FCC PROCESS USI NG MESOPOROUS CATALYST FI ELD OF THE

I NVENTI ON [ 0001] The invention relates to a catal yst
woampaesaseon or catal yst, a nethod for maki ng R&CT/US2005/018019

catal ytic catal yst precursor, a nethod for making a

catal yst conposition or catalyst, and a catalytic

cracki ng process. [0002] Particularly but not

excl usively, the invention relates to nesoporous

catal ytic cracking catal yst,” I process for the

production of such catalysts, and a process utilizing

such catalysts in cracking operations, and nore in
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fluidized catal ytic cracking catal yst selective for

m nim zing the production of coke and |ight gas, a

e f e _nr.aoduction of such catal yst, and a
Fﬁéﬁéﬁﬁ ﬁhﬁ\?‘ E& catalyst in fluidized catalytic
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crackl ng oper at| ons BACKGROUND OF THE | NVENTI ON
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hydrocar bons. The products are useful as fuels for

transportation, heating, etc. In the process, the
[Oﬁgglver %Iatgtpcufar‘f blllts noqcselilc%us)llve o’n %g ?ﬁ?entlon 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 is cyclic and includes, for example, separate zones for

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



by contacting a hydrocarbon feedstock, e.g., a heavy

gas oil, wth a noving bed of particulate catalyst in
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tenperatures. [0004] The FCC process is cyclic and

i ncl udes, for exanple, separate zones for catalytic

f eedst ock conversion, steam stripping, and catal yst

regeneration. In thecycle, feedstock is blended with

the FCC catalyst in a catalyt7C reactor, typically a

riser reactor, for catalytic conversion into products.
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[0005] In continuous, cyclic operation, exofhermic 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
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[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 &
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 a 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



matri x having pores ranging in dianmeter from1A to 10

A and pores ranging in dianeter from40 A to at | east
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there is a single maximumin di-fferential pore vol une

di stribution over the 50 A to 250 A range. The matrix

may be a single anorphous entity, or may be a bl end of

two or nore individual anorphpus matrices provided

that each matrix individually heets the above-noted

differential pore volune distribution requirenent.
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hydroxide or aluminum oxyhydroxide, at least one clay, at least one
urea compound having the formula
X

R;R,;N - C - NR;R,

i

where R; R, Rj; and R, 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 slurry having a pH sufficient to prevent gellation of

the aqueous alkaline silicate solution;

(c)  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;



than 0.01 cc/g, nore preferably I ess than 0.006 cc/g.
[0011] In another enbodinent, the invention relates to

wa 20st1ksd2 f or nmaki ng a cracki ng catal yst precuP€ofUS2005/018019
conprising: (a) conbining water, at |east one
nol ecul ar sieve, at |east one al um num hydroxi de or
al um num oxyhydr oxi de, at |east one clay, at |east one
urea conpound havi ng the fornyl a X RR2ZN - C - NR3R4
where R R2 R3 and R4 are individually Hor G to C4
al kyl and X is sulfur or oxygen, and at |east one
phosphate to forma first mxture; (b) combining the
firsfd)m xtombining thesfifst solié mlt}awa’m asdainkahierehange composition
silicate solution to forma slur havi ng
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silicate, alka silicate and al kali carbonate, urea

conpound, i @italyst preemsor, abe catalyst provutsod haxirbea ower
alun1nun1oxyhydrOX|de and nol ecul ar si eve; (d)

conbi ni ngcemeentiation of alkadi mictah camperedioctha rﬁrsfosohd
exchange conposition conprising one or nore mnera
acid, preferably sulfuric acid,

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

catalyst precursor comprising the further steps of:

(¢)  combining the catalyst precursor with water and a second,
independently selected ion exchange composition comprisiﬁg 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 commercial
FCC unit which runs at significantly lower water pressures for a

much longer time.



alum num salts of mneral acids such as al um num
sul fate, and/or ammonium salts of m neral acids such
wao@mszum sul fate, to formthe catal yst preedraseqs/018019
the catal yst precursor having a | ower concentration of
al kali metal conpared to the first solid. [0012] In
anot her enbodi nent, the invention relates to making
catal yst fromthe catal yst prﬁcursor conprising the
further steps of: , (e) conbifhing the catal yst
precursor with water and a second, independently
sel ected i on exchange conposition conprising one or
nore mneral acid such as sulfuric acid, alum num
salts of mneral acids such_as alum numsulfate
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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 aluminum
hydroxide, at least one clay, urea compound, and at least one
phosphate to form a first mixture, said urea compound having the

formula:

|

RiR,;N - C-NR3Ry

where R; Ry Rj, ang Ry are individually H or C; to C4 alkyl and X is

sulfur or oxygen;



preferred steamng tine is 4 to 48 hours. The steam ng

deactivates the cracking catalyst and sinul ates the
wdeansti2szaki on in a comercial FCC unit whi ch r BO/US2005/018019

significantly | ower water pressures for a nmuch | onger

tinme.[0013] In yet another enbodinent, the invention

relates to a catal ytic cracking process, conprising

contacting a hydrocarbon feedstock with a

catalytically effective anount “of a cracking catal yst

under catal ytic conversion conditions, wherein the

cracking catal yst conprises zeolite and an anor phous,

porous matrix having pores ranging in dianmeter from 1A

to 10 A and pores rapging in diameter from40 A tq. at ..
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u

condi tions i a tenperatures of from4500C to

7000C, a hydrocarbon partial pressure of from1l0 to 40
psia (69 to 276 kPa), a cracking catalyst to feedstock

(wt /() rdiyiing tfe sluphag atdsyngotemprsatire ta enyeve weteghio form a

is total i ght .of the cracking catalyst, a pressure
rangi ng fﬁfﬁtrgg]ﬂ%spheri C pressure to 45 psig (411

kPa), and a feedstock residence time of fromO0.1 to 20
seconds. [0015] In a further enbodi nent, the cracking

cat af@yst ¢éSmbRAEs e 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, 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 in



(a) conmbining water, at |east one nol ecul ar sieve, at

| east one al um num hydroxi de, at |east one clay, urea
woanpaesd2 and at | east one phosphate to form BCTiUS3105/018019

m xture, said urea conpound having the fornula: X

RIR2ZN - C - NR3R4 where R1 R2 R3 and 4 are

individually Hor G to C4 alkyl and. X is sulfur or

oxygen; (b) conmbining the first m xture with sufficient

aqueous al kaline silicate soltufion to forma slurry

having a pH sufficient to prevent gellation of the

aqueous al kaline silicate solution; (c) drying the

slurry at ondedity nreettberpracking eatalyst, avhereinthe prefemred stamming

a first sqlid; (d), conbining the first solid with

wat er andUE® 1S Grioh&RIHEe conposition conmprising one

or nore of sulfuric acid, alum num sulfate, and/or

ammoni um sul fate, to forma catal yst precursor, the
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conbi ning the catal yst precursor wwth water and a

second, ) ] )
[0016] Figure 1 is a plot of the differential mercury pore volume (dV/dD) vs.

pore diameter for catalyst matrix between 40 and 10000 Angstroms.

[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.

[0019] 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.
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solid and catal yst precursor; (f) calcining the
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(g) contacting the cal ci ned, ion-exchanged catal yst
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[0016] Figure 1 is a plot of the differential nercury
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vol une vs. pore dianeter between 40 and 500 Angstroms
for catalyst matrix. [0018] Figure 3 is a plot of

D vs. pare. diameter show ng the extrapol ati on of o
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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.



[0019] Figure 4a is a plot show ng a conparison of
coke make vs. 2210C plus coke nake for the base case

woanpacaseve catal ysts vs. catal ysts of the i nPemiSzms5/018019
[0020] Figure 4b is a plot showi ng a conparison of
coke make vs. 2210C plus coke nmake for commercially
avai | abl e catal ysts vs. catalysts of the invention.
[0021] Figure 5 is a plot shawing a conparison of the
coke yield normalized to reriove the influence of
conversion vs. 2210C plus coke nmake for the base case
conparative catal ysts vs. catalysts of the invention.

