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PROCESS FOR INCREASING THE ACTIVITY OF
ZEOLITE CONTAINING PARTICULATE SOLIDS

EIELD OF THE INVENTION

This invention relates to a process for improving the

activity of a particulate solid material containing a

zeolitic material, and particularly to a process for

reactivating a zeolite-containing hydrocarbon processing

catalyst, such as those zeolitic catalysts known for use

in fluid catalytic cracking, hydrocracking, alkylation,

dealkylation, transalkylation, isomerization,

polymerization, and separation processes.

BACKGROUND OF THE INVENTION

Zeolites are very common materials in nature and

there are many types of synthetic zeolites.

It is

estimated that there are 34 species of zeolite minerals

and about 100

types of synthetic zeolites.

Zeolites are used in a wide range of chemical process

technologies.

The wide variety of applications includes

separation and recovery of normal paraffin hydrocarbons,

catalyst for hydrocarbon reactions, drying of

refrigerants, separation of air components, carrying

catalyst in the curing of plastics and rubber, recovering

radiocactive ions from radioactive waste solutions,

removing carbon dioxide at high altitudes, solubilizing

enzymes, separating hydrogen isotopes, and removal of

atmospheric pollutants such as sulfur dioxide.
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BACKGROUND OF THE | NVENTI ON Zeolites are very conmmon materials in
nature and there are many types of synthetic zeolites. It is estimted
that there are 34 species of zeolite mnerals and about 100 types of
synthetic zeolites. Zeolites are used in a wi de range of chem cal
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separation and recovery of normal paraffin hydrocarbons, catalyst for
hydrocarbon reactions, drying of refrigergnts, separation of air
conponents, carrying catalyst in the curing of plastics and rubber,
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crystalline zeolites, often referred to as molecular
sieves, and are now used in almost 100% of the FCC units,
which process about 10 million barrels of oil per day.

Zeolites, or molecular sieves, have pores of uniform
size, typically ranging from 3 to 10 angstroms, which are
uniquely determined by the unit structure of the crystal.
These pores will completely exclude molecules which are
larger than the pore diameter. As formed in nature or
synthesized, zeolites are crystalline, hydrated
aluminosilicates of the Group I and Group II elements, in
particular, sodium, potassium, wmagnesium, calcium,
strontium, and barium, which can be exchanged with highex
polyvalent ions, such as rare earths or with hydrogen.
Structurally, the zeolites are "framework"
aluminosilicates which are based on an infinitély
extending three-dimensional network of AlQ0, and Si0,
tetrahedra linked to each other by sharing all of the
oxygens. Zeolites may be represented by the empirical
formula:

M;/70'Al,05 xS10, YH,0

In this oxide formula, x is generally equal to or
greater than 2 since Al0, tetrahedra are joined only to
8i0, tetrahedra, n is the cation valence. The framework
contains channels and interconnected voids which are
occupied by the cation and water molecules. The cations

are quite mobile and may be exchanged, to varying degrees,
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-2-  catalysts, such as those used in fluid catalytic cracking (FCC) and
hydr ocracki ng of hydrocarbon fractions, contain crystalline zeolites,
often referred to as nol ecul ar sieves, and are now used in al nost 100% of
the FCC units, which process about 10 mllion barrels of oil per day.
Zeolites, or wolseeuBar sieves, have pores of uniform size, RCIMISIGRIOFT
ranging from3 to 10 angstrons, which are uniquely determ ned by the unit
structure of the crystal. These pores wili xonpletely exclude nol ecul es
which are larger than the pore dianmeter. As formed in nature or '

synt hesi zed, zeoPYte@ther catiipnsy| | Interaywstakdine "zeolitic" water in

many zeolites is removed continuously and reversibly. In
many other zeolites, mineral and synthetic cation
exchange or dehydration may produce structural changes in
the framework.

As stated above, the uses for zeolites are many, but
they typically must be combined with other materials when
they are used in process applications. As an example, a
synthesized zeolitic materiai, which is usually less than
4 microns in size, is combined with a binding agent, such
as kaolin clay, silica sol, or amorphous silica, alumina,
and zirconia as described in Demmel's US Patent 4,826,793
and then spray dried or extruded to produce a finished
material that has the properties desired for the intended
use. These properties may include attrition resistance,
crush strength, particle size distribution, surface area,
matrix area, activity and stability. Another ﬁethod of
producing a finished zeolite containing product would be
to produce the zeolite in-situ as described in Hayden's US
Patent 3,647,718. While these patents deal mainly with
FCC type catalyst, similar procedures are used in the
production of zeolitic materials for other process
applications. As an example, most fixed bed zeolytic
catalyst, such as those used in hydrocracking, alkyiation,
dealkylation, transalkylation, isomerization,
polymerization, and separation processes, disperse the
zeolytic component in a pellet that consists mainly of

alumina. Based on our discovery it is our belief that in
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alum nosilicates of the Goup | and Goup Il elenents, in particular,

sodi um potassi'um magnesi um cal ci um

exchanged with

hi gher polyvalent ions, such as rare earths or with

hydrogen. Structurally, the zeolites are "framework"” alum nosilicates

whi ch are baggdwsygan infinitely

Al04 and Si &4

tetrahedra |inked to each other by sharing all of the

oxygens. Zeolites may be represented by the enpirical fornula:

[err] In

this oxide formula, x is generally equal to or greater

2 since Al04 tethehsinsfamt@ireooficdhantyfixed S dedltetbddrzaclitis t he

cation val ence.

whi ch are

The framework contains channels and i nterconnected voi
catalyst and zeolitic FCC type catalyst that some of the

zeolitic pores are blocked or buried within the matrix
material and that our process can remove this blockage and
increase the available zeolite. So not only is our
process applicable to spent or equilibrium catalyst, but
also to fresh catalyst.

An objective in refining crude petroleum ¢il has
always been to produce maximum quantities of the highest
value added products in order to improve the profitability
of the refining. Except for specialty products with
limited markets, the highest value added products of oil
refining with the largest warket have been transportation
fuels, such as gasocline, jet fuel and diesel fuels.
Historically, a major problem in the refining of crude oil
has been to maximize the production of transportation
fuels. This requires a refining prccess or meﬁhod which
can eccnomically convert the heavy residual cil, the crude
oil fraction boiling above about 1000¢ F, intc the lighter
boiling range transportation fuels. A major obstacle to
the processing of this heavy residual oil has been the
concentration of refining catalyst poisons, such as
metals, nitrogen, sulfur, and asphaltenes (coke
precursors), in this portion of the crude oil.

Since most of the oil refineries in the world use the
well known fluid catalytic cracking (FCC) process as the
major process for the upgrading of heavy gas cils to

transportation fuels, it is only natural that the FCC
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occupi ed by the cation and water nolecules. The cations are quite nobile
and nay be exchanged, to varyi ng degrees,

-3- by other cations. Intercrystalline "zeolitic" water in rmany zeolites
i's removed continuously and reversibly. In nany other zeolites, mneral
and synt het iwo¢mi®2n exchange or dehydration may produce FCTHESIROGT

changes in the franmework. As stated above, the uses for zeolites are
many, but they typically nust be conbi ned Sith other mat eri al s when they
are used in proces pl.ications. As_an exanple, synt hesi zed zeolitic
material, whi Chp}:gc%g% lide?§ f:ﬁgﬁ:.dered for use in the processing of

heavy residual oils. Indeed, this has been the case for
the last ten to fifteen years. However, the amount of
residual oil that a refiner has been able to economically
convert in the FCC process has been limited by the cost
of replacement catalyst required as a result of catalyst
deactivation which results from the metals in the
feedstock. The buildup of other catalyst poisons on the
catalyst, such as the coke precursors, nitrogen and
sulfur, can be effectively controlled by using catalyst
coolers to negate the effect of coke formation from the
asphaltene compounds, using regenerator flue gas treating
to negate the environmental effects of feed sulfur, and
using a short contact time FCC process, such as that
described in US Patent 4,985,136, to negate the effects of
feed nitrogen, and to some degree, the feed metals.

For the past twenty or more years the most widely
used FCC catalysts have been zeolitic catalysts, which are
finely divided particles formed of a relatively inert
matrix, usually silica~alumina, alumina or the like,
having a highly active zeolitic material dispersed in the
matrix. As is well-known, the zeolites used in such
catalysts are crystalline and typically have a structure
of interconnecting pores having a pore size selected to
permit the ingress of the hydrocarbon molecules to be
converted, and the zeolite has a very high cracking
activity. Therefore, the highly active zeolite is

dispersed in a matrix having a lesser cracking activity in
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4 mcrons in size, is conbined with a binding agent, such as kaolin clay,
silica sol; or ‘anorphous silica, alumna, and zirconia as described in
Denmel 's US Patent 4,826,793 and then spray dried or extruded to produce a
finished material that has the properties desired for the intended use.

These properakﬁgaﬁﬁy include attrition resistance, crush sgd¢@GsReos7
particle size distribution, surface area, nmatrix area, activity and

stability. Another nethod of producing a finished zeolite containing
product would be to produce the zeolite in-situ as described in Hayden's

Us Patent 3, 64, Zddio WidvadiRes enBoleRl fedl @l Y Yol bomERSAY fse.

catal yst, simlar procedures afe used in the production of zeolitic
materials for oMpeicalilneanied 2eplitesi ane .o\t faxjaplieic nogpe f iexefl ,bed

zeolytic catalyst, such as those used in hydrocracking, alkylation,
X-, ¥- or L~ type synthetic zeolites, and from about
5 wt. % to about 70 wt. ¥ of the zeolite is employed.
Such zeolitic FCC catalysts, their manufacture and their
use in the FCC process are well known by those working in
the art.

It is commonly accepted in the oil refining industry
that vanadium contained in the residual oil FCC feedstock
will irreversibly deactivate the zeolite by attacking the
structure, and that this wvanadium effect is more
pronounced at temperatures above about 1330° F. It is
also commonly accepted that catalyst deactivation by
hydrothermal deactivation or by metals (e.g., sodium and
vanadium} attack is irreversible.

In the operation of an FCC process unit (FCU) the
process economics are highly dependant upon the
replacement rate of the circulating catalyst (equilibrium
catalyst) with fresh catalyst. Equilibrium catalyst is
FCC catalyst which has been circulated in the FCC between
the reactor and regenerator over a number of cycles. The
amount of fresh catalyst addition required, or the
catalyst replacement rate, is determined by the catalyst
loss rate and that rate necessary to maintain the desired
equilibrium catalyst activity and selectivity to produce
the optimum yield structure. In the case of operations
wherein a feedstock containing residual oil is employed,
it is alao necessary to add sufficient replacement

“ﬁﬁ’iiﬂ‘fi‘iifﬁi’ﬁ‘lim
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deal kyl ati on, transal kyl ation, isonerization, polynerization, and
separati on processes, disperse the zeolytic conponent in a pellet that
consists mainly of alum na. Based on our discovery it is our belief that
in -4- the manufacture of these fixed
bed pel | et edwaxsrzistszc cat al yst and zeolitic FCC type cat al pEEUSHEMSTone of
the zeolitic pores are blocked or buried within the matrix material and
that our process can renove this bl ockage- @hd increase the avail able
zeolite. So not onI is our process applicable to spent or equilibrium
catal yst, but ¥ oo gpinsainyshe metals level on the circulating

catalyst at a level below which the FCC yield structure is
still economically viable. In many cases, low metal
equilibrium catalyst with good activity is added along
with fresh catalyst to maintain the proper FCC catalyst
balance at the lowest cost.

In the processing applications that utilize zeolites,
the material must be replaced as it looses its ability to
perform the desired function. That is, the zeolitic
material deactivates under the conditions employed in the
process. In some cases, such as FCC and TCC type
catalytic applications, fresh zeolitic material, in this
case zeolitic catalyst or additives such as ZSM-5
(described in U.S. Patent No. 3,703,886), are added on a
daily basis. Fresh zeclitic catalyst is added daily at a
typical rate of from 1% to as high as 10% of the process
unit inventory to maintain the desired activitf in the
plant. Other zeolitic catalysts, such as those used in
hydrocracking, alkylation, dealkylation, transalkylation,
isomerization, pelymerization, and separation processes,
are usually replaced as a batch when the zeolitic material
deactivates to a certain point, at which the plant is
shutdown and the zeolite replaced.

As will be seen from the following discussion, it is
our belief that many types of zeolitic catalyst can
benefit from the present invention, because, contrary to
popular belief, the major cause of zeolitic catalyst

activity decline is zeolite pore blockage which can occur,
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An objective in refining crude petroleumoil has always been to produce
maxi mum guantiti es of the highest value added products in order to inprove
the profitability. of the refining. Except for specialty products with
limted markets, the highest val ue added products of oil refining with the
| ar gest mar kgb oh)ag been transportation fuels, such as gapeihiiSsaopsit fuel
and diesel fuels. Historically, a major problemin the refining of crude
oil has been to maximze the production_ofg transportation fuels. This
requires a refining process or nethod which can economcally convert the
heavy resi dual edieln dulréngrthe catdlystactanafiabouring plooessibdbe ®d7[err] C,
into the lighter boiling range transportation fuels. A major obstacle to
t he processi ng fateet Fldinaaey alwninml a3 Icomgubéerpf hel Lican canadamioa, of
refining catal yst |sonst such as , net al 31 nitro d sul fur, and
asphal t enes (c&% Other ma erials which are left be ln and block the

zeolite pore openings.

A primary object of the present invention is to

enable the removal of zeolitic catalyst deactivating

materials without destroying the integrity of the catalyst

and, at the same time, to significantly improve the

activity and selectivity of the catalyst. Another object

of the present process is to reactivate zeolite-containing

equilibrium catalyst using an environmentally safe and

acceptable process. Still another object of the present

invention is to improve the activity of various types of

zeolitic catalyst and other zeolite-containing particulate

solids, especially those that deactivate during use in the

processing of hydrocarbons.

A further object of the present invention is improve

the FCC equilibrium catalyst activity and selectivity.

Another object of this invention is to improve the

activity of fresh zeolitic catalyst. Still another

objective of the invention is to reduce the requirement

for fresh catalyst replacement to an FCC unit, which will

reduce fresh catalyst costs, transportation costs,

equilibrium catalyst disposal costs, and unit catalyst

losses. Other cobjects of the invention will become

apparent from the following description and/or practice of

the invention.
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precursors), in this portion of the crude oil. Si nce nost of the oi
refineries in the world use the well known fluid catal ytic cracking (FCO
process as the nmjor process for the upgrading of heavy gas oils to
transportation fuels, it is only natural that the FCC
-5-  process wooahdshe considered for use in the processi ng REFIUSI20057
residual oils. Indeed, this has been the case for the last ten to fifteen
years. However, the anount of residual oi+ 4hat a refiner has been able to
economcally convert in the FCC process has been limted by the cost

SUMMAR : .

The above objects and other advantages of the present
invention may be achieved by a process for improving the
N activity of a contaminated zeolite-containing particulate
solid containing one or more contaminants which block the
pores of the zeolite and adversely affect the activity of
the solid, which process compriges treating the solid by

a. forming a slurry of the particulate solid
with an agueous solution containing an activating agent
selected from the group consisting of acids, detergents
and surfactants, the agent being effective to solubilize
or dislodge the contaminants; _

b. agitating the slurry under activation
conditions, including a temperature and a time sufficient
to soclubilize or dislodge the contaminants, so that the
resulting solubilized or dislodged contaminants are
carried by the solution from the particulate solid;

c. withdrawing from the slurry a portion of
the solution containing the solubilized or dislodged
containments;

d. separating the resulting particulate solid
from the solution remaining in the slurry;

e. washing the separated particulate solid to
remove any residual solution; and

£. recovering a treated zeolite-containing
particulate solid having a level of activity greater than

the activity of the contaminated solid.
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of replacenent catalyst required as a result of catalyst deactivation
which results «fromthe nmetals in the feedstock. The buildup of other
catal yst poisons on the catalyst, such as the coke precursors, nitrogen
and sulfur, can be effectively controlled by using catalyst coolers to
negat e the whbeslePf coke formation fromthe asphaltene qgﬁ?gyagﬁg,using
regenerator flue gas treating to negate the environnental effects of feed
sul fur, and wusing a short contact tinme_FCC process, such as that
described in US Patent 4,985,136, to negate the effects of feed nitrogen,

and to sonme degreewel hew' Bade Bidbdvered thakOmukheoBaghe tQE{EA vt iBR! ©
years the nost widely used FCC catal ysts have been zeolitic catal ysts,

which are fi mechagiiemd€&drpaetlitis Mayamidlefl rasuttat f¥eh yzddladic matri x,
usual l'y silica-alumna, alumpa or the like, having a highly active
zeolitic mat e@oye Plogkaged vhichecan be reversed. This pore blockage

can occur during the production stage by the retention of
gilica or other binding or matrix material in the zeolite
pores. The pore blockage can also occur during the
processing stage by silica that migrates to the pores,
hydrocarbons from the feed or reaction products, or other
materials present in the feed, or catalyst itself, that
deposit or migrate into the zeolite pores, thereby
blocking off access and reducing the activity of the
zeolite. We have indications that hydrocarbon material
may help to bind the silica and other feed and matrix
material in the pores of the zeolite, or only hydrocarbon
material may block the pore. This blockage prevents the
reactants from entering the zeolite pores and therefore
reduces the activity of the zeolite. Another éause of
zeolite deactivation is the dehydration of the zeolitic
structure.

