are expressed in
terms of convenience of the boiling point corrected to atmospheric pressure, Resids or
deeper cut gas oils having an end point of up to about 700° C., even with high metals
contents. can also be cracked using the invention.

Catalytic cracking units are generally operated at temperatures from about
400° C. to about 650° C.. usually from about 450° C. to about 600° C., and under
reduced. atmospheric, or superatmospheric pressure, usually from about atmospheric
to about 5 atmospheres.

An FCC catalyst (primary or additive) is added to a FCC process as a powder
(20-200 microns) and generally is suspended in the feed and propelied upward in a
reaction zone. A relatively heavy hydrocarbon feedstock. e.g.. a gas oil. is admixed
with a catalyst to provide a fluidized suspension and cracked in an elongated reactor,
or riser. at elevated temperatures to provide a mixture of lighter hydrocarbon products.
The gaseous reaction products and spent catalyst are discharged from the riser into a
separator. e.g.. a cyclone unit, Jocated within the upper section of an enclosed

stripping vessel. or stripper. with the reaction products being conveyed to a product



Pat. No. 4,415.438): Rare Earth exchanged USY (REUSY); Dealum nated Y (DeAl
Y) (U S. Pat. Nos. 3,442.792 and 4, 331,694): U trahydrophobic Y (UHPY)

(U.S. Pat. No. 4.401,556); and/or dealum nated silicon-enri chedzlgz%@ ?@ys
e.g., LZ-210 (U.S. Pat. No. 4.678.765). Preferred are higher silica ns
of zeolite Y. ZSM20 (U. S. Pat. No. 2,9 AUG 2003 - 14 3,972.983): zeolite
Beta (U.S. Pat. No. 3,308.069)-, zeoTi]fé L (U S Pat. Nos. 33.216.789 and
4.701,") 15), and naturally occurring zeolites such as faujasite. nordenite
and the Ilike nmay al so be used (with all patents above in parentheses

i ncor por atedvirezehdalythe spéne raned)entefing s denwt@tal pdt bedraytheti@ddyverct ed to
conventional treatnents, such as_ inpregnation or ion exchange with rare
eart hs t oséationohthe Stipnsi| Afigy suippinguanfraipgd h%ﬁﬁ%’F’%‘i‘SatI"O’Br‘g‘E:ﬂ?eE C‘H‘\ETgft' cracki ng
catal ysts contain.these |l.arge-ppre nplecul ar i T f.erred

mol ecul ar 1% b1 ‘for%@ée‘jﬁ? gt‘:@‘g@é{br(%%eé]elmgo'é’ nitegﬁ%’ ? }é’%@z,zb%fcg‘%ém%rlgf erably an
REY, USY eiamlﬂ%b@fy cPUPEEA B¥@veen ReGREALMShe feefrionesd {RVesSQransfer a
particularly suitable large pore catalyst. Methods for naking these

zeol i t es aeR frosnthariaiter t He famber tiGrétarsupplyge-tho thermalyseds pf e craskingul ar
sieves include pillared silicates and/or clays; alum nophosphates, e, g.,
ALPO4- 5, reapten whiopps esflothedmiq coal uni nophosphates, e.g., SAPO-5, SAPO 37,

SAPO- 40, MM gt‘raggrs%lf ﬁgqfchg%ﬁl:-commm%m%PM&%s cofraeRRanay diretygt al i ne

materi al for useé nmo ar sieve i ncludes MCMW41. These are

vari ousl y releafihéraRecdssintas sdpatationN@sgasdlirdihid 440t oleAAdGyi8Y €, andiCH54, 14- 3;
4,567,029, 4,666,875 4.742,033; 4,880,611, 4,859.314, _

4, 791, 083 phodliool6fdslbeimndirect:da6 8 peBdshesachunih ovtopur dk datipe peit i by
reference. The |arge-pore o] ecul ar sieve cat al %{sgf cpnﬁq?ent b"ﬁ% ?I SO
include pruwenabuth estans casRds R (s cRGIPE §f AR 1B 2EM (SRR BCOTIREE] ons
general ly _attri but f I dnkbh@n resistance,
stabili ty,’"w{rlr’e nglog ”E%Ss"?g’gt"?%ﬁ?lgtﬁﬁ‘b v%i%?ég%gﬁgﬁ%ggl&gﬁoggt As illustrated and
descr i bed bufyiéney. eEdgteat vauld behecdvetddaniaspnitar faghi@sand grobessed toeen di scover ed

that by using 10%or |ess by weight of added al um na, one can prepare
sui t abl e addifipral pstreghsidsAMpitand acti ve catal yst particles conprising high

ConL et 5 IR T AR epshpebansp oo &
ol efin, e.s00°CPicaibyLesEs® i mfdmbly from about 520° C. to about 565° C., and most
preferably from about 530° C. to about 550° C.; catalyst/oil weight ratio of from about
3 to about 12, preferably from about 4 to about 11, and most preferably from about 5
to about 10; and catalyst residence time of from about 0.5 to about 15 seconds,
preferably from about 1 to about 10 seconds.

The catalyst of this invention is suitable as a catalyst alone. or as an additive to
cracking processes which employ conventional large-pore molecular sieve
component. The same applies for processes other than cracking processes. Cracking
catalysts are Jarge pore materials having pore openings of greater than about 7
Angstroms in effective diameter. Conventional large-pore molecular sieve include
zeolite X (U.S. Pat. No. 2.882,442); REX; zeolite Y (U.S. Pat. No. 5.130,007:
Ultrastable Y (USY) (U.S. Pat. No. 3.449,070): Rare Earth exchanged Y (REY) (U.S.
Pat. No. 4.415.438): Rare Earth exchanged USY (REUSY); Dealuminated Y (DeAl
Y) {U.S. Pat. Nos. 3,442,792 and 4,331.694). Ultrahydrophobic Y (UHPY) (U.S. Pat.
No. 4.401,556); and/or dealuminated silicon-enriched zeolites, e.g.. LZ-210 (U.S. Pat.

No. 4.678.765). Preferred are higher silica forms of zeolite Y. ZSM-20 (U.S. Pat. No.



fromcatal ysts and additives being used conmercially, e.g., those

contai ni ng about 25% ZSM5. In certain enbodinents illustrated bel ow, the
olefin yield of the invention as neasured by propylene yield wag gemsabﬂuj on
a ZSM5 basi s) to that of conventional phosphorus stabilized ZSM5
catalysts. Z 9 AUG 2003 - 15 The acti ty of the invention on a ZSM5 basis
ina FCCunit, relative to Jdefi nsl\/él additive, is in the range of about
40 to 100% in terns of propylene yields per the MAT test of ASTM 3907.
This activity is based on neasurenents at a constant conversion, e.g..
70% and BS$7ROLHNL atolRe Baadits. vat. INo. GS669); Susine hqeS.Pat fey. agiltg8eat al yst .
Preferred catal ysts are at | east 50% as active, and nore preferably have
activity dnd 4HH., -ﬂe?rigél%ﬁatfﬂ@uﬂgmﬁréﬂ% weolitassuelsasdhepsis W@kdemt.@ apfithgst rated in
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catal ysts having such zeolite, e.qg., M 11. contents greater than
60% zeolintpecgnatidn paidri mhmgbwﬂpat@%ﬁ%domcmwg#mblmgoﬂn terrethave heretof ore
not been made. It is believed that limting the anmount of alumna to 10%

or |ess &%NEsid BpcHAs Ewﬁ'gcraqlw Gagaly ¥s @ﬁmm&eﬁwr&ﬁsp% miearg] uni na
al | ows Or%?e\]:eg ﬁgg e?éﬁ?d 19'1% 1 Itsélg\éfaﬁlfr{ho q%geldl € 8 {éﬁln‘@‘%ﬁ tl)rres al r eady

