WO 2005/ 123252 PCT/ US2005/ 018019 -1 FCC PROCESS USI NG M ESOPCROUS CATALYST
'FIELD OF THE | NVENTI ON [ 0001] The invention relates to a catal yst
conposition or catalyst, a nethod for making a catalytic catalyst

precur sor w@2omsititzad2 f or maki ng a catal yst conposition opcgalsadogsiseifnd a
catal ytic cracking process. [0002] Particularly but not exclusively, the

I nvention relates to nesoporous catalytic cracking catalyst, a process for
t he production of such catalysts, and a process utilizing such catalysts in
cracking operations, and nore in particular, the invention relates a
mesoporous fluidized catal ytic crackinglcatal yst selective for mninizing
the production of coke and light gas, a process for the production of such
catal yst, and a process utilizing such catalyst in fluidized catalytic
-cracki ng operati opFCCHREEESNVUSINGHMESNPOROWS 0Q0BA1GE®! ytic cracki ng,
notably fluidized Catarytic cracking ( FCC ), IS a conventional (i.e., well
known) process for converting higher average nol ecul ar weight, higher

*boi l i ng hydrocarbons to nore val uabl e, | ower average nol ecul ar weight,

| ower boifIﬁbéhiﬂiﬂgiﬁiﬂﬂlﬁﬂﬂlﬂéﬂﬂroducts are useful as fuels for
transportation, heating, etc. In the process, the conversion step is usually
conducted by contacting a hydrocarbon feedstock, e.g., a heavy gas oil,

wi th a nol008d] bedtef invpation telhtes 4o eaatalysitcompasiteors abeatalytst,sd mathwehfoe of

hydrogen at_el evateditenperatures. [0004] The FCC process is cyclic and
i ncl udes, MREME a%tag@l,c GHYNFERIECYBABS 16 odcfgkranajgng ALY BIRIMRREHNAR si on,

steam stri i and catal vst _regeneration. In the WO 2005/ 123252
PCT/ US200%) G836 20d 3 CRISINIR crackifig Brotess.

(

[0002] Particularly but not exclusively, the invention relates to mesoporous
catalytic cracking catalyst, a process for the production of such catalysts, and a
process utilizing such catalysts in cracking operations, and more in particular, the
invention relates a mesoporous fluidized catalytic cracking catalyst selective for
minimizing the production of coke and light gas, a process for the production of
such catalyst, and a process utilizing such catalyst in fluidized catalytic cracking

operations.

BACKGROUND OF THE INVENTION

(_ [0003] Catalytic cracking, notably fluidized catalytic cracking ("FCC"), is a
conventional (i.e., well known) process for converting higher average molecular
weight, higher boiling hydrocarbons to more valuable, lower average molecular
weight, lower boiling hydrocarbons. The products are useful as fuels for
transportation, heating, etc. In the process, the conversion step is usually conducted
by contacting a hydrocarbon feedstock, e.g., a heavy gas oil, with a moving bed of

particulate catalyst in the substantial absence of hydrogen at elevated temperatures.

[0004] The FCC process 1s cyclic and includes, for example, separate zones for

catalytic feedstock conversion, steam stripping, and catalyst regeneration. In the



cycle, feedstock is blended with the FCC catalyst in a catalytic reactor,
typically a riser reactor, for catalytic conversion into products. Lower
boiling products are separated fromthe catalyst in a separator, e.g., a
cycl one sepdy W092328nd deactivated catalyst is conduct edr@BUS208%/018per and
contacted with steamto renove entrai ned hydrocarbons; the latter can be
conbi ned with vapors fromthe cyclone separator, and both can be conducted
away fromthe process. Stripped deactivated catalyst contains a

car bonaceous residue, called "coke". Stripped catal yst recovered from the
stripper is conducted to a regenerator, '3.'9., a fluidized bed regenerator,
and contacted with a conbusting gas, e.g., air, at elevated tenperature to
bum of f the coke and reactivate the catal yst. Regenerated catalyst is then
bl ended wi thclehfeedstoekids blekdedwth the ROE catadpst.in aiipdlotic eadtdie typichiky a[ 0005]
I n continuous, cyclic operation, exotherm c coke conbustion in the

r egener at orisprr rgactpesfontcatadyise conyeosivh dntogirotihetsh datwerdmiling produdisszence t he
endot herm ¢ feedstock cracking.in the reactor. However, the presence of coke
beyond t hagcpasaiedSmm theea iha separatorse-gn dciclons) separaton anddeactivaigd

feedstock h bon i tal yst coke di minishes t tity.of
nydr ocar bof BRI St B A FrPpdrind el B SCIRLRTPNG AABHE & need
f t al - ' it

broduct o bayafdcalborky fTalttete bERBRAAY Ffih SapBlibin the ByelHRORIR |
those descph@®dth farbScomiicted abay from 2 pftBsar StrRfpe@deatByited chRdgigt ock

conversion into high val ue hydrocarbon products, such as |ight ol efins.
Such cat al yentinsaw earbbrackesis redidee, ratipé 'cokd"h Btripped eaial yb kgcdviegdd frahml yst
coke | evels are avojded in FCC operation. However, such catalysts contain a
nesopor ous the strippenisinenductedttpiacegenaraior f ¢. gmasilnidizedhwdsregpagratarnardi r abl y

add to the expense of catal yst production. reover, conventi.onal |s are
3G di 0, - an@oMBEIO T8 AGOPDYRE B C £ A0 7t SV ERH TePEI A OdBIL et s
such as VO 20024 t8acnatethe lé%?a(f?s?/ ﬂ%gque?ated catalyst is then blended with the

feedstock entering the riser, completing the cycle.

[0005] In continuous, cyclic operation, exothermic coke combustion in the
regenerator provides at least a portion of the heat required to balance the
endothermic feedstock cracking in the reactor. However, the presence of coke
beyond that necessary for heat balance is undesirable since converting feedstock
hydrocarbon into catalyst coke diminishes the quantity of hydrocarbon products
obtained from the feedstock. There is therefore a need for catalysts that selectively

make a greater quantity of hydrocarbon products but less catalytic coke.

[0006] Mesoporous FCC catalysts, such as those described in U.S. Patent No.
5,221,648 are effective for feedstock conversion into high value hydrocarbon
products, such as light olefins. Such catalysts have the desirable property that
undesirably high catalyst coke levels are avoided in FCC operation. However, such
catalysts contain a mesoporous silica-alumina matrix formed from silica sols that
undesirably add to the expense of catalyst production. Moreover, conventional sols

are acidic, and, consequently, can undesirably affect catalytic constituents, such as



-3 zeolite, during catal yst synthesis. There is therefore a need for

| nproved nesoporous catal ysts. SUVMARY OF THE | NVENTI ON [ 0007] According to
enbodi ments of the invention there are provided a catal yst conposition or
cat al yst, won®ishoskstor naki ng a catal ytic catal yst precursgryszesomsihod for
maki ng a catal yst conposition or catalyst, and a catal ytic cracking process
as defined in any of the acconpanying clains. [0008] In an enbodi nent, the

i nvention relates to a conposition or catalyst conposition or catalyst,
conprising at |east one anorphous, porous matrix, each matrix having pores
ranging in dianmeter from1l Ato 10 A and3pores ranging in diameter from 40
Ato at |east 500 A, wherein in the pore range from50 Ato 250 A, there is
a single maximumin differential pore volume distribution over the 50 A to
250 A 1 angseolilé)aiutiigl datalyBosyaehesisi There intvrefoosia et ifbyimprovedy be a bl end
of two or nore individual anorphous matrices provided that each matrix

i ndi vi dual ingsopureuscathlystdoove- noted di fferential pore vol ume distribution
‘requi rement. [0009] The catal yst conposition of the invention is highly
selective in the production of liquids, notably olefins, during fluid

catal ytic ' atl o ke make is | ow whereas the attrition
resi stanc oy ste—5—garte high in conparison to conventiona
mesopor ous FCC catal ysts. [0010] In an enbodi nent, the conposition's matrix
has a differential pore volunme as a function of matrix pore dianeter, and
this functfiggo7has Axcbrdih miridieentst the afiéntiol therehire pebAlkd akatategn 50 A
and 150 A. The integrate differential pore volune for matrix pores having
a di anet ercomgositéan ér datahydt, Homathad o0 0sakir® 2 SataP@i¢ CiHADAEPEBOAR, a - 4

( method for making a catalyst composition or catalyst, and a catalytic cracking

process as defined in any of the accompanying claims.

[0008] In an embodiment, the invention relates to a composition or catalyst
composition or catalyst, comprising at least one amorphous, porous matrix, each
matrix having pores ranging in diameter from 1 A to 10 A and pores ranging in
diameter from 40 A to at least 500 A, wherein in the pore range from 50 A to 250
A, there is a single maximum in differential pore volume distribution over the 50 A
to 250 A range. The matrix may be a single amorphous entity, or may be a blend of
two or more individual amorphous matrices provided that each matrix individually

meets the above-noted differential pore volume distribution requirement.

[0009] The catalyst composition of the invention is highly selective in the
production of liquids, notably olefins, during fluid catalytic cracking operations,
and coke make is low whereas the attrition resistance of these catalysts is quite high

in comparison to conventional mesoporous FCC catalysts.

[0010] In an embodiment, the composition's matrix has a differential pore
volume as a function of matrix pore diameter, and this function has 2 maximum
between 50 A and 250 A, preferably between 50 A and 150 A. The integrated

differential pore volume for matrix pores having a diameter between 1 A and 10 A



cannot be distinguished fromthe pore volunme in zeolites typically used in
the application. Thus, it is not feasible to estinate the pore vol unes for
pores below 10 A because one cannot distingui sh between the pore vol une of
t he mat ri x vamenoshzszs2 of the zeolite. The integrated naxi npoTsteeseEouwe for
the volune of matrix pores having a dianeter between 10 A and 40 A is |ess
than 0.03 cc/g, preferably less than 0.01 cc/g, nore preferably |ess than
0.006 cc/g. [0011] In another enbodinent, the invention relates to a nethod
for making a cracking catalyst precursor conprising: (a) conbining water,
at |east one nolecul ar sieve, at |east orfe-al uninum hydroxi de or al uni num
oxyhydroxi de, at |east one clay, at |east one wurea conpound having the
formula X | | RIRZN - C - NR3R4 where R1, R2, R3, and R4 are individually H

or Cl to Caphisibe &ﬁﬁnél(.d'bs?e%g‘#gi tHe S6reONIHIRE in 2861i8t 1y siaslly ase] phgphate o

forma first mxture; ining the first mxture with sufficient
aqueous al kepplication.| Tl & is abtiféastble to ésiimate thé poreyvolaniesdorn ppidsheldwdiOent
to prevent gellation of the aqueous alkaline silicate solution; (c) drying
t he sl urry Atbegageyinecananpdistinguish bstwegnihe poae ¥plunoe pbtha matrix asd thail i d,
said solid ferably _conprising ammoniumsilicate, alkali silicate and
alkal | car borae deolies Fhe shsBrAte maREpmpore salume for the NRHImERTHPARBPRRES or
al um num oxyhydr oxi. de_an r..Sq ;. 05 2 PCE/ 018019
%5y conthaviig 3 ShaReRr Lot Harkl A0S 1EaRaR Ol LM BB i ¢ on

than 0.01 cc/g, more preferably less than 0.006 cc/g.

[0011] In another embodiment, the invention relates to a method for making a

cracking catalyst precursor comprising:

(a) combining water, at least one molecular sieve, at least one aluminum
hydroxide or aluminum oxyhydroxide, at least one clay, at least one
urea compound having the formula

X
RiR,N - C - NR;R,

where R; Ry R3 and Ry are individually H or C, to C, alkyl and X is

sulfur or oxygen, and at least one phosphate to form a first mixture;

{b) combining the first mixture with sufficient aqueous alkaline silicate
solution to form a sturry having a pH sufficient to prevent gellation of

the aqueous alkaline silicate solution;

(¢) drying the slurry at a drying temperature to remove water to form a
first solid, said solid preferably comprising ammonium silicate, alkali
silicate and alkali carbonate, urea compound, clay, at least one

aluminum hydroxide or aluminum oxyhydroxide and molecular sieve;



conprising one or nore mneral acid, preferably sulfuric acid, alum num
salts of mneral acids such as alum numsulfate, and/or ammonium salts of

m neral acids such as amonium sul fate, to form the catal yst precursor, the
catal yst pwecwosoi2davi ng a |ower concentration of al kal pefptabseRiRared to
the first solid. [0012) In another enbodinent, the invention relates to

maki ng catal yst fromthe catalyst precursor conprising the further steps of
(e) conmbining the catalyst precursor with water and a second, independently
sel ected i on exchange conposition conprising one or nore mneral acid such
as sulfuric acid, aluminumsalts of mner’al acids such as al umi num sul fate,
and/ or ammonium salts of mneral acids such as amoni um sulfate, to form an
i on- exchanged catal yst precursor having a | ower concentration of alkali

met al conpar ed t ']-f]ﬁ.% et iR W At sy 3 L e

I on- exchanged cg®al yrs&t&%ﬁr ec r@g?‘ at a teﬂrrgggiéﬂ?lééAl?g%?%%ia?ggﬁs%(%ﬁ{og 850C

for a cal cination ti @@nipisiRKené or &RIre niiadral e, prBAtle dulfadio by it
precursor; and (g) contacting the cal cined, ion-éxchanged catal yst precursor

with steam at a tenpbminone salimgf mindrabaidSaclt as Aafininmrsulfase, emdiorg ti me.
A preferred steaming tine is 4 to 48 hours. The steam ng deactivates the
cracki ng catal yst an@BDausg salts pfaminesak acids sush asrmmesiwmg suifate, tefamni t

whi ch runs at signifi,cant|l ower wat er ssures for. a. nmuch | onger tine.
VO 2005/ 123252 PCT/ ugfoﬁ%tﬁé’fgﬁﬁmﬁ% Py PRI A YiRg SdRMSEI nent, 1t he
invention relates to.gnCaflihn &t AKAF KA compared to the first solid.

( [0012] In another embodiment, the invention relates to making catalyst from the

catalyst precursor comprising the further steps of:

(e)  combining the catalyst precursor with water and a second,
independently selected ion exchange composition comprisinzg one or
more mineral acid such as sulfuric acid, aluminum salts of mineral
acids such as aluminum sulfate, and/or ammonium salts of mineral
acids such as ammonium sulfate, to form an ion-exchanged catalyst
precursor having a lower concentration of alkali metal compared to

the first and second solids;

——

(f)  calcining the ion-exchanged catalyst precursor at a temperature
ranging from 250°C to 850°C for a calcination time to make a

calcined, ion-exchanged catalyst precursor; and

(g) contacting the calcined, ion-exchanged catalyst precursor with steam
at a temperature ranging from 650°C to 850°C for a steaming time. A
preferred steaming time is 4 to 48 hours. The steaming deactivates
the cracking catalyst and simulates the deactivation in a comumercial
FCC unit which runs at significantly lower water pressures for a

much longer time.



process, conprising contacting a hydrocarbon feedstock with a catalytically
effective anobunt of a cracking catal yst under catal ytic conversion
conditions, wherein the cracking catalyst conprises zeolite and an

anor phous, wibr@ss23sd ri X havi ng pores rangi ng i n di anet epcfoerodoB®oeio 10 A
and pores ranging in dianmeter from40 Ato at |east 500 A, wherein in the
pore range from50 Ato 250 A thereis a single maximumin differential
pore vol une distribution over the 50 A to 250 A range. [0014] In another
enbodi nent the catal ytic conversion conditions include a tenperatures of
from 450C to 700C, a hydrocarbon partial-fressure of from10 to 40 psia (69
to 276 kPa), a cracking catalyst to feedstock (wt/wt) ratio of from3 to
100, where catalyst weight is total weight of the cracking catalyst, a
pressure ranging from atnospheric pressure to 45 psig (411 kPa), and a
feedstock residence time of from0.1 to 20 seconds. [0015] In a further

enbodi ment ,[0018] cr At ketghothértdibodihfentgte idyention) retaediod GﬁallﬁicﬁlfraclahF' east
one nol ecular sieve, at |east one alum num hydroxide, at |east one clay,

urea corrpomrdce&n@bmpnbmgsﬁtondmémgrﬂ*ﬂamhbearboncfeédstmlawﬁﬂmr&tataiyxmaﬂye sai d
urea corrpound having the  fornul a: R1IR2N -. C - NR3R4 where R1, R2,
R3, a" a R@fﬁﬁc@Vp AEHOHTY @4 12| oFagling caiallys@ Bﬂ@f %W(MICMV%SM? ceaflitions,or

oxygen; 051 123252 .RPCT/ US2005/ 018019 conbining the first .m xture
with suffi c‘iV Soneking I?&Ysaf COmpriSes %3011“" bl o amorphous, porous matrix

havmg pores ranging in diameter from 1 A to 10 A and pores ranging in diameter
from 40 A to at least 500 A, wherein in the pore range from 50 A to 250 A, there is
a single maximum in differential pore volume distribution over the 50 A to 250 A

range.