We have found that there are various methods for
reactivating these zeolitic materials based on (1)
chemical treatments, which loosen or solubilize the
materials blocking the zeolite pores, and (2) agitation,
which aids in mechanically removing the pore blockage
material. We have also found that these two steps alone
will not satisfactorily reactivate the zeolite unless the
material removed from the pores is separated from the

reactivated product. For example, we have learned through
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matrix. As is well-known, the zeolites used in such catalysts are
crystalline and typically have a structure of interconnecting pores having
a pore size selected to permt the ingress of the hydrocarbon nolecules to
be converted, and the zeolite has a very high cracking activity.
Therefore, theobwghsy active zeolite is dispersed in a nat PCI/USSC200E a

| esser cracking activity in -6- a
ratio providing the desired activity for <cammercial use. Typically used
zeolites are of the faujasitic type, e.g., X-, Y- or L- type synthetic

zeolites, and fexpeyimgntation that, if one filters the total solution to
separate the liquid from the solid without first
separating the small particle size material and
hydrocarbon material that has caused the pore blockage,
the small particles and hydrocarbon material may redeposit
in the pores of the zeolite. This redistribution of the
small particles and hydrocarbon may again block off pores
and reduce the activity of the zeolite. This also happens
in fresh catalyst manufacture. Especially in those
manufacturing processes that use slurry, the process can
be modified to include a separation step that removes
these small sized particles, so that the final product
would be increased/improved. As an example, if the
exchange of rare earth elements in FCC catalyst
manufacture is accomplished in a agitated slurry system,
it is possible that the activity of the final product may
be reduced because of the redistribution of thg material
removed from the zeolitic pores in the chemical/agitation
stage. On the other hand, if these pore blocking
materials were removed from the solution prior teo
filtering, the activity of the final product would be
increased.

We have now discovered that, in accordance with the
present invention, in order to most satisfactorily
reactivate the zeolite, it is desirable to separate the
pore blocking materials that block the zeolitic pores from
the zeolite being reactivated. Such separation allows one

to obtain consistent results in a process for improving
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5wm. %to about 70 wt. % of the zeolite is enployed. Such zeolitic FCC
catal ysts,” therr manufacture and their wuse in the FCC process are well
known by those working in the art. It is conmonly accepted in the
oil refining industry that vanadium contained in the residual oil FCC

feedst ock Wwyole7kdmsever sibly deactivate the zeolite by att asdanpehéos?
structure, and that this vanadiumeffect is nore pronounced at

t emper at ures above about 721[err] C It i.sjgalso comonly accepted that
cat al yst deactivation by hydrothermal deactivation or by netals (e.g.,
sodi um and vantide iagtiatittyclofi zeclicier sabeérials, eitHer dusipgociesiaes have
been proposed for reactivatin% zeolite FCC catalysts contam nated with

metals. For exXEApRactanepxafupingnreagpbivatiomn Nos. 0 499 248 and 0 499

2 i | | r ivati.on pr
58 disclose cata ys&e h?a%cet tri:aLtedOa eo ggsg chemical methods of

reactivating zeolitic materials and they all have
increased the zeolitic activity when the chemical
treatment was combined with both the agitation of the
solid zeolite material in a chemical solution containing
an activating agent and separation of the small (< 10
wmicrons) pore blocking material that is removed from the
zeolitic pores by the chémical treatment and agitation.
The same chemical treatment without agitation and
separation was found not to greatly improve the zeolitic
activity.

The chemical treatment is normally carried out at
between 3 and 7 pH and at a temperature less than 212° F.
The chemical treatment has been accomplished with
activating agents such as enzymes containing
degreasing/surfactants, malic acid, active fluorides,
hydroxylamine hydrochloride, and other acidic materials,
as well as detergents. One can raise the temperature
above 212° F to help obtain agitation by beiling, but then
one ﬁust provide for fresh liquid makeup and recovery of
the vapors. Another option,- if higher temperature is
proven desirable, is to conduct the operation under
pressure, which is more costly.

The agitation can be by stirring, aeration, or
tumbling. The preferred method for small particle size

materials, such as FCC type catalyst, is to form a slurry
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conprising contacting spent netal -contam nated zeol ytic cracking catal yst
with an acid solution, followed by separating the acid-treated catal yst
fromthe solution by filtration, centrifugation, settling or the |ike.
-.In the operation of an FCC process unit (FCU) the process econonics are
hi ghl y depenwaxsr2egson the replacenent rate of the circul at PGRUPSRYSY st
(equilibrium catalyst) with fresh catalyst. Equilibriumcatalyst is FCC
catal yst which has been circulated in the BCG between
-7- the reactor and regenerator over a nunber of cycles. The
of up to 75% concentration of solids and to keep the
particulate solid suspended in the solution and also keep
the maximum surface area of the solid exposed to the fresh
chemical reaction by stirring, and aeration. For larger
particle size zeolitic materials, which would include
hydrocracking catalyst, polymerization catalyst, 2ZSM-5
catalyst, and molecular sieves, stirring may not be as
practical as just pumping around the liquid in the
contacting vessel so that it flows upward through the bed
of pellets/extrudates along with the aeration media. The
liquid pumparound may be removed below the upper liquid
level and returned to the bottom of the contacting vessel
to provide a mixing of the chemical liquid in the
contactor and an upward flow of liquid with the aeration
media to aid in agitation and stripping of the small
particles from the zeolite pores. In either case, the
small particles liberated from the zeolitic pofes may be
removed from the slurry continuously or at the end of the
reactivation cycle by known particle separation processes,
such as flocculation, flotation, elutriation, and
clarification, with the preferred method being continuous
flotation (defined as: a process whereby the grains of one
or more minerals, or chemical compounds in a pulp or
slurry, are selectively caused to rise to the surface in a
cell or tank by the action of bubbles of air, wherein the
grains are caught in a froth formed on the surface of the

tank and are removed with the froth, while the grains that

do not rise remain in the slurry and are drawn off the

SUBSTITUTE SHEET (RULE 26)
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amount of fresh catalyst addition required, or the catalyst replacenent
rate, is determned by the catalyst |loss rate and that rate necessary to
mai ntain the desired equilibriumcatalyst activity and selectivity to
produce the optinmnumyield structure. In the case of operations wherein a
feedst ock cowbahmieg residual oil is enployed, it is also raasvszepy? t 0 add
sufficient replacenent catalyst to maintain the netals |evel on the
circulating catalyst at a |evel below whigh the FCC yield structure is

still economcally viable. In many cases, low netal equilibriumcatalyst
Wi th good acti vbdtyras cfildte aleddgorWwehikf | ash £ Tombiaht i 6n NG Nf Bdthatiilm
proper FCC catal yst balance at the | owest cost. In the processing

appl i cations tHetthtflgcoulagdont or, elutpiatgiasy.i al nust be replaced as it

| ooses its ability tql performthe desired function. That is, the zeolitic
The time of treatment can be varied from several

minutes to many hours depending on the temperature,
chemical concentration, percent solids, particle size of
the zeolite material, and the nature of the material
blocking the pores. We have found that the chemical
activating agent acts to dissolve and/or loosen the pore
blockage material, while the aeration/stirring helps to
separate the small particles that have been blocking the
pores from the now reactivated material. The addition of
surfactants and detergents to aid in the separation of the
small particles by flotation or flocculation has also

proved beneficial.

The present invention will be more fully understood
by reference to the following description thereof read in
conjunction with the accompanying Fig. 1 which is a
schematic flow diagram of a preferred process in

accordance with the present invention.

Since one of the largest markets for zeolites is in
the manufacture of FCC catalyst, the following process

description refers to the reactivation of regenerated PCC
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mat eri al deactivates under the conditions enployed in the process. In sone
cases, such as FCC and TCC type catalytic applications, fresh zeolitic
material, in this case zeolitic catalyst or additives such as ZSM 5
(described in U S. Patent No. 3,703,886), are added on a daily basis.
Fresh zeolit‘{,‘? @ yst is added daily at a typical rate @®CTIUSEHAMNHto as
hi gh as 10% of the process wunit inventory to maintain the desired activity
in the plant. Oher zeolitic catalysts, _sggh_as those used in

hydr ocracki ng, al kyl ati on, deal kyl ati on, transal kyl ation, isonerization,
pol yneri zat i on, aandfseyis, alpent ,pdeaetieated or equilibrium zeolitic

containing material. It is only necessary that the
surface of the zeoclite material be free of coke; that is
the coke should be removed by regeneration e.g.,
contacting spent catalyst with an oxygen-continuing gas at
elevated temperature to burn the coke from the catalyst.

The present invention comprises treating zeolite-
containing materials in an agitated slurry solution
containing a chemical activating agent which has been
chosen to loosen or solubilize the materials blocking the
zeolite pores, and separating the treated zeolite material
from the small particle size materials removed by chemical
treatment/agitation from the zeolite pores and the surface
of the material before the treated zeolite material is
separated from the liquid slurry. This liquid chemical
treatment to remove the small particles from the pores of
the zeolite can be accomplished in conjunction with other
processing steps, such as, chemical removal of metals (Ni,
V, Na, Mo, Co, Fe, etc) from equilibrium FCC catalyst or
spent hydrocracking catalyst, or exchange of the zeolite
with rare earth elements or other cations to modify the
activity or selectivity of the zeolite.

The first processing stage is to put the pore
blocking material into solution or to loosen the small
particles blocking the pores. This may be accomplished by
treatment of the zeolite-containing solid particles in an
agitated solution containing, as the activating agent, an

acid or mixture of acids, followed by a wash treatment to
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-8- are usually replaced as a batch when the zeolitic materi al

deactivates to a certain point, at which the plant is shutdown and the
zeolite repl aced. As will be seen fromthe follow ng discussion, it
is our belief that many types of zeolitic catalyst can benefit fromthe
pr esent in%ﬁg%; because, contrary to popular belief, LphpgaBisfassscause of
zeolitic ca ys activity decline is zeolite pore bl ockage which can
occur, even during the catalyst nanufacturing process, due to free silica
or alum na, or conpounds of silica or al W fa, or other materials which

are left behi gdqard thcgoﬁbﬁhlﬁéggétf%&HDEEF Q?ﬁéggé catquﬁﬁA p&pﬂ?k&

obj ect of the present ITnvention 1s to ena € renova zeo

cat a: ysz deactgreFeirtgd pRb8EsA g hdthd, U868t hQYERCiIdN S HRIEY of the
catal ys

solution is accomplished by both stirring and aeration.

It has been found that use of a combination of acids for -
treatment is more effective, and this is the preferred

method.

In applications, such as the treatment of spent
hydrocracking catalyst that is oil socaked when it is
removed from the hydrocracking reactor, the catalyst
preferably is treated to remove the hydrocarbon surface
layer, which will interfere with the efficiency of the
present process. Normally, these types of spent fixed bed
catalyst are regenerated under controlled conditions to
remove the hydrocarbon/carbon layer before being treated
in our process.

As will be evident from the following example. the
mechanism of catalyst reactivation is contrary to the
beliefs of those working in the catalyst art. The results
of the present invention indicate that the method of
catalyst deactivation may be contrary to the accepted
theory of irreversible zeolite structure collapse
resulting from hydrothermal conditions or metals, such as
sodium and vanadium, attack.” The results of our testing
indicate that the method of catalyst deactivation is
reversible. While we may not know the precise method of
catalyst deactivation, the results of our testing lead us
to theorize that the primary method of catalyst

deactivation is zeolitic pore blockage. This blockage is
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and, at the same tine, to significantly inprove the activity and
selectivity of- the catal yst. Another object of the present process is to
reactivate zeolite-containing equilibriumcatalyst using an
environnmental |y safe and acceptable process. Still another object of the
present invewsemmais2s to i nprove the activity of various tyBEHUSY208520| |t c
catal yst and other zeolite-containing particulate solids, especially those
that deactivate during use in the processiag-of hydrocarbons.

further object of the present invention is inprove the FCC equilibrium

cat al yst acti vi Bpldgyedetecresnlly fromdiieecopbination ohifegdvention is to

| nprove the act|V|t of fresh zeolitic catalyst. Still_another
onents, such as heavy organic compounds,

organometallic compounds or polymerization of zeolitic
reaction products in the zeolite cage, and/or catalyst
base materials, such as alumina and silica compounds.

The preferred acids for use in the invention are weak
acids, such as malic, acetic and ammonium bifluoride. For
example, malic and may be used to keep the pH at 3.0 ox
above to minimize the removal or attack on the alumina in
the catalyst structure. However, we believe the malic
acid acts to loosen the material blécking the pores of the
zeolite but is not strong enough to cause noticeable
structural changes in the catalyst. The ammonium
bifluoride, we believe, alsc helps to loosen the pore
blockage material, which appears to be rich in silica.

One can use other fluorides to react with the silica, but
very active fluorides such as HF are not recomﬁended
because of their environmental/safety concerns and their
tendency to remove structural silica. Normally the amount
of ammonium biflucride added to the solution will be less
than 10 wt%¥ of the catalyst being reactivated and
typically between 1 and 4 wt¥. The wmalic acid will be
normally less than 15 wt% of- the catalyst being treated
and typically between 5 and 10 wt%. As will be seen in
one of the examples below, we also used an enzyme, which
contained both a detergent and a surfactant, and malic
acid to reactivate an equilibrium FCC catalyst. In this

case, the aeration media used caused a froth that
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-9- objective of the invention is to reduce the requirement for fresh
catal yst replacenent to an FCC unit, which will reduce fresh catal yst

costs, transportation costs, equilibriumcatalyst disposal costs, and unit
catalyst |osses. Qther objects of the invention will beconme apparent from
the foll ow gamedyl Ption and/or practice of the inventi opcTrssdadbdARY OF
THE PRESENT ENTI ON The above objects and ot her advantages of the
present invention may be achieved by a grggegs for inmproving the activity-
of a contam nated zeolite-containing particulate solid containing one or

nore cont am nangspa¥itdy MHeCkihBeparticies from the reactivated
catalyst. The preferred enzymatic material contains both
a surfactant and detergent which attacks the hydrocarbon
binding or blocking agent so that the pore-blocking
material in the zeolite cage can be removed and thereby
reactivate the zeolite. The acid solubilizes, and the
stirring/aeration agitation media combines with the
surfactant in the enzymatic material to lift the small
particles removed from the zeolite pores to the surface of
the solution where they can be removed. The removal of
these fine inorganic particles or hydrocarbon materials
from the zeolite cége will open the zeolitic channels so
that the interior of the zeolite is accessible to the
vapor reactants; thereby reactivating the catalyst. It is
also believed that the activity of fresh FCC zeolitic
catalyst may be increased by this type treatment to remove
any free alumina or silica compounds that might be
retained in the pores of the zeolite during manufacture.
This would also be the case for any fresh or equilibrium
catalyst containing zeolites, such as zeolitic
hydrotreating or hydrocracking catalyst, ZSM-5, zeolitic
polymerization catalyst or molecular sieves.