not ed above, "t hes cont en t1Ves W oheé 10 Su enent exi sting

catal yst drefepdblphin R:EW{BSIY ZEREURY . cRlaleeh'S Deahins: frdie G:}@@d D@dsorAigt i vity
and attrition while at the sane tinme mnimzing the anount of non-zeolite

mat eri al A sardtulady setatilcngeporhentadastalMahodsfoemaking theFheedlstd aoi ng exanpl es
are provided for, illustrative purposes and are not intended to limt in
any way tH@IBMEE BT the cl ai ms appended hereto. Percentages described

bel ow are t hos@thtgyl ¢-9b cyMalline 1IBEC€I1§F§IQVC@ﬂH£M] 18@31]1‘3@('&9%&/@; lects the

nol ar ratio of phosphorus to total alumna in the catal yst.
abbr evi atdlossalunemplmsphitésne ha LGy | AASP Be$ NP1al: esxlcbeﬁhun'enbrér@swlutdsoms BET
- Refers to the surface area neasured by the Brunauer, Enmett and Teller

net hod ofe-&sPAFON? t3BGErP p8ABS44 MGMrﬁdeirOéh% aetal @pingBhosPRFES. At nospher e
DI - Davi Iﬁ?&popoqﬁ)&rystaihne material for use as the molecular sieve includes MCM-41.

These are variously described in U.S. Pat. Nos. 4,310,440 4.440.871: 4,554,145;
4,567.029; 4,666.875: 4,742.033; 4,880,611; 4,859.314: 4,791.,083: 5.102.643; and
5.098.684, each incorporated herein by reference.

The large-pore molecular sieve catalyst component may also include
phosphorus or a phosphorus compound for any of the functions generally attributed
thereto, such as, for example, attrition resistance, stability, metals passivation, and
coke make reduction.

As illustrated and described in more detail in the following examples. it has
been discovered that by using 10% or less by weight of added alumina. one can
prepare suitable attrition resistant and active catalyst particles comprising high
content. i.e., 30-85%. zeolite. The inventive catalysts are also more selective for
ethylene. without substantially reducing the total light olefin, e.g.. propylene. yields
from catalysts and additives being used commercially, e.g.. those containing about
25% ZSM-5. In certain embodiments iljustrated below. the olefin yield of the
invention as measured by propylene yield was equal (on a ZSM-3 basis) to that of

conventional phospharus stabilized ZSM-5 catalysts.



| CP - Inductively Coupled Plasma LCO - Light cle Gl HCO - Heav cle
Gl 2 9 AUG 2003 - 16 in - nmeter - gram EXAI\/PL% Exanpl e 1: Prepargtic}/)n of
40% ZSM 5/ 6. 5% A1, 0, Catal yst An aqueous slurry containing 800 o PRFESHDT
(26:1 nolar ratio of SI2 to AI2M38) (dry basis), 830 g clay (dry basis),
130 g of Catapal B Al 2G8 (dry basi s)vl§nd 357 g of concentrated H3PO4 were

bl ended and m xed at a 45%solids level. The slurry was then nilled in a
Drais m |l and spray-dried in a Bowen spray-drier to prepare Sanple A Two
addi tional preparations were nmade in the sane manner. and were | abel ed
Sanpl es B and TGe astiefig of the iRleGBoranda ZSa4- 5l el is algileunitirglagveal® shown

bel ow. A. 40% ZSM 5/ 6. 5% Cat apal B/ 1 % P25/ 42. 5% cl . 40% ZSM 5/ 6. 5%
Cat apal BlaeMy:Grdditvsisindhapneeot dhow H5i 5P soieent a{i 'Pl3§Fi%?’§ P, O, 140%

cncly s poy b LB BT AR R At G 20 ) g
e cat ol L P T amen 11 ang 15 26 AUG 2003 - 17
gag; 22.15%21%A661fm PrdfatddoratahBivirs 4018t (5 092 a%active.1@dsnong poderably. 56. 5

have activity in the range of 70-100% as active as OlefinsMax. As illustrated n the

examples below. the invention can be as active. or two or three times more active than

OlefinsMax additive on a particle basis.

Indeed. it is believed that atirition resistant and phosphorus stabilized active

catalysts having such zeolite, e.g., ZSM-5 or ZSM-11. contents greater than 60%

zeolite. and particularly up to 85% by weight zeolite. have heretofore not been made.

It is believed that limiting the amount of alumina to 10% or less and then optimizing

the ratio of phosphorus to total alumina allows one to make such catalysts. In

addition to the benefits already noted above. these high content additives aliow one to

supplement existing catalyst inventories with zeolite catalysts having the desired

activity and attrition while at the same time minimizing the amount of non-zeolite

material (such as matrix) to the catalyst inventory.

The following examples are provided for illustrative purposes and are not

intended to limit in any way the scope of the claims appended hereto. Percentages

described below are those by weight (wt.). The ratio of P,O/AlL,0; below reflects the

molar ratio of phosphorus to total alumina in the catalyst. The abbreviations

mentioned in the Examples below are defined as follows.

BET - Refers to the surface area measured by the Brunauer. Emmett and

Teller method of using nitrogen porosity to measure surface area

~Atm - Atmosphere
Dl - Davison Index
ICP - Inductively Coupled Plasma

LCO - Light Cycle Oil
HCO - Heavy Cycle Oil



Tot al 100100100 Physical Properties 2 hours @OOOF 131511 Di

A120326. 1425. 925. 87 P20511. 611. 9513. 6 Si 0257. 1656. 5357. 39

P205/ A12030. 320. 330. 38 Total BET Surfacel37132118 Area Exanple 2

M croactivity Testing of Exanple |I Catal ysts The cal ci ned cat al yégsﬁuﬁ JUW
Exanple | were deactivated by steam n\glj\)eé or 4 hours at 1500F/ 100% steamin

a fluidized bed steaner. The sanpl es e then blended at a 2.5%additive
| evel with a steam deactivated Super Nova"' D (Davison conmercial cracking
catal yst, 2.5% Re203 on catal yst). The adm xture was used to crack Feed A
(Properties inJabl e Zetdrn @ Mcroactivity Test (MAT) as set forth in ASTM
3907. Z 9 AUG 2003 -18 Table 2 Feed AFeed B API Gravity @60F22.523.9

Ani line Point, gOF1631@&nsul fur, wt.%.590.733 Total Nitrogen, w.% 0. 0860.1
Basic Nitrogen, wt.%).0340.042 Conradson Carbon, wt.%).250.33 ASTM D- 2887

Si ndi st | BP423464 5585592 10615637

EXAMPLES

Example 1: Preparation of 40% ZSM-5/6.5% ALO, Catalyst

An aqueous sturry containing 800 g of ZSM-5 (26:1 molar ratio of Si0, to
Al0,) (dry basis), 830 g clay (dry basis), 130 g of Catapal B Al,O, (dry basis) and
357 g of concentrated H,PO, were blended and mixed at a 45% solids level. The
slurry was then milled in a Drais mill and spray-dried in a Bowen spray-drier to
prepare Sample A. Two additional preparations were made in the same manner. and
were labeled Samples B and C, where the P,0; and clay levels were varied as shown

below:

A. 40% ZSM-5/6.5% Catapal B/11% P,0,/42.5% clay
B. 40% ZSM-5/6.5% Catapal B/12% P,0,/41.5% clay
C. 40% ZSM-5/6.5% Catapal B/13.5% P,0./40% clay

The resulting materials were then calcined for 2 hours @ 1000° F and analyzed by
ICP. T-plot surface area, and DI attrition. The chemical and physical characterization
data for Samples A-C is shown in Table 1 below. The catalysts have DI attrition

nunibers between 11 and 15.



