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1
MICROSPHERICAL CATALYSTS

This application is 2 continuation-in-part of U.8, Ser,
No. [40,221, filed Apr. 14, 1980 and uow abandoned,

FRIOR ART

The prior art has often sought solutions to the prob-
lem of conversion of residual feedstocks which is, of
Course, aggravated by the inevitable build-up of metal
on calalyst in amaunts of up to 2,000 ppm, mare cont.
monly 5,000 ppm and sometimes bove 10,000 pmn based
on the weight of the catalyst after regeneration and
further complicated by the depesit of carbou-on-
catalyst at g high rate owing to the Conradson Carban
content of such feedstocks which may be in the range of
above 2, more often above 4 and frequently ubove 6 or
mare. Coke-on-catalyst may often build-up to 1, more
commoniy 1.5 and frequently above 2% by weight
based on the weight of the catalyse.

Among the attempts to solve the problems to which
the present invention is directed are two U.5, patents to
the Davison Division of W. R. Grace: U.S. Pat, Nos.
4,126,57% and 3,867,305,

It is importunt 10 note that the ahove two patents
generully utilize a pH in the ranpe of roughly 2-4 for the
preparation of their gel which is spray dryed to form
thefv microspheres. In contrast, the present invention
wies a higher pH of abave 4, preferably shove S, and
most preferably about 5 to 6. This provides a hetter pore
stencture and, in preferred embodiments, cunses a Blaw
hole to form through the wall of the microsphere.

Preferubly at least about 709, more preferably 80%
and mosgt preferably 50% or moare of the individyul
microspheres will have such blew holes which permit
the more casy and more rapid ingress and cgress of the
feed materials to und from contact with the catalyticaily
active element of this two-element catalysi.

Thus, in preferred embadiments of the present inven-
tion, adjustment of the PH to the range of 4 to 6 pEo-
vides a mixture which is ready to gel but also provides
sufticient time for the ntixing in of the catalytically
active elements which are to be entrapped in the micro-
spheres and sufficient tima far nearly immediate spray
drying. Spray drying at elevated temperaturcs provides
boih the cavity and the preferred blowhols which pro-
Flotes conlact between the feed and the catalyrically
active entrapped zeolite element.

Siated differently, the present imvention delays the
gelling until the siurry is in the spray dryer and mini-
nHizes the contact time between the xealite and the acid
50l to avaid destruction of the crystalline microsphers
material. This provides the present invention with the
features of a laose active ingredient cuntained within a
hollow microsphere, a feature unattained by the prior
art known to the inventors.

‘These techmiques of the present invention should be
compared to .5, Pat. No. 4,126,579 1o Flaherty, et al,
which upparentiy atiempts to avold encapsulation par-
ticularly in its cofumn 2. Flaherty in its claims specifi-
cally requires that the sol and the slurry be rapidly
mized to obtain a rapidly gelling resctant mixture
which is sprayed into a gasecus atmosphere with 1009
relative humidity to form ge| particles **. . . substantially
complelely pelled without removal of moisture there-
from.”

The Elictt, Tr. patent teaches preparing a silica sol by
rapid addition of a mineral ucid to sodinm silicate, ad-
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Justing the pH to 1.8-3.0 to thicken the silica sol slurry,
adding clay and zeolite componcnts, spray drying,
washing wiih water and rarc earth exchanging if de-
sired. Elliotr, Jr. prepares 2 water slurry of a crystalline
zealite alumina silicate and adjasts the pH to about
3.0-4.5. The silica sol and the slurry prepared above are
then mixed to prepare a spray dryer feed siurry having
a pH of 2.8-4.0 and this feed is spray dryed before gella-
tion eccurs. This is contrast to the present mvention’s
delay of gelling until the slurry is in the spray dryer {o
minimize the contact time between the zeoiite and the
acid solution in order 1o avoid destruction of the orys-
tulline zealite material. This provides the invention with
its features of a loase active ingredient coniained within
# hollow miccosphere.