The results of our testing indicate that agitation
with air, as well as dispersion of the solid in the
solution by stirring, is also highly desirable. It is
theorized that finely dispersed bubble agitation of the
solids is advantageous in removing the obstructions from

the zeolite pores.
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pores of the zeolite and adversely affect the activity of

the solid, which

process conprises treating the solid by a. formng a slurry of

the particul ate
agent selected

solid wth an aqueous solution containing an activating
fromthe group consisting of acids, detergents and

surfact ant s, wasgnagent being effective to solubilize or di REBHHE22

cont am nants;

conditions, including a tenperature and a-tigre- sufficient

b. agitating the slurry under activation

di sl odge the contam nants, so that the resulting solubilized or dislodged

contanmi nants are carfeedodjovheg sBxagplh dememstratpar the AMantagesd of

C. wi t hdraw n
sol ubilized or

g gmhe slurixee portion Pf, L Rputl o sRmlalahgo the

FCC catalyst formed of a silica-alumina matrix containing
about 10-20 wt.% of a type Y zeolite.

Example A: A sample of 50 gms of regenerated
equilibrium FCC catalyst was placed into a solution of 200
ml of deionized water, 20 gms malic acid and 1 ml of a
commexrcial enzyme and heated to about 130° F in a
magnetically stirred beaker for 12 hours. During this
time the solution was aerated with compressed air. The
combination of the aeration and detergent in enzyme caused
a froth phase to develop on the top of the ligquid level.
The aeration and froth combined to separate the small
particles from the reactivated material and conveyed these
small particles upward to the beaker top where they were
skimmed off. After 12 hours the treated catalyst was
filtered and washed to remove any remaining liquid and
contaminants. The equilibrium catalyst (before treatment}
and the reactivated catalyst (after treatment) were each
tested on a2 Micro Activity Testing (MAT) unit at a 3:1
catalyst to oil ratio, 16 WHSV, 960F using a standard gas
oil. The fresh catalyst activity and the analytical
results for the untreated starting catalyst and the
treated catalyst are detailed below: ({two numbers

indicate two tests)
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- 10 - d. separating the resulting particulate solid fromthe
solution remaining in the slurry; e. washing the separated
particulate solid to renove any residual solution; and f.
recovering a treated zeolite-containing partlculate solid having a |evel

of activity ez than the activity of the contam nat edpgphosshoos? e
now have di scovered that nmuch of the deactivation nechanismfor zeolitic
materials results fromzeolitic pore blockage, which can be reversed. This
pore bl ockage can occur during the production stage by the retention of

BEFORE TREATMENT APTER TREATMENT

FRESH ACTIVITY 2.8

CATALYST ACTIVITY 1.4 1.4 2.3 1.9

MICRO ACTIVITY TEST:

CONVERSION 59 59 70 66
COKE FACTOR 1.8 3.1 1.4 1.7
GAS FACTOR 12.1 5.3 2.2 4.9

After extensive laboratory testing on zeolite
reactivation to determine the proper procedure, five
samples of equilibrium catalyst were obtained from five
different operating FCC units. BEach of these five
equilibrium catalyst samples were more than likely
mixtures of different types of fresh catalyst from
different suppliers, since most FCC units change the type
of fresh catalyst they add and also add outside
equilibrium catalyst on occasion. However, it is known
that these five equilibrium catalyst have a very broad
range of activities and metals levels (Ni/V} since these
units operate on feeds which go from gas oil to residual
oil operations. However, the fresh catalyst added to
these units would typically have 20-30% of a Y or USY
zeolite with different degrees of active matrix. All of
the five samples were treated in the following manner:

1. Regenerated the as received equilibrium catalyst in
a muffle furnace at 1250° F for 4 hours using an
oxygen-containing gas

2. Added 100 gms of the regenerated equilibrium to

500cc of deionized water.

oo mesronss i



silica or other binding or matrix material in the zeolite pores. The pore
bl ockage-can al so occur during the processing stage by silica that

m grates to the pores, hydrocarbons fromthe feed or reaction products,

or

other materials present in the feed, or catalyst itself, that deposit or

m grate intGQyhgH4e0! i te pores,

t hereby bl ocking of f accesgranssoesiuci ng

the activity of the zeolite. W have indications that hydrocarbon materi al
may help to bind the silica and other feed,and matrix nmaterial in the
pores of the zeolite, or only hydrocarbon mat erial may bl ock the pore.

This bl ockage preventgiddiEe ¢ aac %dféﬁﬂlﬂir&r ise0 thhe gBOkdd bdt@fers and
e zeolite. Another cause of zeolite

t herefore

reduces the act|V|ty of t

deactivation is3t®hermtiehy.dr ati ga°of.t hthe appdrtdxylaniihecisresed as a

reducing agent, mainly to reduce the nickel on the
catalyst.

4. Sample from step 3 was placed on magnetic
stirrer-hot plate. At 125° F added 2 gms ammonium
bifluoride and 10 gms malic acid {(pH of 3.0} and raised
temperature to about 150° F.

5. After 2 hours at between 125° F and 150° F, removed
sample from stirrer-hot plate, and allowed the sample to
settle until the majority of catalytic material waa out of
suspension but the fine particle size and colloidal
material was still in solution, and decanted the sample to
remove the fine particles that were still in solution.

6. Washed the decanted sample 3X with 300 ml of
deionized water and decanted after each wash as described
in 5 above. Samples of each of the five reactivated
equilibrium samples was tested and the results are shown
below.

7. 40 gms of each of the five washed reactivated
samples from step 6 were exchanged with 3.64 gms of a rare
earth element solution (27.46% rare earth element oxides
consisting of 12.23% La,0,, 7.22% Cel,, 5.64% Nd,0,, 1.95%
Prs0,) in 100cc of deionized water. After two hours at
190° F, the now rare earth exchanged reactivated samples
were washed 2X with 150cc deionized water and dried
overnight in a drying oven and put in the muffle furnace

for 1 hour at 1000° F.

SUBS“TUTE SHEET (RULE 26) This Sheet Has Been Re

WAV




We have found that there are various nethods for reactivating these
zeolitic materials based on (1) chem cal treatnents, which |oosen
or solubilize the materials blocking the zeolite pores, and (2) agitation,
whi ch aids in nmechanically renoving the pore bl ockage material. W have

al so found Hﬁ&%wiﬂﬁ?e two steps alone wll not satisfactopidpgs! | vat e
the zeolite unlfess the material rennved fromthe pores is separated from
the reactivated product. For exanple, €ve | earned t hrough
experinentation that, if one filters the total solution to separate the

liquid fromthe sqii ey Lhguhe bS8 equilibrium catalyst, the re-
activated samples from step 6 and the rare earth exchanged
samples from step 7 were tested as detailed below.
The testing was done on a Micro Activity Testing {(MAT)
unit at a 3:1 catalyst to oil ratio, 16 WHSV, 960F using a
standard gas oil. Sampleé A and C were equilibrium
catalyst from FCCU's operating on residual oil. The

results of the MAT testing indicated the following:

MAT TEST RESULTS

SAMPLE ACTIVITY COKE FACTOR GAS
EACTOR
A REGENERATED EQUILIBRIUM 0.75 7.63 2.04
A REACTIVATED 1.16 4.36 1.33
A RARE EARTH EXCHANGED 1.34 4.29 1.01
B REGENERATED EQUILIBRIUM 1.23 2.28 1.58
B REACTIVATED 1.56 2.23 1.53
B RARE EARTH EXCHANGED 1.72 2.32 1.69
C REGENERATED EQUILIBRIUM 1.02 4.71 1.50
C REACTIVATED 1.25 4.39 1.12
C RARE EARTH EXCHANGED 1.56 3.75 0.97
D REGENERATED EQUILIBRIUM 1.36 3.89 1.33
D REACTIVATED 2.06 3.0 1.14
D RARE EARTH EXCHANGED 1.70 3.91 1.45
E REGENERATED EQUILIBRIUM 1.01 1.52 1.21
E REACTIVATED 1.29 2.48 1.07
E RARE EARTH EXCHANGED 1.20 3.29 1.17

The MAT results above not only show an increase in
activity for all of the reactivated samples, but also
indicate a selectivity improvement in the reactivated
catalyst as compared to the regenerated equilibrium.
Samples A, B, and C indicate that there was available
zeolite that exchanged with the rare earth elements,

which resulted in increased activity and selectivity.
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separating the small particle size material and hydrocarbon material that
has caused the pore bl ockage, the snmall particles and hydrocarbon materi al
may redeposit in the pores of the zeolite. This redistribution of the
smal | particles and hydrocarbon nay again block off pores and reduce the
activity of wooreskite. This al so happens in fresh catal yBEI/HINEIBEt ur e.
Especially in those nmanufacturing processes that use slurry, the process
can be nodified to include a separation step that renoves these snall
sized particles, so that the final product would be increased/inproved. As
an exanple, if Basedexphantkesd regultsar we bedievesthat fbe mechapdsm

manuf acture is acconplished in a agitated slurry system it i.s possible

that the activi tPToFePhES1E et Histtucieats) vabioRedfickRP einySd 6f Frell
redistribution ¢ %ﬁkgglgaéﬂé Fhat APV G QL DEFHOLL I diOr el N the

chem cal / agi t at
analysis of this material indicated it is rich in silica

along with the other components of the catalyst including
alumina, nickel, and vanadium. We theorize that the pore
blockage material is deposited in the pores of the zeolite
during the manufacture of the fresh catalyst and by the
migration of silica during operation of the processing
unit.

The above data indicates that contrary to popular
belief, the activity and the selectivity of regenerated
FCC catalyst can be greatly improved. Therefore, by
practice of the present invention one can remove what is
commonly referred to as equilibrium zeolitic catalyst from
the processing unit, treat the catalyst as disclosed
herein and reuse the treated catalyst having aﬁ improved
activity and selectivity.

As can be seen from these examples, we believe that the
key to a successful zeolitic catalyst reactivation process
is removing the zeolitic pore blockage material from the
pores of the zeolite and separating this material from the
reactivated zeolitic catalyst. The examples indicate that

. the material blocking the pores can be loosened by mild
acids or combinations of acids that are reactive with the
pore blockage material and that the best method of
separating the fine particles removed from the zeolytic

pores is by flotation. The laboratory data also indicates
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stage. On the other hand, if these pore blocking materials were renoved
fromthe solutton prior to - 12 -
filtering, the activity of the final product would be increased.

have now di scovered that, in accordance with the present invention, in
order to nDSL,gaidsf actorily reactivate the zeolite, it | pcaffsbérbse tO
pore bl ocking materials that block the zeolitic pores from
the zeolite being reactivated. Such sepana&kog allows one to obtain
consistent results in a process for inproving

separate the

that a mixture of mild acids such as ammonium bifluoride
and malic acid at pH of 3 to 5 takes less time than malic

acid on its own.

ZEOLITIC CATALYST REACTIVATION PROCESS

In a commercial operation using the zeoclitic catalyst
reactivation process of the present invention an
essentially carbon free catalyst is wmixed with a chemical
solution containing the activating agent in an agitated
contactor vessel to form a slurry. There is withdrawn
from the top of the liquid level a portion of the chemical
solution which contains the majority of the suspended fine
particles and solids liberated from the zeolite pores.
This withdrawn solution and fine particles is filtered to
remove the suspended solids, and the filtered liquid is
returned to the contactor vessel. After a period of time
at the desired temperature, the treated, reactivated
zeolite is separated from the chemical solution and washed
to remove ags much as possible of any remaining chemical
solution so that the reactivated zeolitic material can be
reused.

A commercial FCC catalyst reactivation process would
comprise contacting a regenéfated catalyst in an stirred
and air agitated chemical solution containing an
activating agent, that consists of a mild acid, such as
malic, or a mixture of mild acids such as malic and
ammonium bifluoride, in a contacting vessel. There is

continuously withdrawn from the top of the liquid level in
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the activity of zeolitic materials, either during their manufacture or
during reactivation. We have tried a nenber of chem cal nethods of
reactivating zeolitic materials and they all have increased the zeolitic
activity when the chemical treatnent was conbined with both the agitation
of the solidvgemade material in a chem cal sol ution cont aPOYA§6/20087
activating agent and separation of the small (< 10 mcrons) pore bl ocking
material that is renmoved fromthe zeolitigsores by the chem cal treatnent
and agitation. The sanme chem cal treatnent w thout agitation and

separati on was fuhendomthctorgacpotyiommiothet kbemdohlt selutdain wilkigh

The chemical treatnent is normally carried out at between 3 and 7 pH and
at a tenperat ur €ERINBHaMaPOTEEY (2L thehsusperded| f£ivRPATRIHES been

acconpl i shed VMtf}berated from the zeolite pores. This liquid is filtered

to remove the fine particles and the filtrate recycled to
the contactor vessel. After a period of time at the
desired temperature, the treated activated FCC catalyst is
separated from the chemical solution and washed to remove
as much as possible of any remaining chemical solution so
that the reactivated FCC catalyst can be reused. Since
the FCC catalyst is of émall particle size, a stirred
catalyst slurry contactor is preferred. Any hydrocarbon
released from the zeolitic pores can also be removed from
the top of the liquid level in the contactor before the
treated, reactivated catalyst is separated from the
chemical solution.

Large sized zeolitic materials, such as pelleted or
extruded zeolitic catalyst, can also be treatea in stirred
vessels. However, other forms of agitation, such as
tumbling or ebulating beds, or only recirculation of the
chemical solution to the bottom of the vessel to give a
continuous upward flow of chemical in conjunction with the
aeration media can also be used if desired.

The preferred aeration media in any embodiment of the

. present reactivation process is air, but other gases, such
as nitrogen or light hydrocarbon gases, which will act as
a flotation media for the small particles of <10 micron

may be used.
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activating agents such as enzynes containing degreasing/surfactants,

acid, actrve fiuorides, hydroxylam ne hydrochloride, and other acidic
materials, as well as detergents. One can raise the tenperature
- 13 - above 100[err] Cto help obtain agitation by boiling, but then

must provid sh l'iquid nmekeup and recovery of the %Qﬂﬁy mﬁﬁpther
option, if ﬁyéﬁa?hgenperature Is proven desirable, is to con d%f the
operation under pressure, which is nnre_cg§tLy. The agitation can be

by stirring,

aeration, or

The present invention can be integrated with an FCC
process unit, or the equilibrium catalyst and additives
can be withdrawn from the regenerator, cooled, placed in
storage and then shipped to a reactivation process to be
reactivated and returned to the original site for addition
to the FCC process. Based on economics and the ease of
integration of the present unique reactivation process
with the FCC process, the preferred location of the
reactivation process would be in conjunction with the FCC
process and not at a remote location.

Figure 1 illustrates a preferred process flow for the
practice of the present invention. Those skilled in the
art may know of other equipment which may be employed in
the process. It is important, however, that the equipment
selected perform the functions described herein so that
the desired reactions and results are obtained. 1In the
preferred batch process diagrammed in Figure 1; the
desired weight of regenerated zeolitic FCC catalyst flows
from storage hopper 1 by gravity flow, utilizing load cell
2 and control valve 3, into contactor 4 to form a slurry
with liguid in the contactor. The liquid in the contactor
is water containing the desired amounts of mild acids,
which are effective to dislodge and/or solubulize the
pore-blocking contaminants in the zeolite pores.