DEIRTLED DESCRIPTION OFoTHIh INVIENZIONpari son of dry
gas make vs. 2210C + coke nmke for the base case
conparative catalyst vs. catalysts of the

(@) nveThe CathddASCrackimgCHalyst a pl ot showing a
conpari son of dry gas make vs. 2210C- + coke nmke for
the commercially avail able catal ysts vs. catal ysts of
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Thé&#olet&far 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.



commercially avail abl e catal ysts have a | ocal maxi mum

in the dv/ dD pl ot bel ow 60 Angstrons regardl ess of the
weoeevwsrizsap2 of the steami ng. [0028] Figure 8c i sParTpiseis/018019

of dv/dD vs. pore dianmeter showi ng that comercially

avai |l abl e catal yst when bl ended wi th ot her

comercially avail able catal ysts fromthe sane

manuf acturer has a | ocal nmaxi mum in the dv/dD pl ot

bel ow 60 Angstrons regardl eSS iGf the severi ty of the

steam ng. [0029] Figure 8d is a plot of dv/dD vs. pore

di anmeter show ng that catalysts of this invention have

a maxi mumin the dv/dD pl ot above 60 Angstrons and

bel ow Angstrons unljke the commercially avail able
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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 o-alumina, B-alumina, y-alumina, 3-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.
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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 Aflas 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.
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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.

[0040] 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
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[0042] Catalysts of these types are highly selective in the production of liquids,
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 §, most often and preferably from 1 to 5
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.
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[06eS5] | x Therasonedifngobtedtcampéesnt e theeenalitt pareiold Wil generally
raInZe from 1 to 60 wt.%, preferably from 5 to 60 wt.%, and more preferably from
10 to 50 Wt.%, 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



| ess than 0.03 cc/g, preferably less than 0.01 cc/g,

nore preferably |l ess than 0.006 cc/g. It has been
wdizesaesased t hat an adequate i ndication of thePpoUS2005/018019
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t he maxi num vol unme of the pore volune of pores in the

10 - 40 Ais equal to 0.0004 ccHg/(g- Angstrom tines
30 _Angst rons = 0.006_cc/g. [0040] In an
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vol unme distribution over the 50 A to 250 A range.

Npodimitingnexamples o€ sudnmedivme pore sine zeditpgsnciude'ZSM-5, ZSM-
152875095 Z80E8h) 28Mm.35, Z5M-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.

j
[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.
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(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.i, 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
(c) removing sodium in an ion exchange operation.
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particularly preferred for the matrix, and can contain
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[0@%;]; ? t g&gg %%gxsa@%tostga{n?ﬁ%? Can bg fchélrag%errrigg %(;rp%rg: %1Ozle d?istribution,
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
‘ |
RiR,N - C - NR;R,

where Ry Ry 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



n2/ g, preferably 50 to 200 n2/g, nore preferably from
50 to 100 nR/g. Wiile the surface area of the
woav@lpstss wi |l | be dependent on such things aspPCyps2@6d18019
anmount of zeolite and matri x 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 igo n2/g. [0046] Anot her
preferred catal yst contains m xture of zeolite Y and
a second zeolite such as zeolite beta. The first and
second zeolite nay be on the sane catal yst particle,
urea talilfef dumytgepardliycleads tocan monmse amthepdrevoluhe of dlhc catalysts
Zeolite amount and matrix type and properties are as
acserdingte the invendomescri ption of the'Y zeolite
catalyst. In a rel ated enbodi nent the second zeolite
is a shape-sel ectivezeolite species such as ZSM 5.
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pore size zeolites, include ZSM5, ZSM
[0057] The clays used in the slurry 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 Ralph K. Iler, A Wiley Interscience Publication,

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



12, ZSM 22, ZSM 23, ZSM 34, ZSM 35, ZSM 38, ZSM 48,
ZSM 50, silicalite, and silicalite 2. The nost
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3,948, 758; ZSM 23 in U S. Patgnt No. 4,076, 842; and
ZSM35 in U 'S. Patent No. 4,016, 245. [0048] Wiile the
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cBER U0 tRZ00008 29 22tCt ani um al uni nophosphat es
(TAPO), such as TAPO-1 1 described in U S Patent No.
4,500, 651; and iron alum nosilicates.[0049] The |arge

[0B38P (& pbléﬁcﬁh'gtzsome, ea?gsﬁg%gggs%@n%%ﬁﬁmwﬁ g'ym&adé Br

e catalytic sp8cies tan crysta

alagiihxhoxgdydidxidd) waes, sodauwgRilidace, ad tphespiegs! withfadjustment of
faults occurring within the crystal or crystalline
tha veatexicontent, dersityy and pseferably also the pH and viscosity, the slurry can

be dried in conventional process equipment, e.g., a spray drier, to form catalyst

i

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 slurry 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 slurry 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



of the zeolites. Exanples of crystalline adm xtures of

ZSM5 and ZSM I | are, for exanple, disclosed in U S
woavenk3dNw. 4,229,424, The crystal line adm xt uPES/US2@®5/018019

t hensel ves nedi um pore, i.e., shape-selective, size

zeolites and are not to be confused with physical

adm xtures of zeolites in which distinct crystals of

crystallites of different ze%I ites are physically

present in the sanme catal ysl &onposntl on or

hydr ot hermal reaction m xtures. (I1) Process for the

Preparation of the Catalytic Cracking Catalyst [0050]
eribediasha) orst orofotdoSsulfureradid alummpumsedfate, and ammonium

cat al yti cal I active nol ecul ar, sieve dispersed in a
sud@@ea@m e erahlys ahninui sylfate hydrae endepamonium sulfate are

al um.nosilicate zeoli

usgfl Prpfega] §LE§t°69hlﬂ%“§h“‘s?fPPE‘at et SR Rrmiedeq,
alﬂllﬁi%ﬁmﬁhﬁk%hlfa% I?.\s@@t‘t?drsed Hﬁ 5191'69998 soﬁu%}%%@élﬁt ePlrei%rably,

n and an um num

2/9'a*@c51ﬁid @moaﬂdAf‘hm Siﬁ|suli§tesdaltl‘s fig &skd AIDat&QHQ%SEeﬁ Q|3 8@l 2.5
solution, e.qg., aS|I|caso hi nder coll oid),

folldsang inditate thaﬂlhe @ptlmum AIL“L/ goplag natio Henat th}msatomlc ratio
al | oned t bl ended conponents is
oaﬁhlwmwi 0%)@@141&\% ‘éﬁ%ﬁ/\%t G- cal ci ned, and
then steaned to formthe catal yst. [0051] A cat al yst
precursor may be made by: (a) combining nolecul ar

[0968Y € WitRn(ebe@ArR GlResRd fi- éiélﬁt‘ﬂg@ @,fttpaéaw thuéédk@ﬂlrther
silicate, e.g., sodiumsilicate; (i urea; (iii)
lostM161t16un’Suﬁ$Dd1um The 1on-exchanged partlcles 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.



as al kali netal phosphate, ammoni um phosphate, or
both; and (iv) a clay conponent such as bentonite,
weaalsin32ser both to forma slurry; (b) spray dpgrmng2dke18019
slurry; and (c) renoving sodiumin an ion exchange
operation.[0052] G bbsite may be added to the catal yst
precursor as a conponent in part (a) above. The order
of addition of the conponent éZ(a) may be varied. A
catal yst can be nade from thée“precursor by additional
i on exchange, if necessary to further renove sodi um
and then cal cining and steam ng. The calcining and .
(I¥bedbhef atalytiveCrackingtBrogess. Cal ci ni ng can take pl ace
at tenperatures in the range of 2500C to 8500C. The
time of calcining depends on the tenperature chosen

109831 o 1095 G BpBG Flec el FHERT P dicaPuti procking

proeéRC Tif &;Ef{ﬂ?ﬁ g[f £ poplj&%s@ﬁfa 'b?é 'C Ii‘{)&& buﬁﬁleé‘ﬁ'xeg bel Ahoving

be charact er e slze Uistr ution,

betk ebulladd beedminny; srapsfepEhenedisyert it phaded be ﬂ@ﬂidlk’éd dkd bperation.
Catalysts, J. R Anderson, 1975, Chapter 6, Page
Swgbla drqcami@adsta@g& @ss thelgrlmary dead)tfen ﬁlwtelquglosackmg

pigbs b herein, Msfide nGL anl syBelis BYO B Guep oAl
bolffg it thIRAEE B 4585 H F030°F (221.11°C to 565.56°C), such as gas oil:

heavy hydrocarbonaceous oils comprising materials boiling above 1050°F

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

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

[0064] Inan 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.