20649693 30684730 40720772 50755806 60794844 70834883 80881927 90932977
959761018 FBP10271152 The base case catal ysts tested with these sanples
included: 1) steam deactivated Super Nova DTM' (SND) and 2) 96‘@%@3
deactivated SND bl ended with 4% steam deacti vated conventi onal @Qg
additive avail able as O efi nsMaxTM frﬁ? Davi son whi ch contains 25% of a
phosphorus stabilized ZSM5. The A efinsMax and SND conpositions were

st eam deacti vated separately. each for 4 hours at 1500F/ 100% steamin a
fluidized bed steanmer. The propylene yield (wm.%of feed) as a function of
Wt . % conversion is shown in Figure 1. The data shows that on an equal
ZSM5 level 0% ZSM5). the propylene vyield of the catalyst containing
Exanple 1. Sanple B. is equal to thEalskenple containing OefinsMax. Z 9 AUG
2003 - 19 Exanple 3: Preparation of 40% ZSM 5/ 8% A1, O Catal ysts Catal ysts
were pr eparﬁjmhﬁ,the sanme manngr as Exanplg 1 except witlg the follow ng
conpositions: D.” 40% ZSM 5/ 8% Catapal B/l 1.5% P, O5/40.5%clay E. 40%
ZSM 5/ 8% Calg a aLIll (/).Jf?»% P,G /39%clay F. 40% ZSM 5/ 8% Cat apal B/ 14. 5%

P, G/ 37.5%M—resulti ng sanples were calcined for 2 hours cr. 1000 F

and anal yzedSl@y | CP, T-plot stace area,,and D attri thqln. The chem cal
and physi cdoMmar act eri zati on 11data i's sho1 in Table 3.13 e catal ysts have
D attriti d’rf%unbers bet ween 86§md 9. TabI6 3 6'5
23 . . .

Clay 425 415 40

Total 100 100 100

Physical

Properties

2 hours @1000°F

Dl 13 15 11

AlLO, 26.14 25.9 25.87

P,O, 11.6 11.95 13.6

Si0, 57.16 56.53 57.39

P,O/ALO, 0.32 0.33 0.38

Total BET Surface 137 132 118

Area

Example 2.  Microactivity Testing of Example | Catalysts

The calcined catalysts in Example 1 were deactivated by steaming for 4 hours
at 1500°F/100% steam in a fluidized bed steamer. The samples were then blended at
a2.5% additive level with a steam deactivated Super Nova™ D (Davison commercial
cracking catalyst, 2.5% Re,0, on catalyst). The admixture was used to crack Feed A

(Properties in Table 2) in a Microactivity Test (MAT) as set forth in ASTM 3907.



Sanpl eDEF For nmul ati on ZSM 5404040 P20511.51314.5 A1203888 C ay40.53937.5
Tot al 100100100 Physical Properties 2 hours @000 F 988 D

A120327.5727. 6426. 81 P20512. 413. 6214. 72 Si 0257. 5756. 2457. 8

P205/ Al 2030. 320. 350. 38 Total BET Surfacel26125118 Area Z 9 AUG 1@83AU521003

Exanple 4. Mcroactivity Testing of EX@ITM e 3 Catal ysts The cal ci ned

catalysts in Exanple 3 were deactivatet by steamng for 4 hours at

1500F/ 100% steamin a fluidized bed steaner. The material was then bl ended
at a 2.5%additive level wth a steam deactivated Super Nova' D cracking
catalyst, 2.5% Re20, on catalyst. The adm xture was used to crack Feed A
in a Mcroactivity Test (MAT) as SetTJtﬂFtﬂ" in ASTM 3907. The base case
catal ysts tested with these sanples 1ncluded: 1) steam deactivated SND and
2) 96% steam deactivated SND bl ended w th 4% steam deactivated O efi nsiax.
The A efinsMax and SND catal ysts were st é€astdeacti vatregdgeparately. each
for 4 hours at 1500F/ 100% steamin a fluidized bed steaner. The propyl ene
yield (wm. % of fedd® Gasvig @WBeCFi on of wt. %x®Hnversion dzxsgshown in Figure
2. The data showsaAhitiaé PefmerrFconpared on aniggual ZSM 5iémsis (1 % ZSM 5),
the catal ysts consalfur #g%Sanpl e D and Sanpp ggE produce 8pfp of the propyl ene

Total Nitrogen, wt.% 0.086 0.1
Basic Nitrogen, wt.% 0.034 0.042
Conradson Carbon, wt.% 0.25 0.33

ASTM D-2887 Simdist

IBP 423 464

5 585 582
10 615 637
20 640 693
30 684 730
40 720 772
50 755 806
60 794 844
70 834 883
80 881 Q27
90 832 a77
95 976 1018

FBP 1027 1152

The base case catalysts tested with these samples included: 1) steam
deactivated Super Nova D™ (SND) and 2) 96% steam deactivated SND blended with
4% steam deactivated conventional catalyst additive available as OlefinsMax™ from
Davison which contains 25% of a phosphorus stabilized ZSM-5. The OlefinsMax and
SND compositions were stearn deactivated separateiy. each for 4 hours at
1500°F/100% steam in a fluidized bed steamer.

The propylene yield (wt.% of feed) as a function of wt.% conversion is shown
in Figure 1. The data shows that on an equal ZSM-3 Jevel {1% ZSM-5). the propylene
vield of the catalyst containing Example 1. Sample B. is equal to the sample

containing OlefinsMax.



produced using O efinsMax additive. Sanple F produces 80% of the propyl ene
of O efinsMax. Exanple 5. Preparation of 40% ZSM 5/ 10% Al ' O Cat al yst

Catal ysts were prepared in the sane manner as Exanple | except WIFg UE%[H
foll owi ng conpositions: G 40% ZSM 5/ 10% Cat apal B113% P, GO /37%c

H. 40%ZSM 5/ 10% Cat apal B/ 14% P-, O,/ 36% cl ay 1.40% ZSM 5/ 10% Cat apal B/ 15%
P,05/3 5% clay The resulting materi al"d%ere cal cined for 2 hours @ 1000 F
and analyzed by |ICP, T-plot surface area, and Davison index attrition. The
chem cal and physical characterization data is shown in Table 4. The

catal ysts have DI attrition nunbers between 2 and 3. 2 9 AUG 2003 -21

Tabl e 4 Sanple GH Forrmul ati on ZSM 5404040 P205131415 A1203101010 C ay373635
Tot al 100163200]eFhyBiepalatier oyl ZEM-3/81o il O, @000st5 223 Dl

P2051Al 2030. 330. 360. 39 Total BET141134131 Surface Area Exanple 6.
Mcroactivity Testing of Exanple 5 Catal sts The calcined catal ysts in
Exanmpl e 5 wer e (@é&airits wateaueniedsin dlamianig memnneq ah Byamgple 1 except with the

following compositions:
D. 40% ZSM-5/8% Catapal B/11.5% P,0,/40.5% clay
E. 40% ZSM-5/8% Catapal B/13% P,0,/39% clay
F. 40% ZSM-5/8% Catapal B/14.5% P,0,/37.5% clay

The resulting samples were calcined for 2 hours (@ 1000° F and analyzed by
ICP. T-plot surface area. and D] attrition. The chemical and physical characterization

data is shown in Table 3. The catalysts have DI attrition numbers between 8 and 9.