Contactor 4 is agitated by mechanical stirrer 5 and air
from line 6, which is injected into the bottom of the
liguid through air distribution grid 7. Malic acid or a

mixture of malic and ammonium biflucoride from storage
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tunbling. The preferred nethod for small particle size materials, such as
FCC type catalyst, is to forma slurry of up to 75% concentration of
solids and to keep the particulate solid suspended in the solution and

al so keep the maxi num surface area of the solid exposed to the fresh
chemical reawowsm4isy stirring, and aeration. For |arger paPCT/Ob%/28057c
zeolitic materials, which would include hydrocracking catal yst,

pol yneri zation catal yst, ZSM5 catal yst,- @nrd-nol ecul ar sieves, stirring
may not be as ractical as just punping around the liquid in the

cont acting vessgppsérth%Iiﬁtaqdaﬁminﬁpmﬁpat%ﬁﬁ@mgh<¥héﬁﬁ6@t gpntrol

el lets/extrudates along wth the geration nedja. The |iqui unpar ound
ﬁay be renoved BEFBH {‘?{%dtﬁﬁ}gr § F&& GORFEQL| VAR iR ﬁé’&%‘l‘Bgt EgebB‘ftQﬁn of
t her contactin o) i I XirNQe O, .Gal, Ligwid in the
cont act or andga)ré‘,ééﬁ%%/\%r% ?ﬁ\?\?/'o?alt?‘qg} éhvmg{' h;l?%lg:ea%%{ﬂleg%g b&-gi‘é{jré&,
A surfactant/detergent from storage tank 11 is added on

weigh control utilizing load cell 12 through control
valve 13 into contactor 4 to control the
surfactant/detergent concentration within a suitable range
which may be from about 1 ppm to 10 wt%, depending upon
the catalyst and conditions employed in the contactor.
Such a surfactant and/or detergent forms a foam to aid in
floating the small contaminant particles at the top of the
liquid in the contactor. Use of the surfactant/detergent
along with the contactor agitation will result in the
formation of a foam on the top of the liquid level in the
contactor as long as there is sufficient active
surfactant/detergent in the chemical solution. Therefore,
if at any time during this batch process the foam
disappears then more surfactant/detergent can be added to
restore the surfactant/detergent action which aids in the
removal by floatation of the small contaminant particles
liberated from the zeolitic pores. Contactor 4 can be
operated at ambient temperature, but it is preferred to
operate at from about 130° F to 200° F, but in no case at
a temperature that will kill the surfactant/detergent
activity. The temperature in contactor 4 can be
controlled by an external heat source, such as, a steam
coil or jacket on the vessel. Depending on the type of

zeolitic material being treated and the chemicals and
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media to aid in agitation and stripping of the small particles fromthe
zeolite pores. :In either case, the snmall particles |iberated fromthe
zeolitic pores may be renoved fromthe slurry continuously or at the end
of the reactivation cycle by known particle separation processes, such as

floccul ation f;JH&E&IOH elutriation, and PCT/US96/20057
- 14 - clarr catiron, with the preferred nmet hod bei ng conti nuous

flotation (defined as: a process mhereby_j@% grains of one or nore
m nerals, or chem cal conpounds in a pulp or slurry, are selectively

caused to rise tampBPatiiféa&fpldyel in the processing, the treatment time
can be as low as 10 minutes and as long as 36 hours, with
4 to 12 hours being normal.

The aeration supply can be, as shown in Figure 1, a
closed circuit system utilizing compressor 6a to take gas
from the top of contactor 4 and recycle it back to the
bottom of contactor 4 through distribution grid 7, or it
can be a once through system with the aeration media
vented from contactor 4.

Contactor 4 is equipped with a sidedraw 14 that
controls the level in the contactor. From sidedraw 14, a
continuous flow of liquid solution, which contains the
small particles which were removed from the zeolite in
suspension, is taken through pump 15 to filter 16. The
filter shown in Figure 1, is a plate and frame filter, but
any filter that will remove <10 micron particles from the
circulating liquid could be used. The filtere& liguid is
returned to the bottom of contactor 4, where it will flow
upward along with the aeration media and aid in removing
the small solid particles which are to be liberated from
the zeolite pores by the agitated solution containing the
activating agent.

After the reactivation process is complete, the
aeration media and liquid recycle through the filter is
stopped. Before the slurry sclution is drained from the
bottom of contactor 4, any hydrocarbon that has
accumulated on the top of the liguid level can be removed

by draining from the sidedraw. The reactivated zeclite
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cell or tank by the action of bubbles of air, wherein the grains are
caught in-a froth fornmed on the surface of the tank and are renoved with
the froth, while the grains that do not rise remain in the slurry and are
drawn off the bottomof the cell or tank), or a conbination of flotation
with floccul awigoneeszel utriation. The time of treat memCHENEOSTari ed
fromseveral mnutes to many hours depending on the tenperature, chem cal
concentration, percent solids, particle si-z@90of the zeolite material, and

the nature of the materi al blocklng the pores. W have found that the
chemical acti va?Pﬁgs‘ab‘é'h%mh@tr? FGPéF§§6¢veP%EEF’€#b]1Yoé’§’eﬁ paitpEitter

bl ock while th / h N
par i oles Chat nAUBCLERATD Gl gt RBeehreeed AAE o8 PRAREP VR 0d
material. The addahbpd My T AHAES180804 1 OF B dedrd, dehist NE

separation of the
reactivated material can be dried.

Our testing has indicated that the efficiency of this
reactivation process can be improved by the addition of a
suitable concentration of ammonium bifluoride to the
activating 1liguid to aid in the removal of free silica
from the pores of the zeolite.

Having described a preferred embodiment of our
invention, it is to be understood that variations and
modifications thereof falling within the spirit of the
invention may become apparent to those skilled in this

art, and the scope of the invention is to be determined by

‘the appended claims and their equivalents.
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smal | particles by flotation or fl ocﬂ“l rI ummy proved beneficial .
BRI EF DESCRI PTI ON OF THE DRAW NGS . Prileg@mo®ll nvention will be nore

fully understood by reference to the follow ng description thereof read in

conjunction with the acconpanying Fig. 1 which is a schematic
flow di agramgf.,a,pyeferred process in accordance w th thedhnRpeios?
i nventi on. DESCRI PTI ON OF PREFERRED EMBCDI MENTS
- 30 -
What Is Claimed Is:

1. A process for increasing the activity of a zeolite-
containing particulate solid containing contaminants which
block the pores of the zeolite and adversely affect the
activity of the solid, which process comprises:

a. forming a slurr& of said particulate solid with
a liquid containing at least one activating agent selected
from the group consisting of acids, detergents and
surfactants, said agent being effective to solubilize or
dislodge the contaminants;

b. agitating said slurry under activation
conditions, including a temperature and a time sufficient
to solubilize or dislodge the contaminants, so that the
resulting sclubilized or dislodged contaminants are
carried by the liquid from the particulate solid;

¢. withdrawing from the agitated slurry a portion
of the liquid carrying the solubilized or dislodged
contaminants;

d. separating the resulting particulate solid from
the liquid remaining in the slurry;

e. washing the separated particulate solid to
remove therefrom residual liquid containing said
activating agent; and

£f. recovering a treated zeolite-containing
particulate solid having a level of activity greater than
the activity of the contaminated solid.

2. The process of claim 1, wherein the solubilized or

dislodged contaminants are removed from an upper surface

SUBSTITUTE SHEET (RULE28) 13 sheet Has Been R
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Since one of the |largest markets f t he manuf acture of FCC
catal yst, -the fol |l owi ng process dgmﬂﬁmu"lﬂﬁnmum} to the reactivation of
regenerated FCC catal yst. However, thé ptestnt®invention is applicable to

any fresh, spent, deactivated or equilibriumzeolitic containing naterial.
It is only neeas®asiszt hat the surface of the zeolite nateriRCTAIRI6RHASE of

coke; that is the coke should be renoved by regeneration e.g., contacting
spent catal yst with an oxygen-continui ng gagiat- elevated tenperature to
burn the coke fromthe catal yst. The present invention conprises

treating zeoliteeof thatagitatedrmtleaxiryl dni admbxtgre avith slaidr withuawmn
contai ning a chem cal _activating agent which has been chosen to | oosen or
sol ubi lize the nﬁ%ﬁ??@#stﬁﬁ(xﬂééiyzphés Fddrered pbp gcemoyied th€par ati ng t he

treated zeolite Egégéhfﬂancs, and the filtrate is recycled to the slurry.

3. The process of claim 1, wherein the agent is malic,
ammonium bifluoride, acetic, maleic, citric, formic,
oxalic, hydrochloric, nitric, or sulfuric acid, ammonium
bifluoride, an enzyme, a surfactant, a detergent or a
mixture of any of said agents.

4. A process for reactivating a spent zeolite-
containing particulate catalyst containing carbonaceous
deposits and one or more other contaminants which block
the pores of the zeolite and adversely affect the
catalytic activity thereof, which comprises:

a. removing carbonaceous deposits from the spent
catalyst solids by contacting the catalyst with an oxygen-
containing gas under controlled oxidation conditions,

b. cooling the resulting catalyst haviné a reduced
level of carbonaceous deposits,

¢. forming a slurry of the cooled catalyst with an
aqueous solution of an activating agent selected from the
group consisting of acids, enzymes, detergents and
surfactants effective to solubilize or dislodge the
contaminants;

d. agitating said slurry under activation
conditions, including an elevated temperature and a time
sufficient to sclubilize or dislodge the contaminants, so
that the resulting solubilized or dislodged contaminants

are carried by the solution from the particulate solid;

SUBSTITUTE SHEET (RULE 26)
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fromthe sngllllmﬂulu“ wﬂm materl al's rermved by cheni cal
treatnment /a £ g g@' surface of the materi al
before the treated z€olite naterlﬂﬁs ?%? # fromthe liquid slurry.

This liquid chemcal treatment o refi¥ | particles fromthe
pores of t 7Rt € can be accomplTshed in conjunction WpklgR:

o
processi ng steps, such as, chem cal renoval of netals (Ni, V, Na, M,

Fe, etc) fron1eqU|I|br|un1FCC catal yst or ;spent hydrocracklng catal yst, or
exchange of the zeolite - 16 - wth

r?rfheart hI elt enents @, oWliehasawifdSalPoritid b1t ke 86LLVidY @rSalmetivity
° ° eeorite. the solubilized or dislodged contaminants from the slurry;
f. separating the resulting catalyst from the
solution remaining in the slurry;
g. washing the separated catalyst to remove any
residual solution; and
h. recovering a treated zeolite-containing catalyst
having a level of catalytic activity greatexr than that of
the contaminated solid.

5. The process of claim 4, wherein the acid is malic,
ammonium bifluoride, acetic, maleic, citric, formic,
oxalic,. hydrochloric, nitric, or sulfuric acid, or a
mixture of any of said acids.

6. The process of claim 4, wherein the solubilized or
dislodged contaminants are removed from the upper surface
of the agitated slurry in admixture with said withdrawn
solution, the mixture is filtered to remove the
contaminants, and the filtrate is recycled to the slurry.

7. The process of claim 4, said catalyst is fresh
catalyst, equilibrium catalyst, fresh FCC catalyst,
equilibrium FCC catalyst, fresh hydrocracking catalyst, or
spent hydrocracking catalyst. .

8. The process of claim 4, where the agitation is
effected mechanically, by the introducticn of a gas into
the slurry, or a combination thereof.

9. The process of claim 4, where the elevated
temperature is below 212° F, but not greater than the

deactivation temperature of said agent.
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The first processing stage is to ﬁmm,ﬂﬁmﬂwﬂ”ﬂ' cking material into
solution or to'loosen the small ﬁg the pores. This may be
acconpl i shed by treatnent of the zeolitte-®onfaifing solid particles in an
agitated solution containing, as the activating agent, an acid or m xture
of acids, folwowesugy a wash treatnent to renove the cont aRCRASEE208570m t he
treated catalyst. |In the preferred processing nethod, the agitation of
the acid solution is acconplished by both3gti-ring and aeration. It has
been found that use of a conbination of acids for treatnent is nore
effective, and thi30i.s The pretess af alaimod, wherein thgpmeoddtiens, such

T o removed CRGRIRE. FdbYCreRd IR tndRoR, SeRb T figralyss T o e
s continuously withdrawn from a hydrocarbon processing unit,
and the reactivated catalyst is continuously returned to
the hydrocarbon processing unit.

11. The process of claim 1, wherein the particulate
solid is a zeolitic catalyst which is periodically
withdrawn from a hydrocarbon processing unit, and the
recovered treated catalyst is returned to the hydrocarbon
processing unit.

12. The process of claim 1, wherein the treated solid
is subjected to a rare earth element exchange process to

introduce one or more rare earth elements into the

zeolite.
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preferably is treated to renove the hydrocarbon surface I|ayer, which wll
interfere With the efficiency of the present process. Normally, these
types of spent fixed bed catalyst are regenerated under controlled
conditions to renove the hydrocarbon/carbon | ayer before being treated in
our process. worass2wi || be evident fromthe foll ow ng exarr?b?mf};&ﬁw,
mechani sm of catal yst reactivation is contrary to the beliefs of those
working in the catalyst art. The results of the present invention indicate
that the nethod of catal yst deactivatipq {ay be contrary to the accepted
17 -

16

|
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theory of irreversible zeolite structure collapse resulting from
hydrot hermal conditions or netals, such as sodium and vanadi um attack.
- The results of our testing indicate that the nethod of catal yst
deactivation is reversible. Wile we may not know the precise nethod of
catal yst deactivation, the results of ourqtesting lead us to theorize that
the primary nmethod of catal yst deactivation is zeolitic pore bl ockage.

Thi's bl ockage is bel i predtHss e IMNCRENSTNG TeaMhiciavay Or f eed
conponents, such as heaﬂﬂoﬂfﬁﬁ”&&nﬁﬂfﬁfﬁ@d§Anrféﬁ§§fﬁE§8*i%§ conpounds or
e zeoll

pol ynmeri zation of zeolitic reaction products in e cage, and/or
catal yst base materials, such as alumna and silica conpounds. The

preferred aq%%%%ﬁ8%$%$$¥%%§&%§1i§%ention are weak acids, such as nmalic,
acetic and a | I ae. r exanple, malic and may be used to keep
the pH at 3.0 or L . .

This invention relates to a process for improving the
activity of a particulate solid material containing a
zeolitic material, and particularly to a process for
reactivating a zeolite-containing hydrocarbon processing
catalyst, such as those zeolitic catalysts known for use
in fluid catalytic cracking, hydrocracking, alkylation,

dealkylation, transalkylation, isomerization,

polymerization, and separation processes.

Ba R F T N

Zeolites are very common materials in nature and
there are many types of synthetic zeolites. It is
astimated that there are 34 species of zeolite minerals
and about 100 types of synthetic zeolites.

Zeolites are used in a wide range of chemical process
technologies. The wide variety of applications includes
separation and recovery of normal paraffin hydrocarbons,
catalyst for hydrocarbon reactions, drying of
refrigerants, s;paration of air components, carxrying
catq}yst in the curing of plastics and rubber, recovering
radiocactive ions from radicactive waste solutions,
removing carbon dioxide at high altitudes, solubilizing

enzymes, separating hydrogen isotopes, and removal of

atmospheric pollutants such as sulfur dioxide. Cracking
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above to mnimze the renoval or attack on the alumna in the catal yst
structure. However, we believe the malic acid acts to | oosen the nmateri al
* bl ocking the pores of the zeolite but is not strong enough to cause
noti ceabl e structural changes in the catal yst. The anmmoni um bifl uoride,
we believe, also helps to |oosen the pare, blockage material, which appears
to be rich in silica. One can use other fluorides to react with the

silica, but caedlydesd] veudh U i glesss usdedsiAFeBIR] Nt A BFOIBTERAME, ; hecause
of their environnental /safety concerns and their tendericy to renove

structural s{EdCa.amdrigdtyctdekatdwl hydrararsbnnikidd istd de astdedid o the
solution wll be |ess

crystalline zeolites, often referred to as molecular
sieves, and are now used in almost 100% of the FCC units,
which process about 10 million barrels of oil per day.