[0014] In another embodiment the catalytic conversion conditions include a
temperatures of from 450°C to 700°C, a hydrocarbon partial pressure of from 10 to
40 psia (69 to 276 kPa), a cracking catalyst to feedstock (wt/wt) ratio of from 3 to
100, where catalyst weight is total weight of the cracking catalyst, a pressure
ranging from atmospheric pressure to 45 psig (411 kPa), and a feedstock residence

time of from 0.1 to 20 seconds.
[0015] In a further embodiment, the cracking catalyst is made by:

(a) combining water, at least one molecular sieve, at least one alufninum
hydroxide, at least one clay, urea compound, and at least one
phosphate to form a first mixture, said urea compound having the
formula:

X

RiR;N - C-NR3R,

where R; Ry Rj ang R4 are individually H or C; to C,4 alkyl and X is

sulfur or oxygen;



solution to forma slurry having a pH sufficient to prevent gellation of

t he aqueous al kaline silicate solution; (c) drying the slurry at a drying
tenperature to renove water to forma first solid; (d) combining the first
solid w t hyapdogs1 356k an i on exchange conposition conpri SpRfusngssesyor € of
sul furic acid, alum numsulfate, and/or amoniumsulfate, to forma

catal yst precursor, the catalyst precursor having a |ower concentration of
al kali. nmetal conpared to the first solid; (e) conbining the catalyst
precursor with water and a second, independently selected ion exchange
conposition conprising one or nore of sdlfuric acid, alum num sulfate,

and/ or ammonium sul fate, to forman ion-exchanged catal yst precursor having
a lower concentration of alkali metal conpared to the first solid and

catal yst precursor; (f) calcining the ion-exchanged catal yst precursor at a
tenperature ranging from 250C to 850C for a calcination tine to nake a

cal ci ned, i on- egphangggbimhglthis firgtreixsiorith suffidiet ARRbas hlkatinkRHicasd ci ned,
i on- exchanged catal yst precursor with steam at a tenperature ranging from
650C to 850C for a stelationdotforme a shivphaoity 4 pHxmEfiEient tspreshogdiition ofs
order to meke the cracking catal ){_st, .wWherein the preferred steamng tine is
4 to 48 hours. BRI EFtloEspropypisdlioe silRiOAWINGS [ 0016] Figure 1 is a plot
of the differential mercury pore volunme (dV/dD) vs.

(¢)  drying the slurry at a drying temperature to remove water to form a

first solid;

—~~

(d) combining the first solid with water and an ion exchange composition
comprising one or more of sulfuric acid, aluminum sulfate, and/or
ammonium sulfate, to form a catalyst precursor, the catalyst precursor
having a lower concentration of alkali metal compared to the first

solid;

(¢) combining the catalyst precursor with water and a second,
independently selected ion exchange composition comprising one or
more of sulfuric acid, aluminum sulfate, and/or ammonium sulfate, to

( form an ion-exchanged catalyst precursor having a lower
concentration of alkali metal compared to the first solid and catalyst

Precursor;

(f)  calcining the ion-exchanged catalyst precursor at a temperature
ranging from 250°C to 850°C for a calcination time to make a

calcined, t1on-exchanged catalyst precursor; and

(g) contacting the calcined, ion-exchanged catalyst precursor with steam

at a temperature ranging from 650°C to 850°C for a steaming time in



pore dianeter for catalyst matrix between 40 and 10000 Angstrons. [0017]
Figure 2 is a plot of integrated differential nmercury pore volune vs. pore
di anet er between 40 and 500 Angstrons for catalyst nmatrix. [0018] Figure 3
is a plot o02W3/tB252s. pore di aneter show ng the extrapol BET/GSR00H18HIOr e

vol une for pores in the 10 to 40 Angstromrange. [0019] Figure 4a is a plot
showi ng a conparison of coke make vs. 221C plus coke nake for the base
case conparative catal ysts vs. catalysts of the invention. [0020] Figure 4b
is a plot showi ng a conpari son of coke ngke vs. 221C plus coke nake for
commercially available catalysts vs. catalysts of the invention, [0021]
Figure 5 is a plot showing a conparison of the coke yield normalized to
renove the influence of conversion vs. 221C plus coke nake for the base
case conparative catatystosmuke theatrathing catallysthwhereig e prefefréd22hmingur e 6a
is a plot show ng a conparison of dry gas make vs. 221 C + coke nmake for
the base case conpar &ithees ¢4e 4Boursys. catal ysts of the invention. WO

2005/ 123252 PCT/ U82005/ 018019 -9 [0023] Figure 6b is a plot showing a
conpari son of dry gas make vs. 221C coke nake for the commercially

avai l abl e ! [0024] Figure 7a is a
pl ot show coke conversion for
catal ysts of the invention vs. base case conparatlve catal ysts. [0025]
Figure 7b is a plot showi ng a conparison of propene make vs. 221-C + coke
conver si on [00162} he FeAFeHEri§ 'aa}ilbb’oiaﬁﬁéldlﬁbieﬁtlﬁﬁfr@wﬁy%)dté vohgha(dvIdDpis.t he
invention. [0026] Figure 8a'is a plot of dV/dD vs. pore dianeter show ng

t hat cat al ywire difmetehfor catalysti matrixadvetwaendQi amdn 0OOUANngstopms. pore di aneters
above 50 Angstrons. [0027] Figure 8b is a plot of dv/dD vs. pore dianeter
showi ng that the

[0017] Figure 2 is a plot of integrated differential mercury pore volume vs. pore
diameter between 40 and 500 Angstroms for catalyst matrix.

[0018] Figure 3 is a plot of dV/dD vs. pore diameter showing the extrapolation

of pore volume for pores in the 10 to 40 Angstrom range.

[6019]  Figure 4a is a plot showing a comparison of coke make vs. 221°C- plus

coke make for the base case comparative catalysts vs. catalysts of the invention.

[0020] Figure 4b is a plot showing a comparison of coke make vs. 221°C- plus

coke make for commercially available catalysts vs. catalysts of the invention.

[0021]  Figure 5 is a plot showing a comparison of the coke yield normalized to
remove the influence of conversion vs. 221°C- plus coke make for the base case

comparative catalysts vs. catalysts of the invention.

[0022]  Figure 6a is a plot showing a comparison of dry gas make vs. 221°C- +

coke make for the base case comparative catalyst vs. catalysts of the invention.



commercially avail abl e catal ysts have a | ocal maximumin the dVv/ dD pl ot
bel ow 60 Angstrons regardl ess of the severity of the steam ng. [0028]
Figure 8c is a plot of dV/dD vs. pore dianmeter showing that comercially

avai | abl e g@ by sdz2hen bl ended with other commercial ly apariahbgeisedt al ysts
fromthe same manufacturer has a local maximumin the dv/dD plot bel ow 60

Angstrons regardl ess of the severity of the steam ng. [0029] Figure 8d is a
pl ot of dV/dD vs. pore dianmeter show ng that catalysts of this invention
have a maxi numin the dv/ dD pl ot above 60 Angstrons and bel ow 80 Angstrons
unli ke the commercially avail abl e catal y$&s which have a local maxi mum

bel ow 60 Angstrons in all cases and may have a | ocal maxi num above 80
Angstroms in sone cases. WO 2005/123252 PCT/ US2005/ 018019 -10 DETAI LED

DESCRI PTI THE:{ l. i [ §0030] In
an enbodi m@]t hEF %gyégﬁgilgﬁlprléetl]%‘itoggﬁg%%ﬁﬁgﬁgﬁfﬁcﬁ&é@ i né:a‘%:%? %} y(gt 3-'
conposi ti Oﬁoﬁéﬁiﬁlde%ﬂﬁlé?é(ﬁﬁﬁie?&aﬂﬁta%ﬂéﬁlg Q%Tﬁtébé.ycdtﬂymrdﬂtﬁé tiventigh. and,
optionally, other reactive and non-reactive conponents. Mre than one type
of catalyst may be present in the conposition. Typically, the catalyst
conprises nmatrix and at |east one crystalline nol ecular sieve, said matrix
conpri si ng [8824leaskFigushéa i3 aplotshowing & compazisaniod propsngr wake s.ci21-°C +
oxyhydroxi de, and binder coll oids The qolecular si eve can he an

al uni nosi | FekE eonwrsignder catalysteof thenKepton & bagg easermupgelve ekt ween 3
and 15 Angstroms. The pore dianmeter also sonetines referred to as effective
pore di aneter can be nmeasured using standard adsorption techniques and

hydr ocar bo k oAl [ lifo di 8 L 4
Vol ecular - Nl ETTERH R sPE iy f oBfflfiian TR MR aRake HOPT T to)
( coke conversion for the commercially available catalysts vs. catalysts of the

invention.

[0026] Figure 8a is a plot of dV/dD vs. pore diameter showing that catalysts of

the invention have a maximum occurring at pore diameters above 50 Angstroms.

[0027] Figure 8b is a plot of dV/dD vs. pore diameter showing that the
commercially available catalysts have a local maximum in the dV/dD plot below 60

Angstroms regardless of the severity of the steaming.

( [0028] Figure 8c is a plot of dV/dD vs. pore diameter showing that
“ commercially available catalyst when blended with other commercially available
catalysts from the same manufacturer has a local maximum in the dV/dD plot

below 60 Angstroms regardless of the severity of the steaming.

[0029] Figure 8d is a plot of dV/dD vs. pore diameter showing that catalysts of
this invention have a maximum in the dV/dD plot above 60 Angstroms and below
80 Angstroms unlike the commercially available catalysts which have a local

maximum below 60 Angstroms in all cases and may have a local maximum above

80 Angstroms in some cases.



and the Atlas of Zeolite Structure Types, eds. W H Meier and DO H d son,
Butt erwort h- Hei neman, Third Edition, 1992. Mre than one type of catal yst
may be present in the conposition. For exanple, individual catalyst
particles neg2005anszmen | arge pore zeolite, shape sel ecti veczashedseisand

m xtures thereof. In addition to catalyst particles, the conposition may

al so include fines, inert particles, particles containing a netallic

speci es such as plati numand conmpounds thereof. [0031] In addition to
matri x and nol ecul ar sieve, the catalyst can further conprise netals such
as platinum pronoter species such as phd$phorous- containing species, and
species for inparting additional catalytic functionality (additional to the
cracking functionality) such as bottonms cracking and netals passivation.
Such an addp§ AR EPPDESCRIPTION WTBE!NWN?_%GNO“ ded, for exanple, by
al um num comtar ni . 05/018019 -11 [0032]
The inorganic matrix is a porous inorganic oxide matrix conponent for (i)

bi ndi ng thegzonpq*ﬁ@r@%&aq chae ¢hefivithe catalyst is attrition resistant
enough to rvi ' = ctor wal l coII|S|ons(|. Y
attrition resistance), and (ii) to provide a degree of size selectivity

Wi th respect to nol ecul es capable of cracking on or in the nolecul ar sieve.
The i nor gan[(036%i ddnmatembodimentdhemfeeritionmelategto, a aatalytivaracking catalyst sol ,
which is then dried. Conventional sols can be used. Exanpl es of

convent i onaFOEBPStIoA COMRIISING Fragking catafyst (\g@aelraﬂlarmtpﬂétwléi@unbnn@f sodi um
silicate and suliurl Cc aci lal um num subf ate sol ut{

| d
Shr buah an PRSOTLlh bR Tt A AU oAt mpangntsa Nogs than e 18Pa hee. cuch

material s sORAYSRKREHe et in A LomBOHH ThBRALE SRS [BbLNE o
t hose t hat ﬁﬁ&d@ﬁnﬂ%ﬂ%aﬁf She Et?@ta’llﬁi’&ﬁio%b&ir 8¢ said &Bﬁi@&&hbﬂkﬁgsd{qghs%s the
"Versal" series of alum num pSeudoboehm tes. Thé matrix

one clay, at least one aluminum hydroxide or oxyhydroxide, and binder colloids.

The molecular sieve can be an aluminosilicate, such as zeolite, having an average
pore diameter between 3 and 15 Angstroms. The pore diameter also sometimes
referred to as effective pore diameter can be measured using standard adsorption
techniques and hydrocarbons of known minimum kinetic diameters. See Breck,
Zeolite Molecular Sieves, 1974, and Anderson et al., J. Catalysis 58, 114 (1979),
and the Atlas of Zeolite Structure Types, eds. W. H. Meier and D. H. Olson,
Butterworth-Heineman, Third Edition, 1992. More than one type of catalyst may
be present in the composition. For example, individual catalyst particles may
contain large pore zeolite, shape selective zeolite, and mixtures thereof. In addition
to catalyst particles, the composition may also include fines, inert particles,

particles containing a metallic species such as platinum and compounds thereof.

[0031] In addition to matrix and molecular sieve, the catalyst can further
comprise metals such as platinum, promoter species such as phosphorous-
containing species, and species for imparting additional catalytic functionality
(additional to the cracking functionality) such as bottoms cracking and metals
passivation. Such an additional catalytic functionality may be provided, for

example, by aluminum-containing species.



Itself may possess catalytic properties, generally of an acidic nature, but
matrix catalytic activity is not required. In an enbodi nent, the matrix
conprises oxides of silicon and alum num The nmatrix can conprise nore than

one oxi de phas@sabPs: exanpl e, al um num oxyhydr oxi des-y- ay,g?;ugﬁ,wg%mﬁ te,
di aspore, and transitional alum nas such as a-alum na, a-alum na

y-alum na, 5-alumna, E-alumna, x-alumna, and p-alum na can be enpl oyed.