I | RRRN - C - NR3R4 where R R2 R3 and R4 are
individually Hor G to C4 al kyl, preferably H and X
waneossiab®Bar or oxygen, preferably oxygen. The pcefuseesdiso19
urea conpound is urea, i.e., H2ZNCONH2. [0055] Urea nay
be added to the slurry in an anmount which is
stoichionetric based on the reaction of urea with the
sodiumin sodiumsilicate to_n%o_rm sodi um car bonate and
amoni a. The anmount of urea ray vary from0.8 to 1.2
tinmes the stoichionetric anount based on the anmount of
sodium silicate. The addition ofurea to the slurry
[40654r a1HGCpsaerss conditions én Eisdsarmeadier'praastion zane intlude

AL R S e S92 oo 04
PS5 3L10 S0 TR D SSSRAL 21661341, g g oty
R e fontbio JO0c g, AUESY i j gl weigho

th@cﬂayq:}yisis]@ﬂmqsiti@u chhesotéNaleSRire is feAP2AWosphdrit e 45 ipsi (411
k]?%e unt of phosphate is preferably |ess than that
qui HI@)EB 8

Of kequiired; i ps alsp preferrad thatiteanp be sengurrently
. I d iLn the slurry nmay .be kaolin, ..
T R ——
to?g]?g%{ﬂgbfe?ab@@toq(ﬁw@.‘% 8¢ 11 PlmlaBy KRQA! | AUsB! it is preferred that
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 p‘rovides 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.
Neutralization with sulfuric acid requires careful control or gellation will occur

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



especially kaolin. In an enbodi nent, zeolite, clay,
phosphate, sodiumsilicate, at |east one al um num
waypdsazsde or al um num oxyhydr oxi de and urea aPeTAS2®E/018019
together or in sequence, in any order, and slurried at
anbi ent tenperature in alimted, controlled, and
anount of water. In general, it has been found that
the weight ratio of water: sqlids in the slurry can
range between 1:1 to 4:1, preéférably between 1.5:1 to
3:1. A weight ratio of water: solids approximating 2:1
has been found highly successful in form ng high
somueat hatystioaget yed shanibinict dved erd ghsuclatamaled beatsed to neutralize
splids is less than 1:1, the viscosity of the slurr

sadium saligateyhHosveygr, dipuiralizatig wathvgarbric egid leadspto gel{ation

- solid di .1 | . .
bl e rde FABRRER slich R auedtr of BhctuSr Biandeadity
odsHfs, Tk yothe ahfigafifl B dlatimShil tafionet Shd Mol RESRowly to

fosinl dmamond and sodinmesapbetiate i badibeokitiohs.a InBotpdeatistl of urea in
ranges from 1.0 nm (nanonmeters) to 22.0 nm preferably
the bamder system albowiSranction 49 éakegeack afien dnyingssad thas asdica gel does
are descri b%%‘ii n "'I;i]e Chem ﬁt r f Silica: So|ubility,
DOsSPYHERIOF 40 VNS dending fo Wirakegpioghets plBgRIpoTalon ofiiyed also
y " j r i e .
mfl BFRSERRL o BBy o ko D5 SRR, whicn

infiirby € Ptk belbOtiviRy. ikl rh&18] ¥sST pLivRphAts WBé@ahh He%speciauy
between 1:1 and 3:'1. The preferred sol1ds contents are
effietcioeni?f®ranng pbratridines edhicnleads & ispraved selestvity to

The density of the slurry, on conpleting the additiaon

prefugts othardhen peksreCempardivedixamaples ly 2y anhd dollowmaishow that
mgt%ri%llsd'magen 9\11&10 Ammonium phosphate fail to produce beneficial product
selectivities. Figures 4 and 5 éhow 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. nllaterials 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.



preferably from1.20 to 1.35. Preferably also, the
viscosity of the slurry at this tinme ranges from60 to
wGQM5aR32560000 to 300000 Pa s), nore preferabl pcrusm08018019
to 200 cP (80000 to 200000 Pa-s) at 220C. [0058] After
bl endi ng zeolite, clay(s), at |east one al um num
hydr oxi de or al um num oxyhydroxi de, urea, sodium
silicate, and phosphate, wt dj ustnent of the water
content, density, and preferanly also the pH and
viscosity, the slurry can be dried in conventional
rocess equi pnent, e.g., a spray drier, to form
mparativepExamed: No[((aa9 Diammeniemb 3y dwogen Rligsphate
slurry, preferably at/or bel ow anbient tenperature is
conducted to a drier, preferably a spray drier, at a

R, 8 A SR BB B e o
s T2 1000 B8 Aow RIBAEDAN oy OBER P 5 Fon

to dry the slurry and forma rigid structure, but
i nsufficiently high as to cause al kal,i mnet

[0 Rbondin 30005 9t waiernud -eebm{ R/ oH) pinstic buckelayas added:
B S5 DU L L 3R BAGUER o PR, 725
oFASYEEF RIS b AL ol S0 Bpofld e rsuting

mieRewat tifred 30Ghitthtéd With2508F1dsan@PO0C, and an outl et
tenperature ranging from 1250C to 2250C.

[0071] 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
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.



[ 0060] Fol l owi ng drying, catalyst precursor,

preferably in the formof a powder of m crospheri cal
woandsiiebss, are washed with deioni zed water, ePQT/US2005/018019

bet ween anbi ent tenperatureséand 1000C. The washed

precursor is then ion-exchanged for a tine sufficient

to renove the alkali netal, e.g., sodium fromthe

zeolite. | n anenbogirenrts=0ne re of sulfuric

\ ! 3!
acid, alum numsulfat%B dadl rApARIum sul fate, are
used. Preferably, al usy ny&|s8IE@Ke hydrate and
ammoni um sul fate afe |wsed ™ |Preferablly, a
stoi chionetric amolint@f |alluni num sul fate hydrate to
anmoni um sul fate i $ y%ed,| basked| on the amount of
sodi um present. Preferablw<EfSatomc ratio of A
13+/NH4 + in sul fate |SAl t|Q|iCsinsgd. (Data in Tables 2.3
and 2.5 foll ow ng indigatievjchat|the|opti num Al 3+/ NH4
+ nolar ratio |ies|at& hijs |atjonjc|ratio for the
renmoval of sodium {rd® tHe [cat a ys$t |precursor. [0061]
When necessary, a s$eg¢ond g exchange step can be used
1 b~ .
to further | ower thela nt|Of sodi um The
i on- exchanged particl zsgre gengr al Ily agai n washed,
e.g., between anbi entl téyperaturejand 1000C. The
zeolite portion of Hhecat !oysé affer ion-exchange,
and washing, typically ccﬁ%%’@ns | es$ than 0.4 percent
al kali metal, based ¢t h&|\a&ji ght |of the catalyst. It
is believed that a|sn@& | |anount| of al uni num fromthe
al um num sul fate h;fdr’q‘)te E\?ig’ gpoffated into the
cat al yst = £ o\Q"fg
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during ion exchange. , [0062] Wile not wi shing to be
bound by any theory or nodel, the presence of
wohosphatse in the slurry is believed to affect PCNAIS2005/018019
matrix mcroporosity. It is believed that the
phosphate interacts with al um num species in the
slurry to make al um num phosphate. Since al um num
phosphat e has an isoelectric int simlar to
silica's, particles in the slUrry appear to have a
simlar charge and aggl oneration is avoi ded.
Aggl orreration, it is believed, would lead to a
degradation in the mcroporosity characteristics of

[00T3] catps Vish-exChiigle tiAst @asorialhiled faNewhe) is8MRfdnt f ammonium
| ead to the unusual pore di stribution of the catal ysts

mdfatelaadmhmnmumwlfa’relvmw%d the use of sodiumsilicate
int [ ys inc inatjon with urea as the
dir egg@ ggb&@émh@ﬁ%ms (% 1?%4 Hl 4Q:g Blagaichg
Proc ] r nt t he invention
rel a?gé H\iiﬁé)éégl“ éﬁ%gllvealﬁ é’v e cat al ytic
cracki ng process may be carried out in a fixed bed,

novi ng bed, ebull ated bed, slurry, transfer |ine
[(IM perEet2® gasfehe oprafyl dried Ipt@diudn echseided 200z ofSthet abl e

ydr ocar bon feedstocks ., the [ rmr feed) for
Aﬂdﬁgoahtléﬂeﬂ golutior Ringh éOé eoefabe éi;;gzﬂ Wtinnei Fhis mixture was
i ncl ud t.ur al iC h carbonac ous oils
Slﬁéﬁen.aﬁ 0P ip ﬁéhagwg@tﬁ Sg@ F and hen washed 3