Zeolites, or molecular sieves, have pores of uniform
size, typically ranging from 3 to 10 angstroms, which are
uniquely determined by the unit structure of the crystal.
These pores will completely exclude molecules which are
larger than the pore diameter. As formed in nature or
synthesized, zeolites are crystalline, hydrated
aluminosilicates of the Group I and Group II elements, in
particular,  sodium, potassium, magnesium, calcium,
strontium, and barium, which can be exchanged with higher
polyvalent ions, such as rare earths or with hydrogen.
Structurally, the zeclites are "framework"
aluminosilicates which are based on an infinitely
extending three-dimensional network of AlQ, and SigQ,
tetrahedra linked to each other by sharing all of the

. oxygens. Zeolites may be represented by the empirical
formula: |
My/a0'Al,0,°xS10, yH,0

In this oxide formula, x is generally equal to or
greater than 2 since Al0, tetrahedra are joined only to
sig, tetrahedra( n is the cation wvalence. The framework
contains channels and interconnected voids which are

occupied by the cation and water molecules. The cations

are quite mobile and may be exchanged, to varying degrees,
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than 10 wt % of the catal yst being reactivated and typically between 1 and
4 w% The nmalic acid wll be normally less than 15 wt % of the catal yst
- being treated and typically between 5 and 10 % As will be seen in one
of the exanples below, we also used an enzyne, which contained both a
detergent and-a surfactant, and malic -a@ d to reactivate an equilibrium
FCC catalyst. In this case, the aeration nedia used caused a froth that

separ at ed t oy fotteeparadtiicdres. f rindrderyrsaadtliims edeaiaitalamstwatekhe pr ef erred
enzymatic material contains both a surfactant and detergent which attacks

t he hydrocamzoy Zualdites drs temkiaty agarnimwmnslhatartdhegyareidlocki mn
material in the zeolite cage can be renoved and thereby reactivate the
zeolite. Tha&amy eBwureqdlides amingral and synthetic cation

exchange or dehydration may produce structural changes in
the framework.

As stated above, the uses for zeolites are many, but
they typically must be combined with other materials when
they are used in process applications. As an example, a
synthesized zeolitic material, which is usually less than
4 microns in size, is combined with a binding agent, such
as kaolin clay, silica sol, or amorphous silica, alumina,
and zirconia as described in Demmel's US Patent 4,826,793
and then spray dried or extruded to producé a finished
material that has the properties desired for the intended
use. These properties may include attrition resistance,
crush strength, particle size distribution, surface area,
matrix area, activity and stability. Another method of
producing a finished zeolite containing product would be
to produce the zeolite in-situ as described in Hayden's US
Patent 3,647,718, While these patents deal wmainly with
FCC type catalyst, similar procedures are used in the
production of zeolitic materials for other process
applications. As an exaﬁple, most fixed bed zeolytic
catalyst, such as those used in hydrocracking, alkylation,
dealkylation, transalkylation, igomerization,
polymerization, and separation processes, disperse the
zeolytic component in a pellet that consists mainly of

alumina. Based on our discovery it is our belief that in '
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stirring/aeration agitation nedia conbines with the surfactant in the
“enzymatic material to lift the small particles renoved fromthe zeolite
- pores to the surface of the solution where they can be renoved. The
removal of these fine inorganic particles or hydrocarbon materials from
the zeolite cage will open the zeolitic-channels so that the interior of
the zeolite is accessible to the vapor reactants; thereby reactivating the
catal yst. |thésmanhfacbereevfdthbae fhredcbédipyldététiesboF(Ei geolitic
catal yst may be increased by this type treatnent to remove any free
al umi na or s¢dtabysbonpodngecibhbicnFglttyee catalyet thathsoperes ohiet he
zeolite during manufacture. This woul d also be the case for any fresh or
equi | i bri um zeat B {8t PRBERS arFE Nl oceed tex  bynted awighdni the matrix
material and that our process can remove this blockage and
increase the available zeolite. So not only is our
process applicable to spent or equilibrium catalyst, but
also to fresh catalyst.
An objective in refining crude petroleum oil has
always been to produce maximum quantities of the highest
value added products in order to improve the profitability.
of the refining. Except for specialty products with
limited markets, the highest wvalue added products of oil
refining with the largest market have been transportation
fuels, such as gasoline, jet fuel and diesel fuels.
Historicélly, a major problem in the refining of crude oil
has been to maximize the production of transportation
fuels. This requires a refining process or method which
can economically convert the heavy residual oil, the crude
oil fraction boiling above about 537° C, into the lighter
boiling range transportation fuels. A major obstacle to
the processing of this heavy residual oil has been the
concentration of refining catalyst poisons, such as
metals, nitrogen, sulfur, and asphaltenes (coke
precursors), in this portion of the crude oil.
Since most of the oil refineries in the world use the
well known fluid catalytic cracking (FCC) process as the

major process for the upgrading of heavy gas oils to

transportation fuels, it is only natural that the FCC

e T, R Ty
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- 19 - hydrotreating or hydrocracking catalyst, ZSM5, zeolitic
pol yneri zati on catal yst or nol ecul ar sieves. The results of our
-testing indicate that agitation wth air, as well as dispersion of the
solid in the solution by stirring, is also highly desirable. It is
theorized that finely dispersed bubble agitation of the solids is
advant ageous in renoving the obstructions from the zeolite pores.

The fol | ow ngrfxaupl snoer@nsd r@é&&a@fe@df@ﬁt@géslﬂfthé r}%‘r&#@§§ﬁg RS pCess

when used to reactivate a conmercial FCC catal yst for
silica-al umMi@a Rt Féxidedl biMay BR@edd 10crls iado9éer tNPecAagepbite.

Exanpl e A: A sanple of 50 gns of regenerated
the last ten to fifteen years. However, the amount of
residual oil that a refiner has been able to econdmically
convert in the FCC process has been 1limited by the cost
of replacement catalyst required as a result of catalyst
deactivation which results from the metals in the
feedstock. The bgildup of other catalyst poisons.on the
catalyst, such as the coke precursors, nitrogen and
sulfur, can be effectively controlled by using catalyst
coolers to negate the effect of coke formation from the.
asphaltene compounds, using regenerator flue gas treating
to negate the environmental effects of feed sulfur, and
using a short contact time FCC process, such as that
described in US Patent 4,985,136, to negate the effects of
feed nitrogen, and to some degree, the feed metals.

For the past twenty or more years the most widely
used FCC catalysté have been zeolitic catalysts, which are
finely divided particles formed of a relatively inert
matrix, usually silica-alumina, alumina or the like,
having a highly active zeolitic material dispersed in the
matrix. As is well-known, the zeolites used in such
catalysts are crystalline and typically have a structure
of interconnecting pores having a pore size selected to
permit the ingress of the hydrocarbon molecules to be
converted, and the zeolite has a very high cracking
activity. Therefore, the highly active zeolite is

dispersed in a matrix having a lesser cracking activity in
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equi | i brium FCC catal yst was placed into a solution of 200 m of deionized
water, 20 gns nalic acid and 1 m of a comercial enzyne and:heated to
-about 54[err] Cin a nagnetically stirred beaker for 12 hours. During this
time the solution was aerated with conpressed air. The conbination of the
aeration and detergent in enzyme caused _agfroth phase to develop on the
top of the liquid level. The aeration and froth conbined to separate the

smal | partichegatienprbeideagt twat adsiptar hat iandycesyerermbbesgl ssal !
particles upward to the beaker top where they were skinmed off. After 12

hours the treaypidcadigl usedwaeolitbbeaed afdchesbhadjasiteaoygpanyel i ni ng
liquid and contam nants. The equilibriumcatalyst (before treatnent) and
t he reacti vat¥d, cdtabysl:i-( b¥per synthehiat ¥eobitesachandt Esomdaboua M cro
Activity Testlng (N%T) unit at a 3:1

5 % to about 70 wt. % of the zeolite is employed.

Such zeolitic FCC catalysts, their manufacture and their

use in the FCC process are well known by those working in

the art.

It is commonly accepted in the oil refining industry
that vanadium contained in the residual oil FCC feedstock
will irreversibly deactivate the zeolité by attacking the .
structure, and that this vanadium effect is more
pronounced at temperatures above about 721°¢ C. It is also
commonly accepted that catalyst deactivation by
hydrothermal deactivation or by metals {e.g., sodium and
vanadium) attack is irreversible.

Various processes have been proposed for reactivating
zeolite FCC catalysts contaminated with metals. For
example, European Patent Application Nos. 0 499 248 and
0 499 258 disclose catalyst reactivation processes
comprising contacting spent metal-contaminated zeolytic
cracking catalyst with an acid soclution, followed by
separating the gcid-treated catalyst from the solution by
filtration, centrifugation, settling or the like.

..In the operation of an FCC process unit (FCU) the
process economics are highly dependant upon the
replacement rate of the circulating catalyst (equilibrium

catalyst} with fresh catalyst. Equilibrium catalyst is

FCC catalyst which has been circulated in the FCC between



- 20 - catalyst to oil ratio, 16 WHSV, 515[err] C using a standard gas

oil. The fresh catalyst activity and the analytical results for the
untreated starting catalyst and the treated catalyst are detailed bel ow

(two nunbers indicate two tests) BEFORE TREATMENT

AFTER TREATMENT FRESH ACTIVITY . 7 2.8 CATALYST ACTIVITY 1.4

1.4 2.3 1.9 MCRO ACTIVITY TEST: CONVERSI ON : 59

i97 70 the reabfor andCEEGeh&EdEHr over1a8number'of3c§cles. lrfle

amount of fresh catalyst addition required, or the
catalyst replacement rate, is determined by the catalyst
loss rate and that rate necessary to maintain the desired
equilibrium catalyst activity and selectivity to produce
the optimum yield structure. In the case of operations
wherein a feedstock containing reéidual oil is employed,
it is also necessary to add sufficient replacement

catalyst to maintain the metals level on the circulating

catalyst at a level below which the FCC yield structure is -

still economically wviable. In many cases, low metal .
equilibrium catalyst with good activity is added along
with fresh catalyst to maintain the proper FCC catalyst
balance at the lowest cost.

In the processing applications that utilize zeolites,
the material must be replaced as it looses its ability to
perform the desired function. That is, the zeolitic
material deactivates under the conditions employed in the
process. In some cases, such as FCC and TCC type
catalytic applications, fresh zeolitic material, in this
case zeolitic catalyst or additives such as ZSM-5
{described in U.S. Patent No. 3,703,886), are added on a
daily basis. Fresh zeolitic catalyst is added daily at a
typical rate of from 1% to as high as 10% of the process
unit inventory to maintain the desired activity in the
plant. Other zeolitic catalysts, such as those used in
hydrocracking, alkylation, dealkylation, transalkylation,

isomerization, polymerization, and separation processes,



GAS FACTOR 12.1 5.3 2.2 4.9 After extensive
| aboratory testing on zeolite reactivation to determ ne the proper
-procedure, five sanples of equilibriumcatalyst were obtained fromfive
di fferent operating FCC units. Each of these five equilibriumcatalyst
sanples were nore than likely mxtures ofgdifferent types of fresh
catalyst from different suppliers, since nost FCC units change the type

of fresh cat %ﬁégtuét,tWL}a%ﬂin:é&%@%&Eﬁ'ﬂ@en%'ééﬁi%&%ﬁé’ﬁapn

occasi on. However, it is known that these five equilibriumcatalyst have a
very broad r@mﬁawélwta@emm@lzw%Ivﬂaié‘ﬂtlaﬁe%mtmse units

operate on feeds which go fromgas oil to residual oil operations.
However, the dfhasiowmatald stheaddesl e tdpsecadi ts woul d typically have
20-30% of a Y or USY

As will be seen from the following discussion, it is
our belief that many types of zeolitic catalyst can
benefit from the present invention, because, contrary to
popular belief, the major cause of zeolitic catalyst
activity decline is zeoiite pore blockage which can occur,
even during the catalyst manufacturing process, due to
free silica or alumina, or compounds of silica or alumina,-
or other materials which are left behind and block the
zeolite pore openings.

A primary object of the present invention is to
enable the removal of zeolitic catalyst deactivating
materials without destroying the integrity of the catalyst
and, at the same time, to significantly improve the
activity and selectivity of the catalystl Another object
of the present process is to reactivate zeolite-con;aining
equilibrium catalyst using an environmentally safe and
acceptable process. Still another object of the present
invention is to improve the activity of various types of
zeolitic catalyst and other zeolite-containing particulate
solids, especially those that deactivate during use in the
processing of hydrocarbons.

A further object of the present invention is improve
the FCC equilibrium catalyst activity and selectivity.
Another object of this invention is to improwve the

activity of fresh zeolitic catalyst. Still another
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zeolite with different degrees of active matrix. Al of the five sanples

were treated in the foll ow ng manner:

* 21 -

1. Regenerated the as received equilibrium catal yst in anuffle

furnace at 676[err]C for 4 hours using an oxygen-containing gas 2.

Added 100 gnms of the regenerated equilibrgumto

3. Added 4 gns of hydroxylam ne so that pH was between 3.8 and 4.0 at

22[ err] C. Thebhgdraxyl afi bRei snirendief 8s teduednfeagBat reqBipbiehe reduce

t he ni ckel

on the catalyst.
for fresh catalyst replacement to an FCC unit, which will

reduce fresh catalyst costs, transportation costs,
equilibrium catalyst disposal costs, and unit catalyst
losses. Other objects of the invention will become
apparent from the following description and/or practice of

the invention.

SUMMARY OF THE PRESENT INVENTION

The above objects and other advantages of the present’
invention may be achieved by a process for impfoviﬁg the
activity of a contaminated zeolite-containing particulate
solid containing one or more contaminants which block the
pores of the zeolite and adversely affect the activity of
the solid, which process comprises treating the solid by

a. forming a slurry of the particulate solid
with an aqueous solution containing an activating agent
selected from the group consisting of acids, detergents
and surfactants, the agent being effective to solubilize
or dislodge the contaminants;

b. agitating the slurry under activation
conditions, inc}uding a temperature and a time sufficient
to solubilize or dislodge the contaminants, so that the
resulting solubilized or dislodged contaminants are
carried by the solution from the particulate solid;

c. withdrawing from the slurry a portion of
the solution containing the solubilized or dislodged

containments;

AMENDED SHEET
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4. Sanple fromstep 3 was placed on magnetic stirrer-hot plate. At
S51[err] C added 2 gns ammoni um bifluoride and 10 gns nalic acid (pH of
*3.0) and raised tenperature to about 65[err] C 5. After 2 hours- at
bet ween 51[err] C and 66[err] C, renobved sanple fromstirrer-hot plate,
and allowed the sanple to settle until_t{ mpjority of catalytic nateri al
was out of suspension but the fine particle size and colloidal material

was still in solution, &and degaiad i e hsarsRilitdng @B edhack #1ig

particles that were still in solution. 6. Washed the decanted sanple 3X
with 300 ml dfrondeihenisedohtuaire rexad rdexpitred haf tsdrureggh wash as descri bed
in 5 above. Sanples of each of the five reactivated equilibrium sanples

was tested and the res@.ts aeshihgwthebeleparated partlcyimtel seddd ab t he

five washed reactivated . ‘
remove any residual solution; and

£. recovering a treated zeolite-containing
particulate solid having a level of activity greater than
the activity of the contaminated solid.

We now have discovered that much of the deactivation
mechanism for zeolitic materials results from zeolitic
pore blockage, which can be reversed. This pore blockage
can occur during the production stage by the retention of
silica or other binding or matrix material in the zeolite
pores. The pore blockage can also occur during the
processing stage by silica that migrates to the pores,
hydrocarbons from the feed or reaction products, or other
materials present in the feed, or catalyst itself, that
deposit or migrate into the zeolite pores, thereby
blocking off access and reducing the activity of the
zeolite. We have indications that hydrocarbon material
may help to bind the silica and other feed and matrix
material in the pores of the zeolite, or only hydrocarbon
material may block the pore. This blockage prevents the
reactants from entering the zeolite pores and therefore
reduces the activity of the zeolite. Another cause of
zeolite deactivation is the dehydration of the zeolitic
structure.