In a related enbodi nent, the alum na species is an al um num hydroxi de such
as gibbsite, bayerite, nordstrandite, or doyelite. The matrix material may
cont ai n phosphorous or al um num phosphaté]l -and while generally undesirable,
a small anmount of sodium The matrix nmay al so conprise clays such as

kaolin, bentonite, attapulgite, nontnorillonite, hectorite and pyrophyllite.
[0033] The catalyst in the conposition will now be described in nore detail.
The catal yst conprises matrix, said matrix conprising at |east one clay, at

| east one [032] NUThBYEG \;?&ﬁﬂenmqgﬁ@bﬂﬁﬂﬁhd%animﬁuﬂe Askerfix eGmbohéls fot (1) an

ramount ranging fromb5 percent to 100 wt. percent, preferably from8 wt.
per cent t o biriding thaEdAPORENLS RizBthePCT thaS et aly8I0ik AttritibA rpmtanﬂﬁnough%d on
the total weight of the catalyst, within which is dispersed a stalline
nol ecul ar SHB{Ee mter-aamélﬂom TeRetor WtaH@OHiﬂl@tﬁﬂl&r, aliTigen resistancs) y@l‘gﬂl itere

al um nosi | i cat.

nt | avl n
i 1T casto- PRI AdembiesS e it il esbectif andipedes AT A B lor s
ith di aneter f C of
et et AUNRCIA e ASgi BB %ﬁ&@f@m b com s
percent t0;QgoRRIcCRIMe sGIMNVhIBR S théd @&, %Mei]heﬁhl%ldogﬁ{ﬁ?ﬁé‘% ECOMt
based on the got al wei ght of the catal yst [ 0034] Under the IUPAC
f/r opor ousmieé iohal solp dichsde silithsol2 demveatDirdny thegeactiogh of vediuposidicsteiandt he 20

500 A ran As defined in this invention, the respective ranges are 1 A
to 10 A fosu cagdfaéemmmsolfwtetsohmons,e‘ah@a mmpmpamtﬁhw@hlqmon—exchange

process typified by materials with trade names such as "Ludox" and "Nyacol", 5/6
basic aluminum chlorhydroxide typified by materials such as "Chlorhydrol", and
peptized alumina slurries such as those that can be made from the reaction of acid
~ with materials such as the "Versal" series of aluminum pseudoboehmites. The matrix

itself may possess catalytic properties, generally of an acidic nature, but matrix
catalytic activity is not required. In an embodiment, the matrix comprises oxides of
silicon and aluminum. The matrix can comprise more than one oxide phase, for
example, aluminum oxyhydroxides-y-alumina, boehmite, diaspore, and transitional

( aluminas such as a-alumina, B-alumina, y-alumina, 8-alumina, e-alumina, k-alumina,
and p-alumina can be employed. In a related embodiment, the alumina species is an
aluminum hydroxide such as gibbsite, bayerite, nordstrandite, or doyelite. The matrix
material may contain phosphorous or aluminum phosphate, and while generally
undesirable, a small amount of sodium. The matrix may also comprise clays such as

kaolin, bentonite, attapulgite, montmorillonite, hectorite and pyrophyllite.

[0033]) The catalyst in the composition will now be described in more detail.
The catalyst comprises matrix, said matrix comprising at least one clay, at least one
aluminum hydroxide or oxyhydroxide, and binder colloids, in an amount ranging

from 5 wt. percent to 100 wt. percent, preferably from 8 wt. percent to 95 wt.



bet ween 40 A and 250 A for nesopores. A functional definition of
"mesoporous” as used herein is that porosity which extends above the range
normal |y associated w th the adsorption of md-distillate in FCC, in
particul ar wdpepoRQsPsity in pores which have | arger di anepetgsidagnidoipse
associated wth the standard commercial FCC zeolite, structure type FAU as
set forth in the Atlas of Zeolite Structure Types, ed. WM Meier, D H

A son and Ch. Baerlocher, Elsevier, 1996. [0035] The differential pore
volune for matrix pores has a maximumat a dianmeter between 40 A and 250 A
as illustrated in Figure 1. This Figure-3Bews that 1in the pore range from
50 Ato 250 A there is a single maximumin the differential nercury pore
vol une over the 50 Ato 250 A range. [0036] The pore vol une nmeasured with

f | . | . 25). _ !
gg{ \(’:\;2‘% 6?}3&%@&%@39%? r(.‘,t%;'it(lal%vI;JSEC’)l}ralew\‘/3 %tggﬁ;ﬁ%%@&%&ép @m nvgﬁlggirig %g%%;ﬁ\;\}d%ggpr i ses

Angst r ons a&ykthllﬂl%tﬁléfe%ﬁlair Ridved Th AnembWhrB0 3hé tesedul i dieVeide¥iAlAe - 13
[ 0037] Mercufy is not capable of neasuring pore volunmes bel ow 35 “Angstrons
and whi | e gdamiiesicatesias pidodite, daneraliodsynthetiy, tgprally ihavignailicads- may be
able to capture the pore volune in this range, Interference from pores

associ at ed alhmna mele pasisl (Siesl) ob 2 and greater, ahd upyformmareewlithadismetasr at e
e apgingom 1 A o BbAoiTHitraclite BABieRLOF hesstipPcanaes fioehl Dereet and
40 A i.e.,, t di t b ti b t f th tri
10 1SR AT SR AR BULA obagal LpamAe i<
Dot woon 5o HrefekablyTaiofo b dtFodibeiibacel dibiEobA A BnEof it Takifse,

cc/g, nore preferably less than 0.006 <cc/g. It has been discovered that an
adequate indication of the pore vol une bel ow
[0034]  Under the IUPAC, microporous refers to pores in the 2 to 20 A range and

mesoporous in the 20 to 500 A range. As defined in this invention, the respective
ranges are 1 A to 10 A for micropores and 40 A to at least 500 A, preferably
between 40 A and 250 A for mesopores. A functional definition of "mesoporous”
as used herein is that porosity which extends above the range normally associated
with the adsorption of mid-distillate in FCC, in particular the porosity in pores
which have larger diameters than those associated with the standard commercial
FCC zeolite, structure type FAU as set forth in the Atlas of Zeolite Structure Types,
ed. W.M.Meier, D.H. Olson and Ch. Baerlocher, Elsevier, 1996.

[0035] The differential pore volume for matrix pores has a maximum at a
diameter between 40 A and 250 A as illustrated in Figure 1. This Figure shows that
in the pore range from 50 A to 250 A, there is a single maximum in the differential

mercury pore volume over the 50 A to 250 A range.

[0036] The pore volume measured with mercury for matrix pores with diameters
less than 250 Angstroms comprises between 60 and 80% of the pore volume

measured by mercury below 500 Angstroms as illustrated in Figure 2.



35 Angstrons is given by the slope of the differential nmercury porosinetry
as is indicated in Figure 3. Wien lines tangent to the differential nercury
intrusion curve at points below 50 Angstrons intercept the pore dianeter

axi s W th gobegdiiy® Slope at a value not |ess than 0 AngSiy©ass/@ARsionOSt
preferentially at not |l ess than 10 Angstrons when the value of dV/dD is

0. 0000, catalysts of this invention give |ower coke yields. The foll ow ng
plots in Figure 3 for two different materials of this invention show
tangent |ines which intercept the pore dianeter at values of 10 and 25
Angstrons respectively. [0039] For Figurgi3, which is a plot of dV/dD vs.
pore dianeter, the maxi mum volune of the pore volune of pores in the 10 -
40 A is equal to 0.0004 ccHg/(g- Angstrom tinmes 30 Angstrons divided by 2 =

0.006 cc/g 40] . ' LX | S

ai 11 ca a oIS iMefoith i€ TRECIHBIIG of hisGriiid hore SuheS BIRAISAnGHRRE
from40 A i ' | | om
10A to 40A%H%?§g}ﬁﬁ%§te RSB B Yundb £ Sord; REES SRR B0 bl ke por e
range fronmchftufe the ptir vbhurhb i ¢hik $apes intgtferomey | fesciskbeiatsdl with theor e

vol ume distribution over the 50 Ato 250 A range. [0041] In a related
ermbodi nent zeelites confausidt indhe systenr prechides acalirafeemeasirainenpof Bve difterentas a
function of matrjx pore dianeter, and this function has a maxi num between
50 A and 150P€AofPREes Withgr Hisanges f erenti al pore volume for matrix pores

havi ng a di aneter between | A and 10 A cannot be distinguished from the
pore volunme in zeolites typically used in the catalyst. The integrated

e P! 0 SRR B B g AR
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distribution. By "substantially free of" is meant that the integrated maximum pore
volume for the volume of matrix pores having a diameter between 10 A and 40 A is
less than 0.03 cc/g, preferably less than 0.01 cc/g, more preferably less than 0.006
cc/g. It has been discovered that an adequate indication of the pore volume below
35 Angstroms is given by the slope of the differential mercury porosimetry as is
indicated in Figure 3. When lines tangent to the differential mercury intrusion
curve at points below 50 Angstroms intercept the pore diameter axis with a positive
slope at a value not less than 0 Angstroms and most preferentially at not less than
10 Angstroms when the value of dV/dD is 0.0000, catalysts of this invention give

( lower coke yields. The following plots in Figure 3 for two different materials of

this invention show tangent lines which intercept the pore diameter at values of 10

and 25 Angstroms respectively.

[0039]  For Figure 3, which is a plot of dV/dD vs. pore diameter, the maximum
volume of the pore volume of pores in the 10 - 40 A is equal to 0.0004 ccHg/(g-
Angstrom) times 30 Angstroms divided by 2 = 0.006 cc/g.

[0640] In an embodiment, the matrix is an amorphous, porous silica-alumina
matrix having pores ranging in size from 1 A to 10 A and from 40 A to 500 A, but
substantially free of pores ranging in size from 10A to 404, provided that in the



| ess than 0.01 cc/g. [0042] Catalysts of these types are highly selective in
the production of liquids, notably olefins, during fluid catalytic cracking
operations, and coke nake is low. The attrition resistance of these

cat al ysts meoqesuezs2ki gh, as indicated by the | ow Davi sonpcumdise@s/orsangi ng
from1l to 8 nost often and preferably froml to 5 neasured in terns of the
Davi son | ndex. See "Advances in Fluid Catalytic Cracking," Catalytica,
Mountain View, Calif., Part 1, 1987. p. 355. [0043] A preferred catalyst
particle conprises (a) anorphous, porous solid acid matrix, such as

al umina, silica-alumina, silica-nmagnesia,l4silica-zirconia, silica- thoria,
silica-beryllia, silica-titania, silica-alumna-rare earth and the |ike; and
(b) a zeolite such as faujasite. The matrix can conprise ternary

COMpOSi { | ONSoreSiifigle fdm 50 A 250 Aitidre G918 Sirdle fdxitAntld difReertidl GoRé 2.
magnesi a and siliTa-nmagnesia- zirconia. The matrix may also be in the form
of a cogel . vSluhiecdisaibinionaoves thes0 A 1250 Ayrappef erred for the matrix, and
can contain 10 to 40 w.% alum na. As discussed, pronoters can be added. WO
2005/ 123252 PCT/ US2005/ 018019 -15 [0044] In an enbodi nent, the catalyst's

(ol ude. t nelOBHT oxcABAGEIRHbFMBOSIOaRtE Do REpON SO A R SRR
o' 10" m or GRS YotwrS A GiFiG B sl Pord AMiAS iidBisdmaphGanis 4° 1 0M O 1
concent rat ! QR Bl Gkt SHOTBARYSD RN THIThiekdondd RCABINELANBaRE SO

vary w delYy, Zéol'i'te content rangl pr y 10
to 99, noremaugy gbfeé Havid 4 didifet8PbethRicGaNA 4 V@ A0tdnnet b féﬁstﬁf%!lished from
conposition. [0045] The anobunt of zeolite conponent in the catal yst particle
wi || gener atheypore aohené iwpedliteotygAcalty dsedpnehe catallystf ThenfiegratéaDmakirftimand
nore preferably from . ) )

pore volume for the volume of matrix pores having a diameter between 40 A and

Q

500 A ranges from 0.06 cc/g to 0.12 cc/g, and the integrated pore volume for matrix
pores having a diameter between 10 A and 40 A is less than 0.03 cc/g, preferably
less than 0.01 cc/g.

[0042] Catalysts of these types are highly selective in the production of liguids,
notably olefins, during fluid catalytic cracking operations, and coke make is low.
The attrition resistance of these catalysts is quite high, as indicated by the low
Davison Indices ranging from 1 to 8, most often and preferably from 1 to S
measured in terms of the Davison Index. See "Advances in Fluid Catalytic

Cracking," Catalytica, Mountain View, Calif,, Part 1, 1987. p. 355.

[0043] A preferred catalyst particle comprises (a) amorphous, porous solid acid
matrix, such as alumina, silica-alumina, silica-magnesia, silica-zirconia, silica-
thoria, silica-beryllia, silica-titania, silica-alumina-rare earth and the like; and (b) a
zeolite such as faujasite. The matrix can comprise ternary compositions, such as
silica-alumina-thoria, silica-alumina-zirconia, magnesia and silica-magnesia-
zirconia, The matrix may also be in the form of a cogel. Silica-alumina is
particularly preferred for the matrix, and can contain 10 to 40 wt.% alumina. As

discussed, promoters can be added.



10 to 50 wt.% based on the total weight of the catalyst. As discussed, the
catalyst is typically in the formof a catalyst particle contained in a
conposition. Wien in the formof a particle, the catalyst particle size
w1l rang 2D03/1832420 300 microns in dianeter, with an ayefagRofieishioc! €

di anmeter of 60 mcrons. The surface area of the matrix material after
artificial deactivation in steam at pressures higher than in conmmerci al
operations [i.e. at pressures of | atnosphere (101.3 kPa)] will be < 350
n2/ g, preferably 50 to 200 n2/g, nore preferably from50 to 100 n2/g. Wile
the surface area of the catalysts wll-bg-dependent on such things as type
and anount of zeolite and matrix conponents used, it wll usually be |ess
than 500 n2/g, preferably from50 to 300 n2/g, nore preferably from50 to
250 n2/g, and nost preferably from 100 to 250 nR2/g. [0046] Anot her
preferred catal yst contains a mxture of zeolite Y and a second zeolite

such as zeg&rpﬁﬁgl befrea g@g,?ahﬁéﬁt, ﬂi&%a‘%ﬁ?@ﬂ%dze%?ﬁé i u Y, BBt WAL o8 18-

n
catalyst p e, on erent "particles, or some conbination thereof.

Zeol ite agpuciurend zeslitd X, (Thige anclude thrciohi@shanged foraht suchrasithé farkhe
description of the Y zeolite catalyst. In a related enbodi nent the second

zeol i te i searthhygrogenl st ultrastabl ¥ ) faps 2 TRETLOIRO08Y DariiElia crydtélliteol it e
speci es such as ZSM5. Alternatively, the shape-selective zeolite can be
used in t heizedtam sl toul D maigronss praferably ftemn Ordto Tpucrense dhierelative

hape- sel ect | |t bot h be on.th talyst particle,
di ffer ent bARGSHRHOnS gF veglil companeRkend maliie 0 AplyelioRs BB BRYAEL  ve

zeol | e, SPRANES, HARNE JeBlit\turhHSARLAR MR 11 OB b9 1D P 581 1 S
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[0045] The amount of zeolite component in the catalyst particle will generally
range from 1 to 60 wt.%, preferably from 5 to 60 wt.%, and more preferably from
10 to 50 ﬁ.%, based on the total weight of the catalyst. As discussed, the catalyst
is typically in the form of a catalyst particle contained in a composition. When in
the form of a particle, the catalyst particle size will range from 10 to 300 microns in
diameter, with an average particle diameter of 60 microns. The surface area of the
matrix material after artificial deactivation in steam at pressures higher than in
commercial operations [i.e. at pressures of 1 atmosphere (101.3 kPa}] will be < 350

( m?/g, preferably 50 to 200 m®/g, more preferably from 50 to 100 m%g. While the
| surface area of the catalysts will be dependent on such things as type and amount of
zeolite and matrix components used, it will usually be less than 500 m?/g,
preferably from 50 to 300 m*/g, more preferably from 50 to 250 m?*/g, and most
preferably from 100 to 250 m*/g.