I S R R

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 (wi%) 62.04 63.39
A2O3 (Wi%) 36.99 36.29
Na (wt%) 0.72 0.24




(565.560C); heavy and reduced petrol eum crude oil

petrol eum at nospheric distillation bottons; petroleum
woacwsunsdestil | ati on bottons; pitch, asphalt, BCTWSEN5/018019

ot her heavy hydrocarbon residues; tar sand oils; shale

oil; liquid products derived fromcoal |iquefaction

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

enbodi ment, the catalytic cragking process is

performed in one or nore FCC“Process units. Each unit

conprises a reaction zone, usually a riser reaction

zone, a stripping zone, a catalyst regeneration zone,

CampatativedSxawopte 2edreat Diampsorinm Hyalroeed Rirasphate

the feedstock is conducted to and injected into the

10 ot & BiBRer Pt ereaie. LI e, Banars sopspercial FCC

gk eﬁ@B?{%@ﬁi@%@?@ﬁ%@@ shEFenEERG i arumschar 1
nidle 6PQRE nelif@licePT h’qhdlgs 6ﬁ§6dmﬂfb;d&@&ﬁh1s§s1ﬁ§w%}ﬁ9 8RMFonium
hydr ocar bons, or coke, on the catal yst, thereby
sﬂieaketandeﬂodngntchﬂammteal yst. The cracked pr oducts may be
separated fromthe coked catal yst and a portion of the
cracked products may be conducted to a separation zone

RS, ors 200 Ll SRkl o g b TR B Q’Eeﬁ%&%ﬂ% Ry aged

e e e

of Hydtity UF kapdititdlay, andnso0 gof Bgacdriteisel RGIbbsitd. I'Die resulting
4500C to 7000C, hydrocarbon partial pressures from 10
mixtusgwas 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.



psia (69 to 276 kPa), preferably from20 to 35 psia

(138 to 241 kPa); and a catalyst to primary feed
wowebos32seati o from3 to 100, where catal yst weCghis200s/018019

total weight of the catalys® conposition. The total

pressure is from atnospheric to 45 psig (41 1 kPa).

Though not re4u.;.ed,dt_.@l,q®Nncr rred that steam
be concurrently i‘i?]tro'cg)&:erdwtﬁ —t he fleedstock into the
reaction zone; wgh Q”essd:earln\nﬁrrprisi ng up to 50
w. % preferabl y22 0|10 wt. po of |[the |prjimary feed.
Also, it is pref@redlthati thelfeedstlock's residence
time in the reach orgkpihg Less thhan R0 seconds,
preferably fram@l %_‘ cgnds, jand more preferably
from1l to 5 secomrds. 66] [The presgnt| process and
catal yst prov|de= batH ecohopi ¢ and tlechni cal
advant ages over [staflgl/egd) thel art lcamerici al FCC
cat al ysts. Ther¢ e t|tlee| npj or [bilnderis currently
used to make :CCchal ysts. [Thes¢ arg the acidified
silica sol binder, 3l yminum chlonhydrlol|, and pepti zed
al um na. These tThreejichd Ng[Syalens jarie aci di c, and
this acidity cancadvl|& y| af f éct t/he EJEysi cal
properties of | a¢id sugeEpti bl e|agti|ve terials.
Previ ous nesoporéus |cat al ysts based dn |silica used
Ludox(r) as therstHegSeretnTatS—s—@a nore
expensi ve i ngredisent| Y/IGHE bagne sodi ymsilicate.
[0067] In the|pr&sent|plesess?|sodilumsfilicate (a
basi ¢ systen)|cag sucdessful | y{bilnd BCQ catal ysts.
Furthernore, the ingorporationioff yrea wth sodi um
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into the spray drier feed produces catal ysts which are
nore mesoporous and nore selective than catal ysts
wohoash2keaze not been so treated. Neutralizati oRCOfUSRG8/018019
sodium contained in the sodiumsilicate is done with
the amonium salt of an acid which is stronger than
silicic acid. The cheapest acid source is sulfuric
acid. Neutralization with sulfuric acid requires
careful control or gellatioﬁ%ﬂﬂl occur with
consequent loss in catalyst strength and integrity.
Carbonic acid is asonewhat stronger acid than silicic
acid and as such can al so be used to neutralize sodi um

i_licate. However, neutraljzation with carbonic_ acid
(00290 t5§-‘bg|H SreBssaly %E‘g%g o6 Icvater tp makgs dilute
Elica.soliat _a pH at which gellation readily occurs.
mﬁpggzﬁgagﬂ%&%Whydride of di amoni,um car bonat e and
hydrol yzes slowly to form amoni a and sodi um car bonat e
in basic solutions. Incorporation of urea in the
[0080Yer 29958 Al(SOLRISH,Oawhs disséloecd dik eSO aaed B tvgdter to make a
drying so that a silica gel does not forthrior.to
difipte jaheminawa swidate solionevith ded e 1@ malepApofzsalutiont
urea also may al so assist in the formation of the
present nesoporous pore structures, which i nprove

[Ogggﬂffgogisgé gg%{égsgw e(iﬁ?édlvéﬁf b 550 %Soﬁf)I 8’38%&@ Hidke a dilute

I cacl ous 1Tn fornin
arfibdondirrsalfawdotitioreadt 6.9 X 107 on6lds BELELS oliti¥nl ©
products ot her than coke. Conparative anples 1, 2,
and 3 follow ng show that materials nade wi th anmoni um
to praoduce beneficial, product

l0§33ﬁ2? ?Ifﬂe%é(iigl.ofpﬁpg%y gsien predict Vsl ded sodutianst acgording do Table

2Eroducts ot her than coke on

TABLE 2.2
Example 2.1 | Example 2.2 | Example 2.3 | 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 dilute 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.



conversion to 221 0C is poorer for materials made

W t h ammoni um phosphate, viz. materials labeled "1.1
wa20051232621", 3.1 1". "1.12", "2.12", and "3. peT/jUstdeaniso19

for those made with al kali nmetal phosphates, viz.

materials |labeled "4. 11" and "5. 11". Figure 8 shows

the porosity in the region bel ow 50 Angstrons is

| arger for the materials nadgsmﬁth amoni um phosphat e.

[0068] The foll owi ng exanpl € lare presented to

illustrate the invention and shoul d not be consi dered

limting in any way. Conparative Exanple 1. No Urea,

' i,um Hydr ogen Phosphate [0069] This js a .

(s ARk aGE Balyase Bk Hirse comldigre sanmed i Tahle 23,
as the silica source in the binder but w thout adding
urea during catal yst prepTABEBR2.3[ 0070] To 3000 g of
water in a 2-gallon (7570 nB) plastic bucket was

added—13—153 of —zeotite Z- 146G NauySY, -12- 5.7

di a:ﬁm)ni um hyd %@‘éﬁlféﬁo@wﬂ ¢ | Axangpler| Eyapples| Brample
kaollin clay, and 36D g|of XSpaceritd3S-1|| GHBbsite. 2Bhe

eSO I AT A0 MAses W Comhes
was [A120F CHER) {1 138658 of Reini 260Ut or Shddnddedt-84
to tNe(wiopr/ zeol i t &/ ammo®h it hydrbEn 0.49 1.59

phosphate/clay slurry and then colloid mlled. The pH
of colloid-mlled slurry was 10.8 at 220C. The

531 ptadbet HE AN pigtRa i 50t PP 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] To further demonstrate the specific nature of this interaction, the spray
dried product of Example 2 was exchanged in a second series in which only the
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
150 g dilute aluminum 100 g dilute aluminum 50 g dilute aluminum
sulfate solution / sulfate solution / sulfate solution /
50 g dilute ammonium 100 g dilute ammonium 150 g dilute ammonium
sulfate solution sulfate solution sulfate solution




[0072] The slurry was spray dried in a Bowen # 1 Tower

Spray Drier [rated at 7/35 kg/hr with an airfl ow of
wa3msaks232 (7. 08 nB/mn.) at 800C] with an exit PCT/US2005/018019

tenperature of 121 0C. 787 g of solids with 50% above

74.4 mcrons were collected fromthe Main Tower Pot.