We have found that there are various methods for

reactivating these zeoclitic materials based on (1)

i
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sanples fromstep 6 were exchanged with 3.64 gns of a rare earth el enent
solution (27.46% rare earth el ement oxides consisting of 12.23%
“Laferr]Qerr], 7.22% CeQ2, 5.64% Nd20[err], 1.95%

- 22 - Pr[err]err]) in 100cc of deionized water. After two hours at
87[err] C, the now rare earth exchanged-refctivated sanples were washed 2X
with 150cc deionized water and dried overnight in a drying oven and put in
the muffl e fuwheadealf arebhtrantst Whidlerlidoden or dblubid irRgeMy at ed

equilibriumcatalyst, the re- activated sanples fromstep 6 and the rare

earth exchangedexsiads & dakimssttde Zegdric e gxtress asmet (@) edyiltadtdwn,
which aids in mechanically removing the pore blockage
material. We have also found that these two steps alone
will not satisfactorily reactivate the zeolite unless the
material removed from the pores is separated from the
reactivated product. For example, we have learned through
experimentation that, if one filters the total solution to
separate the liquid from the solid without first
separating the small particle size material and
hydrocarbon material that has caused the pore blockage,
the small particles and hydrocarboh material may redeposit
in the pores of the zeolite. This redistribution of the
small particles and hydrocarbon may again block off pores
and reduce the activity of the zeolite. This also happens
in fresh catalyst manufacture. Especially in those
manufacturing processes that use slurry, the process can
be modified to include a separatién step that removes
these small sized particles, so that the final product
would be increased/improved. As an example, if the
exchange of rare earth elements in FCC catalyst
manufacture is accomplished in a agitated slurry system,
it is possible.that the activity of the final product may
be reduced because of the redistribution of the material
removed from the zeolitic pores in the chemical/agitation
stage. On the other'hand, if these pore blocking

materials were removed from the solution prior to

T Tt
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The testing was done on a Mcro Activity Testing (MAT) wunit -at a 3:1
catalyst to oil ratio, 16 WHSV, 515[err] C using. a standard gas oil.
- Sanples A and C were equilibrium catalyst from FCCU s operating on

residual oil. The results of the MAT testing indicated the follow ng:’
MAT TEST RESULTS SAMPLE - 12 ACTIVITY COKE FACTOR GAS
FACTGR A REGENERATED EQUI LI BRI UM 0.75 7.63 2.04 A

REACTI VATED filtering, the attlfrity of the3@inal prbddtA«ARE BARTH
EXCHANGED 1.34 4. 29 1.01 B REGENERATED EQUI LI BRI UM
1.23 incagased. 1.58 B REACTI VATED 1.56 2.23
1.53 B RARE EARTH EXCHANGED 1.72 2.32 1.69 C
REGENERATED EQUI LMBRbgvie noy, @iscoveredithat, in actoitia@cREAGCEhVATED
1.25 4. 39 1.12. C RARE EARTH EXCHANGED 1.56 3.75

0.97 D RECERERARED EOUentBrRAUMin ordgs to most gagdsfactorilys D

REACTI VATED , 2.%6 .. .3.01 . .14
reactivate the zeolite, it is desirable to separate the

pore blocking materials that block the zeolitic pores from
the zeclite being reactivated. Such separation allows one
to obtain consistent results in a process for improving
the activity of zeolitic materials, either during their
manufacture or during reactivation.

We have tried a member of chemical methods of
reactivating zeolitic materials and they all have
increased the zeolitic activity when the chemical
treatment was combined with both the agitation of the
solid zeolite material in a chemical solution conpaining
an activating agent and separation of the small (< 10
microns) pore blocking material that is removed from the
zeolitic pores by the chemical treatment and agitation.
The same chemical treatment without agitation and
separation was found not to greatly improve the zeolitic
activity.

The chemic§l treatment is normally carried out at
between 3 and 7 pH and at a temperature less than 100° C.
The .chemical treatment has been accomplished with
activating agents such as enzymes containing
degreasing/surfactants, malic acid, active fluorides,
hydroxylamine hydrochloride, and other acidic materials,

as well as detergents. One can raise the temperature



D RARE EARTH EXCHANGED 1.70 3.91 1.45 E REGENERATED

EQUI LI BRI UM 1.01 1.52 1. 21 E REACTI VATED -

- 1.29 2.48 1. 07 E RARE EARTH EXCHANGED 1.20° - 3.29
1.17 The MAT results above not only show an increase in activity for
all of the reactivated sanples, but also ;53 _

- 23 - indicate a selectivity inprovenent in the reactivated catalyst as

conpar ed to 4hesd egpnerates ra | dhd N agSHTI &S Ky %iﬁ%,%}d@i&?ér? t hat

there was available zeolite that exchanged with the rare earth el enents,
whi ch resul tattk intusthopamside aidd Vit Gl EdRedy - andBasrbwign dhese
results, we believe that the nechanism

the vapors. Another option, if higher temperature is

proven desirable, is to conduct the operation under

pressure, which is more costly.

The agitation can be by stirring, aeration, or
tumbling. The preferred'method for small particle size
materials, such as FCC type catalyst, is to form a slurry
of up to 75% concentration of solids and to keep the
particulate solid suspended in the solution and also keep
the maximum surface area of the solid exposed to the fresh
chemical reaction by stirring, and aeration. For larger
particle size zeclitic materials, which would include
hydrocracking catalyst, polymerization catalyst, ZSM-S
catalyst, and molecular sieves, stirring may not be as
practical as just pumping around the liquid in the
contacting vessel so that it flows upward through the bed
of pellets/extrudates along with the aeration media. The
liguid pumparound may be removed below the upper liquid
level and returned to the bottom of the contacting vessel
to provide a mixing of the chemical liquid in the
contactor and an, upward flow of liquid with the aeration
media to aid in agitation and stripping of the small
particles from the zeolite pores.  In either case, the
small particles liberated from the zeolitic pores may be
removed from the slurxy continuously or at the end of the

- reactivation cycle by known particle separation processes,

such as flocculation, flotation, elutriation, and



for zeolytic catalyst reactivation is the renoval of small particle size
material fromthe zeolytic pores. An analysis of this material indicated
it isrichinsilica along with the other conponents of the catalyst
including alum na, nickel, and vanadium W theorize that the pore
bl ockage material is deposited in the pofgs.of the zeolite during the
manuf acture of the fresh catalyst and by the mgration of silica during
operati on ofclishe fifcateissi ngvitithe prefBieezbewd hdad ddiRg ¢3RS nbals
contrary to popular belief, the activity and the selectivity of _
r egener at ed £16C@ tdatral (et icwnd (a6 :gree gidor elsgp wheatbyTheleegaiadnsbBE PhRCt I ce
of the present invention one can renove what is commonly referred to as
equi | i bri umczesiong migwralyst o ehertiicalpconpesindg umi ta, puleabrt he cat al yst
as disclosed_ herein and reuse the treated catal yst having an i nproved
slurry, are selectively caused to rise to the surface in a
cell or tank by the action of bubbles of air, wherein the
grains are caught in a froth formed on the surface of the
tank and are removed with the froth, while the grains that
do not rise remain in the slurry and are drawn off the
bottom of the cell or tank), or a combination of flotation
with flocculation or elutriation.
The time of treatment can be varied from several
minutes to many hours depending on the temperature,
chemical concentration, percent solids, particle size of
the zeolite material, and the nature of the material
blocking the pores. We have found that the chemical
activating agent acts to dissolve and/or loosen the pore
blockage material, while the aeration/stirring helps to
separate the small particles that have been blocking the
pores from the now reactivated material. The addition of
surfactants and detergents to aid in the separation of the
small particles by flotation or flocculation has also

proved beneficial.

F T DRAW

The present invention will be more fully understood
by reference to the following description thereof read in

conjunction with the accompanying Fig. 1 which is a



activity and selectivity. As can be seen fromthese exanples, we
believe that the key to a successful zeolitic catalyst reactivation
" process is renoving the zeolitic pore blockage material fromthe pores of
the zeolite and separating this material fromthe reactivated zeolitic
catal yst. The exanples indicate that -+ 15 - -
24 - the material blocking the pores can be | oosened by mld acids or
conbi nat i onssehematic fhaw diagramcofve prefierhed pooeebkoikage materi al
and that the best nethod of separating the fine particles renoved fromthe
zeol ytic poregordangefvitht tba. PTRgentbényentjodat a al so indicates

DESCRIPTION OF PREFERRED EMBODIMENTS

Since one of the largest markets for zeolites is in
the manufacture of FCC catalyst, the following process
description refers to the reactivation of regenerated FCC
catalyst. However, the present invention is applicable to
any fresh, spent, deactivated or equilibrium zeolitic
containing material. It is only necessary that the
surface of the zeolite material be free of coke; that is
the coke should be removed by regeneration e.g.,
contacting spent catalyst with an oxygen-continuing gas at
elevated temperature to burn the coke from the catalyst.

The present invention comprises treating zeolite-
containing materials in an agitated slurry solution
containing a chemical activating agent which has been
chosen to loosen 6r solubilize the materials blocking the
zeolite pores, and separating the treated zeolite material
from the small particle size materials removed by chemical
treatment/agitation from the zeclite pores and the surface
of the material before the treated zeolite material is
separated from the liquid slurry. This liquid chemical
tfeatment to remove the small particles from the éores of
the zeolite can be accomplished in conjunction with other
processing steps, such as, chemical removal of metals (Ni,
vV, Na, Mo, Co, Fe, etc) from equilibrium FCC catalyst or

spent hydrocracking catalyst, or exchange of the zeolite

AMENDED SHZET



that a mxture of mld acids such as anmmoni um bi fluoride and malic acid at
pH of 3 to 5 takes less tinme than malic acid on its own. ZEQLITI C

* CATALYST REACTI VATI ON PROCESS In a comercial operation using the
zeoliti-c catalyst reactivation process of the present invention an
essentially carbon free catalyst is m xedeM4h a chem cal solution
containing the activating agent in an agitated <contactor vessel to forma
slurry. Therwitd warkedeawth flemenhe bwopothetrheakigunisdtbewelidypehki on of
the chem cal solution which contains the majority of the suspended fine
particl es an8c§aéVigy Prbéedestivism phietheokepdiperes. This wit hdrawn
solution and fine particles is filtered to renove the suspended solids,
and the filtered FRgufdrss processing stage is to put the pore

blocking material into solution or to loosen the small
particles blocking the pores. This may be accomplished by
treatment of the zeolite-containing soclid particles in an
agitated solution containing, as the activating agent, an
acid or mixture of acids, followed by a wash treatment to
remove the contaminates from the treated catalyst. 1In the
preferred processing method, the agitation of the acid
solution is accomplished by both stirring and aeration._
It has been found that use of a combination of acids for
treatment is more effectiwve, and this is the preferred
method.

In applications, such as the treatment of spent
hydrocracking catalyst that is oil soaked when it is
removed from the hydrocracking reactor, the catalyst
preferably is treated to remove the hydrocarbon surface
layer, which will interfere with the efficiency of the
present process. Normally, these types of spent fixed bed
catalyst are regenerated under controlled conditions to
remove the hydrqparbon/carbon layer before being treated
in our process.

..A8 will be evident from the following example, the
mechanism of catalyst reactivation is contrary to the
beliefs of those working in the catalyst art. The results
of the present invention indicate that the method of

catalyst deactivation may be contrary to the accepted

AMENDED rhoat



returned to the contactor vessel. After a period of time at the desired
tenperature, the treated, reactivated zeolite is separated fromthe
* chem cal solution and washed to renove as nuch as possible of any
remai ni ng chem cal solution so that the reactivated zeolitic material can
be reused. A commrerci al FCC catal ysti7eactivation process would
conprise contacting a regenerated catalyst in an stirred

- 25 - and &heoay odt ddreverisidllesaeoiliite stmuaitoregcallapeki vati ng agent,
that consists of a mld acid, such as malic, or a mxture of mld acids
such as nmali ¢eswdting from hydrothermal conditions or metals, such as
sodium and vanadium, attack. The results of our testing
indicate that the method of catalyst deactivation is
reversible. While we may not know the precise method of
catalyst deactivation, the results of our testing lead us
to theorize that the primary method of catalyst
deactivation is ;eolitic pore blockage. This blockage is
believed to result from the combination of feed
components, such as heavy organic compounds,
organometallic compounds or polymerization of zeolitic )
reaction products in the zeoclite cage, and/or catalyst
base materials, such as alumina and silica compounds.

The preferred acids for ﬁse in the invention are weak
acids, such as malic, acetic and ammonium bifluoride. For
example, malic and may be used to keep the pH at 3.0 or
above to minimize the removal or attack on the alumina in
the catalyst structure. However, we believe the malic
acid acts to loosen the material blocking the pores of the
zeoclite but is not strong enough to cause noticeable
structural changes in the catalyst. The ammonium
bifluoride, we believe, also helps to loosen the pore
blockage material, which appears to be rich in silica.

One .can use other fluorides to react with the silica, but
very active fluorides such as HF are not recommended
because of their environmental/safety concerns and their

tendency to remove structural silica. Normally the amount

of ammonium bifluoride added to the solution will be less

N Ty Vet
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ammoni um bi fluoride, in a contacting vessel. There is continuously
withdrawn fromthe top of the liquid level in the contactor a portion of
- the chemi cal solution which contains a majority of the suspended fine
particles liberated fromthe zeolite pores. This liquid is filtered to
renove the fine particles and the filtratge ~ecycled to the contactor
vessel. After a period of tinme at the desired tenperature, the treated
activated F&hamthd yetsist skpacatellyétdveihe cbestiadtsdl ahdon and washed
to remove as much as possible of any remai ning chem cal solution so that
the reacti vatypidly dvatyeen chnamd 4 eus®d. Bhecealibeadi whlhllyst is of
smal | particle size, a stirred catalyst slurry contactor is preferred. Any
hydr ocar bon neghabked ¢spntiiar keorttief porescabal v obding etmeadedr om t he
top of the liquid level in the contactor before the treated, reactivated
catal yst is %ﬁgmgxg%gp}}g"#q¢wgen 5 and 10 wt%. As will be seen in

one of the examples below, we also used an enzyme, which
contained both a detergent and a surfactant, and malic
acid to reactivate an equilibrium FCC catalyst. In this
case, the aeration media used caused a froth that
separated the fine particles from the reactivated
catalyst. The preferred enzymatic material contains both
a surfactant and detergent which attacks the hydrocarbon
binding or blocking agent so that the pore-blocking
material in the zeolite cage can be removed and thereby
reactivate the zeolite. The acid solubilizes, and the
stirring/aeration agitation.media combines with the
surfactant in the enzymatic material to lift the small
particles removed from the zeolite pores to the surface of
the solution where they can be removed. The removal of
thegse fine inorganic particles or hydrocarbon materials
from the zeolite cage will open the zeolitic channels so
that the interior of the zeolite is accessible to the
vapor reactants;ithereby reactivating the catalyst. It is
also believed that the activity of fresh FCC zeolitic
catalyst may be increased by this type treatment to remove
any free alumina or silica compounds that might be
retained in the pores of the zeolite during manufacture.
This would also be the case for any fresh or equilibrium

catalyst containing zeolites, such as zeolitic



chem ca

sol uti on. Large sized zeolitic materials, such as pelleted

extruded zeolitic catalyst, can also be treated in stirred vessels.

- However,

other forms of agitation, such as tunbling or ebulating beds,

only recirculation of the chemcal solution to the bottom of the vesse

give a

continuous upward flow of chem €algin conjunction with the

aeration nedia can al so be used if desired. The preferred

aer at i on nedihydaetaaatdns dimdindasgicndaking exgal yatactdSMats orzequriddess i s

air,
will

or

or
to

but ot her gases, such as-nitrogen or |ight hydrocarbon gases, which

act as

polymerization catalyst or molecular gieves.

The results of our testing indicate that agitation
with air, as well as dispersion of the solid in the
solution by stirring, is also highly desirable. It is
theorized that finely dispersed bubble agitation of the
solids is advantageous in removing the obstructions from
the zeolite pores.

The following Example demonstrates the advantages of
the present process when used to reactivate a commercial
FCC catalyst formed of a silica-alumina matrix containing
about 10-20 wt.% of a type Y zeolite.

Example A: A sample of 50 gms of regenerated
equilibrium FCC catalyst was placed into a solution of 200
ml of deionized water, 20 gms malic acid and 1 ml of a
commercial enzyme and heated to about 54° C in a
magnetically stirred beaker for 12 hours. During this
time the solution was aerated with compressed air. The
combination of the aeration and detergent in enzyme caused
a froth phase to develop on the top of the liquid level.
The aeration and froth combined to separate the small
particles from Ehe reactivated material and conveyed these
small particles upward to the beaker top where they were
skimmed off. After 12 hours the treated catalyst was
filtered and washed to remove any remaining liquid and
contaminants. The equilibrium.catalyst (before treatment)
and the reactivated catalyst (after treatment) were each

tested on 2 Micro Activity Testing (MAT) unit at a 3:1

P :-r--___-’
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a flotation nedia for the small particles of <10 mcron nmay be used.