[0046] Another preferred catalyst contains a mixture of zeolite Y and a second
zeolite such as zeolite beta. The first and second zeolite may be on the same
catalyst particle, on different particles, or some combination thereof. Zeolite
amount and matrix type and properties are as set forth in the description of the Y

zeolite catalyst. In a related embodiment the second zeolite is a shape-selective



Non-limting exanples of such nedium pore size zeolites, include ZSM5, ZSM
12, ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 38, ZSM 48, ZSM 50, silicalite, and
silicalite 2. The nost preferred is ZSM5, which is described in U S. Patent
Nos. 3, 702waBfoen32&, 770, 614. ZSM 11 is described in U S p@EBUSIDS/OIB019
3,709,979; ZSM 12 in U. S. Patent No. 3,832,449; ZSM 21 and ZSM38 in U. S
Patent No. 3,948,75%; ZSM23 in U S. Patent No. 4,076,842; and ZSM 35 in

U S. Patent No. 4,016,245. [0048] Wil e the shape-sel ective species has
been described in terns of zeolite, it can be a shape-selective (i.e.,

medi um pore size) nolecular sieve. In an 16enbodi ment, suitabl e medi um por e
si ze nol ecul ar sieve includes the silicoalum nophosphates (SAPO, such as
SAPO- 4 and SAPO- 11 which is described in U S. Patent No. 4,440,871,

chrom um si 3dotigé %ﬁci&aﬂdch@@EBML&aA%matfv‘ély thé kh&md-Slectid FeoRecandephat es
(ALPO), such as ALPO-1 1 described in U S. Patent = No. 4,310,440; titanium
al umi nosi | i ysetldn teTédalyst suthouhthe MSOzéditd e Thei Y adolite, skipetsdlecti 2021808, -
boron silicates, described in U S. Patent No. 4,254,6297, titanium

al um nophosptiathsan bapg) thesante eatalystnorticleden dififersut partioles, opaemat  No.
4,500, 651; and jron alum posilicates. W 2005/123252 PCT/ US2005/ 018019 -17
[ 0049] The $R aB%?g“(rE(.’g. , zeolite Y) and shape-selective zeolites in the
catal ytic species can include "crystalline adm xtures"” which are thought to
be the result of faults occurring within the crystal or crystalline area

019, SRS Shapplcbye B gl U, o g oty 3
The cryst al poresizediotites ghepdly haviagueiore SiZ8HEbM0. Qe toi0. Pnm. Such
shape-sel ective, size zeolites and are not to be confused with physical
adm xt ur es zdolitesainchede, for exangie dVEj MRS, MEEf MEWAEUO, MTT, HEU, FER,
and TON structure type zeolites (IUPAC Commission of Zeolite Nomenclature).
Non-limiting examples of such medium pore size zeolites, include ZSM-5, ZSM-
12, ZSM-22, ZSM-23, ZSM-34, ZSM-35, ZSM-38, ZSM-48, ZSM-50, silicalite,
and silicalite 2. The most preferred is ZSM-5, which is described in U.S. Patent
Nos. 3,702,886 and 3,770,614, ZSM-11 is described in U.S. Patent No. 3,709,979
ZSM-12 in U.S. Patent No. 3,832,449; ZSM-21 and ZSM-38 in U.S. Patent No.
3,948,758; ZSM-23 in U.S. Patent No. 4,076,842; and ZSM-35 in U.S. Patent No.
4,016,245.
[0048] While the shape-selective species has been described in terms of zeolite,
it can be a shape-selective (i.e., medium pore size) molecular sieve. In an
embodiment, suitable medium pore size molecular sieve includes the
silicoaluminophosphates (SAPO), such as SAPO-4 and SAPO-11 which is
described in U.S. Patent No. 4,440,871; chromium silicates; gallium silicates; iron
silicates; aluminum phosphates (ALPO), such as ALPO-11 described in U.S. Patent
No. 4,310,440; titanium aluminosilicates (TASO), such as TASO-45 described in
EP-A No. 229,295; boron silicates, described in U.S. Patent No. 4,254,297,
titanium aluminophosphates (TAPO), such as TAPO-11 described in U.S. Patent

No. 4,500,651; and iron aluminosilicates.



crystallites of different zeolites are physically present in the sane

catal yst conposition or hydrothermal reaction m xtures. (Il) Process for
the Preparation of the Catalytic Cracking Catal yst [0050] The catal yst of
thi s i nvenyigofne$oiipsa ses a catal ytically active nol ecul arpcBsxes/oiseper sed
I n a mesoporous inorganic matrix. In an enbodi nent, a crystalline
alumnosilicate zeolite, or zeolite, suitably a USY or high silica USY
zeolite, is adm xed, preferably with water, urea conpound, a phosphate, a
clay, e.g., kaolin and an alum num hydroxide, e.g. gibbsite, and these
solids slurried. An aqueous silica solulfon, e.g., a silica sol (a binder
colloid), is added to the aqueous slurry. The sol should not be allowed to
gel. The slurry of blended conponents is dried, ion-exchanged to renove
sodi um cajga4d. PRe14rBE posd GAFEdedlite Oy did ﬂﬁp@%@édﬁ%-zeoﬁ%@ﬁ]thé\ cat al yst
precursor rmay be made by: " (a) conbining nol eculfar sieve with (i) an aqueous
sol ution costabytiv sygciesldaalinchidei“capstalline gdmistudes’nvBichi aratieought it) betles;
{iii) a phosphate, such as alkali netal phosphate, annoniunhghosphate, or

bot Ih; and (esult of faultapc@gm@wwﬁﬁhmlsﬁh@wrﬁalmrysmllme agalduningghe spnthesis f or m
xchange opbil 7 SmBlee R ssvstrliic adgmbirbs 6DZE M- Tid BBk | romer o
The or der orenaie AReRER WL LERRHE AR 4 2 FEIPRE R DB Baimind B 8° 2.
be made frﬂi@rﬁ&?vé%&ﬁ&&ihﬁ?h &y,i.%d%gg)ézeahcﬁw s TeSs ard ar%erfcﬁ%ﬁ%y. to
further renbve sodium a 8 therd cal ci ning and st eam ng. e calcining and

st eani ng cagnfiled eathvstntsicilaldmifaires of AliRenin wihdistifctairysialngr at ures in
the range of 250C to &850C. The time of calcining depends on the tenperature
chgsen but crystailites ofidifferent zeolites are physically present in the same catalyst

composition or hydrothermal reaction mixtures.

)
(II) Process for the Preparation of the Catalytic Cracking Catalyst

[0050] The catalyst of this invention comprises a catalytically active molecular
sieve dispersed in a mesoporous inorganic matrix. In an embodiment, a crystalline
aluminosilicate zeolite, or zeolite, suitably a USY or high silica USY zeolite, is
admixed, preferably with water, urea compound, a phosphate, a clay, e.g.; kaolin
and an aluminum hydroxide, e.g. gibbsite, and these solids slurried. An aqueous

( silica solution, e.g., a silica sol (a binder colloid), is added to the aqueous slurry.
The sol should not be allowed to gel. The slurry of blended components is dried,

ion-exchanged to remove sodium, calcined, and then steamed to form the catalyst.

[0051] A catalyst precursor may be made by:
(a) combining molecular sieve with (i) an aqueous solution containing
alkali silicate, e.g., sodium silicate; (ii) urea; (iii) a phosphate, such
as alkali metal phosphate, ammonium phosphate, or both; and (iv) a
clay component such as bentonite, kaolin, or both to form a slurry;
(b) spray drying the slurry; and

() removing sodium in an ion exchange operation.



greater than | hr. Steaming is preferably done for 4 to 48 hours at
tenperatures of 650C to 850C. [0053] The matrix, after steam ng, can be
characterized by pore size distribution, as neasured by nmercury porosinetry
(Structureﬁgfmé\g?ltzgislzic Catal ysts, J. R Anderson, 1975, pdtapsze05/0d801Pages
384-385; theta=140 degrees, Hg surface tension equals 474 ergs/cnR). Under
the 1 UPAC, m croporous refers to pores in the 2 to 20 A range. [0054] The
urea conpound has the general formula X |11 RIRZN-C-NR3R4 where Rl, R2,
R3, and R4 are individually Hor C, to C4 alkyl, preferably Hand X are
sul fur or oxygen, preferably oxygen. Thel%referred urea conpound i s urea,
I.e., HZ2NCONH2. [0055] Urea may be added to the slurry in an anount which
is stoichionetric based on the reaction of urea with the sodiumin sodi um
silicate to form sodium carbonate and anmoni a. The anmount of urea may vary
from0.8 to 1.2 times the stoichionetric anount based on the anmount of
sodi um si| {6062]. TGiblsidimivbe adds0ANOTAIAT AT E2006PBAIN patd ur ea
VO

to the slurry generally leads to an increase in the pore volune of the
catal ysts (aabovei richet erdenef addition iofthe f@opaneth a)uhoy peatariedaAccatalyst
sol ubl e phosphate salts, .typically sodium or, ammpnium phosphate salt,
pr ef er abl y €3B&emagdshiepHhepreaursorhy ?‘g&lﬁﬁ?alb‘é’n eaﬁcﬁmq; ,ng%f@éﬁﬁﬁ(rt? er

B e e e S

be conventional. Calcining can take place at temperatures in the range of 250°C to

850°C. The time of calcining depends on the temperature chosen but is typically
greater than 1 hr. Steaming is preferably done for 4 to 48 hours at temperatures of
650°C to 850°C.

[0053] The matrix, after steaming, can be characterized by pore size distribution,
as measured by mercury porosimetry (Structure of Metallic Catalysts, J. R.
Anderson, 1975, Chapter 6, Pages 384-385; theta=140 degrees, Hg surface tension
equals 474 ergs/cm®). Under the [IUPAC, microporous refers to pores in the 2 to 20
A range.

[0054) The urea compound has the general formula
X
| |
RR;N - C-NR3R,

where R; R, R;, and Ry are individually H or C, to C, alkyl, preferably H and X
are sulfur or oxygen, preferably oxygen. The preferred urea compound is urea, i.e.,
H,NCONH,.

[0055] Urea may be added to the slurry in an amount which is stoichiometric
based on the reaction of urea with the sodium in sodium silicate to form sodium
carbonate and ammonia. The amount of urea may vary from 0.8 to 1.2 times the

stoichiometric amount based on the amount of sodium silicate. The addition of



| i ke. The anount of phosphate is preferably | ess than that required to react
with all the alum num present. [0057] The clays used in the slurry may be
kaolin, bentonite, attapulgite, nontnorillonite, hectorite and
pyrophyl | i weo 2008az252seferred clay is kaolin or bentonite, pegagsiodlolssrdkaol in.
In an enbodi ment, zeolite, clay, phosphate, sodiumsilicate, at |[|east one
al um num hydr oxi de or al um num oxyhydr oxi de and urea are added together or
in sequence, in any order, and slurried at anbient tenperature in a

limted, controlled, and anmobunt of water. In general, it has been found that
the weight ratio of water:solids in thel8turry can range between 1:1 to
4.1, preferably between 1.5:1 to 3:1. A weight ratio of water:solids
approximating 2:1 has been found highly successful in formng high quality

catal ysts. u}l&f@eﬂlgl%&m% @Bheraf ilﬁad%fto MEhSFcass Bl ﬁﬁspdgg vofiiiie Ok datdlystshe

viscosity o rey-rs to Igh to spray dry, ile weight ratros of
mater:soli@auﬁﬁgg§ﬂiﬁ@iﬂvéﬁnﬁy | ead under some .circunmstances to a |loss in
the attrition-resistance of the catalyst. The pH of the slurry at this tine
ranges between 10 and 12 in order to avoid gellation of the silica sol. In
an enbodinment, the silica in the sol ranges from 1.0 Inn (nanoneters) to

22.0 run, [93¥6ler abhg phesphatcssar ater solublemhospbatagaltaitipiselly sodum 68 sol s
o 0ot ot OSSR L e i B e e SRR L
Wiey | < LCati di

S et o SRRy ety dh el st Sperblt GRFRY, ORI kD680 15010

20 vel ght Nt DNAPEn, 43 hrolinsh pblfohoibRaRs SUSE e INAPOLASNROMICRR e ©
- 70

between 28 and 4 based o al yst precursor. The density of the
sl yrry, onlikenpTle¢ amguhbef phekphateon préferdidy deszrthamtharetquired ) repetefithalll y
ranges from1.2 to 1.4, and nore preferably from1.20 to 1.35. Preferably
al so, the thesddugilnymgpresend. sl urry at this time

[0057] The clays used in the slury may be kaolin, bentonite, attapulgite,
montmorillonite, hectorite and pyrophyllite. The preferred clay is kaolin or bentonite,
especially kaolin. In an embodiment, zeolite, clay, phosphate, sodium silicate, at
least one aluminum hydroxide or aluminum oxyhydroxide and urea are added
together or in sequence, in any order, and slurried at ambient temperature in a
limited, controlled, and amount of water. In general, it has been found that the
weight ratio of water:solids in the slurry can range between 1:1 to 4:1, preferably

( between 1.5:1 to 3:1. A weight ratio of water:solids approximating 2:1 has been
found highly successful in forming high quality catalysts. When the weight ratio of
water:solids is less than 1:1, the viscosity of the slurry is too high to spray dry,
while weight ratios of water:solids exceeding 4:1 may lead under some
circumstances to a loss in the attrition-resistance of the catalyst. The pH of the
slurry at this time ranges between 10 and 12 in order to avoid gellation of the silica
sol. In an embodiment, the silica in the sol ranges from 1.0 nm (nanometers) to 22.0
nm, preferably from 1.5 nm to 15.0 nm average diameter. Silica sols are described
in "The Chemistry of Silica: Solubility, Polymerization, Colloid and Surface
Properties, and Biochemistry,”" by Raiph K. ller, A Wiley Interscience Publication,

1979. Water may be added to the sodium silicate sol to maintain the water:solids



ranges from60 to 300 cP (60000 to 300000 Pass), nore preferably from80 to
200 cP (80000 to 200000 Pass) at 22C. [0058] After blending zeolite,
clay(s), at |east one al um num hydroxi de or al um num oxyhydroxi de, urea,

sodi um si \ygab@s28038 phosphate, with adjustnment of the wetArs2003sHb ,
density, and preferably also the pH and viscosity, the slurry can be dried

I n conventional process equipnent, e.g., a spray drier, to form catal yst
precursor. [0059] In an enbodinment, the slurry, preferably at/or bel ow

anbi ent tenperature is conducted to a drier, preferably a spray drier, at a
tenmperature sufficient to renove the waler and form m crospheres of average
particle diameter ranging from 10 microns to 200 microns, preferably from
60 mcrons to 100 microns. The tenperature is sufficiently high to dry the

slurry andwte{%ﬁ»alé betwkenl I: %h ey, ?HE I%rét%ﬁ‘éﬁfsbgki?%hbé Eéh 284a8

alkali in co nents (e.qg., |um um Si |cate to be occl uded

W thin the4zeal%! Bamdm%am?@ﬁpm&uﬁsbprfrhedeﬁsxwyaéﬂﬁfé slut'r?non eseipdétiigdtheand
renoved fromthe zeolite. Typically, the slurry is drier,

pr ef er abl yaddiipnaf thie starting materials paeferably eangesripemal.2ite lrtarayudngofer om 250C
to 500C, and an outlet tenperature ranging from 125C to 225C. [0060]
Fol | owi ng PWeje rrﬂbyﬁamal QBttOdr%uPrﬁéferabbfdﬁ@;t@bmsqqmtmé* the gharpf a tath-}:demé of

m crospherical parti ni zed

ambi ent t%@?%‘ﬁ?éﬁ 3096%66\63% @h@&o g%*gum%‘? P%,&eﬁai?bhgoghsg h ged
for a tine al kali metal, e.g., sodium fromthe
zeolite. WZ@W%@&%%%#@EZOOS/MSON -21 enbodi nent, one or nore
of sul furl c acid, alum numsulfate, and ammonium sulfate, are used.
Preferably, alum num sulfate hydrate and anmmoni um sul fate are used.