Prior attempts by manufacturers are believed 10 have

spray dryed greal Salt Lake brine 1o make MgCls mi-
crospheres which were too light for hydrocarbon con-
version purposes. To overcame this surface tension
agents were intreduced o provide a more heavy, dura-
ble microsphere.
. However, none of the prior art envisioned the combi-
nalion of hallow microspheres wilh logse active ingre-
dients which can “shake, rattle and roii” 1o renew the
pore structre and the surface of the active zenlite elc.
ment.

Catulysts of the present invention urc made by first
dispersing (not dissolving) the acrive ingredient com-
prising 2 zeolite into a sol-mix (2 colloidal dispersion
e.g. of Nalco colloidal siliva} and then spray drying the
composite thus formed. Tt has been discovered in the
present mvention that the active element is thus encap-
sulated into the shell of the hollow microsphere which
results from spray drying,

Colloidal Al, Ti, alumina-coated silica can be substi-
tuted for the colioidal sifica and combinations of the
foregoing can be used.

A surface active agent is preferably added. to the
sol-mix to form better bubbles, thus stronger micro-
spheres.

The Ellivtt, Jr. patent tepches preparing a sifica soi by
rapid addition of a mineral acid to sodium silicate, ad-
Justing the pH to 1.8-3.0 to thicken the silicu sol sturry,
adding clay and zeolite vomponents, spray drying,
washing with water and rare eurth exchanging if de-
sired. Elliott, Jr. prepares a water slurry of a crysraifine
zeolite aluming silicate and adjusts the pH to about
3.0-4.5. The silica sol and the slurry prepared ubove are
then mixed to prepace « spray dryer feed slurry having
4 pH of 2.8-4.0 und this feed is spray dryed hefore gella-
tinn oceurs. This is contrast to the presenl mvention’s
delay of gelling until the slurry is in the spray drver to
minimize the contaet time hetween the zeolite and the
acid solution in order to avoid destruction of the Crys-
lalline zeaiite material. This provides the invention with
its features of 2 Joose active ingredient contained within
a hollow microsphere.

DETAILED DESCRIPTION OF PREFER RED
EMBODHMENT

The fallowing is a description of 4 new class of cata-
lysts, of unique propertivs, which consist of an onter
shell which provides the structeral dimensians of the
vatalyst; for example, microspherical catalysts and
which shell encases or encompusses catalytic composi-
tions of interests in a number of processes.

Further, the shell &5 Lo be so constructed 8% to provide
a porosity of varying umounts and size, which povosity
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may act as an cotrance to reactant molecules. These
catalysts are considered to he unique catalysts, previ-
ously unavailable us a product of commerce.

In preparation of microsphericul catalysis, gencrally
two approaches are utilized. In the first approach, a
homogeneous sol of catalytic composition is prepared,
which sol is then homogenized and spray dried o pro-
duce 2 uniform microsphere conlaiuing catalyst mate-
rial and surface evenly distributed throughout. In the
second approach, a catalyst binder or mairix material is
combined wilh an active catalyst, such as for axample in
thc case of zanlite and clay containing cracking cala-
tysts, wherein the active cawmlyst (zeolite) is uniformly
distributed throughaut the sol, or matrix of the catalyst
is a similar manner.

In the second approach, wherein the active ingredi-
ent is uniformly incorporuted within the sol, the sof and
active ingredient are homagenized and spray dried. [u
this case the result is 2 catalyst which is homogeneous
ouly in terms of dispersion of the active ingredient and
said active ingredient is enclosed within the sol matrix.
Because uf the intimatc association of matrix and cata-
lyst ingredient to a considerable exient the effectivencss
of that catalysl is frequently reduced. In the case of the
zcolite containing cracking catalysts; for example, this
blockage might involve the “portal™ surface area of the
zeolite (“portal” surface area s a term used to describe
the outer periphery of the crystalling sieve or zeolite).
‘It this case the portal surface area b to some extent

covered and blocked in the prescince of the sol, thus 3

reducing the effectivensss of the eatalyst. Also, in the
process of utilizing these calalysts the matrix tcnds to
sinter around the active ingredient, therehy further
reducing its functionality.