The properties of the slurry and product are

summari zed in Table 1.1. TABLE 1.1 Base Case (No Urea)

k>[ 0073] To i on-exchange thi"s4material, the fol |l ow ng

solution of anmmoni um sul fate and al um num sul fate was

used: 360 g Al 2(SO4 16H20 was di ssolved in 2040 g DI

[0087¢r THese vebré MieaSOBEAE for 4 datureflltbied223sha] Bhimes with 400

water. [0074] To 120 g of the spray drier product was

g af M dv21e0 ag8@FC fore). Alhp (B30 /thetiHake s bathtandrw amae @01 20°C at

of the (NH4)2SO4 solution. This m xture was shaken at
180@gnite andsdaedat L2070 for elsoirspihiabler 2.5 dhesurly, shove télat for these

and then washed 3 tinmes wth 500 of DI ei on| Z
sqde\u@rmh@ats@@@néﬁa i, iSpdBm ORALS é@@sé&% gt Yy @uct
hi s

cBidh oty A% 805 o RERI sy by 8 B o, mamety,

zmegbfglg RAblY JTusdhiaat € sol ution and then 200 g of
he dilute ammoni um sul fate sol ut| on was added. This

vvas shaken for 1 hour at
times with 500 g of deion

60 rpm washed 3
dried at 1200C

for
Example 2.6 | Example 2.7 | Example 2.8
SiO2 (wt%) 63.29 62.24 61.89
Al1203 (wt%) 36.04 37.14 37.11
Na (wt%) 0.50 0.46 0.74
[0088] To demonstrate that successive ion exchanges complete the removal of

sodium from the catalyst, 120 g of the spray drier product of Example 2 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 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.



2 hours and calcined to give Exanple 1.2. Table 1.2
contains the anal yses for these sanples. TABLE

wa 20630npEe at | ve Exanpl e 2; Urea, Di anmoni um Hy #Cogsz005/018019
Phosphate [0075] This is a further conparative
exanpl e. Unlike standard commrercial FCC catal ysts, the
preparation takes place in a basic environnent. It is
assuned that 1 nole of urea utralizes 2 noles of
sodi um by deconposing to formPamoni umsilicate and
sodi um carbonate. [0076] To 2500 g of water in a
2-gallon (7570 nB) plastic bucket was added: 1319.3 ¢
of zeolite Z-1AG NaUSY, 1FZABIGE@.¢nmoni um hydrogen
phosphate, 728 g of Hydrite UF kaolin clay, and 560 g
of Spacerite S-11 Gbbsite. The resulting m xture was

stirred 30 |nminutes with | aECamples).gi @xarﬁﬁl@mlo 1742. 2
g of N br Aand Cr\nl: U Sl i cate \wWas | | ut Qp] Wit h 2275 g

of dei oni zemﬁé}%bﬂiﬁ‘dded t 06188 62.68
wat er / zeol i ABYQB éwtbéhi um hydr ogdh5ghosphat e/351.G
slurry and |Nhewt%9! | oid|mlled. (ag| pH of 0.23
colloid-m ITea sturry S 1170 at 2 16€C—The vrscosity

of the slurry was 247 cP (247000 Pa s) at 100 rpm The

sl urry vvas sp dri_ed |n a Bowen # 1 Tower Spray
4 Samplezy: epy Digmmonium Hyldswger

(7 08 rrB/mn) at 8OOC] vvlth an exit tenperature of

1450C.

[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
10.79 at 17°C. The viscosity of the slurry was 199 cP (199000 Pass) at 100 rpm,
and the density of the slurry was 1.293 g/cc.

[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.



[0078] 1436 g of solids was collected fromthe Min
Tower Pot. The conposition of the slurry and product
waneossiasasar i zed in Table 2. 1. TABLE 2.1 k>[ 0079PC52IS4008/018019
H2SO4was di ssolved in 1548 33 of DI water to nmake a
dilute sulfuric acid solution. [0080] 270 g Al 2(SO
16H20 was di ssolved in 153 0 | water to nmke a
di lute al um num sul f ate gi“})‘ﬁwith 4.5 X 10 4 nol es
Al 3+/ g sol uti on. | $DO¢ & & ( Ni4) 2S04 was di ssol ved
in 1529.2 g of| DJ-3waf €4 Ke|a|dilute ammoni um
sulfate solutijon[i th O 4 noles NH4 g sol ution.
[0082] To 100 [g spr r product was added
sol utions accorai-nrg—tarts 22—~ TABLE 2.2 [0083]
These were shakejeat | SO0 hour; filtered, washed
3 tinmes with 400 g of Q0K r at |8Q0C for 0.5 hours
on the shaker patf®8 and{warnmed tp 1200C at rC/ m nute
and dried at 1200€ for |6 |hqur|s. [0084] The el ement al
€4
7
ol

BT
[ERN

anal yses on theswan@ gre congai ned in Table 2. 3.
TABLE 2.3 [0085] | 8ot e ifat [the Al 208/ Si 02 weight ratio
is 0.60 with exangl e|2. tlhg NH4 | 1VAI 3+ preparation,
and only 0.55 w & exanplle (2.5, |t he NH4

Na,O |Na
0.03
0.089
0
0

0.22
0.624
0.142

0.33

Water

0.287
0.858
0.6

TABLE 3.1
0.758

Catalytic
Solids

1319.26
1742.16
728.44
559.70
404
4563.74

5
100

Wt% in | Weights
20
25

2500
Product
0

Total Dried Product Desired
Spacerite S-11 ®Gibbsite

Urea
Wt% solids (must be 100)

Hydrite UF ® Kaolin

"N" Sodium Silicate

Zeolite




+preparation. This indicates that the systemis
i ncorporating roughly 0.60/0.55 - 1 = 9.1% nore
wabkowsiraeser that 091 x 35 = 3.2 % al um na (1. 8CH/US2005/018019
al um na) has been added to the original weight of the
catalyst. This alum na cones fromthe 100/ 1800 x 270 x
102/ 666 = 2.3 g in the exchange solution. [0086] To
further denonstrate the speci3fi c nature of this
interaction, the spray dried Br'oduct of Exanple 2 was
exchanged in a second series in which only the dilute
al um num sul fate solution and the dilute amoni um
sulfate solution were used as outlined in Table 2.4.
To 50 g of spray drier product was added sol utions :
rdi : >
(03028 en 20 & B08RApPaafier BORLE G IARDICTS RASAUFIF200 ¢ of the
dibite Rl ongn efilfalle soditéon &id BRAQODF oDitle dihite anthoning sulfate
shaker bath and warnmed to 1200C at | C/ mnute and dried
scutia @S akdded .ol his was. shaken 12 Bowt &80°¢C &IGAspimavashed 3 times
t hese sodium silicate bound catal ysts, sodium renoval

with 3fsg obleiopizsdrwater, iriedes iB0natfonA hoursie givakixamnle 3.1. The
SRS 20 s L o 5 Syl gin o
th‘rélg @gg {)Ig#h% diftAL aftHiGRERH Stfifdt® BolatBAINAS A PhRNFad Maken for
1 hour at 80°C at 2y60 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
Si02 (wt.%) ‘ 61.46 62.04
Al1203 (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



sodiumfromthe catal yst, 120 g of the spray drier
product of Exanple 2 was added to 200 g of the dilute
wabkowsisesesul fate sol uti on and then 200 g of t ReTaiSkass©18019
amoni um sul fate solution was added. This was shaken
for 1 hour at 800C at 260 rpm washed 3intes with 500
g of deionized water, dried at 1200C for 4 hours to
gi ve Exanple 2.9. The renaini sanpl e was added to
200 g of the dilute alum numsul fate solution and then
200 g of the dilute amoni um sul fate sol uti on was
added. This was shaken for 1 hour at 800C at 260 rpm
gibbsitedl B X3 g agplite NOUSY , &74qpoHydete WatlewlindilaedThe