Pref er abl y[0058]t 0i AfibobRhding Aotits) tclHf(s 2 bt Tdastiond aluhfihemyydrekfld &
aluminum oxyhydroxide, urea, sodium silicate, and phosphate, with adjustment of
the water content, density, and preferably also the pH and viscosity, the slurry can
be dried in conventional process equipment, e.g., a spray drier, to form catalyst
precursor. , '

[0059] In an embodiment, the slurry, preferably at/or below ambient temperature

is conducted to a drier, preferably a spray drier, at a temperature sufficient to

remove the water and form microspheres of average particle diameter ranging from

10 microns to 200 microns, preferably from 60 microns to 100 microns. The

temperature is sufficiently high to dry the shwrry and form a rigid structure, but

insufficiently high as to cause alkali metal components (e.g., sodium from the
sodium silicate) to be occluded within the zeolite and prevent it from being washed,
ion- exchanged, and removed from the zeolite. Typically, the sturry is fed to a drier,
preferably a spray drier at an average inlet temperature ranging from 250°C to

500°C, and an outlet temperature ranging from 125°C to 225°C.

[0060] Following drying, catalyst precursor, preferably in the form of a powder
of microspherical particles, are washed with deionized water, e.g., between ambient
temperature and 100°C. The washed precursor is then ion-exchanged for a time

sufficient to remove the alkali metal, e.g., sodium, from the zeolite. In an



amoni um sul fate is used, based on the anmount of sodium present. Preferably,
a 2/3 atomc ratio of A13+/NH4+ in sulfate salts is used. Data in Tables
2.3 and 2.5 following indicate that the opti mum A13+/ NH4+ nolar ratio lies

at this atequeorsabiaz for the renoval of sodiumfromthe ¢ghalydisopdosur sor.
[ 0061] When necessary, a second ion-exchange step can be used to further

| ower the anmount of sodium The ion-exchanged particles are generally again
washed, e.g., between anmbient tenperature and 100C. The zeolite portion of
the catalyst, after ion-exchange, and washing, typically contains |ess than
0.4 percent alkali netal, based on the-@&ki-ght of the catalyst. It is
believed that a small anmount of al um num fromthe al um num sul fate hydrate
is incorporated into the catalyst during ion exchange. [0062] Wil e not

i shi t . | g f te i
SN b0 R, DA mbRES RIS uliRR SR0C 8o laryRBgRALC © LT
that the phogpRahl hdede rl%rérf;% Bldhin D ¥Re ﬁga&ﬁe bAd Shivhi YulFfe ARKe

al um num phosphate. Since a num phosphat e has an 1soelectric polnt
simlar toysedi Peefsrablpad stoidhésmetid Amoshtofl alumippearsulfatdlaydrate toi m | ar

charge and aggl oneration is avoided. Aggloneration, it is believed, would
| ead to a degnewam swlfate is needyibasepon du apounhof stiemi presers. Frefenablyat al yst .
of 't he. cat 313 HMigTatin T A Ao SHEERBIT 5 wd. 38R bk G ) Sdate in
L U TN SO PR AT BB .
rocess. THY DERerTALof MR BBk 8 e T ed Ut i a fixed bed,
rm\(f ng

[0061] When necessary, a second ion-exchange step can be used to further

lower the amount of sodium. The ion-exchanged particles are generally again

washed, e.g., between ambient temperature and 100°C. The zeolite portion of the

catalyst, after ion-exchange, and washing, typically contains less than 0.4 percent

alkali metal, based on the weight of the catalyst. It is believed that a small amount

of aluminum from the aluminum sulfate hydrate is incorporated into the catalyst

during ion exchange. ‘

[0062] While not wishing to be bound by any theory or model, the presence of
(' phosphate in the slurry is believed to affect the matrix microporosity. It is believed
that the phosphate interacts with aluminum species in the slurry to make aluminum
phosphate. Since aluminum phosphate has an isoelectric point similar to silica's,
particles in the slurry appear to have a similar charge and agglomeration is avoided.
Agglomeration, it is believed, would lead to a degradation in the microporosity
characteristics of the catalyst. Other factors, which are believed to lead to the
unusual pore distribution of the catalysts of the invention, relate to the use of
sodium silicate in the binder system in combination with urea as the directing

compound.



bed, ebullated bed, slurry, transfer line (dispersed phase) or fluidized bed
operation. Suitable hydrocarbon feedstocks (i.e., the primary feed) for the -
catal ytic cracking process described herein include natural and synthetic
hydr ocar bopacaeygssil s boiling in the range of 430F to Peadds200s2kschdC to
565. 56C), such as gas oil; heavy hydrocarbonaceous oils conprising

mat eri al s boiling above 1050F (565.56C); heavy and reduced petrol eum crude
oi | ; petrol eum at nospheric distillation bottons; petroleum vacuum
distillation bottons; pitch, asphalt, bitunen, other heavy hydrocarbon
residues; tar sand oils; shale oil; |iq#2d products derived fromcoal -

| i qguefaction processes, naphtha, and m xtures thereof. [0064] In an

enbodi ment, the catalytic cracking process is performed in one or nore FCC

process ungﬁ_g) ﬁ%ttmll -Lceq:m:' Prodes@Ction zone, usually a riser

reaction zone, awrﬁw'pmq-nﬂ% yst regeneration zone, and at | east
one separation zone. In an FCC process, the feedstock is conducted to and
injected into the reaction zone wherein the primary feed contacts a fl ow ng

source of [@063] r daeretandthdr eatballiment theenvwitionaehitysto v epalyticasackidger acks
the feed at a tenperature from 450C to 650C, preferably from 500C to 600C.

The cracki prpcessathé ontaligisozracling proessaseayube bamiedoourttin adixest bed)egvisg t he
catal yst, thereb deactivating the catalyst. The cracked. products may be
separ at ed L?gsrﬁeh‘%ét@&?@é’d slurgy, Arapster dng (dispsrsed phase) eniluigizeddad opesaien.s nay

2 napnt ha. ShiePldraEaBon BbashRRE L hsiimen 5 B R oGS bRl °°
. ot. 2

et Usooos PR BB SR AR indURY pol Rl Ayl e aror R ERRRC IS RE 1 o o

reaction Z?Bﬁiﬂgl‘i@' t%dg?%l(gm@i?%emﬁbbp DAPRPC B 36956y, 4neR 25 Basoparti al

pressures from
heavy hydrocarbonaceous oils comprising materials boiling above 1050°F

(565.56°C); heavy and reduced petroleum crude oil; petrolenm atmospheric
distillation bottoms; petrolenm vacuum distillation bottoms; pitch, asphalt,
bitumen, other heavy hydrocarbon residues; tar sand oils; shale oil; liquid products

derived from coal liquefaction processes, naphtha, and mixtures thereof.

[0064] In an embodiment, the catalytic cracking process is performed in one or
more FCC process units. Each unit comprises a reaction zone, usually a riser
reaction zone, a stripping zone, a catalyst regeneration zone, and at least one
separation zone. In an FCC process, the feedstock is conducted to and injected into
the reaction zone wherein the primary feed contacts a flowing source of hot,
regenerated catalyst. The hot catalyst vaporizes and cracks the feed at a
temperature from 450°C to 650°C, preferably from 500°C to 600°C. The cracking
reaction deposits carbonaceous hydrocarbons, or coke, on the catalyst, thereby
deactivaﬁng the catalyst. The cracked products may be separated from the coked
catalyst and a portion of the cracked products may be conducted to a separation
zone such as a fractionator. Fractions such as a naphtha fraction can be separated
.from the cracked products in the separation zone and conducted away from the

process.



psia (69 to 276 kPa), preferably from20 to 35 psia (138 to 241 kPa); and a
catalyst to primary feed (t/w) ratio from3 to 100, where catal yst wei ght
is total weight of the catalyst conposition. The total pressure is from

at rmspheriﬁ, tzg0453£§i g (411 kPa). Though not required, igctEs@bSRAsewelerred
t hat steam be concurrently introduced with the feedstock into the reaction

zone, wWith the steamconprising up to 50 wt.% preferably 2 to 10 w. % of
the primary feed. Also, it is preferred that the feedstock's residence tine
in the reaction zone be | ess than 20 seconds, preferably fromO0.1 to 20
seconds, and nore preferably from1l to 523econds. [0066] The present process
and catal yst provides both econom c and technical advantages over state of
the art conmercial FCC catal ysts. There are three major binders currently

ol | . re thre or. nder
7 ot num oRTOSHy o B B0l SRR R o BB tor Stededdrf oo DOSL
aci dic, an%ﬁlﬁémﬁ@é flohy 4567C 851760°¢E hy ded daeén phfiaP Pr&saRk IR toi4ts Of

acid, susceptible active materials. Previous mesoporous catal ysts based on
silica usegsia (68d02(6)kPam, plreferably frams2utcc®S ptai (4 3B10 24inkiPa) carpka satabyst

i ngredi ent than basic sodiumsilicate. [0067] In the present process,

sodi um si | ite primagy fepds(wt/wystatinyfrom? sahiare (catalyst iveei glods detiah weighs of
oo oy LB b ] SR Tl bk el UF 7!
cont i ned FRaEne Roiah i Sedited 87 oo Eh e SEh R Fh Yot 'an acid
Acid, | NeulsTTEEd SRR {CcBliBERE e RCRRRBRRE, wiE e SRART Comprisif'upl ' ©

geldation y4 kb waSeUpreftrably 2an30aHTtof thE Zmi Feady Allss tit ﬁgﬁbﬁrﬁacthat
Integrity. Carbonic acid is a WO 2005/ 123252 PCT/ US2005/018019 -24
the feedstock's residence time in the reaction zone be less than 20 seconds,

preferably from 0.1 to 20 seconds, and more preferably from 1 to 5 seconds.

[0066] The present process and catalyst pfovides both economic and technical

advantages over state of the art commercial FCC catalysts. There are three major

binders currently used to make FCC catalysts. These are the acidified silica sol

binder, aluminum chlorhydrol, and peptized alumina. These three binding systems

are acidic, and this acidity can adversely affect the physical properties of acid

susceptible active materials. Previous mesoporous catalysts based on silica used
<- Ludox® as the silica source. This is a more expensive ingredient than basic

sodium silicate.

[0067] In the present process, sodium silicate (a basic system) can successfully
bind FCC catalysts. Furthermore, the incorporation of urea with sodium silicate
into the spray drier feed produces catalysts which are more mesoporous and more
selective than catalysts which have not been so treated. Neutralization of the
sodium contained in the sodium silicate is done with the ammonium salt of an acid
which is stronger than silicic acid. The cheapest acid source is sulfuric acid.
Nentralization with sulfuric acid requires careful control or gellation will occur

with consequent loss in catalyst strength and integrity. Carbonic acid is a



somewhat stronger acid than silicic acid and as such can al so be used to
neutralize sodiumsilicate. However, neutralization with carbonic acid

| eads to gellation because the carbonic acid forns a silica sol at a pH at
whi ch gel | aypaemsneadsly occurs. Urea is the anhydride of pdirasngeenigeid
carbonate and hydrolyzes slowy to form amonia and sodi um carbonate in
basi ¢ solutions. Incorporation of urea in the binder systemallows reaction
to take place after drying so that a silica gel does not formprior to
drying | eading to weaker products. Incorporation of urea also my al so
assist in the formati on of the present m@4eporous pore structures, which

i nprove product selectivity. Alkali nmetal salts of phosphate seemto be
especially efficacious in formng pore structure, which |leads to inproved

sel ectivi tyﬁ?h?ewl@t%%ﬁlg% {rl’(%ig?ﬁaﬂ Qggicvc\%ﬁﬁ anﬂﬂﬁé@&%ﬁ&ls%’@eﬁz? ﬂne}.lﬁ'alii’é‘d 3

foll ow ng show that IS ma amoni um phosphat e 0 produce

benefi ci al %d‘i’nﬁﬁ%ilica?@.' H%Wev&,i&ﬁtraﬁk%ﬁivglzc%?@oﬁp%Bm@aa@t@ ptlbgidnvity to

products other than coke on conversi-on to C 1s poorer for materials
made with asevansetheptaobaiieteid forms a siicesilalt @ pRaekddch gelldtion reddily”
"“3.11". "1 1.12", "2.12", and "3.12", than for those nmde with alkali netal

phosphat es, ocours. kiveeis tesanhydnde ¢f diamiboniim cathangte ad hydeolyzesshomity tohe
porosity in_ the region bdel ow 50 gstrong i.s larger for the naterials nade
wi th ammoni and seybjgmy carbenate 1 BafiR GORKIORS! lRCaFROTAHAR OFUER WMo
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wi t hout addinag aloPasieih fhe foRhative b RiEpRSa RBsopdrBE FbreHrnARes dvRfchat er

ina 2-gallon” (7570 n$ pl astic bucket
improve product selectivity. Alkali metal salts of phosphate seem to be especially
efficacious in forming pore structure, which leads to improved selectivity to
products other than coke. Comparative Examples 1, 2, and 3 following show that
materials made with ammonium phosphate fail to produce beneficial product
selectivities. Figures 4 and 5 show the selectivity to products other than coke on
conversion to 221°C- is poorer for materials made with ammonium phosphate, viz.
materials labeled "1.11", "2.11", "3.11". "1.12" "2.12", and "3.12", than for those
made with alkali metal phosphates, viz. materials labeled "4.11" and "5.11". Figure
8 shows the porosity in the region below 50 Angstroms is larger for the materials

made with ammonium phosphate.

[0068] The following examples are presented to illustrate the invention and

should not be considered limiting in any way.



1319.3 g of zeolite Z-14G NaUSY, 12.5 g di ammoni um hydrogen phosphate, 728 g
of Hydrite OF kaolin clay, and 560 g of Spacerite S-11 G bbsite. The
resulting mxture was stirred 30 mnutes with a Cowes mxer. [0071] 1742 2
gof "N' b mSilicate was diluted with 1700 g of Welall wat er
and added WH‘Z Water/ zeol i t e/ di anmoni um hydr ogen phosp%%@?@?g@gﬂgurry
and then colloid mlled. The pH of colloid-mlled slurry was 10.8 at 22C
The viscosity of the slurry was 188 cP (188000 Pa-s) at 100 rpm and the
density of the slurry was 1.322 g/cc. [0072] The slurry was spray dried in a
Bowen #1 Tower Spray Drier [rated at 7.3%.kg/hr with an airflow of 250 cfm
(7.08 nmB/mn.) at 80C] with an exit tenperature of 121C. 787 g of solids
with 50% above 74.4 microns were collected fromthe Main Tower Pot. The

properties of the sl|ur ' e L1 WO
aparaiive, Xixamplel: 2 ea, 1Jjamm { roge 'Sflnr b O

DO ormy 01 00 0 00 i O kr:

[0069] This is a comparative (base case) example using sodium silicate as the

silica source in the binder but without adding urea during catalyst preparation.

[0070] To 3000 g of water in a 2-gallon (7570 m’) plastic bucket was added:
1319.3 g of zeolite Z-14G NaUSY, 12.5 g diammonium hydrogen phosphate, 728 g
( of Hydrite UF kaolin clay, and 560 g of Spacerite S-11 Gibbsite. The resulting

mixture was stirred 30 minutes with a Cowles mixer. |

[0071] 1742.2 g of "N" brand Sodium Silicate was dituted with 1700 g of
deionized water and added to the water/zeolite/diamumonium hydrogen
phosphate/clay slurry and then colloid milled. The pH of colloid-milled slurry was
10.8 at 22°C. The viscosity of the slurry was 188 cP (188000 Pass) at 100 rpm, and
the density of the slurry was 1.322 g/cc.