This invention describes a new approach to Catalysis,
in which a microspherical calulyst is prepared, which
microsphere contains the major cataiyst ingredient en-
compassed in the internal volumne of the catalyst. The
material is [oosely held so that portal surface is not
blocked or the blockage is greatly reduced, the “portal™
surface continually und casiiy regenerated, and reacting
molecules continue to have easy accessibility o the
active catalyst ingredient.

Fusthermorc, these catalysis can be prepared jo such
4 manner so as to be entirely devoid of any active cata-
lyst binder or matrix, if 50 desired.

In preparing the shell, which shell is then to be uti-
lized to contain the “mobilized” or “mobile™ internal
catalyst ingredients, a number of approaches can be
utilized. Generally speaking, one may utilize as a shell
{orming component, any inorganic material, colloidally
dispersed or dissolved, which upon spray drying forms
a hard crust or shell. The shell resembling or being best
described as anslogous 10 an empty czg shell,

The formation of a hollow sphere and the problems
connected therewith snd meuns to avoid them are de-
scribed in two TS, Pat. Nos. 3,975,283 and 3,989,472,
issued to Hettinger and Braithwaite in 1976, end which
are directed to avoiding hollow spheres of MgCl;.

By means of spray drying and with or without a
blowing agent, it is possible to prepure a hollow micro-
sphere of varying wall thickness, the thickness to be
determined by the desirable characteristics of the cula-
Iyst and to be composed of desirable material in terms of
structural characteristics and/or catatyst or co-caralyst
properties.

In arder to provide a catalyst with a hollaw configu-
ration but containing the active ingredients internaiiy,
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the active ingredient is combincd with the slurry and
spray dried in 2 similar manner.

Now, however, il has been uncxpectedly found that
these heavier super-colloidal range parlicles and/or
those particles bordering on the coiloidal range (which
is one-tenth 1o one micron) surprisingly have been
found to be retained within the center of the hollow
microsphere. These hollow microspheres which form
the present catulysts are filled with catalyst ingredients.
In some cases microspheres which were [illed with
catalyst ingredients have bren opened and empried,
indicating the locseness with which the catalysl mate-
rial is held within the hollow microsphere.

While the catalysts described heretn are all relaied to
cracking catalysts, we claim a family of caralysts
whercin various matrices are utilized including silicon
diaxide, aluminum oxide. titanium dioxide, zirconium
dioxide, silica sols, alumina sols, titania, or zirconia sols,
certain binder clays, and combinations thereof. The
finished catalyst which incorporated these desirable
shell forming inorganic ingredients are combined with
catulytic materials such as the natural accurring or
synthetic zeolites and also other structural forming
ingredients such as kaolin clay, alumina toihydrate, tita-
nium dioxide pigment and other materials of a nature
such that they will assist the performance of the cata-
lyst.

In FIG. 1, there is iflustrated a catalvst structure
according to the present invention. The catalyst s a
microsphere which consists of a shell (A} in which thera
are feeder pores (B) and a blow hole (C), Wilkin the
shell {(A) there are structurai ingredients (2} and active
catalyst particles (E).

Decause of the passibility of actually preparing a
lvese, or unbound internal catalytic composition, this
type of material also may provide a continually mabile,
regencrating, or renewing surface which as o result has
enhanced properties for utilization in catalvtic cracking,
reforming, hydrotreating, shale oil processing, and coul
catalytic hydroliquefaction. Variows combinations of
active ingredients may aiso be encompassed in the gels
as previously describad, and the invention is not to be
limited to zeolite catalysts or cracking caralysts.

The thickness of the shell (A), and the propertics of
the shell (A) in terms ol thermal stability may also be
varicd so as to vary the properties of the catalysts. A
given catalyst cau be so0 designed that the entranee
pores through the shell to the catalyst ingredient can be
varied at will, and can be varied over the range of 20 1o
10,000 Angstroms.

In many of these catalysts when prepared, the blow
holes {C) arc also formed and these blow holes (C) can
represent an additional means for large molecules to
enter the catulyst. This invention also encompasses the
potential to also form or create blow holes (), with at
least one blow hole (C) per microsphere.