1200C for. 2 hours and .cal cined tq give, Exanple 2.10,
TeBHEREPAH TS WVES SHITE gfl@&@?@r@fzs BseRd it o smoofbly.

are contained in Table 2.6. TABLE 2. 6 Conparative

Exanpl e 3: 2X Urea, D amoni um Hydrogen Phosphate

[003§9] 7DD 5 QTPA"erbi@ SBURMR SHidad Wk 'Idues] %8 2400 g of
rembval of sodium by ion exchange fromthe product
déioainetheatepard talthiewasladdéd tie waepdisedian Hydrdgamphodshate/
3000 g of water in _a 2-gallon (7570 nB) plastic bucket

uigadeihbisitedzerdte/ cRysletry 7 g‘chls slurmiawsvthen zodoitl milledhtwige. The pH

T N FR TR Y.
RO DO BRI B A ) A B sty
wagdpta didd et Bowrs #i ToHEESHDAGORaRd% 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
Al1203 (wt%) 38.38
Na (wt%) 0.29




dei oni zed water and added to the
wat er/ zeol i t e/ di anmoni um hydr ogen phosphat e/ cl ay
wehkwsrig3zad then colloid miled. The pH of PCT/US2005/018019
colloid-mlled slurry was 10.79 at 17C. The viscosity
of the slurry was 199 cP (199000 Pa s) at 100 rpm and
the density of the slurry was 1.293 g/cc. [0091] The
slurry as spray dried in a Bgzﬁsn # 1 Tower Spray Drier
[rated at 7/35 kg/hr with an”airflow of 250 cfm (7.08
nrvVmn.) at 800C] with an exit tenperature of 1600C.
After drying, collection and wei ghing of the solids
Exampid 5 Uheat Tetieisodihem ifyinophosghatend t he solids from
the bottom of the cyclone yielded 1129 g of solids

(08081, o FHACARKIBT  cabe? BFcordlil ML Ay UL Er@gs pf the
in¢ertR80 2o 3600 %o@ﬁﬂa&éﬁnfapl-@ulldﬁ (B8 7(pidyiplektio bubkarpdseadiled:

was added to 200 g of the dilute alum numsulfate
2 s pueirasodam pyirephapbatg, 300 ghaf wied, 1378 aavdeod (33 glbbaite,

138 Dot pprftelstisd. s isniiliit Ghaegrclue; the feuling
o e R OO Chiba B T A0S SO o i

al um num sul fate solution and then 200 g of the dilute

amoni um sul fate solution was added. This was shaken
[0097] 1 hP4R.288 oBWCheand2SidiinmrSilicateheal dilvtedwsitin2460 5QF

g of deionized water, drjed at 1200C for_ 2 hours and
dezenigedhwatergng; todhisvaasnadsled the waer/ {eiraspfliven pyeephosphate/
urgg/%i%ssﬁg/zfegfite/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 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 cfim (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:



exanples 3.1 and 3.2 are contained in Table 3.2. TABLE
3.2 Exanple 4: Urea, D sodium Hydrogen Phosphate
wpQOBAR3IFhi s exanple is a catal yst of this inveariusmos/018019
In its preparation, an al kali phosphate salt, urea,
and sodiumsilicate were enployed to nmake a spray
dried product which was ion-exchanged using the
opti mum m x of al um num and %gm)ni umsalts to make a
finished catal yst. Wien thi s§°€atal yst was then
deactivated using steam it had a pore structure
according to the catal yst and process of the
i nvention. To 3000 g of t i 2-gallon (7570 nB)
pl asti c bucket was added%i sodi um hydr ogen
phosphate, 200 g of urea, 373 g Al coa C- 33gibbsite,
1319.3 g of zeoli teNaUSY5—8H4rgof-—tydrite UF kaolin
clay. The resulting mixture Wa;E§?mp|ll%§-1 ith a Cow es
mxer until it fld }())];nly [009 22342.Zgof "N
brand Sodium Silig¢ S&Blu etd—wit35 2400 g of
dei oni zed water af Wi \An‘~4dded;7uﬁé’
wat er / di sodi um hydNageihosphat e/ 0.29
ureal/ gi bbsite/ zeolite/clay slurry. This slurry was
then colloid mlled twice. The pH of colloid-mlled
EsI urg%gvvas 10.8 at 22C. The viscosity of the slurry
cP (188000 Pa s) at 100 rpm and the density
of the slurry was 1.288 g/cc. The slurry was spra
[089DEd iBxambesvks28, #, Toddrwaercalcimed af 7%G°ﬁ.eaxanpévsels 2,and 3
kg/hr wwth an airflow of 250 cfhi (7.08 nrvm n.% at
WerOthpn wieameshatextemnesstpes off (& Cofor i6opars dagive Examples 1.11,

2.11, and 3.11 in Table 6, then at a temperature of 788°C for 16 hours to produce

7

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 FCC
laboratory evaluations and is manufactured by Xytel Co., Elk Grove Village, IL.
The properties of the steamed catalysts are set forth in Table 6.



g of solids were collected fromthe Miin Tower
[0095] 120 g of the spray drier
woasosadstse t o 200 g of the dilute al um num sul Paras2005/018019

Pot .
product of Exanple 4
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TABLE 6

Matrix
(m’/g)

Surface Area

55.4

57.7

59.2

42.1

42.69

36.37
36.6

36.8

(m%/g)
150.0
155.8
166.4
102.0
112.8
114.9
143.6
147.3

Area

Zeolite Surface

M*/g

Area (BET)
205.3

Total Surface

213.6
225.6

144.0
155.0
151.3

180.2
184.0

Example 1.11

Example 2.11

Example 3.11

Example 1.12

Example 2.12

Example 3.12

Example 4.11

Example 5.11

e.

ut e

di | ute
aken
th 200
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7570
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1742. 2
2400 ¢
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of colloid-mlled slurry was 11.0 at 22C. The
viscosity of the slurry was 189 cP (189000 Pa s) at
waQmsrpses2zand the density of the slurry was 1. PETAKZ®S/018019
The slurry as spray dried in a Bowen # 1 Tower Spray
Drier [rated at 7/35 kg/hr wwth an airflow of 250 cfm
(7.08 nB/mn.) at 800C] with an exit tenperature of
1500C. 980 g of solids were cgllected fromthe Miin
Tower Pot. [0098] 120 g of t'h& spray drier product of
Exanple 5 was added to 200 g of the dilute alum num
sul fate solution and then 200 g of the dilute anmoni um
sul fate sol ution was added. This was shaken for 1 hour
at 800C at 260 rpm and washed 3 tinmes with 200 g of
PN Z rv 17 a a f
PR FERaMBE L LT R LY L R 2RI DHED, oty yfion catalysts
and4.1di dndt 1 dofohis 4nveitiohak erethbn bl giawdbyaigieding alacium gas
was shaken for 1 hour at 8C0C at 260 rpm vvasheg 3
oil iwrghs thei fohlogdng ghysicalgiropértied ower the, catalystdnat fizgtfigidized bed
1 hour and. cal ci C for..1 hour to give,

fo ed at .76 .
ropQloR YOS OperaFHaNP are desce et An Fa° PN Liffarise s Themondisions under

W@ﬁﬁﬂhe&’%a‘%&%‘%h@@gﬁei’ I 2’52:3’ aﬁ’d gn\?\e?emfrhgn

steaned at a tenperature of 7600C for 16 hours to give
Exanples 1.1 1, 2.11, and 3.11 in Table 6, then at a

t enper gRIACPORASACTEMP, 19 (hgyrs to prodyesogssnmlys

1.12, 2432 —and—3_12 respectivety—n—fabte—b-

Exanpl dREAGRORMIN EEMP, °F (°C) 1010(543.33)
FLUID BED REGEN TEMP, °F (°C) 1250 (676.67)
CAT STRIP TIME, SEC 330-610s
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




steanmed at 788C, 16 hours to produce the catalysts 4.1
1 and 5.1 1 for evaluation in an ACE FCC. An ACE unit

woO2o0@/1esseer ci al |y avail abl e unit nade for

| aboratory eval uations and is manufactured by Xytel
IL. The properties of the
steaned catal ysts are set forth in Table 6. TABLE6

Co. ,

g[ 0100] Exanmples 1.1 1, 2.1 1, 3.1 1, 1.12, 2.12,
3.12 as conparison catal ysts

El k Gove Vill age,

a

FCCPCT/US2005/018019

nd

4id 4.11 and 5.11 of this

i nvention were then evaluated by injecting a vacuum

gas oil

with the foll ow ng physi cal

p

ropert i es over

[0h@1]c at Ehy Seedstock Used avhsfd Guith Ceabt vecuum ezt oil hdvisg the

o erations are described in the open literature.