Table 3
Sample D E F
Formulation
ZSM-5 40 40 40
P,0q 11.8 13 14.5
Al,O, 8 8 8
Clay 40.5 39 a7s
Total 100 100 - 100
Physical Properties
2 hours @1000° F
DI 9 8 8
AlL,O, 27.57 27.64 26.81
P,0, 12.4 13.62 14.72
Si0, 57.57 56.24 578
P,0O/ALO, 0.32 0.35 0.38
Total BET Surface 126 125 118

Area



at 1500F/ 100% steamin a fluidized bed steaner. The material was then
blended at a 2.5% additive level with a steam deactivated Super Nova' D
cracking catalyst. 2.5% Re, Ol on catalyst. The adm xture was used to crack
Feed Ain a Mcroactivity Test (MAT) as set forth in ASTM 3907. ZBh&lGbAile
case catalysts tested with these sanples included: 1) steam deactivated
SND and 2) 96% st eam deacti vated SND.bhended with 4% steam deacti vated

A efi nsMax additive. The O efinsMax and SND catal ysts were steam
deactivated separately, each for 4 hours at 1500F/ I 00% steamin a

fluidized bed steaper. The propyle ¥i | d . % of feed) as a function of
Wt . % conviexamplg 4 s M&M&L@&N—M&&%‘%om t hat when conpared on
an equal ZSM5 basis (] % ZSM 5), the catal ysts containing Sanple |
produces 75% ofhé betcipeod pythlgne i0ExGhgt Bnsdviageacti SatapbestGramg fBafpbersH pr oduce
70% of the propylene of Aef nsMax., 2 9 AUG_2003 Exanple 7. Preparation of
40% ZSM WZ@%%}@Q%@&@ ipet Buidicedrpec Steasiy- Tb%tl*&fﬂgi@l‘é’%@rﬁébkﬁﬂé B in the

SN 51 2004 7% GATGEE SO SE R A b Sy SO ST RE Tk ol ay
L. 40% ZSM, § 12 Q¥ Avhi H3/ 3h&adinRedre %26 Lisdd 1S fick Bsed Aling MRIQLI S TUg! €

calcined for "2 hours n 1000 F and anal yzed by |1CP. T-plot surface area,
and DI at@iAfll)anset Toneh ehaBTAS9G Thpbassicestl catahestsctested withtthasa samiplea i s shown

" Ta0 € e SOLALISLS fave CLpalcl b on, Iurhers BUIRED,Z, 200 5, 7201 o
Total 1001\9?9%%@6 Is:zgélnslid%giti\)g{eﬂﬁ[ahlxﬁ\ﬁazpl HRViefinsMax and SND catalysts were

steam deactivated separately. each for 4 hours at 1500°F/100% steam in a fluidized

bed steamer.

The propylene yield (wt.% of feed) as a function of wt.% conversion is shown

in Figure 2. The data shows that when compared on an equal ZSM-5 basis (1% ZSM-

5), the catalysts containing Sample D and Sample E produce 85% of the propylene

produced using OlefinsMax additive. Sample F produces 80% of the propyiene of

OlefinsMax.

Example 5. Preparation of 40% ZSM-5/10% Al,O, Catalyst

Catalysts were prepared in the same manner as Example I except with the
following compositions:

G. 40% ZSM-5/10% Catapal B/13% P.0./37% clay

H.  40% ZSM-5/10% Catapal B/14% P,0,/36% clay

I 40% ZSM-5/10% Catapal B/15% P,0O./35% clay

The resulting materiais were calcined for 2 hours @ 1000° F and analyzed by
ICP, T-plot surface area, and Davison index attrition. The chemical and physical
characterization data is shown in Table 4. The catalysts have DI attrition numbers

between 2 and 3.



A120329. 8526. 924. 41 P20520. 5327.9734. 26 Si 0249. 0743. 141. 74 P2051A1203

rati 00.490. 751. 01 Total BET 14711244 Surface Area 2 9 AUG 2003 - 23 Exanpl e
S. Mcroactivity fing of Exanple 7 Conparison Catalysts The cal cj gqgﬁ 2003
catal ysts in Exanple 7 were deactivated by steaming for 4 hours ~at

1500F/ 100% steamin a fluidized bed steaner. The material was then bl ended
at a 4%additive level with a steam-ddactivated Super Nova(r) D cracking
catalyst. 2.5% Re, O on catalyst. The adm xture was used to crack Feed A
ina Mcroactivity Test (MAT) as set forth in ASTM 3907. The base case
catal ysts tested with these sanples included: 1) steam deactivated SND and
2) 93.6% steam deactivated SND bl ended w th 6.4% steam deacti vat ed

A efi nsMax additive. The A efinsMax and SND catal ysts were steam
deactivated separately. each for 4 hpasis g4t 1500F/ 1 00% steam in a
fluidized bed steanmer. The propylene yield (wm.%of feeds as a function of
VNt %converséé)n ies showmn in Figure Wiil e thegadditive hgs suitable
attrition resTSlBhice, the data shows that for these catal ysts when
conpared on ap_equal, ZSM5 basis (1.6% ZSM5), were relatively | ess active
than those of “¥RHMAY@R 1 3, and 5 which contained added alumina of 6.5. 8
and 10% by wei ght, respectively. Exanple 9. Effec% of Added Al12,01 on

Propyl ene Yi e?%""l%e data from Exanpl e891-8 illust %te a corr'%gati on bet ween

the anount ofP:Osdded A1, 03 in the ZSM3 (40% by ght) catallyst and the
rel ative propyléne yield. The propyl éfe vield is'teasured atla percent of
propyl ene prod@géed relative to O efiAdMax (equal 3SM 5 | evefy at 70%
conversion. REMakive Propyl ene = 100%00 [ Propyl en®0( Exanpl )19 propyl ene
(SND Base Catalyst)] Yield [Propylene (A efinsMax) - Propyl ene (SND Base
Catal yst)] The propylene yield data for each catal yst used in the

correl ati on vEsydieddtroparties
2 hours @1000° F

DI 2 2 3
P,0O/AlLO, 0.33 0.36 0.39
Total BET 141 134 131
Surface Area

Example 6. Microactivity Testing of Example 5 Catalysts

The calcined catalysts in Example 5 were deactivated by steaming for 4 hours
at 1500°F/100% steam in a fluidized bed steamer. The material was then blended at a
2.5% additive level with a steam deactivated Super Nova® D cracking catalyst. 2.5%
Re,0, on catalyst. The admixture Was used to crack Feed A in a Microactivity Test
(MAT) as set forth in ASTM 3907. The base case catalysts tested with these samples
included: 1) steam deactivated SND and 2) 96% steam dcactivated SND blended with
4% steam deactivated OlefinsMax additive. The QOlefinsMax and SND catalysts were
steam deactivated separately, each for 4 hours at 1500°F/100% steam in a fluidized
bed steamer.

The propylene yield (wt.% of feed) as a function of wt.% conversion is shown
in Figure 3. The data shows that when compared on an equal ZSM-5 basis (1% ZSM-
3). the catalysts containing Sample I produceé 75% of the propylene of OlefinsMax.

Sample G and Sample H produce 70% of the propyiene of OletinsMax.



t he best performance achieved for that catalyst (optimzed P2G |evel). The
correlation is shown in Figure 5 which indicates that as the added Al, G
in the catal yst decreases, the propylene yield increases. At addeg @i g

| evel s bel ow 10% the propylene yield 30 increases dramati call y.ng U Q[I i X
Al, 0; levels between 3 and $% the 40% ZSM5 2 9 AUG 2903 24 catal yst
becones equal in activity to O efi nsMa%- when conpared on an equi val ent
ZSM5 basis. Also shown in Figure 5 are the DI attrition nunbers for the
catalyst as a function of added Al _Ol. The data shows that the attrition
nurber s tgpahnpie 7 TGERARRNAT 404NES RdstechAll, @ ICagRteNCoAeeigases. However, it
was di scovered that 1T the anount of alumma added to the slurry of
starting conpofiemtystswere preparedtialhesamaasnsercis Exzatple hexcept magh that al yst had
| ess than_10% by wei ght added al um na, acceptabl e propylene and |ow

at t ri ti onfohighed COMRISEIMSoduced. Exanpl e 10. Selectivity of Invention for