[0072) The slurry was spray dried in a Bowen #1 Tower Spray Drier [rated at
( 7/35 kg/hr with an airflow of 250 cfm (7.08 m’/min.) at 80°C] with an exit
| temperature of 121°C. 787 g of solids with 50% above 74.4 microns were collected
from the Main Tower Pot. The properties of the slurry and product are summarized

in Table 1.1.
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AOO'~y a- Ob cd HNzx~3 WO 2005/123252 PCT/ US2005/ 018019 -27 [0073]
To ion-exchange this material, the follow ng solution of ammonium sulfate
and alum num sul fate was used: 360 g A12(S04)3.16H20 was dissol ved in 2040 g
DI wat er HH4) 2S04 was di ssol ved in 2294 g DI To 120
g of the s%&gzy&érl ser product was added 200 g of the Al\é\?l;ségf{?%ifgﬂg%blsgol ution
and 200 g of the (NH4)2SO4 solution. This m xture was shaken at 80C in a
shaker bath at 260 rpmfor 1 hour, cooled and then washed 3 tines with 500
g of DI (deionized) water at 80C on the filter and air dried. The product
fromthis first ion exchange, Exanple 1.-27-was anal yzed. The renmi ning

sanpl e was added to 200 g of the dilute alum num sul fate solution and then
200 g of the dilute amonium sul fate sol ution was added. This was shaken
for 1 hour at 80C at 260 rpm washed 3 tinmes with 500 g of deionized water,
dried at 120C for 2 hours and cal cined to give Exanple 1.2. Table 1.2

cont ai ns t 80 'é'ﬂal ybesiomoexahgage thisapaiesal, T&BLE‘lh)‘@nExwhﬁl@n 100 apmepLam 1. 2

Si02 (W% 6 A120 36,99 36.29 Na (W% 0.72 0.24 WO
D005/ 1 53239 AR AR GIate e uSed:
360 g AL(SO4);'16H,0 was dissolved in 2040 g DI water

106.2 g (NH4),S0O, was dissolved in 2294 g DI water.

[0074]
Al;(SO4)3y16H,0 solution and 200 g of the (NH,4),SO, solution. This mixture was
shaken at 80°C in a shaker bath at 260 rpm for 1 hour, cooled and then washed 3

To 120 g of the spray drier product was added 200 g of the

times with 500 g of DI (deionized) water at 80°C on the filter and air dried. The
product from this first ion exchange, Example 1.1, was analyzed. The remaining
sample was added to 200 g of the dilute aluminum sulfate solution and then 200 g
of the dilute ammonium sulfate solution was added. This was shaken for 1 hour at
80°C at 260 rpm, washed 3 times with 500 g of deionized water, dried at 120°C for

2 hours and calcined to give Example 1.2, Table 1.2 contains the analyses for these

samples.
( TABLE 1.2
Example 1.1 Example 1.2
Si02 (wt%) 62.04 63.39
AI203 (wt%) 36.99 36.29
Na (wt%) 0.72 0.24




Conparati ve Exanple 2: Urea, D amoni um Hydrogen Phosphate [0075] This is a
further conparative exanple. Unlike standard conmmercial FCC catalysts, the
preparation takes place in a basic environnent. It is assuned that | nole
of urea newprahd/28s22 nol es of sodi um by deconposi ng to fp@rRFERARLN
silicate and sodi um carbonate. [0076] To 2500 g of water in a 2-gallon (7570 -
m plastic bucket was added: 1319.3 g of zeolite Z-14G NaUSY, 12.5 ¢

di anmoni um hydr ogen phosphate, 728 g of Hydrite UF kaolin clay, and 560 g
of Spacerite S-11 G bbsite. The resulting mxture was stirred-30 m nutes
with a Cow es mxer. [0077] 1742.2 g of-28 brand Sodium Silicate was
diluted with 2275 g of deionized water and added to the

wat er/ zeol i t e/ di anmoni um hydrogen phosphate/clay slurry and then colloid
mlled. They f 'il iplk bl QOr&d. Pia finmB 1phos eViscosity of
the slurry-m 70 spray dried
In a Bowen #1 Tower Spray Drier [rated at 7/35 kg/hr wth an airflow of 250
cfm (7.08 GOSN, ) This i$QFhrthér Soraparaiive ek@MPRS AUH[Re efandiktbComifddia] FCES6 ¢
of solids was collected fromthe in Tower Pot. The conposition of the

sl urry and catabyhis, ttha peepmatioar fakesipiace Tahlbasiz. chvirdBnPR5At123RS2med that 1
PCTI US2005/ 018019 29 O~ Ov~ OIC_NaNNNNO O\V\O'OMN *O0 >. 1 - O00 M
O 00 mole of urea neutralizes 2 moles of sodium by decomposing to form ammonium

hY

silicate and sodium carbonate.

[0076] To 2500 g of water in a 2-gallon (7570 m®) plastic bucket was added:
1319.3 g of zeolite Z-14G NaUSY, 12.5 g diammonium hydrogen phosphate, 728 g
of Hydrite UF kaolin clay, and 560 g of Spacerite S-11 Gibbsite. The resulting

mixture was stirred 30 minutes with a Cowles mixer.

[0077] 1742.2 g of "N" brand Sodium Silicate was diluted with 2275 g of
deionized water and added to the water/zeolite/diammonium hydrogen
phosphate/clay slurry and then colloid milled. The pH of colloid-milled slurry was
11.0 at 21°C. The viscosity of the slurry was 247 cP (247000 Paes) at 100 rpm.
The slurry was spray dried in a Bowen #1 Tower Spray Drier {rated at 7/35 kg/hr
with an airflow of 250 cfm (7.08 m’/min.) at 80°C] with an exit temperature of
145°C.

[0078] 1436 g of solids was collected from the Main Tower Pot. The

composition of the slurry and product are summarized in Table 2.1.
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0-0 oxzCZCAaod(r) Yg'rURROCDcn Cy ar o0cGcecCOy i
Nzx4uo 3:) WO 2005/123252 PCT/ US2005/018019 -30 [0079] 52.4 g H2S04 was
di ssolved in 1548 g of DI water to make a dilute sulfuric acid solution.

[ 0080] 270y@ 260s0$34) 3. 16H20 was di ssol ved in 1530 g of Pcmmakersiohsoioake a
dilute alum numsulfate solution with 4.5 X 104 nol es Al13+/g sol ution.

[0081] 70.8 g (NH4)2SO4 was dissolved in 1529.2 g of DI water to nmake a
dilute ammoniumsulfate solution with 6.7 X 10-4 noles NH4+/ g sol ution.
[0082] To 100 g of spray drier product was added sol utions according to
Table 2.2. TABLE 2.2 Exanple 2.1 Exanpl® 2.2 Exanple 2.3 Exanple 2.4
Exanple 2.5 200 g dilute 100 g dilute 200 g dilute 100 g dilute 200 g
dilute sulfuric acid sulfuric acid alum num al um num anoni um sol ution
solution / sulfate sulfate sulfate 100 g dilute solution solution / solution
al um num 100 g dilute

[0079] 52.4 g H,SO,was dissolved in 1548 g of DI water to make a dilute

sulfuric acid solution.

[0080] 270 g Al(SO,)y'16H,0 was dissolved in 1530 g of DI water to make a

dilute aluminum sulfate solution with 4.5 X 10 moles AP*/g solution.

t

[0081] 70.8 g (NH,4),SO, was dissolved in 1529.2 g of DI water to make a dilute

ammonium sulfate solution with 6.7 X 10™ moles NH,"/ g solution.

[0082] To 100 g of spray drier product was added solutions according to Table
22.
TABLE 2.2
Example 2.1 | Example 2.2 | Example2.3 | Example 2.4 | Example 2.5
200 g dilute 100 g dilute 200 g dilute 100 g dilute 200 g dilute
sulfuric acid | sulfuric acid | aluminum aluminum ammonium
solution solution / sulfate sulfate sulfate
100 g ditute solution solution / solution
aluminum 100 g dilute
sulfate ammonium
solution sulfate
solution
{0083] These were shaken at 80°C for 1 hour; filtered, washed 3 times with 400

g of DI water at 80°C for 0.5 hours on the shaker bath and warmed to 120°C at
1°C/minute and dried at 120°C for 6 hours.




sul fate ammoni um solution sulfate solution [0083] These were shaken at
80C for 1 hour; filtered, washed 3 tinmes with 400 g of DI water at 80C for
0.5 hours on the shaker bath and warned to 120C at 1C/ mi nute and dried at
120C for GwWipios12396 2005/ 123252 PCT/ US2005/ 018019 - 31 [ P¥Ak20h88188iMENT Al
anal yses on these sanples are contained in Table 2.3. TABLE 2.3 Exanple
Exanpl e Exanpl e Exanple Exanple 2.1 2.2 2.3 2.4 2.5 SO (W% 64.82 63.67
63.22 62.00 63.01 A1203 (Wm9% 33.88 35.34 36.00 37.35 34.84 Na wt% 0. 96
0.74 0.57 0.49 1.59 (. [0085] Note that the Al 203/Si 2 weight ratio is 0.60
with exanple 2.4, the NH4+/ Al3+ preparaBilen, and only 0.55 with exanple
2.5, the NH4+preparation. This indicates that the systemis incorporating
roughly 0.60/0.55 -1 9.1% nore alumna or that.091 x 35 = 3.2 % al um na
(1.6 g alum na) has been added to the original weight of the catalyst. This
al um na coneesdf onThbeleki&itiBOalysedish thesel Sidhples are CoRathedrintTuble’Bhange

sol ution. [008 To further denonstrate the specific nature of this
L.nteraction, the spray dried produch e 2 was exchanged in a second
series in which only the dilute alu ate solution and the dilute
ammoni um sul f at ed as outlined in Table 2.4. To 50 g of

us

sol uti re
spray drier product was addggm%qén FAmple

2.1

22

Example
23

Example
2.4

Example
2.5

Si02 (wi%)

64.82

63.67

63.22

62.00

63.01

A1203 (Wt%)

33.88

35.34

36.00

37.35

34.84

0.96

0.74

0.57

0.49

1.59

Na (wt%)

[0085] Note that the Al;05/S10, weight ratio is 0.60 with example 2.4, the
NH,"/AI’* preparation, and only 0.55 with example 2.5, the NH, "preparation. This
indicates that the system is incorporating roughly 0.60/0.55 -1 = 9.1% more
alumina or that .091 x 35 = 3.2 % alumina (1.6 g alumina) has been added to the
original weight of the catalyst. This alumina comes from the 100/1800 x 270 x
102/666 = 2.3 g in the exchange solution.

[0086]

dried product of Example 2 was exchanged in a second series in which only the

To further demonstrate the specific nature of this interaction, the spray

( dilute aluminum sulfate solution and the dilute ammonium sulfate solution were

used as outlined in Table 2.4. To 50 g of spray drier product was added solutions

according to Table 2.4:
TABLE 2.4
Example 2.6 Example 2.7 Example 2.8

50 g dilute aluminum
sulfate solution /

150 g dilute ammonium
sulfate solution

100 g dilute aluminum
sulfate solution /

100 g dilute ammonium
sulfate solution

150 g dilute aluminum
sulfate solution /

50 g dilute ammonium
sulfate solution




according to Table 2.4: TABLE 2.4 Exanple 2.6 Exanple 2.7 Exanple 2.8 150 ¢
dilute alum num 100 g dilute alum num50 g dilute alum num sulfate solution
/| sulfate solution / sulfate solution / 50 g dilute ammni um 100 g dilute
ammoni um 1500 gooditbisse anmoni um sul fate sol ution sul fate poraiskd@sofeld at e
sol uti on WD 2005/ 123252 PCT/ US2005/018019 -32 [0087] These were shaken at
80C for 1 hour; filtered, washed 3 tinmes with 400 g of D water at 80C for
0.5 hours on the shaker bath and warned to 120C at 1 C mnute and dried at
120C for 6 hours. Table 2.5 clearly shows that for these sodiumsilicate
bound catal ysts, sodiumrenoval is nost -82ficient with a conbination of an
alum numsalt and an ammonium salt in a specific ratio, nanely, 2 noles of
Al'/3 nol es of ammonia. TABLE 2.5 Exanple 2.6 Exanple 2.7 Exanple 2.8 Si02

40,53 e e S £ e o
ST 3 SETHR AU o e R AR
Lhen 200 9 pic it i PRPT-ETAYAGHE Tob4 LB ddnaltoomite |
vater, driethBhmldAGiE Boud oI, SodRiny Ferfis IS Sndst Beficiest H/AERL N ng sanpl e

shaken for
was added to 200 g of the |
combination of an aluminum salt and an ammonium salt in a specific ratio, namely,

2 moles of Al/3 moles of ammonia.

TABLE 2.5
Example 2.6 {Example 2.7 | Example 2.8
S102 (wt%) 63.29 62.24 _61.89
A1203 (wt%) 36.04 37.14 37.11
Na (wt%) 0.50 0.46 0.74

[0088)
sodium from the catalyst, 120 g of the spray drier product of Example 2 was added

To demonstrate that successive ion exchanges complete the removal of

to 200 g of the dilute aluminum sulfate solution and then 200 g of the dilute
ammonium sulfate solution was added. This was shaken for 1 hour at 80°C at 260
rpm, washed 3imtes with 500 g of deionized water, dried at 120°C for 4 hours to
give Example 2.9. The remaining sample was added to 200 g of the dilute
aluminum sulfate solution and then 200 g of the dilute ammonium sulfate solution
was added. This was shaken for 1 hour at 80°C at 260 rpm, washed 3 times with
500 g of deionized water, dried at 120°C for 2 hours and calcined to give Example

2.10. The volatile free analyses for examples 1.9 and 1.10 are contained in Table
2.6.



al um num sul fate solution and then 200 g of the dilute amonium sul fate
solution was added. This was shaken for 1 hour at 80C at 260 rpm washed 3
times with 500 g of deionized water, dried at 120C for 2 hours and cal ci ned
to give Exﬁfﬂggoﬁ‘snz%zs 0. The volatile free anal yses for exasple$ods/Ase@d 1. 10
are contained 1n Table 2.6. WD 2005/123252 PCT/ US2005/ 018019 -33 TABLE 2.6
Exanple 2.9 Exanple 2.10 SiO2 (w% 61.55 62.68 A1203 wt % 37.54 37.01 Na
(Wt% 0.68 0.23 Conparative Exanple 3: 2X Urea, D amoni um Hydrogen
Phosphate ( [00891 This conparative exanple illustrates the renoval of
sodium by ion exchange fromthe product3¥somthe spray drier which is
prepared as follows. To 3000 g of water in a 2-gallon (7570 nB) plastic
bucket was added 1319.3 g of zeolite NaUSY, 12.5 di anmoni um hydrogen
phosphate, 728 g of Hydrite UF(r) km, 403.5 g of urea 560 g of
Spacerite (r) S-11 G bbsite. The res i xture was stirred 30 m nutes
with a Cow es m xer. [0090] 1742.2 g of '"N'(r) brand Sodium Silicate was

diluted with 1700 g of-—dereni-zedwater—and-gaged—to—the
wat er / zeol i t e/ di ammonijum hydr ogen pIEJéBWé 2% aﬁxgmi@?l&nd t hen col |l oi d
mlled. The pH of col 'SL@%M% d STjurry wa%lsﬂ.. 79 at Téfz;@s he viscosity of

the slurry was 199 cP Ho0—Pass)—at—100_ B and—+he nsity of the
slurry was 1.293 g/cc.ApQK{Wt%rp urry aéﬁf y dri ed37 Bowen #1 Tower
Spray Drier [rated at [Na(wt%) 0.68 0.23

Comparative Example 3: 2X Urea, Diammonium Hydrogen Phosphate

[0089}  This comparative example illustrates the removal of sodium by ion
exchange from the product from the spray drier which is prepared as follows. To
3000 g of water in a 2-gallon (7570 m’) plastic bucket was added 1319.3 g of
zeolite NaUSY, 12.5 diammonium hydrogen phosphate, 728 g of Hydrite UF®
kaolin clay, 403.5 g of urea 560 g of Spacerite ® S-11 Gibbsite. The resulting

mixture was stirred 30 minutes with a Cowles mixer.