The present invention can be integrated wwth an FCC process unit, or the
equi libriumcatalyst and additives can be withdrawn fromthe regenerator,
cool ed, placed in storage and then shipped to a reactivation process to be
reactivated and returned to the original 29 te for addition to the FCC
process. Based on econom cs and the ease of integration of the present

uni que react cabalystptocesd rattibh,thé WHSVprBLB3SC tBengref eeagdatkacati on
of the reactivation process would be in conjunction with the FCC process
and not at agagénoté.| odhei Smesh carafyusk dctivityrandstheparébytidaprocess
flow for the practice of the present invention. Those skilled in the art
may know of ¥efBiteqliPpnbhe WArtRakag sbarhpngyedtahyst and the

treated catalyst are detailed below: (two numbers

indicate two tests)

BEFORE TREATMENT AFTER TREATMENT
FRESH ACTIVITY 2.8
CATALYST ACTIVITY 1.4 1.4 2.3 1.9
MICRO ACTIVITY TEST:
CONVERSION 58 55 70 66
COKE FACTOR - 1.8 3.1 1.4 1.7
GAS FACTOR | 12.1 5.3 2.2 4.9

After extensive laboratory testing on zeolite
reactivation to determine the préper procedure, five
samples of equilibriuﬁ catalyst were obtained from five
different operating FCC units. Each of these five
equilibrium catalyst samples were more than likely
mixtures of different types of fresh catalyst from
different suppliers, since most FCC units change the type
of fresh catalyst they add and also add outside
equilibrium catalyst on occasion. However, it is known
that these five%equilibrium catalyst have a very broad
range of activities and metals levels (Ni/V) since these
units operate on feeds which go from gas oil to residual
oil operations. However, the fresh catalyst added to
these units would typically have 20-30% of a Y or USY
zeolite with different degrees of active matrix. All of

the five samples were treated in the following manner:
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the process. It is inportant, however, that the equi pnent selected perform
the functions described herein so that the desired reactions and results
‘are obtained. In the preferred batch process diagrammed in Figure 1, the
desired wei ght of regenerated zeolitic FCC catal yst flows from storage
hopper 1 by gravity flow, utilizing |oad2del-l 2 and control valve 3, into
contactor 4 to forma slurry wth liquid in the contactor. The liquid in
the contactor }s hegererahedi hiiagas heegetveddeanblibsioh oatalystdin

which are effectjye tg di sl odge and/or sol ubulize the,
- 27 - por é HMeEkIfgt CERR SR Aan® 467 nCt Fer 2z ohewEs pesing an

oxygen-containing gas

2. Added 100 gms of the regenerated equilibrium to
500cc of deionized water.

3. Added 4 gms of hydroxylamine so that pH was between
3.8 and 4.0 at 22° C. The hydroxylamine is used as é
reducing agent, mainly to reduce the nickel on the
catalyst.

4., Sample from step 3 was placed on magﬁetic
stirrer-hot plate. At 51° C added 2 gms ammonium
bifluoride and 10 gms malic acid (pH of 3.0) and raised
temperature to about 65° C.

5. After 2 hours at between 51° C and 66° C, removed
sample from stirrer-hot plate, and allowed the sample to
settle until the maﬁority of catalytic material was out of
suspension but the fine particle size and colloidal
material was still in solution, and decanted the sample to
remove the fine particles that were stili in solution.

6. Washed the decanted sample 3X with 300 ml of
deionized water and decanted after each wash as described
in 5 above. Saqples of each of the five reactivated
equilibrium samples was tested and the results are shown
below.

7. 40 gms of each of the five washed reactivated
samples from step 6 were exchanged with 3.64 gms of a rare
earth element solution (27.46% rare earth element oxides

consisting of 12.23% Lay0,, 7.22% Ce0,, 5.64% Nd,0,, 1.95% '

AMENDED SHiEL



Contactor 4 is agitated by nechanical stirrer 5 and air fromline 6, which
Is injected into the bottomof the Iliquid through air distribution grid 7.
- Malic acid or a mxture of malic and amoni um bi fluoride from storage
hopper 10 is added into contactor 4 on weight control using |oad cell 8
and control valve 9 to control the pH at 2hetween 3 and 7, with a pH of
about 5.2 being preferred. A surfactant/detergent fromstorage tank 11 is
added on wePgk0Qdonriy dI00ad |6fzideg drdzged eddt el t ifegh townthonirs \adl ve 13
into contactor 4 to control the surfactant/detergent concentration wthin
a suitabl e r 8A§eC.whkhehnewy rBEef pamtibsychanges react ivakeddspapdiesg upon
the catal yst and conditions enployed in the contactor. Such a surfactant
and/ or det er Y&RE Wéﬁﬁﬁdazﬁoyﬁggol Pgc<i ndeiprpaeery wehersAard dgdsdani nant

articles at the top.of the . liquid in the contactor. Us f the
gurfactant/d@?@Fﬁéﬁ t in a drylgg oven ang put gn t%e mu%fge furnace

for 1 hour at 537°¢ C,.

8. The regenerated equilibrium catalyst, the re-
activated samples from step 6 and the rare earth exchanged
samples from step 7 were tested as detailed below.

The testing was done on a Micro Activity Testing (MAT)
unit at a 3:1 catalyst to oil ratio, 16 WHSV, 515° C using.
a standard gas oil. Samples A and C were equilibrium
catalyst from FCCU's operating on residual oil. The

results of the MAT testing indicated the following:

MAT TEST RESULTS

SAMPLE ACTIVITY COKE FACTOR GAS
FACTOR
A REGENERATED EQUILIBRIUM 0.75 7.63 2.04
A REACTIVATED 1.16 4.36 1.33
A RARE EARTH EXCHANGED 1.34 4.29 1.01
B REGENERATED EQUILIBRIUM i.23 2.28 1.58
B REACTIVATED 1.56 2,23 1.53
B RARE EARTH EXCHANGED 1.72 2.32 1.69
C REGENERATED EQUILIBRIUM 1.02 4.71 1.50
C REACTIVATED 1.25 4.39 1.12
C RARE EARTH EXQHANGED 1.56 3.75 0.97
D REGENERATED EQUILIBRIUM 1.36 3.89 1.33
D REACTIVATED 2.06 3.01 1.14
D RARE EARTH EXCHANGED 1.70 3.91 1.45
E REGENERATED EQUILIBRIUM 1.01 1.52 1.21
E REACTIVATED 1.29 2.48 1.07
E RARE EARTH EXCHANGED 1.20 3.29 1.17

The MAT results above not only show an increase in

activity for all of the reactivated samples, but also

AL R e



-along with the contactor agitation will result in the formation of a foam
on the top of the liquid level in the contactor as long as there is
sufficient active surfactant/detergent in the chem cal sol ution.
Therefore, if at any tine during this batch process the foam disappears
then nore surfactant/detergent can be add23 to restore the
surfactant/detergent action which aids in the renoval by floatation of the
smal | cont amiimaitcgls t8 cdedectivdnatispravenarite izedili¢ imequiriemtedont act or 4
can be operated at anbient tenperature, but it is preferred to operate at
from about 54yt af gEmayedC the ragenerasest eguilibrium.
28 Samples A, B, and C indicate that there was available

zeclite that exchanged with the rare earth elements,

which resulted in increased activity and selectivity.

Based upon these results, we beliewve that the mechanism

for zeolytic catalyst reactivation is the removal of small

particle size material from the zeolytic pores. An

anélysis of this material indicated it is rich in silica

along with the other components of the catalyst including .

alumina, nickel, and vanadium. We theorize that the pore

blockage material is deposited in the pores of the zeolite

during the manufacture of the fresh catalyst and by the

migration of silica during operation of the processing

unit.

The above data indicates that contrary to popular

belief, the activity and the selectivity of regenerated

FCC catalyst can be greatly improved. Therefore, by

practice of the present invention one can remove what is

commonly referred to as equilibrium zeolitic catalyst from

the processing unit, treat the catalyst as disclosed

herein and reuse the treated catalyst having an improved

activity and selectivity.

As can be seen from these examples, we believe that the
key to-a successful zeolitic catalyst reactivation process
is removing the zeolitic pore blockage material from the

pores of the zeoclite and separating this material from the

reactivated zeolitic catalyst. The examples indicate that
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tenperature that will kill the surfactant/detergent activity. The
tenperature in contactor 4 can be controlled by an external heat source,
" such as, a steam coil or jacket on the vessel. Depending on the type of
zeolitic material being treated and the chem cals and tenperature enployed
in the processing, the treatnent time -&4 be as |low as 10 minutes and as
long as 36 hours, with 4 to 12 hours being nornmnal. The aeration supply
can be, as shB@nmaRerigdr BleckingctbgeHotefcorr bgsiepsenedi by ngitdnpressor
6a to take gas, fromthe top of contactor 4 and recycle it back to the

bott om of coRFAEEoPT4CPRPOTBRIANSE PFLAFIER BRRE areoFepetivanwbehatbace
Liroudh svstequt bl Lhsoacial onTodhe ueht el oM cRDLASh o ¢
- separating the fine particles removed from the zeolytic
pores is by flotation. The laboratory data also indicates
that a mixture of mild acids such as ammonium bifluoride
and malic acid at pH of 3 to 5 takes less time than malic

acid on its own.

V. N_P

In a commercial operation using the zeolitic catalyst
reactivation process of the present invention an
essentially carbon free catalyst is mixed with a chemical
solution containing the activating agent in an agitated
contactor vessel to form a slurry. There is withdrawn
from the top of the liquid level a portion of the chemical
soclution which contains the majority of the suspended fine
particles and solids liberated from the zeolite pores.
This withdrawn solution and fine particles is filtered to
remove the suspended solids, and the filtered liquid is
returned to the contactor vessel. After a period of time
at the desired temperature, the treated, reactivated
zeoclite is separated from the chemical solution and washed
to remove as much as possible of any remaining chemical
solution so that the reactivated zeolitic material can be
reused.

A commercial FCC catalyst reactivation process would

comprise contacting a regenerated catalyst in an stirred

LTS



controls the level in the contactor. From sidedraw 14, a continuous flow
of liquid solution, which contains the snmall particles which were renoved
"fromthe zeolite in suspension, is taken through punp 15 to filter 16. The
filter shown in Figure 1, is a plate and frane filter, but any filter that
will renove <10 micron particles fromthe25circulating liquid could be
used. The filtered liquid is returned to the bottomof contactor 4, where

it will flowanshd® agidifed ishemicalersaiwiiondientakhiaigl dm renoving the
smal |l solid partjicles which are to be liberated from the zeolite pores by

the agitat ed 3HHATNEAH N ddiatheonskstmtahg dageld .acid, such as

malic, or a mixture of mild acids such as malic and
ammonium bifluoride, in a contacting vessel. There is
continuously withdrawn from the top of the liquid level in
the contactor a portion of the chemical solution which
contains a majority of the suspended fine particles
liberated from the zeolite pores. This liquid is filtered
teo remove the-fihe particles and the filtrate recycled to
the contactor vessel. After a period of time at the
desired temperature, the treated activated FCC catalysq is
separated from the chemical solution and washed to remove
as much as possible of any remaining chemical solution so
that the reaétivated FCC catalyst can be reused. Since
the FCC catalyst is of small particle sizé, a stirred
catalyst slurry contactor is preferred. Any hydrocarbon
released from the zeolitic pores can also be removed from
the top of the liquid level in the contactor before the
treated, reactivated catalyst is separated from the
chemical solution.

Large sized zeolitic materials, such as pelleted or
extruded zeolitfc catalyst, can also be treated in stirred
vessels. However, other forms of agitation, such as
tumbling or ebulating beds, or only recirculation of the
chemical sclution to the bottom of the vessel to give a
continuous upward flow of chemical in conjunction with the

aeration media can alsoc be used if desired.



- 29 - After the reactivation process is conplete, the aeration nedia
and liquid recycle through the filter is stopped. Before the slurry

" solution is drained fromthe bottom of contactor 4, any hydrocarbon that
has accunul ated on the top of the liquid | evel can be renoved by draining
fromthe sidedraw. The reactivated zeoli 86 -and sol uti on are separat ed,
preferably on a belt filter (not shown) and the reactivated catalyst is
washed to renoiRe e fereedi erablieon inedia fimearny sempodimest ofathe vat ed
mat erial can be dri ed. ., Qur testing has indicated that the efficiency of
this react RERFHN preresV2 OB LTIV kS BT hdele vthrem gAses, ssichbl e
concentration of,annnniuml%fllunééﬁ%to the activating liquid to aid in

the removal ¥ FHEEPEEt %% 1¥9Rm WARERODIRFRS 7 dPpige will act as

a flotation media for the small particles of <10 micron
may be used.

The present invention can be integrated with an FCC
process unit, or the equilibrium catalyst and additives
can be wiphdrawn from the regenerator, cooled, placed in
storage and then shipped to a reactivation process to be
reactivated and returned to the original site for addition,
to the FPCC process. Based on economics and the ease of_
integration of the present unique reactivation process
with the FCC process, the préferred lbcatéon of the
reactivation process would be in conjunction with the FCC
process and not at a remote location.

Figure 1 illustrates a preferred process flow for the
practice of the present invention. Those skilled in the
art may know of other equipment which may be em?loyed in
the process. It is important, however, that the equipment
selected perform the functions described herein so that
the désired reactions and results are obtained; In the
preferred batchlprocess diagrammed in Figure 1, the
desired weight of regenerated zeolitic FCC catalyst flows
from storage hopper 1 by gravity flow, utilizing load cell
2 and control valve 3, into contactor 4 to form a slurry
with liquid in the contactor. The liquid in the contactor
is water containing the desired amounts of mild acids,

which are effective to dislodge and/or solubulize the



- 30 - Wat Is dained Is: 1. A process for increasing the activity
of a zeolite- containing particulate solid containing contam nants which
bl ock the pores of the zeolite and adversely affect the activity of the

solid, which process conprises: a. formng a slurry of said particulate
solid with a liquid containing at |east2@ne activating agent sel ected
fromthe group consisting of acids, enzynmes and surfactants, said agent
bei ng ef f ectberetbleckihg| tertaninanes oligyet it ezeohi bei pares b.

agitating said slurry in a contactor under )
Contactor 4 is agitated by mechanical stirrer 5 and air

from line 6, which is injected into the bottom of the
liquid through air distribution grid 7. Malic acid or a
mixture of malic and ammonium bifluoride from storage
hopper 10 is added into contactor 4 on weight control
using load cell 8 and control valve 9 to control the pH at
between 3 and 7, with a pH of about 5.2 being preferred.
A surfactant/detergent from storage tank 11 is added on
weigh control utilizing load cell 12 through control
'vaive 13 into contactor 4 to control the
surfactant/detergent concentration within a suitable raﬁge
which may be from about 1 ppm to 10 wt%, depending upon
the catalyst and conditions employed in the contactor.
Such a surfactant and/or detergent forms a foam to aid in
floating the small contaminant.particles at the top of the
liquid in the contactor. Use of the surfactant/detergent
along with the contactor agitation will result in the
formation of a foam on tﬁe top of the liquid level in the
contactor as long as there is sufficient active
surfactant/detergent in the chemical solution. Therefore,
if at any time during this batch process the foam
disappears then more surfactant/detergent can be added to
restqre the surfactant/detergent action which aids in the
removal by floatation of the small contaminant particles
liberated from the zeolitic pores. Contactor 4 can be
operated at ambient temperature, but it is preferred to

operate at from about 54° C to 93° C, but in no case at a
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activation conditions, including a tenperature and a tine sufficient to
sol ubilize or dislodge the contam nants, so that the resulting solubilized
or dislodged contam nants are carried by the liquid fromthe resulting

particulate solid; C. separating the resulting particulate solid from
the liquid carrying the solubilized or B8stodged contam nants in the
cont actor; d. withdrawing fromthe contactor a portion of the |Iliquid

carryi ng théempapsituredhnt drislbdgdd ddm murEantant/detergpar ati ng t he
resulting particulate solid fromthe separated liquid remaining in the
slurry; FCt AN ng The LURATREH DA IUNRE W04 Fab henove  theref rom
residual i qclgnq:zgo Te% rgy[] ganS a<r_i>glteax(}x;[:ilval'Ee_iantg so%.%scnet ,; s%nc% as, a steam
coil or jacket on the vessel. Depending on the type of
zeolitic material being treated and the chemicals and
temperature employed in the processing, the treatment time
can be as low as 10 minutes and as long as 36 hours, with
4 to 12 hours being normal.
The aeration supply can be, as shown in Figure 1, a
closed circuit system utilizing compressor 6a to take gas .
from the top of contactor 4 and recycle it back to the
bottom of contactor 4 through distribution grid 7, or it
can be a once through system with the aeration media
vented from contactor 4.
Contactor 4 is equipped with a sidedraw 14 that
controls the level in the contactor. From sidedraw 14, a
continuous flow of liquid solution, which contains the
small particles which were removed from the zeolite in
suspension, is taken through pump 15 to filter 16. The
filter shown in Figure 1, is a plate and frame filter, but
any filter that-will remove <10 micron particles from the
circulating 1iqgid could be used. The filtered liquid is
returned to the bottom of contactor 4, where it will flow
upward along with the aeration media and aid in remoﬁing
the small solid particles which are to be liberated from

the zeolite pores by the agitated solution containing the

activating agent.
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g. recovering a treated zeolite-containing particulate solid having a
| evel of activity greater than the activity of the contam nated solid.
- 2. The process of claim1, wherein the solubilized or - disl odged
contam nants are renoved froman upper liquid |evel of the agitated slurry
in adm xture with said wthdrawn liqui-d2%he mxture is filtered to renove
the contamnants, and the filtrate is recycled to the slurry. 3. The
process of clai AfterwkBeeraachévagéan prsogapBcis gewpletemmtbec, citric,

formc, oxalic, hydrochloric, -nitric, or sulfuric acid, amopnium
bi fluoride, aRra3higRemedia and liquid recycle through the filter is

stopped. Before the slurry solution is drained from the
bottom of contactor 4, any hydrocarbon that has
accumulated on the top of the liquid level can be removed
by draining from the sidedraw. The reactivated zeolite
and solution are separated, preferably on a belt filter
(not shown) and the reactivated catalyst is washed to
remove any remaining solution. If necessary, this
reactivated material can be dried.