Et hyl ene. The ¢al ci ahd i fra 0 anple 1) was deactivated
by steani ng fj(;'r 4 %@%r@?ﬁ@ﬁé&@@of {qgjizgi/g%%ﬁ;ed steaner. The materi al
was then blenged an)on ZM A ZAVICRR8920,0.A%«85) and 32% (12. 8% ZSM 5)
additive level wth an equilibriumcatalyst (SCAT). The adm xture was then
used to crack Feed #0%(ZSMP&0% éd,(h35Yabi/52)clas a M croactivity (MAT) test

as set forth ipn ASTM .3907. . (O efinsMax deactiva i he, i denti.cal manner
and ni xed yvij[h%fhﬁesg H%“S“&%&'?g‘v{%rgC?IFB@E‘g%I'a’EOLFﬁ@fi%% CaB Ay g 32% (8%
Z5M 5) adﬂfﬁ,'wv.gol SHELCS 2R3 AdIIRANIoRO The cT8i &Y ARG chIRRRICAL bhBomsed i n
this experinent was 1050 F i nstead of 'the standar 980 F. A sanple

cont ai ni ngatd (Y EQAT Tabls SalThe chiabisaschaas Da atotidn ohinbdiladebrezhyisarsl 9.0f t he

ECAT appears bel ow. ECAT Anal yses A1203, wt. %4.4 Na20 wt.%). 37 RE203,
w.%0.83 V, Ppnl892 N, ppnR788 Unit Cell Size, A24.25

Table 5

Sample J K L
Formulation
ZSM-5 40 40 40
P.O¢ 20 28 35
Clay 20 12 5
AlLO, 20 20 20
Total 100 100 100

Physical Properties
B} 7 9 5
AlLO, 29.85 26.9 24 .41
P.0, 20.53 27.97 34.26
Si0, 49 07 43.1 41.74
P,O4/Al,O, ratio 0.49 0.75 1.01
Total BET 147 112 44

Surface Area



BET Surface Area, nzlgl7l 2 9 AUG 2003 -25 The interpol ated hydrocarbon
yields at 70% conversion are shown in Table 6. At equal ZSM5 levels, the
40% addi tive increases the anount of ethylene. shows relatively equal
propyl ene and | ower C4-olefins as conpared to O efinsMax. An angl ygi BiXf
C -C olefins in the sanples indicates that there was some decrease in CS
olefins (Figure 6 and 7). -26 Va 12yJ. CO00 C O(ncDr r) dOON ((o
MRNNCCOOCC Trr TMN coC Omd 1° 9 COcoo2r abcecn cDr
OCL Wm Ccir Cr u)

Exampie 8.  Microactivity Testing of Example 7 Comparison Catalysts

The caicined catalysts in Example 7 were deactivated by steaming tor 4 hours
at 1500°F/100% steam in a fluidized bed steamer. The material was then blended at a
4% additive level with a steam deactivated Super Nova® D cracking catalyst. 2.5%
Re,0; on catalyst. The admixture was used to crack Feed A i a Microactivity Test
(MAT) as set forth in ASTM 3907. The base case catalysts tested with these samples
included: 1) steam deactivated SND and 2) 93.6% steam deactivated SND blended
with 6.4% steam deactivated OlefinsMax additive. The OlefinsMax and SND
catalysts were steam deactivated separate]y. each for 4 hours at 1500°F/100% steam
in a fluidized bed steamer.

The propylene yield (wt.% of feed) as a function of wt.% conversion is shown
in Figure 4. While the additive has suitable attrition resistance, the data shows that for
these catalysts when compared on an equal ZSM-5 basis (1.6% ZSM-5) , were
relatively less active than those of Eﬁamples 1,3, and 5 which contained added

alumina of 6.5, 8 and 10% by weight, respectively.

Example 9. Effect of Added Al,O, on Propylene Yield

The data from Examples 1-8 illustrate a correlation between the amount of
added Al,0, in the ZSM-5 (40% by weight} catatyst and the relative propylene vield.
The propyvlene yield is measured as a percent of propylene produced relative to

OlefinsMax (equal ZSM-5 level!) at 70% conversion.

Relative Propylene = 100% x [Propylene (Example) - Propviene { SND Base Catalyst))

Yield [Propylene (OlefinsMax) - Propylene (SND Base Catalyst)]

The propylene yield data for each catalyst used in the correlation was based on
the best performance achieved for that catalyst (optimized P,Os level). The correlation
is shown in Figure 5 which indicates that as the added Al,O; in the catalyst decreases,

the propylene vield increases. At added Al,O, levels below 10%, the propylene yield

()
o

increases dramatically. At matrix AlLO; levels between 3 and 8%. the 40% ZSM-5
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catalyst becomes equal in activity to OlefinsMax when compared on an equivalent
ZSM-5 basis.

Also shown in Figure 3 are the DI attrition numbers for the catalyst as a
function of added ALO,. The data shows that the attrition numbers tend to increase as
the added Al,O, content decreases. However, it was discovered that if the amount of
alumina added to the slurry of starting components for the catalyst was such that the
final catalyst had less than 10% by weight added alumina, acceptable propylene and

low attrition numbers were produced.

Example 10. Selectivity of Invention for Ethylene,

The calcined material in of Sample B (Example 1) was deactivated by
steaming for 4 hours at 1500°F in a fluidized bed steamer. The material was then
blended at a 10 (4% ZSM-5}, 20 (8% ZSM-5) and 32% (12.8% ZSM-5) additive level
with an equilibrium catalyst (ECAT). The admixture was then used to crack Feed B
{properties in Table 2) in a Microactivity (MAT) test as set forth in ASTM 3907.
OlefinsMax deactivated in the identical manner and mixed with the same ECAT, was
tested at the 16% (4% ZSM-5) and 32% (8% ZSM-5) additive levels as a comparison.
The cracking temperature used in this experiment was 1050° F instead of the standard
980° F. A sample containing 100% ECAT was also tested as a control. The analysis

of the ECAT appears below.

ECAT Analyses

ALO,, wt.% 44 4
Na,O, wt.% 0.37
RE,O,, wt.% 0.83
V, ppm 1892
Ni, ppm 2788
Unit Cell Size. A 24.25

BET Surface Area, m3/g 171
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The interpolated hydrocarbon yields at 70% conversion are shown in Table 6.
At equal ZSM-5 levels. the 40% additive increases the amount of ethylene. shows
relatively equal propviene and lower C4-olefins as compared to OlefinsMax. An
analysis of C,-C, olefins in the samples indicates that there was some decrease in C,

olefins (Figure 6 and 7).
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2 9 AUG 2003 2 9 AUG 2003 -27 Exanple 11. Very Hi gh (80% ZSM 5 Content
Catal yst Catal ysts having the conposition indicated in Table 7 for Sanpl es
M P were prepared in the sanme mainmer as in Exanple 1. As with the other
exanpl es, the resulting mnaterials were calcined for two hours afjbdllR
and anal yzed for ICP. T-plot surface area, and D attrition. This data is
also reflected in Table 7, below. This2éxanple illustrates that very high
ZSM5 content catalysts which are relatively attrition resistant can be
made according to the invention. The follow ng Exanple 12 shows that the

activity of a{yal.y ot )k idh, % hit, s sui tabl e phosphorus to
total al l%alr]]%&ﬁafivav b B2 SRR Bnififc mscal Properties of 80% ZSM 5
Cat al yst Sanpl@M¥9&s Eohinp 38050311 datdllid Tabl2. 79b8Sdnples M-Rumere

chl orhydrol 8.47.5716. 8 Tot al 100100100100 Physi cal Properties 2 hours @ 1000

F 0. 670. PetpagalingBe FGHmANR a5 IDERABEE | Tdsatithaheobar xaawlog g resulting

n2l g318316287276 Exanple, 12: M croactivity Testing far.,Vi i SM 5
Cont ent 2RI §f”§rer‘f1"én88%ﬂ rﬁ\gahggpgfi,@s%iaﬁg%wﬁgorﬂ Pﬁﬁ%ﬁ%@%& i vated as
with the oth Li&s ThY Sl6alisheedf-06d [PtbldPWeiwat 1500 F/ I 00% st eam
in a fl uiag’%aiglgldgggms}tlggrrer. Tf?e ssarrplces v:/ere ther? bl ended at a 2.5%

addi ti ve | evel Thié &tunapls tlbamate deit vergthisth ZRNer colenaeatal Pris mupdhi avg cat al yst s.
2.5% Re, O, on catalysts_and used to crack Feed A The tl‘?e? Yvas. 2 9 AUG 2003
he following

relatively attrition resistant can be made according to the invention.
Example 12 shows that the activity of the catalyst can be optimized with suitable

phosphorus to total alumina ratio.