Th

e

ingipseRertiftler whi ch the unit operated fol | ow [ 0101]
The feedst ock used was a Gulf Coast vacuum gas oil
having the follow ng properties:[0102] Consistent with

t he obsg NCes in the pore Bize di stripugion
of the ‘Gmgt?hr ifieci-all : Hn:\gf ivated catal y st b
the basdCARBOM the two exahpl es of| this invehd.Bbn
show si c]qufDR@j(f}EN di fferent seI ectivjties for ppgg in
the cra 11 smatt——capt
fixedfl]'rﬂligrﬂzﬁpgl i E}] Tﬁ?pm} 4a i s _a npg h
of coke Na(k)asm}wppﬁﬂ)F (221 OC—) ¥ cpke make foBlBase
case cor K Esysts vs. catalysts of theQ 96
i nventi gh- ||\JU|C b—shoews—that—the—eptal yolo o—thi s
i nventi @ léWEPWdre coke selective than the averad}82
coke sellg 'nh)/ seen from comercially avail abl(ga37
state of O3] Figure 4a sn
t hat the_éggéﬁt&ggiB f @IC ’nt{ on g':varpr_es_gq\rZ%.d
5) 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) 4.4-3.7
3 RING AROM (UV CORES) 3.4-2.9
4 RING AROM (UV CORES) 2122
POLARS (UV CORES) 1.9-13




differ fromthe simlar conparative catalysts in that

they produce | ess coke for a given conversion |evel
woOheos/1e8235er cat al ysts made wit h amoni um phospRaras2005M18019

Figure 5, the sane data are normalized for conversion

whi ch renoves the slopes for coke vs. conversion seen

in Figure 4. [0104] If light hydrocarbon noieties

(such as nethyl groups) assocjated wth heavy

pol ynucl ear aromatics in cokéZare cracked off as a

result high tenperature, coke yields can fall while

light gas yields rise. Since either coke or |ight gas
[6H02]c on€bnsistentiniith thp @badrived sliffereadésta the poeokiee dintribution of

ight gas iis not a clear wn, Wth the catal ysts of

|
thtelrsu eampatl; arfifioinlly ideactpypied catelysts, Bist baseaiase and the g examples
o8Bl S S B AR TR AR o o Bl biting

. 3 i ; t
of kel Gad O ip Y sphall AR KPR FePf 1R, 1Hhure 42
is@og¥aBh @f @bky ndikaivsahB @RS (22 (Y -+ dikeahik S RIrdHa¥s bse comparative
[0105] Figure 7a shows that the catal ysts of this
catalyststvisooatabyists ofithe imadndimbl eFijguopdhehowanhatidhe icatalysts of this
. base case conparative, catal ysts when they _ achieve the
INYEREOR: TR/ BPLS 6@?@ seleplive than ﬁrmr@gﬁa@olfwl%wauyﬁ@g fegrm

this i j than comercially
oo A i Bets (A ¢ BFRRGL T e [ 0106 Fi qure 8a
shows that the catalysts of this invention (Exanples 4

and 5) differ fromthe simlar base case conparative
[@E03| ysFgura4s Bhows thkt tHheatalyxisrofithisnint&etich(Ekanygles 4 and 5)

pore dianeter_plot occurs at pore
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.



di aneter greater than 50 Angstrons for the catal ysts
of this invention. 2. The tangents to the dV/ dD vs.
weoanws/1dszeet er curves bel ow 50 Angstrons for sPeamsenos/018019

catalysts of this invention are positive and intercept
the pore diameter axis (dv/dD = 0) at greater than 10
Angstronms. 3. The catalysts of this invention are nade
with sodiumsilicate, urea, apd a sodiumsalt of
phosphate as well as a faujasite and and al um na.
[0107] Figure 8b shows that the comercially available
state of the art catalysts have a | ocal maximumin the
dVv/ dD pl ot bel ow 60 Angstrorrs (50 Angstrons)

and t hat

(oFHOL " Biokire or s 1ok e GARsly B Ofahe Tova it wai g hand 5)

N

commercially available state of the art catal ysts when
bl ended wth other catalysts fromthe sane

nmanuflact uiTae rhasieman i ds dViRED wupore didieetdibitd debots at pore

bel ow 60 Angst rons regardless of the severity of the

st eani ng. djameien gma@ﬂygbatséo M%trgmﬁoothﬂj&#tdl)&stssaf thisrigvention.
di aneter showi ng that catalysts of this invention have

a maximumin the dV/ dD pl ot above 60 Angstrons and

bel 0y 80 Mg (kAN FBBRS Giaftldidr EFL BDLS 50

state of the ar sts whi ¢ avea

int het dVAgigsbais fbﬁ ht@mhﬁﬂ cARGPILs BMthis aBRMtibASTe 963&1'9@ and
severity
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



of the steam ng and may have one or nore maxi ma above
80 Angstrons. CLAJMS; 1. A catal yst conposition or
woav@lgsts2conpri sing: at | east one anorphous, POTWS005/018019
matri x, each matrix having pores ranging in dianeter
from1A to 10 A and pores ranging in dianmeter from 40
A to 500 A, wherein for pores ranging from50 A to 250
A there is a single maximum jn differential pore
vol unme distribution over the A to 250 A range. 2.
The conposition of claim lwherein the matrix is
substantially free of pores ranging in size from10 A
a lavalhakimandir the dWdDpiot pelosv G0 lAgstibars regardlesspdiths severity
havi ng a di aneter between 10 A and 40 A is less than
ofthesteamigg and mhy heverpae Pt MmyHe Haxama ahoye S4i ApeHramsn
wherein the conposition is part of a cracking catalyst
and conprises a silica-alumna matri x and at | east one
nol ecul ar sieve. 4. The conposition of any preceding
clai mwherein the matri x conprises at |east one cl ay,
at | east one al um num hydroxi de or al um num
oxyhydr oxi de, and binder colloids. 5. The conposition
of any preceding clai mwherein the nolecular sieve is
a zeolite which is at |east one of a |arge pore
zeolite or shape-selective zeolite. 6. The conposition
of any precedi ng clai mwherein the al um num hydroxi de
IS



alum na and the alumna is gibbsite, and wherein the
clay is kaolin.7. The conposition of any preceding
wobheisms#ser ei n t he bi nder colloid conprises al Rariuseo05/018019
silicate and the alkaline silicate is sodiumsilicate.
8. The conposition of any preceding claimwherein the
amount of matrix is from5 to 100 w. % based on total
wei ght of catalyst. 9. The c;gposition of any
precedi ng claimwherein the Z€olite content of the
cracki ng catal yst ranges from5 to 92 w.% based on
the wei ght of catalyst. 10. The conposition of any
Qﬁgﬁ@ﬁgﬁng cl ai m wherein an integrated maxi mum pore
‘for a volunme of matrix pores having a dianeter
bet ween 40 A and 500 A ranges from0.06 cc/g to 0.12
cc/g. 11. The conposition of any preceding claim
1Wher ai nta1het dHhBGsiAGA Br é&@h}s% SOm?riéﬁ%‘:' te Y or
zeolites isostructural wth zeolTte and wherein the

zeol i has pore di anmeters rangi n rom3 jo .15 L.
Aos e St 0ud breh Qe heios st Caslh Mgl belfing nores fenging in
j h RhXR | ' . nQus it r
GRS SR EATH 1A O AR PR Al A oS00 A,
whEfh Geidpdreataans fifom 50A tdoby iAdwdrbls ARRIde bi&imum in
differential pore volune distribution requitenent. 13.
differentied ppoievolmié distrbuticaodkierghe 40 Al ys25@derangsor f or
a catal yst conposition or catal yst conprising: (a)

conmbi ning water, at |east one nol ecul ar sieve, at

2| easty 008 RWHAUP claim 1 wherein the matrix is substantially free of pores

ranging in size from 10 A to 40 A, and the maximum pore volume for matrix pores
having a diameter between 10 A and 40 A is less than 0.03 cc/g.