The shell (A} construction can also be varied by
incorparating colleidal materials of varying sizes sa that
the pores or interfices between the collaidal particles
conirol the ultimate pore size distribution, fecder pores
or entrunce pores to the catalyst,

In addition, contral of oursr pore structure or outer
microspherical surface “portal” pores ol Lhe caialyst is
also a way of allowing the bLlowing agent which can

5 consist of stewn and/or carbon dinxide and/or ather

blowing agents or decomposition products from such as
ammonium carbonate, to escape and thercby sither
facilitate or eliminate the formation of biow holes.
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These pores can also detering the relative thickness
of the skin, relative (o the total ticrosphere and iz some
cases where it is desired 10 make exceptionaily. thick
shells in order to enhance the atirition resistance of this
particle or {0 better contsin the active ingredient, the
use of antiforims may also be empioyed. The typical
antiforms which are suituble amtiblowing agents, nre
described in U.S, Pat. Nos, 3,975,283 and 3,939,477

The present invention provides a new catalyst com-
position of matter which consists of a retainer shefl of
inorganic material, which is designed to withstand the
operating severity of a catulytic applicarion, and 1o
represent a means of retention of active ingredients.
This shell can also possess (1} characterisie feeder
pores which may also give the catalyst specific selee-
tivities, and (b) catalytic characteristics or co-catalyst
characreristics of its own required in the finished cata-
. lyst

The catalyst can also contain a catalyst active inara-
dient inside the sphere, which active ingredient can fill
the void space within the sphere or to fill any degree of

-the emptiness of the hollow sphere from 1% to 100% of
the void space intcrnally. :

The shells of the catalyst form microspheres in the
rauge of 20 to 120 microns in diameter with shells the
thickness of prestenth to 20 microns in thickness. The
internal void space to represent 109 (o 90% of the lotal

. volume of the catalyst, and to contain the active ingre-
dient and/or ingredients and/or pore struciures in the
amomnt of 5% to 100%.

In forming the present catalyst there is first g hollow,
empty gy shell-like structure into which anything can
be piaced in any amount from Just a pinch to complate
filling of the hoilow struciure,

This internal catalyst and/ar hole filling material may
also be bound together to sume degree with a soitable
binder or may be unbound so that freedom of move-
‘ment of ingredients internally are facilitated {i.2., some-
what analogous to a living cell).

The catalyst contains a shell consisting of silica, alu-

.. Mlina, titaniz, zirconia, megnesia, and not ta be limited to
these but comhinations thereof and alga including gailia,
germania, und other oxides normally considered ther-
maily and/or hydrothermally stable,

The callyst is especiaily useful as a reduced crude
converter catalyst, but may also be used for catalytic
cracking, reforming, hydrotreating, shale oii treating,
and oozl liquefzction. It may also be utilized in fHuid
ted, ungd slurry reactors for alkylation, isowmerizatian,
tesid hydrotreating, hydrogracking, Fischer-Tropseh
synthesis, conversion of methanal to high octane gaso-
line and any other application whers such properties are
considerad superior,

The active ingredient may consist of such materials g5
zeolites, or other active ingredients such as piatinum ar
other transition elements or combinations thereaf, on
ulumina, cobalt molybdena or nickel molybdena on
alumini and/or combinations thereof, and any catalyst
deemed desirable in any of the aforsmentioned pro-
cesses such as cobalt moly, nickel moly, nickel on alu-
mina, Runey nickel, ete.

The feeder pores (B) to the internal catalyst surface,
encompassed within the shell, 1o range from 20 to
10,000 Angstroms in diameter and to consist of or cn-
compass structures which have dual or poly modal as
well as single madal pore size disiribution prores.

The shell (A) or matrix binder is 20% to 999 of the
composition, and the catalyst ingredient (E) is 1% to
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80% by weight of the tolal finished catalytic matenal,
The structural ingredient (D) in confunction with the
catalyst ingredient (E) is present in the catalyst in an
amount of 1% to 60%.

Internal catalyst particles and/or other pore medify-
ing ingredients may consist of individua! particles 100
Angstroms te 5 microns in diameter.