Table 7
Physical and Chemical Properties of
80% ZSM-5 Catalyst

Sample m N O P
ZSM-5 80 80 80 80
PO, 11.6 12.5 12.9 13.2
Aluminum chlorhydrol 8.4 7.5 7.1 €.8
Total 100 100 100 100

Physical Properties
2 hours @ 1000° F

P,O/ALO, 0.67 0.78 0.83 0.88
DI 21 5 3 _ 3
Total BET Surface Area, mi/g 318 316 287 276

Example 12: Microactivity Testing for Verv High ZSM-5 Content Catalysts

The calcined catalysts in Example 11 were deactivated as with the other examples
by steaming for four hours at 1500° F/100% steam in a fluidized bed steamer. The
samples were then blended at a 2.5% additive level with a steam deactivated Super Nova®

D cracking catalysts. 2.5% Re,0, on catalysts and used to crack Feed A. The feed was



tested as set forth in ASTM 3907. The activity results fromthese tests on
a ZSM5 basis (1% ZSM5) are in Figure 8. As illustrated by the propyl ene
yields (as a weight percentage of feed) in Figure 8, the phosphorous to
total alumna ratio for the invention can he nodified to obtain the pg znm
desired propylene yields fromthe very high ZSM5 content catal yst.

80% ZSM 5. Exanple 13 - Activity of Hi g%g Zeolite Content Catal ysts on

Cat al yst Basis A catal yst having the conposition indicated in Table 8 bel ow
was prepared in the manner described in Exanple 1 and was tested for
activity testdd dsust foathdn STMGOON | TlYe SBivRy r&@ﬁt@fr%ﬁtth%%étﬁbﬁa lZ@i!FSS'blra-gﬂe
previ ous exar%{\gs illustrated the activity on a zeolite basis

Physi cal ™) @ mFﬁi@peBu es of 80% ZSM5 Catal yst Sanpl eQ ZSM 579

P20514 A12032 % u Pm chl orhydrol 5 Total 100 Physical Properties 2
hours @ 10000 1y “f%s‘ e RIO fﬂslqﬂiﬁdssaw%ne:zm&m feod). inafipae 8.

P205/ Tot akhgﬁﬂ%@ﬂ&n&% th Qb allﬁﬁrﬁ ?oqqhéa‘ng&moggc{a Fntoéé %%%9}%# -2|-2b| e 8)

Figure 9 illustrates that content

on an equdediredgiraiyaie ﬁsldkafreambaév@ /ibSg DS M- et MR chidfyd: §13€ 8B8 ¢
A efinMax (Ovax) additive. e té4f chaR § 8 8B 2EMRS!

Example 13 — Activity of High Zeolite Content Catalysts on Catalyst Basis

A cataiyst having the composition indicated in Table 8 below was prepared in the
manner described in Example 1 and was tested for activity to illustrate the activity on a

catalyst particle basis. The previous examples illustrated the activity on a zeolite basis.

Table 8

Physical and Chemical Properties of
80% ZSM-5 Catalyst

Sample ' Q
ZSM-5 79
P,Os 14
Al O, 2
Clay 0
Aluminum chlorhydrol 5
Total 100

Physical Properties
2 hours @ 1000° F.

DI g

ALO,, wt.% 11.5
P,0s, wt. % 14.23
Si0O,, wt.% 76.06
P,Os/Total ALO, 0.89

Total BET Surface Area, m¥g 263



As nentioned earlier, suitable catalysts (Cat) having a higher activity on
a catal yst basis have been difficult to nake because of increased
attrition occurring in additives containing nore than 25% ZSM 5. T@&gﬁ a
illustrated in Figure 9 is found in Table 9 below. An equilibri anu {/st
(ECAT) was al so tested as a conpari son base catalyst. ECAT is the sane
equilibriumcatalyst referred to earli-€?-in Exanple 10. Figure 10
illustrates the specific activity of Catalyst Q for producing ethyl ene
conpared to the 25% ZSM5 additive. Figure 10 illustrates that the high
zeol i te cont enfijpouead @hvsshieHMat ORI ' .vity for
pr oduci ng et hyl eEne on an equal Z%&A{‘%%E&E%E/%@ﬁgg?gl%%gpﬁﬁgg%ﬁggtahl gher
activity éqmel atthybtdr€aorbasts cahaleystivdiaai te pfiosese OléfirgvneOMag) afigvd hat t he
hi gh zeolite caontent catalysts offer si (];ni_fi cant advantages for refiners
seeki ng t0S BisRHARE! erhgn shfablgicatalists (Sag hayies adomher agivizy ong eatalystpasis || co
r- vtn vr . r NMCa UO.r~0"'V CDOo.t. L. f).NCDC O
o "o m iy bR hae el aR ool e it dtivey SRl o
Q) UC) (DmGrelthin Y5%XBNMD. THe ddk MubMardd th FEEE9Gs Bunb)in Tablelobelow:) A%k )

equilibrium catalyst (ECAT) was also tested as a comparison base catalyst. ECAT is the
same equilibrium catalyst referred to earlier in Example 10.

Figure 10 illustrates the specific activity of Catalyst Q for producing ethylene
compared to the 25% ZSM-5 additive. Figure 10 illustrates that the high zeolite content
catalyst not only has substantially the same activity for producing ethylene on an equal
ZSM-5 (=Z5SM) basis, but also has higher activity for ethylene on a catalyst basis. These
figures indicate that the high zeolite content catalysts offer significant advantages for

refiners seeking to enhance ethylene yields.
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Exanple 14. Attrition and Activity versus Ml ar Ratio of Phoshortgl PQ .and
Total Alum na Additives were prepared according to the inventioﬁ u@iﬁn@]fhe
anounts of conponents indicated in Tables 10, 11, and 12. The additives

were prepared using the preparation -m8t-hods described in Exanple 1. As

indicated in the tables, the nolar ratio of phosphorus (neasured as P,Q)
to total alumna was varied for additives conprising 60, 70 and about 80%

ZSM 5. Catal - risi ng..t. . i pei '
Compr i s ggg}é’uﬁt; 3, RERBLA R RS FQTRRADE N 3ic/o2 2 hSHm'PnoTég@ég: dég dbe' ow

al um na. Total Alumina

Additives were prepared according to the invention using the amounts of
components indicated in Tables 10, 11, and 12. The additives were prepared using the
preparation methods described in Example 1. As indicated in the tables, the molar
ratio of phosphorus {measured as P,0;) to total alumina was varied for additives
comprising 60, 70 and about 80% ZSM-5.

Catalyst R-W comprising the components indicated in Table 10 below
comprise 60% by weight ZSM-5 and either 7% added alumina or 9% added alumina.
Catalysts X-Z are comparison catalysts which comprise more than 10% added
alumina, i.e., 15% by weight added alumina. The propylene yields for each of the
above-mentioned catalysts were measured. These results show that even though the
comparison catalysts had suitable DI attrition numbers, they did not benefit from the
invention’s higher activities. These examples ijlustrate the advantage of catalysts
comprising about 10% or less added alumina.

Catalysts AA-CC of Table 11 comprise 70% by weight ZSM-5. These
examples illustrate modifying the molar ratio of phosphorus to total alumina in order
to obtain suitable DI attrition, as well as maximize activity for the particle.

Catalysts DD-GG are additional examples of the invention comprising about

75-80% by weight ZSM-35.