3. The composition of any preceding claim wherein the composition is part of a
cracking catalyst and comprises a silica-alumina matrix and at least one molecular

sieve.

4. The composition of any preceding claim wherein the matrix comprises at
least one clay, at least one aluminum hydroxide or aluminum oxyhydroxide, and

binder colloids.

5. The composition of any preceding claim wherein the molecular sieve is a

zeolite which is at least one of a large pore zeolite or shape-selective zeolite.

0. The composition of any preceding claim wherein the aluminum hydroxide is

alumina and the alumina is gibbsite, and wherein the clay is kaolin.



hydr oxi de or al um num oxyhydr oxi de, at |east one clay,

at | east one urea conpound having the formula X R R2N
wo 205120R3R4 where R R2 , R3, and R4 are indi vPduaiskopssiiso19

or Cl to &4 alkyl and X is sulfur or oxygen, and at

| east one phosphate to forma first m xture; (b)

conbining the first mxture with sufficient agueous

al kaline silicate solution to, forma slurry having a

pH sufficient to prevent gellation of the aqueous

al kaline silicate solution; (c) drying the slurry at a

drying tenperature sufficient to renove water to form
Ta fi rsie esnpepition pf evyripreteding ¢leinh whereindhe tinderkrolloid

wat er a n i.on _exc e._coposition conprising at
o BiGhecHkalRe sial AncIBe a3 e Besodsuars heter al
acids, or salts of mneral acids, to formthe catal yst
precursor, the catal yst precursor being ion-exchanged

gand frayicBmpdsitionest A8nsepsdia icmmoxﬁzhéﬂehﬂgﬂc? egﬁbgl:n of matyix is

conpared toO the first 'solid.14. The net arm
frated ¢o h00 inet. %pbasedahaioge dveightod fedtalgstecur sor from step

(d) is conbined with water and a second, independently

sel ected i on exchange conposition conprising at | east

9one ﬁle %&lnfpggi'u%naocf a%y parlege'Hng r(]:]a?rlrjll vaﬁ‘et:reein %%dzeolite content of the

cracking catalyst ranges from 5 to 92 wt.%, based on the weight of catalyst.

10.  The composition of any preceding claim wherein an integrated maximum
pore volume for a volume of matrix pores having a diameter between 40 A and 500

A ranges from 0.06 cc/g to 0.12 cc/g.

11. The composition of any preceding claim wherein the large pore zeolite is
zeolite Y or zeolites isostructural with zeolite Y and wherein the zeolite has pore

diameters ranging from 3 to 15 Angstroms.

12. The composition of any preceding claim wherein the matrix is a single
amorphous entity or a blend of two or more individual amorphous matrices
provided that each matrix individually meets the differential pore volume

distribution requirement.



amoni um sul fate, to forma second i on-exchanged
catal yst precursor having a | ower concentration of
wabhkb@li32set al conpared to the first solid and PCTAIS2005/018019
i onexchanged cat al yst precursor. 15. The nethod of
claim 13 or 14 wherein in the urea conpound, Rl R2 R3
and R4 are individually Hand X is oxygen. 16. The
nmet hod of any of clainms 13 to715 wherei n t he phosphate
is at | east one water soluble primry, secondary or
tertiary phosphate salt. 17. The nethod of any of
clains 13 to 16 wherein the phosphate is al kali netal
1ph osﬁhmet&mk@rmmmg rairackieg aatabisbppicarsorifer s oatalyst
phosphat e, efmneral acid is sulfuric acid, the
0%1‘1119 1HQH1°§£§13¥ B COMBISINE acid is al uni num sul fate,
and the salt of mneral acid is at |east one of
al um num sul fate or amoni um sul fate or a m xture
therggf . égmbﬂlﬁg WJ‘[&O ﬂt Rhsttdhe 9blethirSevk3at Radt/one aluminum
wherei'n the first solid conprises ammoni um sili cate,
al kal i si hiydatxédendalaiiiaim oahlydratide, atiest onﬁpmyndt least one
clay, at |east one al um_num hydroxi de or al um num
oxyhydr ox PERs eomapoddeaying thy fsy@ula g, The nethod of
any of clains 13 to 18 wherei ?%t he met hod i s adapted
to make a cracking catal yst precursor for a catal yst
conmposition or catalyst according to any of clainms 1
to 12.20. A nethod for ReleMhgCa DBeBkyst conposition
or catalyst conprising making \
where R; Ry R; and R, are individually H or C; to C,4 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 slurry having a pH sufficient to prevent gellation of

the aqueous alkaline silicate solution;

(¢)  drying the slurry at a drying temperature sufficient to remove water
to form a first solid;

(d) combining the first solid with water and an ion exchange composition‘
comprising at least one of mineral acid, aluminum salts of mineral
acids, or salts of mineral acids, to form the catalyst precursor, the
catalyst precursor being ion—qxchanged and having a lower '

concentration of alkali metal compared to the first solid.



a cracking catal yst precursor according to any of

clains 13 to 18, and; (e) calcining the ion-exchanged
woab@l1psas2 precur sor at a tenperature rangi ng f POMURZ08/AI8019
to 850Q0C for a calcination tine to make a cal ci ned,

I on- exchanged catal yst precursor; and (f) contacting

t he cal ci ned, ion-exchanged catal yst precursor with

steam at a tenperature ranging from6500C to 8500C for

a steanming time in order to ntke the catalyst. 21. A

catal ytic cracking process, conprising: contacting a

hydrocarbon feedstock with a catalytically effective
14rouhhe srethod ok eldimgl T whatejs thaionesxchanged catalyst precursor from

conversi on .condi.l.i ons, erein the cracking catal yst

STEB M IS Lom HE‘AM%%?@?@E&#@&%GPP lademealdénglgtsel&éte@l%@n@change
f b5 e process.of claim 21

cftioh ol bt fdsrigie Srui iR BiERRgim Ao tad

@i sul Rt fto - i

apart i al pr%ssf u(r) eblg?a?sr'é %f(@t %)@2% %(?git%gfg@? gerc?gsg)r.havmg a

lowrea)coneentrato olalkali ahetsl cdnopdred ds tiecfirst wolidkahd Rt ion-

of from3 to 100, where catal yst weight is total

exghiagaed 6$tai}f$épﬁqcfb}§9r@rng catal yst, a pressure ranging

from at nospheric. pressure to 45 psig (411 kPa), and a
feedstock residence tinme of fromO0.1 to 20 seconds.

15. The method of claim 13 or 14 wherein in the urea compound, R R; R3 and

R4 are individually H and X is oxygen.

16.  The method of any of claims 13 to 15 wherein the phosphate is at least one

water soluble primary, secondary or tertiary phosphate salt.

17. The method of any of claims 13 to 16 wherein the phosphate is alkali metal
phosphate and the alkali metal phosphate is sodium phosphate, the mineral acid is
sulfuric acid, the aluminum salt of sulfuric acid is aluminum sulfate, and the salt of
mineral acid is at least one of aluminum sulfate or ammonium sulfate or a mixture

thereof.

18.  The method of any of claims 13 to 17 wherein the first solid comprises
ammonium silidate, alkali silicate and alkali carbonate, urea compound, clay, at

least one aluminum hydroxide or aluminum oxyhydroxide and molecular sieve.

19.  The method of any of claims 13 to 18 wherein the method is adapted to
make a cracking catalyst precursor for a catalyst composition or catalyst according

to any of claims 1 to 12.
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20. A method for making a catalyst composition or catalyst comprising making

a cracking catalyst precursor according to any of claims 13 to 18, and;

(e)  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

(f)  contacting the calcined, ion-exchanged catalyst precursor with steam
at a temperature ranging from 650°C to 850°C for a steaming time in

order to make the catalyst.

21. A catalytic cracking process, comprising:

contacting a hydrocarbon feedstock with a catalytically effective amount of a
cracking catalyst under catalytic conversion conditions, wherein the crécking
catalyst comprises a catalyst composition or catalyst according to any of claims 1 to
12.

22.  The process of claim 21, wherein the catalytic conversion conditions include
a temperature 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.