The differences between the present invention and
the prior art can be segn by an exzmination of the spe-
cific examples which Follow.

In Exampte ! alum is added to promate formuation of
alumina 1o delay gelling so that the spray drying can
aceur at high temperatyres sa as 1o form both the cavity
(required for inclusion of the catalyticaily active ele-
ment of the invention) and the formartion of hlowholas
which are preferred for their facilitation of contact
between fvedstock and the active element.

Example 2 illustrates the preparation of pure silica
spheres in which the zeolire catalylically active ele-
ments can be entrapped.

Exumple 3 illustrates the use of g basic silica sol at a
PH of about 1012 which is dropped to a pH of 4.5-6.0.
This avoids the gelling which occurs in the aforemen-
tioned Grace patents which teach staying below a pH of
about 4. Gelling would, of course, preciude the nddition
of the catalytically active elements or would at least
complicuie there inclusion in the mix,

All of the Fxamples 1-3 illustrate that the
invention spray dries at elevated air
e.g. 400° fo ahout 1200° C., mare preferably from ubour
600" to about 1000° C. and most prefernbly from abowt
050° to about 900° . at atmospheric pressure (reduced
presstre could be used wilh somewhat luwer tempera-
tuees) in order to form the hollow spheres with a blow-
fiole in nost, if not all, of the spheres. This blowhole has
2 dinmeter preferably of 5,000 to 50,000, more prefera-
Biy 7,000 to 30,000 and most preferably 10,060 to 20,000
Angstroms, and promoies contact between the feed and
the cafalytically active element entrapped within the
microsphere.

present
inlet tlemperarores

EXAMPLE |

(Freparation of caralyst element within an outer shell
aceording to the invention.).

L. Into a mixing mill are added 12 liters () of tap
water, 17| of cancentrated sulfuric acid and 0.96 kg of
Al(S0: 18 H2O. 2. With mixing 4.0 I of “N" brand
sodium silicate is added al a rate of 200 mi/minute 1o
abuve solution from 1 to ohrajn g slurry of near 2.5 pI1.

3 A clay slurry, previcusly made by tixing 11| of 2
pH sulfuric acid solulion with 11 kg of a fine Georgia
kaolinite, is mixed into the silica and ubove solution
ulong with 10 gm of NagP20s. '

4. The resultant sturry is mixed for 5 mHneies until
5mooth to abtain a pH near 2.3 and a viscosity of abaut
1300 cps.

3. A zeolire mixlurg, previously prepared from 4 | of
2 pH sulfurric acid solution and 4 kg of NuY zeolite, are
added te the sturry and mixed for 15 mimutes at [00° F.
to obtain a sturry with pH near 3.0,

6. The resultant shurry is spray dried at an gir inlet
temperature of 750° F. and outlel whose average parti-
ele sizc is near 65 microns,

7. Each kilogsam of microsphere is washed three
times with 3 | of 150" F. fap water and theo exchanged
at 150° F. twice with 4 1 of NH,C) solution made wiih
23 gm of NH4Cl per liter af water.
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8. A rare earth exchange on eack kilogram of micro-
sphere is madc at 156° F. for 15 minvtes by adding 75 mi
of eoncentrated rare carth chioride salation to 3 | of
Water.

9. Thie solids are washed with tap waler at 150° F.
using 3 liters per kilopram.

10, Finally, the catalysi is dried at 300" F, for at least
three hours.

EXAMPLE 2

{Silica Spheres with or withour the laose active elenent
of the invention.)

1. Tnto a mixing mil] are piaced 12 1 of tap water wiikh
2.0 | of concentrated sulluric acid to obtain an acid
solution of near 1.0 pI? and temperature of acar 100° F.

2. While stirring, [5.¢ ] of “N” hrand sodium silicate
are added to the acid solution at 2 rate of about {00
mi/minute to obtain a sherry with pH near 2 and a tem-
perature near 100° F. (If desired, 0.75 kg of NaY zeolite
could be added.)