Catal ysts X-Z are conparison catalysts which conprise nore than 10% added
alumna, i.e., 15% by wei ght added al um na. The propyl ene yields for each
of the above-nentioned catal ysts were neasured. These results show t hat
even though the conparison catalysts had suitable DL attritionl hdibedls,
they did not benefit fromthe inventiomX- higher activities. These
exanples illustrate the advantage of catal ysts conprising about 10% or
| ess added al um na. |[Catal ysts AA-CC of Table 11 conprise 70% by wei ght
ZSM5. These exanpl gsili | | ustrate popdifying theSmdlGaeo ratj o @f phosphorus to
total alumna in order gozqbtainSsuitable gt S ond aswel | as
maxi m ze activity fgr the particle. Catalysts DD-GG are additional exanples
of the invention coprising about 75-80% by weight ZSM5. 2 9 AUG 2003 32
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Formulation

ZSM-5

P,0O;

AlLO,

Clay

Aluminum chiorhydrol
Total

Physical Properties
2hrs@1000F
Dl

ALO,, wt%

P,Os Wi%

Si0,, W%

Molar P,04/Total ALO,

SA, milg

Propylene Yield Relative to
OlefinsMax

Compared on an Equal ZSM-5
Level

(oy ('y - T-

Table 11

AA

70
9
2

13
B

100

40
21.34
11.51
65.83

0.39
217

48%

r n--

rl~ Nr-

(NNNLOC NNNco co O O00ON
O N~ (DC NNrno~ 0V CON

(ONNO 0 CO

r cocoNU) p)Ag[pgm(D

r CDr

8B

70
11

11

100

16
19.02
11.79
67.46
0.45
238

63%

CDONCDcoto (OONCT
NO(.OfNC CD

cC

70
13

100

17.93

14.22

80.88
0.57

234

63%
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Table 12

10

CO6 to

Formulation DD EE FF GG
ZSM-5 79.5 78 76.5 79
P.0Oq 12.5 14 155 14
AL O, 3 3 3 2
Aluminum chlorhydroi 5 5 5 5
Total 100 100 100 100
Physical Properties

2@1000

DI 0 3 0 0
ALO,, wt% 14.42 13.38 12.64 11.42
P,0s, wt% 13.96 14.53 15.54 14.67
SiO,, wt%e 67.88 71.05 67.42 69.6
Molar P,Qs/Total Al,O, 0.70 0.78 0.88 0.92
SA, mig 246 248 221 243
Propylene Yieid Relativerto - - - 100%

OlefinsMax Compared on an
Equal ZSM-5 Level

Example 15. Atirition of Prior Art Additive

An example of a catalyst described in WO 98/41595 was reproduced to
determine its attrition.

To an aqueous slurry containing 1.497 g of ZSM-5 (26:1 molar ratio of Si0, to
Al,O,) (dry basis) and 5.533 ¢ of water was added 1.122 g of clay (dry basis), 449 ¢ of
phosphoric acid (86.2% H,PO,). 823 g of an aqueous alumina slurry containing 12.4%
by weight alumina (Condea) with 0.2 parts formic acid added per part alumina. and
2,498 g of a 40% Nalco silica sol. The resulting siurry was mixed until smooth and

homogeneous. The slurry was then spray dried in a Bowen spray-drier at an outlet



Tabl e 11 Formul ati on AA88CC ZSM 5707070 P20591113 A1203222 Cl ay13119
Al um num chl or hydr ol 666 Tot al 100100100 Physi cal Propert es 2hrs@000F
Dl 40167 A1203, wt %21.3419.0217.93 P205, wt9%i1.5111.7914.22 Si2

Wt %65. 8367. 4680. 88 Mbl ar P205 Total A12030.390.450.57 SA, nelg2173346 Al
Propyl ene Yield Relative to48%33%33%0 efnsMax Conpared on an Equal ZSM5
Level 2 9 AUG 2003 34 Table 12 For nul-2ri"onDDEEFFGG ZSM 579. 57876. 579
P20512. 51415. 514 Al 2033332 Al um num chl or hydr ol 5555 Tot al 100100100100

temperature of 350°F. The resulting spray dried product was then air calcined for two

hours at 1000°F and analyzed for ICP, t-plot surface area and DI attrition.

Physical Properties
2 hrs. @ 1000°F

Di 61
AL, wi.% 17.05
P203, Wt.% ?.33
Si0,, wt.% 73.74
Total Surface Area 152

The results above indicate the difficulty in obtaining suitable attrition resistant

materials when preparing zeolite content catalysts.



Physi cal Properties 2@000 DI 0300 Al 203, w %d4.4213.3812. 6411. 42 P205,
wt %43. 9614. 5315. 5414. 67 Si 02, wt %%7.8871.0567.4269.6 Ml ar P205/ Tot al
A12030. 700. 780. 880. 92 SA, nR19g246248221243 Propyl ene Yield Relat%%%g$% 0%

A efi nsMax Conpared on an Equal ZSM5 Level Exanple 15. Attriti
Art Additive An exanple of a catal yst described in WO 98/41595 was
reproduced to 5 determne its attrition. To an aqueous slurry containing
1.497 g of ZSM5 (26:1 nolar ratio of SiQ to Al,03) (dry basis) and 5,533
g of water was added 1,122 g of clay {#ry basis), 449 g of phosphoric acid
(86.2% H PO, ). 823 g of an aqueous alumna slurry containing 12.4% by

wei ght alum na (Condea) with 0.2 parts formc acid added per part al um na,
and 10 2,d%hsg of a 40% Nal co silica sol. The resulting slurry was m xed
until snooth and honbgeneous. The slurry was then spray dried in a Bowen
spray-drier at an outlet 2 9 AUG 2003 35 tenperature of 350F. The resulting
spray dried prQdaelysivhsviid @iphaittritionl redistade faod highOactiivurisr atefit OfGFicaomd

anal yzed for I CP, t-plot surface area and D1 attrition. Physical Properties
2 hrs. @"HBOEM® 61 A1203, wt.%l7.05 P203, w.%.33 Si02, wt.%3.74 Tota
Surface Areal52

i or

(a) about 30 to about 85% by weight zeolite having a constraint index of 1 to 12,
(b) a binder having about 6-24% by weight phosphorus, measured as P,Os, based on
the weight of the catalyst, and added alumina in an amount ranging from about 5
to about 10% by weight of the catalyst, and being formed by the reaction of the
added alumina and phosphonc acid,
said catalyst further comprising a molar ratio of phosphorous to toal alumina sufficient to obtain a
Davidson attrition index for the catalyst equal to or less than about 20 and a total alumina content

of less than about 30% by weight.

2. A catalyst according to claim 1 comprising greater than about 60 to about 85% ZSM-3.

3. A catalyst according to claim 2 wherein the phosphorous (P,Os) to total alumina molar

ratio is at least 0.2 to about 1.9.

4. A catalyst according to claim 3 wherein the catalyst has an attrition index of about 10 or
less.

5. A catalyst according to claim 1 comprising about 30 to about 60% ZSM-5.

6. A catalyst according to claim 5 wherein the molar ratio of phosphorous to alumina is

about 0.2 to about 1.0.

7. A catalyst according to claim 1 further comprising clay.

g. A catalyst according to claim 6 wherein the catalyst has an attrition index of about 10 or

less.