[0090] 1742.2 g of "N"® brand Sodium Silicate was diluted with 1700 g of
deionized water and added to the water/zeolite/diammonium hydrogen

phosphate/clay slurry and then colloid milled. The pH of colloid-milled slurry was

Y

10.79 at 17°C. The viscosity of the slurry was 199 ¢P (199000 Pa«s) at 100 rpm,
and the density of the slurry was 1.293 g/ce.

[0091] The slurry as spray dried in a Bowen #1 Tower Spray Drier [rated at
7/35 kg/hr with an airflow of 250 cfm (7.08 m’/min.) at 80°C] with an exit
temperature of 160°C. After drying, collection and weighing of the solids from the
bottom of the main tower and the solids from the bottom of the cyclone yielded
1129 g of solids with 50% above 66.0 microns. The nominal slurry and product

compositions are shown in Table 3.1.



7/ 35 kg/hr with an airflow of 250 c¢cfm (7.08 nB/mn.) at 80C] with an exit
tenperature of 160C. After drying, collection and wei ghing of the solids
fromthe bottomof the main tower and the solids fromthe bottom of the
cycl one yi av@aghs123229 g of solids with 50% above 66.0 mc 1 nal
slurry and product conpositions are shgwn in Table 3. 1. \%\%?@86@@5@%12
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NNOO OOOYO UN/O/D~t OVV YN t NON 7 Nto6) cn NNIn In
L HVO CW W ~-n" pVNNr O yO 3~EndcOi Cdo oa N 3 Nzv~~:)
WO 2005/ 123252 PCT/ US2005/ 018019 -35 [00921 120 g of the spray drier
product of was added to 200 g of the dilute aly Os,gisﬁ,?gte

P RS SFIRE

sol ution an g of the dilute amonium sul fate ution was added.
This was shaken for 1 hour at 80C at 260 rpm washed 3 tlnes with 500 g of
dei oni zed water, dried at 120C for 4 hours to give Exanple 3.1. The
remai ni ng sanple was added to 200 g of the dilute alum num sul fate sol ution
and then 200 g of the dilute amoni um sdbftate solution was added. This was
shaken for 1 hour at 80C at 260 rpm washed 3 tinmes with 500 g of deionized

water, dried at

[0092] 120 g of the spray drier product of Example 3 was added to 200 g of the |
dilute aluminum sulfate solution and then 200 g of the dilute ammonium sulfate
solution was added. This was shaken for 1 hour at 80°C at 260 rpm, washed 3 times
with 500 g of deionized water, dried at 120°C for 4 hours to give Example 3.1. The
remaining sample was added to 200 g of the dilute aluminum sulfate solutidn and

f then 200 g of the dilute ammonium sulfate solution was added. This was shaken for
( ! hour at 80°C at 260 rpm, washed 3 times with 500 g of deionized water, dried at
120°C for 2 hours and calcined to, give Example 3.2. The volatile free analyses for

examples 3.1 and 3.2 are contained in Table 3.2.

TABLE 3.2
Example 3.1 | Example 3.2
8102 (wt.%) 61.46 62.04
A1203 (wt%) 37.73 37.69
. Na (wt%) 0.60 0.20

~~

Example 4: Urea, Disodium Hydrogen Phosphate

[0093] This example is a catalyst of this invention. In its preparation, an alkali
phosphate salt, urea, and sodium silicate were employed to make a spray dried
product which was ion-exchanged using the optimum mix of aluminum and
ammonium salts to make a finished catalyst. When this catalyst was then
deactivated using steam, it had a pore structure according to the catalyst and
process of the invention. To 3000 g of water in a 2-gallon (7570 m’) plastic bucket
was added: 13.4 g disodium hydrogen phosphate, 200 g of urea, 373 g Alcoa C-33



120C for 2 hours and calcined to, give Exanple 3.2. The volatile free

anal yses for exanples 3.1 and 3.2 are contained in Table 3.2. TABLE 3.2
Exanple 3.1 Example 3.2 Si02 w.%61.46 62.04 A1203 (% 37.73 37.69 Na
(Wt % 0. 60w 26bs/103080pl e 4. Urea, Disodi um Hydr ogen Phosphetsid®ebiorhi s
exanple is a catalyst of this invention. In its preparation, an alkali
phosphate salt, urea, and sodiumsilicate were enployed to make a spray
dried product which was ion-exchanged using the optimum m x of al um num and
amonium salts to make a finished catal yst. Wen this catalyst was then
deactivated using steam it had a pore st3fucture according to the catal yst
and process of the invention. To 3000 g of water in a 2-gallon (7570 nB)

pl astic bucket was added: 13.4 g disodi um hydrogen phosphate, 200 g of

urea, 373 Qg{ : /é&iﬁg ; i i ite,
1319.3 g of gzegﬁﬁtglﬁﬁf%g%egqgf@g%&§??te OF Egoliggq%oégﬁ%%e%réesul ting

m xt ur e wasresultingesiintitdwas Sombe svith x Govdes ndixért udtildnddwedahddtily. [ 0094]
1742.2 g of "N' brand Sodium Silicate was diluted with 2400 g of deionized
water and to this was added t he water/di sodi um hydr ogenphosphat e/

ureal/ gi bbsite/zeolitelclay rry. This slurry was then colloid mlled

fi ce. The HWOAGT doiipct abrN'dkid Spdpmmiliodle beadibae Wi AUBE 681  y of
Lhe sl iy Yo A28 cEo (20000, Pastlal (00 LOm, R RS Sens Bt e
Dt er 1t ohal BRI BRGS0, 1816 Yy Whs 4R8 IBLE o BRAE. e

of colloid-milled slurry was 10.8 at 22°C. The viscosity of the slurry was 188 cP

(188000 Pass) at 100 rpm, and the density of the slurry was 1.288 g/cc. The sharry

was spray dried in a Bowen #1 Tower Spray Drier [rated at 7/35 kg/hr with an

airflow of 250 cfm (7.08 m*/min.) at 80°C] with an exit temperature of 150°C. 939

g of solids were collected from the Main Tower Pot.

[0095] 120 g of the spray drier product of Example 4 was added to 200 g of the
dilute aluminum sulfate solution and then 200 g of the dilute ammonium sulfate
solution was added. This was shaken for 1 hour at 80°C at 260 rpm, washed 3times
with 200 g of deionized water. The wet cake was added to 200 g of the dilute
aluminum sulfate solution and then 200 g of the dilute ammonium sulfate solution
was added. This was shaken for 1 hour at 80°C at 260 rpm, washed 3 times with
200 g of deionized water, dried at 150°C for 1 hoﬁr and calcined at 760°C for 1

hour to give Example 4.1. Table 4.1 contains the analyses:

TABLE 4.1
Example 4.1
Si02 (wt.%) 61.22
AI203 (wt%) 38.38
Na (wt%) 0.29




g of solids were collected fromthe Main Tower Pot. [0095] 120 g of the
spray drier product of Exanple 4 was added to 200 g of the dilute alum num
sul fate solution and then 200 g of the dilute anmonium sul fate solution was
added. Thi wowmssisaken for 1 hour at 80C at 260 rpm washpdr@kzeo®eisewi th 200
g of deionized water. The wet cake was added to 200 g of the dilute

al um num sul fate solution and then 200 g of the dilute ammonium sulfate
solution was added. This was shaken for 1 hour at 80C at 260 rpm washed 3
times with 200 g of deionized water, dried at 150C for 1 hour and cal ci ned
at 760C for 1 hour to give Exanple 4.1:37able 4.1 contains the anal yses:
TABLE 4.1 Exanple 4.1 Si02 (m.% 61.22 A1203 (wt% 38.38 Na (w% 0.29
WO 2005/ 123252 PCT/ US2005/ 018019 -37 Exanple 5: Urea, Tetrasodi um

Pyr ophos phpkgyl 10 %61 UFeL, STa¥ 260ifini PyPo hate according to the catalyst
and proces Of water in a 2-gallon (7570 nB)

§'7§|Stgi A ?S@ﬁ@?ﬁggﬁ%ﬂ%@«?@?@%ﬁ% oRd E%Eﬁé@%@f&? 70 DEGSES RER ( o l‘éfé
, ?Sw'eﬁ Enﬁ%wﬁfﬁsn{’@%éb?b he ittt 2rRugi (7370dnel el (ReF SRl U Lg !

| oved s 0vs i el |
byt ophosphal &8 tASOHAE EyIRLEtIRIE A & O broil s 79 ERfkda O 30 B [on o |
col 1 0i d i 13 B33 @m0l TNaDISY 8748 f ohylirite URHasliniclay, Wik rbdulingt 22C. The

viscosity of the slurry was 189 cP .
mixture was stirred with a Cowles mixer until it flowed smoothly.

( [0097] 1742.2 g of "N" brand Sodium Silicate was diluted with 2400 g of
deionized water and to this was added the water/ tetrasodium pyrophosphate/
urea/gibbsite/zeolite/clay slurry. This slurry was then colloid milled twice. The pH
of colloid-milled slurry was 11.0 at 22°C. The viscosity of the slurry was 189 cP
(189000 Pass) at 100 1pm, and the density of the shurry was 1.26 g/cc. The slurry
as spray dried in a Bowen #1 Tower Spray Drier {rated at 7/35 kg/hr with an
airflow of 250 cfm (7.08 m*/min.) at 80°C] with an exit temperature of 150°C. 980

g of solids were collected from the Main Tower Pot.

[0098] 120 g of the spray drier product of Example 5 was added to 200 g of the
( dilute aluminum sulfate solution and then 200 g of the dilute ammonium sulfate

solution was added. This was shaken for 1 hour at 80°C at 260 rpm, and washed 3

times with 200 g of deionized water. The wet cake was added to 200 g of the dilute

aluminum sulfate solution and then 200 g of the dilute ammonium sulfate solution
was added, This was shaken for 1 hour at 80°C at 260 rpm, washed 3 times with
200 g of deionized water, dried at 150°C for 1 hour and calcined at 760°C for 1

hour to give Example 5.1. Table 5.1 contains the analyses:



(189000 Pa-s) at 100 rpm and the density of the slurry was 1.26 g/cc. The
slurry as spray dried in a Bowen #1 Tower Spray Drier [rated at 7/35 kg/ hr
with an airflow of 250 ¢cfm (7.08 nB/mn.) at 80C] with an exit tenperature
of 150C. 9% 209s/023280| i ds were col |l ected fromthe Miin Torer/uPmos/0186398] 120
g of the spray drier product of Exanple 5 was added to 200 g of the dilute -
al um num sul fate solution and then 200 g of the dilute amonium sulfate

sol ution was added. This was shaken for 1 hour at 80C at 260 rpm and washed
3 tinmes with 200 g of deionized water. The wet cake was added to 200 g of
the dilute aluminumsulfate solution anthen 200 g of the dilute ammoni um
sul fate solution was added,. This was shaken for 1 hour at 80C at 260 rpm
washed 3 tines with 200 g of deionized water, dried at 150C for 1 hour and
calcined at 760C for 1 hour to give Exanple 5.1. Table 5.1 contains the
anal yses: WD 2005/ 123252 PCT/ US2005/ @@ﬁ_ﬂ—l% TABLE 5.1 Exanple 5.1 Si02
(M9% 62.28 A1203 wt% 37.32 Na (% 0.29 Exanple 6 [0099] Exanples 1, 2,
3, 4, and 5 were calcined at 760C_Exanples 1, 2, and 3 were then steaned
at a tenperature of 760C for {6 hours to Qﬁﬁxmﬁph:njllles 1.11, 2.11, and 3.11
in Table 6, then at a tenperapyre—-of—188cior—316-heuxHs to produce exanples
1.12, 2.12, and 3.12 respecti S \ (Wtko)Tablle 6 #rles 4 and 5 were

steanmed at 788C, 16 hours to KI@@3cEviAe clatal yst3§.32|11 and 5. 11 for
evaluation in an ACE FCC. AnNi{fyiepit 1s |a commernppgl |y available unit nmade
for FCC

Example 6

[0099] Examples 1,2, 3, 4, and 5 were calcined at 760°C. Examples 1, 2, and 3
were then steamed at a temperature of 760°C for 16 hours to give Examples 1.11,
2.11, and 3.11 in Table 6, then at a temperature of 788°C for 16 hours to produce
examples 1.12, 2.12, and 3.12 respectively, in Table 6. Examples 4 and 5 were
steamed at 788°C, 16 hours to produce the catalysts 4.11 and 5.11 for evaluation in
an ACE FCC. An ACE unit is a commercially available unit made for F cC
laboratory evaluations and is manufactured by Xytel Co., Elk Grove Village, IL.
The properties of the steamed catalysts are set forth in Table 6.
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2005/ 12325%0PosR290S/ 018019 -40 [0100] Exanples 1. 11, per/$2003018019 1. 12,
2.12, and 3.12 as conparison catalysts and 4.11 and 5.11 of this invention
were then evaluated by injecting a vacuumgas oil with the foll ow ng

physi cal properties over the catalyst in a fixed fluidized bed reactor
whose operations are described in the open literature. The conditions under
which the unit operated follow REACTOR-®RPT TEMP, F (C) 1030 (554. 44)
REACTOR M N TEMP, OF (C) 1010 (543.33)

[0100] Examples 1.11,2.11,3.11, 1.12, 2.12, and 3.12 as comparison catalysts
and 4.11 and 5.11 of this invention were then evaluated by injecting a vacuum gas
oil with the following physical properties over the catalyst in a fixed fluidized bed
reactor whose operations are described in the open literature. The conditions under

which the unit operated follow:

REACTOR INIT TEMP, °F (°C) 1030 (554.44)
REACTOR MIN TEMP, °F (°C) 1010 (543.33)
FLUID BED REGEN TEMP, °F (°C) 1250 (676.67)
CAT STRIP TIME, SEC 330-610 s
LIQ STRIP TIME, SEC 350-1050 s
N, DURING RXN TOP FEED, SCCM 20
N, DURING RXN TOP FLUID, SCCM 20
N, DURING RXN BTM FLUID, SCCM 100
N, DURING RXN TOT PURGE, SCCM 41
N, DURING REM LIQ STRIP, SCCM 100
CAT TO OIL RATIO, WT/WT 3.0-9.0
CATALYST CHARGE WT, GMS 9.0
OIL CHARGE WT, GMS 1-3




FLU D BED REGEN TEMP, F (C) 1250 (676.67) CAT STRIP TIM, SEC 330-610 s

LIQ STRIP TIME, SEC 350-1050 s N2 DURI NG RXN TOP FEED, SCCM 20 N2 DURI NG
RXN TOP FLU D, SCCM 20 N2 DURI NG RXN BTM FLUI D, SCCM 100 N2 DURI NG RXN TOT
PURCGE, SCCWddooshizs2BJRI NG REM LI Q STRI P, SCCM 100 CAT TOpESrluskwibigordM/ WI
3.0-9.0 CATALYST CHARGE WI, G5 9.0 O L CHARGE W, G5 1-3 WD 2005/ 123252
PCT/ US2005/ 018019 -41 [01011 The feedstock used was a Gulf Coast vacuum gas
oil having the followi ng properties: GRAVITY, APl 23.9 CARBON 85.81
HYDROGEN 12.55 NI TROGEN, SYRI NGE | NLET (ppm 909 N (basic) wppm 313 (
SULFUR IN O LS 0.968 N (wppm) 0.42 V-@ppm 0.37 CARBON RESIDUE (M CRO)
0.22 TEMP. @5.0 W% OF (C) 658.4 (348) TEMP. @10.0 W% F (C) 701.7
(372.06)