3. The slurry was spray dried at 750° F. air inlet, 250°
F. air outler.

4. The spray dried spheres wére washed thrce times
with 3.0 1 of 150" F. water.

5. If zeolite is added in step 2, the solid is exchanged
twice with 100 gns of NH4Cl in 4.0 1 of water 2t 150° .
for i5 minutes.

6. After filtering, the spheres arc washed with 4.0 | of
10 pH NH4OH solutian.

7. Finally, the solids are washed three times with 150°
F. watcr and dried at 350° F.

EXAMPLE 3

{Preparation of microspherical catalysts to using basic
slarries, according to the invention.)

1. Into a mixing will were added 7! of tap water with
3.9 1 of Nalco's 2327 colloidal siliea. After miting for
five minutes, the pH was 9.3.

2. While stirring, 3.25 kg of a fine’ Georgia kaolinite
was added so to mainiain a smooth sltrry at ail times.

3. To the clay-silica colloid slurry as added a zeolite
slurry previously prepared by mixing 4 | of 2 9.5 pH
NH4OH solution with 3.2 kg of 2 calcined, rare earth
exchanged Y zeclite (CREY). After 5 minutes mixing,
the resultant slurry had 2 pH of 4.9 and a viscosity of
only 240 cps.

4. The slurry was spray dried at 750° F. air inlct tem-
perature and 230° F. outlet temperature to produce
microsphere whose average particle size was near 65
microns.

5. Each kilogram of microspheres was washed three
times with 51 of 150" F. tap water before drying at 300°
B for et least three hours.

What is claimed is:
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1A catalyst particularly suited for the conversion of
residual hydrocarbon feedslocks derived from crude
petroleum into hydrocarbon fractions useful us trans-
portation fuels, said feedstocks comprising canradson
carbon values of at least about 2.0 and containing a totai
of vanudium plug nickel of at least about & ppm or more,
said catalysl being capable of maintaining substantial
activity even in the presence of 2,000 ppm of metals
depasited on the cutulyst, based on the weight of the
regenerated catalyst, said catalyst being regenerable hy
contact with oxygen-containing gases in 2 regeneration
zone; spid catalyst comprising in combinalion:

A. A hollow microsphere having a shell comprising
clay und having a hollow interior which connects
with the exterior of suid catalyst through at Jeus,
one feeder pore; and

B. A catalytically aclive ingredient selected from the
group consisting of: a zeolite; platinum on alumina:
cobalt molybdena, or nickel on alumina looscly
contained within sald interior void of said hotlow
microsphere.

2, A catalyst according to claim 1, whergin said hol-
low microsphere has u bluw holc formed through said
sheli, said blow hole having a diameter of sl lcast about
5,000 Angstroms.

3. The catalyst secording to claim 1, wherein said
microsphere has a dinmeler ranging from about 20 1o
about 120 microns.

4. The catalyst according to claim 1, wherein said
shell has a diameter ranging from about 20 to abour 120
mictnns.

S. The catalyst according ta claim 1, wherein said
feeder pores range {rom 20 to 10,000 Angstroms in
diameter.

6. A catalyst according to claim 1, wherein said shel]
comprises u material selected from the group consisting
of silicon dioxide, aluminum oxide, titanium oxide, zir-
conium dioxide, silica, alumina, titania, zirconium, mag-
nesia gnd combinations thereof.

7. A catalyst according tw claim , wherain the potive
ingredient is platinum or a combination thereof on alu-
ming, cobalt molybdena or nickel molybdena aluming,
or cobalt molybdena, nicke! molybdena or nickel on
alumina.

8 A catalyst secording to claim 1, wherein said ac-
tive ingredient flls from 1.0% o 1W0U% of the void
space within said microsphere.

% A catalyst aceording to claim 1, wherein said shell
fs 20% to 999 of the catalyst composition.

1%, A catalyst according {0 claim 1, wherein said
active ingredient is 1.0% to 80% by weight of the cata-
Iytic materiaf,

11. A catalyst accarding (o ¢laim 1. wherefn the shell
comprises kaolin clay, alumina trihydrate or titanium

dioxide pigment.
x * £ * *®