The results above indicate the difficulty in obtaining suitable attrition
resistant materials when preparing zeolite content catalysts. 2 9 AUG 2003
-36 Clains: 1. A catalyst having high attrition resistance and hizghﬁﬁ 0
activity for olefin production conprising (a) about 30 to about 5J"b§9

wei ght zeolite having a constraint index of Ito 12, (b) a binder having
about 6-24% by wei ght phosphorus, neasured as P2Cb, based on the wei ght of
the catal yst, and added alumi na in angnmount ranging fromabout 5 to about
10% by wei ght of the catalyst, and being forned by the reaction of the
added al um na and phosphori c acid, said catal yst further conprising a nolar
rati o of jphosphorous jn a Davidson.

p uf f
attrition i nd&PfP%er‘s {0 %re%aéltnéla%sggwgmuoéll %Stdn%a ﬁhg’t Om lgrl%about 20 and a total
al um na cont en) ofprdpasﬁlgtzhanrrﬁholupns:&@?/adoytcvlﬂwggta. ccihstra@ntcxaﬂal y5t tadéor di ng

to claim1 conprisi reat er thnaout 6 0 8°/ZSIV+5

cat al yst accordi ng PF%PE?%%{ ‘?eélr e % 3&’8&“& ?Ag{?g pygs) P8 %S‘tlfﬁ

alum na nol ar ratit® absutat0% @fSweight2oft e ab@lutveibhO of 4he Anﬂartaadl_\);lsstandi(lhmr di ng
to claim3 whereinéhe catal yst has.an attriti nrndex of 63%9% o | ess.
5. A catal yst accoP8PREPTIRH HiPFSFI! &b AH PP h S TEBHN O BEPVI%s y@’@% 28!\45

6. A catal yst aCCOrpdbslﬁﬂorb& gkauFad 2s l?yﬂ)?r;ﬁithla finfleat@bidindr at i o of phosphorous
to alumna is about 0.2 to about, 1.

A cat al ccordin clajml
further conpri®ng SE‘I%)?‘"Y‘% amcalcipigp %re%tlf’@r gi‘ﬁ’g%t%o‘g’lcﬁrarﬁagl Er“é1 ah’ % he
catal yst has an at th'éhhg @'Dllaﬁﬁ% Ricafyaultto b9 194 tHa@ 96 an@ hiAUGIAAN Rz 9. A
process for preparing a high tri t| on resistant catal yst conprising: (a)
preparaing a sl urr%o%%‘ﬁﬁﬂeéﬁthﬁlaféﬁp t/g’yh‘éf’vghhg a constraint index of 1 to
12, phosphoric acid and added al um na, wherein the added alumina is from

about 5 to about 10% by, wei ght of the tot the fi cat al yst
and the 10 A process acocordmg to gaerwheer the Zefﬁltﬁl\,\% g/pga J is present %n tﬁe amoun{a y

of about 30 to about 85% of the total weight of the final catalyst.
11. The product prepared by the process of claim 9.

12, A process for chemically and catalytically reacting a hydrocarbon feed comprising

contacting the feed at catalytic reactive conditions with the catalyst of Claim 1.

13. A process according to claim 12 wherein the catalyst comprises greater than about 60 to

about 85% ZSM-5.

14, A process according to claim 13 wherein the catalyst consists essentially of components
(a) and (b).
15. A process according to claim 12 wherein the catalyst comprises about 60 to about 70%

by weight ZSM-5.

16. A process according to claim 12 wherein the catalyst comprises about 40-60% by weight
ZSM-5.
17. A process according to claim 13 wherein the phosphorous to total alumina ratio is about

0.2 to about 1.9 and the catalyst has an attrition index of about 10 or less.



phosphoric acid is present in an anount sufficient to provide 6-24% by

wei ght phosphorous, neasured as P205, in the final catalyst; and (b) spray
drying an calcining the resulting slurry to produce a parti cul ati cgbékﬂ\ﬁt
having a DI attrition index equal to or less than 20 and havi ng %
alumna content of |ess than about 30% by weight. 10. A process according
to claim9 wherein the zeolite is ZSM5 and is present in the amunt of
about 30 to about 85%of the total weight of the final catalyst. 11. The
product prepared by the process of cl-@8m 9. 12. A process for chemically
and catalytically reacting a hydrocarbon feed conprising contacting the
feed at catalytic reactive conditions with the catalyst of Claiml1l. 13. A
process d&cor di prgcdspacchrdingtd daiwhisrvdierent theplogthatops to teteirmisestigiedti®st t han
about 60 .tQq.  abo 85% ZSM:5. . 14. A. process. ac di to claim13 wherein
the cat aloy4§tt°%?5’h‘§f'gf“§dt %%aéwsfléaslagﬁa@ftge&%’b?{eaﬁ?”g%f’bl;'g%and (b). 15. A process
according to claim 12 wherein the catal yst conpri ses about 60 to about 70%
by wei ght ZSM5. 16. A process according to claim12 rein the catal yst
conpr i sedabodt PREESEBAIHTE U?/e‘i?@ll"?tal6 8GNt e@".”%“ﬂ’ﬁé%@?ﬁqg’%@rrﬂp?l& aEé’BmcI ai m
13 wher eigrestihgboRhe S RAMRAO %! §s0hds @h adritidh iH¥NS abalti10 of Bssabout 0.2 to about
1.9 and the catalyst has an attrition index of about 10 or less. 2 9 AUG
2003 -38 18. A process according to claim 15 wherein the phosphorous to
total al vgl na A gbiQs ictording k@S 12QvAR I B RRBYE fuhh & BAFrichelagat al yst has an
attrition index of about %0 or less. 19. A process acording to claim 16
wherei n the phosphorous to total alumna ratio is about 0.25 to about 0.7
and the oat al yshohdsaRitd@k td ¢iki0n e onthisinp Ridbvelil QhyibRSHid/oPPropfledl 0OCESS
according to claim 12 wherein the additive further conprises clay. 21. A
process aO8oRHinigFeto claim 12 further conprising recovering ethyl ene and/ or
propyl ene fromsaid process. 22. A process according to claim 12 wherein
the process is fluidized. 23. A process according to claim?22 wherein the
process 23 f| u} BPsstiaceRftiag {a lamcl2adrichghorrocerfyig nidtbhons.

23, A process according to claim 22 wherein the process is fluidized catalytic cracking of
hydrocarbons.
24, A catalyst composition comprising a large pore aluminosilicate and 0.1 to about 90

weight % additive comprising

(a) about 30 to about 85% by weight zeolite having a constraint index of 1 to 12,

(b a binder having about 6-24% by weight phosphorus, measured as P,Os, based on
the weight of the total additive and added alumina in an amount ranging from
about 5 to about 10% by weight of the total additve,

said additive further having a molar ratio of phosphorous to toal alumina sufficient to obtain an
attrition index for the additive equal to or less than about 20 and a total alumina content of less

than 30% by weight.

25. A catalyst according to claim 24 wherein the additive comprises greater than about 60 to

about 85% ZSM-5.

26. A catalyst according to claim 25 wherein the additive consists essentially of (a) and (b).



24. A catal yst conposition conprising a |arge pore alumnosilicate and 0.1
to about 90 weight % additive conprising (a) about 30 to about 85% by

wei ght zeolite having a constraint index of Ito 12, (b) a binder q§gin
about 6-24% by wei ght phosphorus, neasured as P205, based on the A 1005 f
the total additive and added alum na in an anmount ranging from about 5 to
about 10% by wei ght of the total additve, said additive further having a
nolar ratio of phosphorous to toal alumna sufficient to obtain an
attrition index for the additive equat3%o or |ess than about 20 and a total
al um na content of less than 30% by weight. 25. A catalyst according to
claim 24 wherein the additive conprises greater than about 60 to about 85%
ZSM 5. 2627 A chratelysttacemrdiog thi sigmt X wlieaiinmb2 Sdditrer @nmpritdhabaddi té Weucedtsi st s
essentiaJ%%ﬂgf (a) and (b). Z 9 AUG 1003 -39 27. A catalyst according to
claim 24 erein the additive conprises about 30 to about 60% ZSM5. 28, A
catal yst according to claim?24 wherein the additive has an attrition index

of | ess than 0.. 29. A catal yst .accordin claim?2 wherein the catal yst
consi st s %331? esé 8?]?13%?' a'cg})rc?lg:s %a%ﬂm(%)v?hcre?n thg aglé)ltive has an attrition index of less than y
10

29. A catalyst according to claim 2 wherein the catalyst consists of essentially (a) and (b).