Our testing has indicated that the efficiency of this
reactivation process can be improved by the addition of a
suitable concentration of ammonium bifluoride to the
activating 1liquid to aid in the removal of free silica

from the pores of the zeolite.
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a detergent or a mxture of any of said agents.
reactivating a spent zeolite- containing particulat e cat qv\ﬂmﬂmr'lﬂummﬂl
" carbonaceous deposits and one or nore other contam nants

pores of the zeolite and adversely affect the catalytic activity thereof,

whi ch conpri ses: a. renovi ng carbormacdbus deposits fromthe spent
cat al yst by contactlno the catalyst with an oxygen- containing gas under
control | ed o¥Rg& L& d8amed 48 b. cooling the resulting catalyst
having a reduced |evel of carbonaceous deposi ts, c. formng a slurry

of the cool ed catahygtrowesls dor dgueeasisgl theoncofivanyaeti wakesqiggent
sel ected fromthe group consisting of acids, enzynmes, and surfactants
ef fective t ocopkabningepertdicslatigesrhddconntiminings contamdnaagst ahieh sai d
slurry in a contactor under
block the pores of the zeolite and adversely affect the
activity of the solid, which process comprises:

a. forming a slurry of said particulate solid with a
liquid containing at least one activating agent selected
from the group consisting of acids, enzymes and
surfactants, said agent being effective to solubilize or
dislodge the contaminants;

b. agitating said slurry in a contactor under
activation conditions, including a temperature and a time
sufficient to sclubilize or dislodge the contaminants, so
that the resulting solubilized or dislodged contaminants
are carried by the ligquid from the resulting particulate
solid;

c. separating the resulting particulate solid from the
liquid carrying the solubilized or dislodged contaminants
in the contactor;

d. withdrawing from the contactor a portion of the
liquid carrying the solubilized or dislodged contaminants;

e. separating the resulting particulate solid from the
separated liquid remaining in the slurry;

f. washing the separated particulate solid to remove

therefrom residual liquid containing said activating

agent; and
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activation conditions, including an elevated tenperature
- 32- and a tine sufficient to solubilize or disl odge thél""ﬂﬂ“ﬂ"lﬂ#ﬂ'u[}m
so that the resulting solubilized or dislodged contam nantg are tar#i ed

the solution from the resulting catalyst; e. separating the resulting
catalyst fromthe liquid carrying the-sd@llubilized or dislodged

contam nants in the contactor; f. withdrawing a portion of the

sol ution carryi@g tﬁécegérmbglﬁzédeéﬁedl§¢©agég contamnhagt pattoguiace

slurry; g._Separating the resultlng catalyst fromithe solution
solid having a level of activity greater than the activity

of the contaminated solid.

2. The process of claim 1, wherein the solubilized or
dislodged contaminants are removed from an upper liquid
level of the agitated slurry in admixture with said
withdrawn liquid, the mixture is filtered to remove the
contaminants, and the filtrate islrecycled to the slurry.

3. The process of claim 1, wherein the agent is malic,
acetic, maleic, citric, fofmic, oxalic, hydrochloric,
nitric, or sulfuric acid, ammonium bifluoride, an enzyme,
a detergent or a mixture of any of said agents.

4. A process for reactivating a spent zeolite-
containing particulate catalyst containing carbonaceous
deposits and one or more other contaminants which block
the pores of the zeolite and adversely affect the
catalytic activity thereof, which comprises:

a. femoving carbonaceous deposits from the spent
catalyst by contacting the catalyst with an oxygen-
containing gas under controlled oxidation conditions,

b. cooling the resulting catalyst having a reduced
level of carbonaceous deposits,

c. forming a slurry of the cooled catalyst with an
aguequs solution of an activating agent selected from the
group éonsisting of acids, enzymes, and surfactants
effective to solubilize or dislodge the contaminants;

d. agitating said slurry in a contactor under

activation conditions, including an elevated temperature ‘
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remaining in the slurry; hrﬁﬁ§3ﬁ¥ﬁmr%he_separated cata
any residual solution; and THIS SHEESVHAS BEEM [t r eat ed zeg'mﬁmwwmlt
catal yst having a level of cdtal ytiREPBAQHDVity d¢reater thah«lhat oOf » the =+
cont am nat ed solid. 5. e process—of~—¢l aim4, wherein the acid is
malic, amonium bifluoride, acetic, wnmaBeie, <citric, formc, oxalic,
hydrochloric, nitric, or sulfuric acid, or a mxture of any of said acids.
6. The processd i ttimeé neulf £inhbemt nte heobabibite zed dislatgd adged

contam nants are renoved fromthe upper surface of the agitated slurry in
adnmi xt ure wi t9PHEARLNAREHArSOrERAL Bl reskkt Matsekubilized eored to renove

the contam nants, and the filtrate is recycled to the slurry.
dislodged contaminants are carried by the solution from

the resulting catalyst;

- e. separating the resulting catalyst from the liquid
carrying the solubilized or dislodged contaminants in the
contactor;

f. withdrawing a portion of the solution carrying the
solubilized or dislodged contaminants from the slurry;

g. éeparating the resulting catalyst from the solution,
remaining in the slurry;

h. Washing the separated catalyst to remove any
residual solution; and

i. recovering.a treated zeolite-containing catalyst
having a level of catalytic activity greater than that of
the contaminated solid.

7. The process of claim 4, wherein said catalyst is
fresh catalyst, equilibrium catalyst, or spent catalyst.
8. The process of claim 4, where the agitation is
effected mechanically, by the introduction of a gas into

the slurry, or a combination thereof.

9. The process of claim 4, where the elevated
temperature is below 100° C, but not greater than the
deactivation temperature of said agent.

10. The process of claim 4, wherein the zeolitic
catalyst to be reactivated is a zeolitic catalyst

continuously withdrawn from a hydrocarbon processing unit,

This Sheet Has Been Reﬂlaoed
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33 8. The process of clailm }e+-6- tation i§ &ff cted
mechani cal ly, by the i ntroduction of a gas into the slurry, or a
conbi nati on thereof. 9. The process- of3 ctaim4, where the el evated

tenperature is below 100[err] C, but _not greater than the deactivation

]
tenperature 8Ps&Ng & ivated| gataly st d€e SOTGATUCKSHYA rokN&RErn tohe

zeolitic CaE%'y%&dr%c%%b%%?%&%%%%%qnbs a %60|ItIC cat al yst

11. The process of claim 1, wherein the particulate
solid is a zeolitic catalyst which is periodically
withdrawn from a hydrocarbon processing unit, and the
recovered treated catalyst is returned to the hydrocarbon
processing unit.

12. The process of claim 1, wherein the treated solid
is subjected to a rare earth elément exchange process to
introduce one or more rare earth elements into the
zeolite.

13. The process of claim 2, wherein the filtrate
recycled to the slurry is pumped into a lower portion of
the slurry and flows upwardly in the slurry.

14. Tﬂe process of claim 6, wherein the filtrate
recycled to the slurry is pumped into a lower portion of
the slurrxy and flows upwardly in the slurry.

15. The process of 13, wherein an aeration medium is
introduced into a lower portion of the slurry and flows
upwardly in the slurry.

16. The process of claim 14, wherein an aeration medium
is introduced into a lower portion of the slurry and flows
upwardly in the slurry.

17. The process of claim 1, wherein the liquid
contains an acid and a surfactant.

18. The process of claim 14, wherein the acqueous

golution contains an acid and a surfacant.

—



continuously wi thdrawn from a hydrocarbon processing unlg I l
reactivated catalyst is continuously returned to the hy mﬂmﬂm m “Il””l“
' processing unit. 11. The process of claim1, wherein t*he ‘patti Bul at €
solid is a zeolitic catalyst which is periodically wthdrawn froma

"hydr ocar bon processing unit, and the rectvered treated catalyst is
returned to theﬂﬁydrgﬁgrbon proceSS|ng uni_t. 12. The process of claim
e

1, wherein the S HEAFESSs ofyitecfed o WReFSiR @ar BfTatémENt exchange
1307 The BROEE T YHRIARTRAA: éeae?%%@fr? PEFREn Pl pieed b ihe
fLErélyuify.p“%%"fﬁt %ﬁ%ta%@é Bt =R e Srai, S abper faaad O Y 1
level in the contactor.
. 20. The process of claim 18, wherein an aeration
medium is introduced into a lower portion of the slurry,
and the containinants are removed from an upper liquid
level in the contactor.
21. The process of claim 1, wherein the liquid
contains an acid and a surfactant; agitation of the slurry
is effected by stirring and aeration; and the liquid
carrying the solubilized or dislodged contaminants is
withdrawn from an upper liquid level in the contactor.
22. The process of claim 4, wherein an aeration medium
is introduced into a lower portion of the slurry, and the

containinants are removed from an upper liquid level in

the contactor.
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of 13, wherein an aeration mediumis -~isgroduced into a | owgr foddm-0f
the slurry and flows upwardly in the slurry. 16. The pHfocess of claim
14, wher eiandnaatiaki eafifidient it isthudsiiceze | ot od Bel odegs

slurry and flows wupwardly in the slurry. 17. The process of claim1l,

wher ei n t heohtguiidants, so that the resulting solubilized or
dislodged contaminants are carried by the solution from
the resulting catalyst;

e. separating the resulting catalyst from the liquid
carrying the solubilized or dislodged contaminants in the
contactor;

f. withdrawing a portion of the solution carrying the

- solubilized or dislodged contaminants from the slurry;
\ g. separating the resulting catalyst from the solution
remaining in the slurry;
h. washing thé‘separated catalyst to remove any
residual solution; and
i. recovering a treated zeolite-containing catalyst

having a level of catalytic activity greater than that of

the contaminated solid.

5. The process of claim 4, wherein the acid is
malic, ammonium_bifludridé,. acetic, maleic, citric,
L/ formic, oxalic, hydrochloric, nitric, or sulfuric acid,

or a mixture of any of said acids.

6. The process of claim 4, wherein the solubilized
or dislodged contaminants are removed from the upper
surface of the agitated slurry in admixture with said
withdrawn solution, the mixture is filtered to remove the

contaminants, and the filtrate is recycled to the slurry.

7. The process of claim 4, wherein said catalyst is

fresh catalyst, equilibrium catalyst, or spent catalyst.



‘contains an acid and a surfact antr““mumllmﬂﬂ mﬂtess of claim 14, wherein
‘the acqueous solution contains a A L ysacant . 19. The

process of claim 17, wherein an aeration nediumis introduced into a | ower
portion of the slurry, and the containinants are renoved from an upper
liquid level in the contactor. 20. The process of claim 18, wherein an
aeration nmediumis introduced into3d |ower portion of the slurry, and the
cont ai ni nants are renoved froman upper liquid Ilevel in the contactor.

21. The process Gheclpaidueks wieradiain he, |vhere tloomgittstbnatsd and a
surfactant; agitation of the slurry is effected by stirring and aeration;
and the | efifiedtedameghagided ool dif | thedintrefutbliRRe E ont 3AF ndRES i s

wi thdrawn from an upper liquid |level in the contactor.
the slurry, or a combination thereof.

9. The process of claim 4, where the elevated
temperature is below 100° C, but not greater than the
deactivation temperature of said agent.

10. The process of claim 4, wherein the zeolitic
catalyst to be reactivated is a zeolitic catalyst

W/ continuously withdrawn from a hydrocarbon processing unit,

and the reactivated catalyst is continuously returned to
the hydrocarbon processing unit.

11. The process of claim 1, wherein the particulate
solid is a zeolitic catalyst which is periodically -
withdrawn from a hydrocafbon processing unit, and the
recovered treated catalyst is returned to the hydrocarbon
processing unit.

12. The process of claim 1, wherein the treated solid

is subjected to a rare earth element exchange process to

N/ introduce one or more rare earth elements into the
zeolite.
13. The proEess of claim 2, wherein the filtrate

recycled to the slurry is pumped into a lower portion of
the slurry and flows upwardly in the slurry.

14. Tﬁe process of claim 6, wherein the filtrate
recycled to the slurry is pumped into a lower portion of

the slurry and flows upwardly in the slurry.
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22 The process of claim 4, mherﬂl u j“ﬂi ﬁ ﬂl dium is introduced into
a |l ower portion of the slurry, a v Mtants are renoved from an
upper liquid level in the contactor.

34

15. The process of 13, wherein an aeration medium is
introduced into a lower portion of the slurry and flows
upwardly in the slurxy.

16. The process of claim 14, wherein an aeration medium
is introduced into a lower portion of the slurry and flows
upwardly in the slurry.

17. The process of claim 1, wherein the liquid
contains an acid and a surfactant.

18. The process of claim 14, wherein the acqueous
solution contains an acid and a surfacant.

19. The process of claim 17, wherein an aeration
medium is introduced into a lower portion of the slurry,
and the contaiginants are removed from an upper liguid
level in the contactor.

20. The process of claim 18, wberein an aeration
medium is introduced into a lower portion of the slurry,
and the containinants are removed from an upper liquid
level in the contactor.

\/ 21. The process of claim 1, wherein the liguid
contains an acid and a surfactant; agitation of the slurry
igs effected by stirring and aeration; and the liguid
carrying the solubilized or dislodged contaminants is
withdrawn from an upper liguid level in the contactor.

22. The process of claim 4, wherein an aeration medium
is introduced into a lower portion of the slurry, and the
containinants are removed from an upper liquid level in

the contactor.
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(57) Abstract

A process for increasing the activity of
a zeolite-containing particulate solid contain-
ing contaminants which block the pores of
the zeolitc and adversely affect the activity
thereof wherein the contaminated zeolitic ma-
terial is slurried with a liquid containing an
scid, detergent or surfactant, the slurry is ag-
itated to liberate the pore-blocking contami-
nants from the zeolite pores so that they are
suspeaded in the liquid, a portion of the lig-
uid is withdrawn from the slurry and filtered
to remove the suspended contaminants, the
resulting liquid is retumed to the slurry, and
the treated zeolite-containing particulate solid
is removed from the sohution and recovered.
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