[0101] The feedstock used was a Gulf Coast vacuum gas oil having the

following properties:

GRAVITY, API 239
CARBON 85.81
HYDROGEN 12.55
NITROGEN, SYRINGE INLET (ppm) 909
N (basic) wppm 313
SULFUR IN OILS 0.968
Ni (wppm) ,0.42
V (wppm) 0.37
CARBON RESIDUE (MICROY 0.22
TEMP. @ 5.0 WT%, °F (°C) 658.4 (348)

TEMP. @ 10.0 WT%, °F (°C)

701.7 (372.06)

TEMP. @ 20.0 WT%, °F (°C)

755.7 (402.06)

TEMP. @ 30.0 WT%, °F (°C)

795.7 (424.28)

TEMP. @ 40.0 WT%, °F (°C) 829 (442.78)
TEMP. @ 50.0 WT%, °F (°C) 860.1 (460.06)
TEMP. @ 60.0 WT%, °F (°C) 892.9 (478.28)

TEMP. @ 70.0 WT%, °F (°C)

931.2 (499.56)

TEMP. @ 80.0 WT%, °F (°C)

970.7 (521.5)

TEMP. @ 90.0 WT%, °F (°C) 1014 (545.56)
TEMP. @ 95.0 WT%, °F (°C) 1033.1 (556.17)
SATS 55.4-56.56
1 RING AROM 20.4-20.9
2 RING AROM 11.7-11.1
3 RING AROM 5.7-5.5
4 RING AROM 3.1-3.1
POLARS 3.8-2.9
SATS (UV CORES) 0.04
1 RING AROM (UV CORES) 3.3-3.0
2 RING AROM (UV CORES) 4437
3 RING AROM (UV CORES) 3.4-2.9
4 RING AROM (UV CORES) 2.1-2.2
POLARS (UV CORES) 1.9-1.3




TEMP. @20.0 W% F (C) 755.7 (402.06) TEMP. @30.0 W% OF (C) 795.7
(424.28) TEMP. @40.0 W% OF (C) 829 (442.78) TEWMP. @50.0 W% F (O
860.1 (460.06) TEMP. @60.0 W% OF (C) 892.9 (478.28) TEMP. @70.0 W%
OF (O 93wo2(e02356) TEMP. @80.0 W% F (C) 970. 7 (52PCAYUS2ENMPSIE 90. 0
W% OF (C) 1014 (545.56) TEMP. @95.0 W% F (C) 1033.1 (556.17) SATS
55.4-56.56 1 RING AROM 20.4-20.9 2 RING AROM 11.7-11.1 3 RI NG AROM
5.7-5.5 4 RING AROM 3.1-3.1 POLARS 3.8-2.9 SATS (UV CORES) 0.04 1 RING
AROM (WV CORES) 3.3-3.0 2 RING AROM (UV. CORES) 4.4-3.7 3 RING AROM (WV
CORES) 3.4-2.9 4 RI NG AROM (UV CORES) A%-2.2° POLARS (UV CORES) 1.9-1.3 WO
2005/ 123252 PCT/ US2005/ 018019 -42 [0102] Consistent with the observed
differences in the pore size distribution of the steaned, artificially

deact i vat eqog@2p! Y Sonsistéit wAfiStheohverasdtifiefedcsd if e Sizediskithdionpfent i on
show significantly different selectivities for coke in the cracking
the steamed, artificially deactivated catalysts, the base case and the two examples
of this invention show significantly different selectivities for coke in the cracking
of a Vacuum Gas Oil in a small captive fixed fluidized bed unit (ACE). Figure 4a
is a graph of coke make vs. 430°F- (221°C-) + coke make for base case comparative
catalysts vs. catalysts of the invention. Figure 4b shows that the catalysts of this
invention are more coke selective than the average coke selectivity seen from

commercially available state of the art catalysts.

[0103] Figure 4ashows that the catalysts of this invention (Examples 4 and 5)
differ from the similar comparative catalysts in that they produce less coke for a
given conversion level than other catalysts made with ammonium phosphates. In
Figure 5, the same data are normalized for conversion which removes the slopes for

coke vs, conversion seen in Figure 4.

[0104] Iflight hydrocarbon moieties (such as methyl groups) associated with
heavy polynuclear aromatics in coke are cracked off as a result high temperature,
coke yields can fall while light gas yields rise. Since either coke or light gas can
constrain unit operations, trading off coke for light gas is not a clear win. With the
catalysts of this invention, it appears that both coke and light gas are lower than the
base case comparative catalysts as shown in Figure 6a which is a plot of dry gas
make vs. 430°F- (221°C-) + coke make. Figure 6b shows that the catalysts of this

invention make less dry gas than commercially available state of the art catalysts.

[0105] Figure 7a shows that the catalysts of this invention make more valuable
propene than do similar base case comparative catalysts when they achieve the
same conversion. Figure 7b shows that the catalysts of this invention make more

propene than commercially available state of the art catalysts.



of a Vacuum Gas Q| in a snmall captive fixed fluidized bed unit (ACE).
Figure 4a is a graph of coke nake vs. 430F- (221C-) + coke nmke for base
case conparative catalysts vs. catalysts of the invention. Figure 4b shows
that the cewadwsis23f this invention are nore coke sel ecRCWESIPIHIRSOIe
average coke selectivity seen from comercially available state of the art
catal ysts. [0103] Figure 4a shows that the catal ysts of this invention
(Exanples 4 and 5) differ fromthe simlar conparative catalysts in that
t hey produce | ess coke for a given convggsi on |l evel than other catalysts
made wi th amoni um phosphates. In Figure”5, the same data are nornalized
for conversion which renoves the slopes for coke vs. conversion seen in
Figure 4. [0104] If |ight hydrocarbon noieties (such as methyl groups)
associated wth heavy pol ynucl ear aromatics in coke are cracked off as a
result high tenperature, coke yields can fall while |ight gas yields rise.
Si nce eithel0ld$le diiguregda shawsdhat the satalysts af this invepsiont Eaampleshand§) of f
coke for Ii as s not. a.clear win. Wth the catalysts of this
i nventi on, ‘ﬂﬂghg'ﬁ%h%e SIRAlaT BaseCaseIcompali Y Fatalyss l&r"ggtl ‘ower than the base
case conparative catalysts as shown in Figure 6a which is a plot of dry gas
make vs. 430F- (221 CG) + coke make. Figure 6b shows that the catal ysts of
this invention jmke ' Lol i of the
art catal ysts. 0105] Fi gﬁ{n\e{u%ﬁs E&W/ﬁﬁgﬁ‘?;)%@%%%hal ygéléag#&%rﬁ%lgbﬁ?venti on
make nore val uabl e plispewe gréasr thanS0TAhgstdas foctheeapdygabathiy tnvatiohy st s
when they achi eve the sanme conversion. Figure 7b shows that the catal ysts
of this invention nmake nore propene than commercially avail able state of
the art catal ysts. W) 2005/ 123252 P&ZT/ %&2005/018019 -43 101061 Figure 8a
shows that the datal ydestapgentsite the.q¥idl) 5. pazeshpmeter gupyes tjowdik fer from
the simlar base Cas%ﬁ:gos s tor's ea.%%(f (lzﬁltgltygts' or}‘tinrg;aﬁwéntion are positive and
intercept the pore diameter axis (dV/dD = 0) at greater than 10

Angstroms.

3. The catalysts of this invention are made with sodium silicate, urea,

and a sodium salt of phosphate as well as a faujasite and and alumina.

[0107]  Figure 8b shows that the commercially available state of the art catalysts
have a local maximum in the dV/dD plot below 60 Angstroms (50 Angstroms)
regardless of the severity of the steaming, and that above 60 Angstroms, there may

be more than one maximum in the 60 to 200 Angstrom range.

[0108]  Figure 8c is a plot of dV/dD vs. pore diameter showing that
commercially available state of the art catalysts when blended with other catalysts
from the same manufacturer have a local maximum in the dV/dD plot below 60

Angstroms regardless of the severity of the steaming.

[0109]) Figure 8d is a plot of dV/dD vs. pore diameter showing that catalysts of
this invention have a maximum in the dV/dD plot above 60 Angstroms and below

80 Angstrom unlike the commercially available state of the art catalysts which have



1. The maximumin the dv/dD vs. pore dianeter plot occurs at pore dianeter
greater than 50 Angstrons for the catalysts of this invention. 2. The
tangents to the dv/dD vs. pore dianeter curves bel ow 50 Angstrons for

st eaned cat¥WP8¥K12852t his invention are positive and i nt @CTEF200598803Dr e
dianeter axis (dv/dD = 0) at greater than 10 Angstrons. 3. The catal ysts of
this invention are nmade with sodiumsilicate, urea, and a sodiumsalt of
phosphate as well as a faujasite and and alum na. [0107] Figure 8b shows
that the comercially avail able state of jhe art catalysts have a |ocal.
maxi mumin the dv/dD pl ot bel ow 60 AngstTons (50 Angstrons) regardless of
the severity of the steam ng, and that above 60 Angstrons, there nmay be
nore than one maximumin the 60 to 200 Angstromrange. [0108] Figure 8c is a
pl ot of dV/ dlbeed maximend imthet&/dhplut bglavn 60 Angstromsriegatdlessaof thelsevestyat e
of the art catalysts when bl ended with other catalysts fromthe sane

manuf act ur epf p/ateamingcand way ihatienona or veorg Mama ahovs(bAngstromagst r ons
regardl ess of the severity of the steam ng. [0109] Figure 8d is a plot of
dv/ dD vs. pore dianeter showi ng that catalysts of this invention have a
maxi mumin the dv/dD pl ot above 60 Angstrons and bel ow 80 Angstrom unlike
the commercially available state of the art catal ysts which have WO

2005/ 123252 PCT/ US2005/ 018019 -44 a local maximumin the dVv/dD pl ot bel ow
60 Angstrons regardl ess of the severity - of the steam ng and nay have one
or nore nmaxi ma above 80 Angstrons. -45- CLAIMS 1. A catalytic cracking
process, conprising:



contacting a hydrocarbon feedstock wwth a catalytically effective anount of
a cracking catalyst under catalytic conversion conditions, wherein the
cracking catal yst conprises at |east one anorphous, porous natrix, each
matri x having pores ranging in dianeter fromabout 1 A to about 10 A and
pores ranging in dianeter fromabout 40 Ato about 500 A but substantially
free of pores ranging in size fromabott- 10 A to about 40 A, wherein in the
pore range from50 A to 250 A there is a single maxinumin differential
pore volune distribution over the 50 A to 250 A range; and at | east one

nol ecul ar ¢§i = Wherein the anorphous, porous matrix is conprised of at

| east one%‘y{\?—sgi bbsite, and at |east one binder colloid. 2. The process
of claiml wherein the nolecular sieve is a Y zeolite or zeolites
isostructyral wth zeolitkinY. 3. The process of claim1 wherein the matrix
is a silica-al grﬁ%ytm“i .ngPCGFﬁéoﬁ’Pg@@%'s of claim| wherein the catalytic
conversi on congdhdth@ng alHyaldedDoR feclQBREW AR HeRaBticdI AR dmdtmP6r 4 0 about
700C, a hydrocarbon partial pressure of from "about 10 to 40 psia, a

cracki ng etacking setatyst undetieatalitic ¢onvemion cerditiensowheremrtheereckingcatdyst00, where

cat al yst I ght i t L aht  of acki - - re ranging
from abo\éﬁﬁlg?#gggﬁé&iogé %%g@gﬁéség?rghgﬁ'gﬁx’ g%hg%ft%%%}ﬁ }%Pr]p %%agélﬁ g?: resi dence
time of frdgetatfon atbul 1 otoabout 1020 asdparadtinging infdiemprep fremsaboiit 40 Aiam 1

wherein the cracking catalyst has been ion-exchapged, and al cined. 6. The
process ofab%‘}tépgr@ bWPgﬁﬁ‘ailﬁérefQBP?rF%raﬁé@g Hopige gP‘é‘rﬁ?P‘étr]@ ’%éﬁhﬁ‘l"ﬁ $rom3 to

15 Angstr QMyheiePin the pdd Tarle s 50 Afto ObGAMRrdR G gt hilémaROLI t € content of
t he crackirig glée'tla1nys%pranag S B To 99 W . % based on t%g V\eﬁﬁght of catal yst.
differential pore volume distribution over the 50 A to 250 A range; and

at least one molecular sieve;
wherein the amorphous, porous matrix is comprised of at least one clay, gibbsite,

and at least one binder colloid.

2. The process of claim 1 wherein the molecular sieve is a Y zeolite or zeolites

isostructural with zeolite Y.

3. The process of claim 1 wherein the matrix is a silica-alumina matrix.

4, The process of claim 1 wherein the catalytic conversion conditions include a
temperature of from about 450°C to about 700°C, a hydrocarbon partial pressure of from
about 10 to 40 psia, a cracking catalyst to feedstock (wt/wt) ratio of from about 3 to 100,
where catalyst weight is total weight of the cracking catalyst, a pressure ranging from
about atmosphertc pressure to about 45 psig, and a feedstock residence time of from

about 0.1 to about 20 seconds.

5. The process of claim 1 wherein the cracking catalyst has been ion-exchanged and
calcined.
6. The process of claim 2 wherein the zeolite has pore diameters ranging from 3 to

15 Angstroms.



8. The process of claim1 wherein the clay is kaolin. 9. The process of
claim1 wherein an integrated maxi num pore volune for matrix pores having a
di anet er between about 10 A and about 40 A is less than about 0.03 cc/g.

10. The process of claim9 wherein an integrated maxi num pore vol une for
matri x pores having a dianeter between about 10 A and about 40 Ais |less

t han about 0.01 cc/g. 11. The process46f claim 1 wherein the binder colloid
conprises alkaline silicate. 12. The process of claim 11l wherein the

al kaline silicate is sodiumsilicate. 13. The process of claim1l wherein the

amount of &t ripp C{e@é’&@c’iax\f}&noé JvHQreWtRe/%coB?esc%ﬁtenP&thQEx%E M@lzggl&st%n gtalyst.

14. The process 0 alim erern matrix I's a single”ano phosentlty
15. The prbtweRswish, bdsed om thewhaglaioficdthlgstmatri x is a blend of two or nore

i ndi vi dual anor phous matrices provided that each matrix individually neets
the differential pore volune distribution requirenent.

8. The process of claim 1 wherein the clay is kaolin.

9. The process of claim 1 wherein an integrated maximum pore volume for matrix

pores having a diameter between about 10 A and about 40 A is less than about 0.03 cc/g.

10.  The process of claim 9 wherein an integrated maximurn pore volume for matrix

pores having a diameter between about 10 A and about 40 A is less than about 0.01 cc/g.
11.  The process of claim 1 wherein the binder colloid comprises alkaline silicate.
12.  The process of claim 11 wherein the alkaline silicate is sodium silicate.

13, The process of claim 1 wherein the amount of matrix is from 5 to 100 wt.%, based

on total weight of catalyst.
14.  The process of claim 1 wherein the matrix is a single amorphous entity.
15.  The process of claim 1 wherein the matrix is a blend of two or more individual

amorphous matrices provided that each matrix individually meets the differential pore

volume distribution requirement.



