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[57] ABSTRACT

The present invention is a process for regenerating a
sulfur-contaminated, highly selective, large-pore zeolite
catalyst. It comprises a multistep process involving
exposure of the catalyst to a combination of oxidizing
conditions, reducing conditions and treatment with a
halogen rcid gas. These conditions are effective 10 ag-
glomerate a Group VIII metal and remove sulfur.
Thereafter, the catalyst is oxychlorinated to redisperse
the Group VIII metal over the catalyst surface. A car-
bon removal step is optionally included.

33 Claims, No Drawings
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PROCESS FOR REGENERATING SULFUR
CONTAMINATED REFORMING CATALYSTS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reiasue.

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of U.S. Ser.
No. 944,392, filed Dec. 19, 1986 now abandoned and
which is hereby incorporated by reference in its en-
tirety.

FIELD OF INVENTION

The present invention relates to regenerating sulfur-
contaminated reforming catalysts. More specifically,
this mnvention is directed to regenerating sulfur-con-
taminated monofunctional, zeolitic reforming catalysts
containing at least one Group VIII metal.

BACKGROUND OF THE INVENTION

- Within the past few years monofunctional, zeolitic
reforming catalysts have become the object of consider-
able interest. A monofunctional reforming catalyst has
little or no acidic catalytic activity, all of its activity for
promoting aromatization reactions is provided by a
Group VIII metal. The interest in these catalysts is
primanly due to their surpnisingly high selectivity for
dehydrocyclizing paraffins to produce aromatics. See
U.S. Pat. Nos. 4,104,320 to Bernard et al; 4,517,306 and
4,447,316 to Buss: and 4,434,331 and 4,435,283 to Buss et
al. However, 1t has also been found that these catalysts
are extremely sensitive to sultur. They are almost to-
tally deactivated by even a small contamination of sul-
fur. (For example, see U.S. Pat. No. 4,456,527 to Buss et
al.) Accordingly, there is a need for a procedure for
regenerating sulfur-contaminated monofunctional, zeo-
litic reforming catalysts containing a Group VIII metal.

A number of regeneration procedures have been
proposed for removing sulfur from sulfur-contaminated
bifunctional reforming catalysts (bifunctional catalysts
have an acidic component, which provides additional
catalytic functions of cracking and isomerization). For
example, U.S. Pat. No. 2,853,435 granted on Sep. 23,
1958 to Evering et al; 2,892,770 granted on Jun. 30, 1950
to Caley et al; and 3,622,520 granted on Nov. 23, 1971 to
Hayes. More recently, regeneration procedures have
been disclosed for sulfur-contaminated bimetallic (hav-
ing two metals, e.g., platinum/rhenium) bifunctional
catalysts. For example, see U.S. Pat. Nos. 3,617,523
granted on Nov. 2, 1971 to Spurlock and 4,033,898
granted on Jul. 5, 1977 to Jacobson et al. However,
these sulfur regeneration techniques are ineffective for
the monofunctional zeolitic reforming catalysts.

Since the possibility of sulfur poisoning of the catalyst
cannot be totally eliminated, even with stringent con-
trol of sulfur in the feed, the need for a sulfur regenera-
tion procedure specifically for monofunctional zeolite
catalysts is apparent.

Several prior art methods for regenerating mono-
functional zeolite catalysts have been proposed. They
claim to be effective for removing carbon and/or redis-
tributing platinum. However, none of these methods
recognizes or addresses deactivation by sulfur contami-
nation or sulfur removal. For example, European Patent
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Application No. 0 142 352, filed on Nov. 9, 1984 de-
scribes a regeneration procedure for deactivated plat-
num/L zeolite catalysts. The deactivation remedied by
this procedure is caused by coke deposition and plati-
num agglomeration, not by sulfur contamination. In
addition, this European Patent application teaches that
it is preferred to add some sulfur to the catalyst to re-
duce cracking. In the application there is a step to burn
off carbonaceous matter and an oxychlorination step to
redisperse the agglomerated platinum particles.

Another regeneration procedure for a monofunc-
tional reforming catalyst is disclosed in U.S. Pat. No.
4,493,901 granted on Jan. 15, 1985 to Bernard et al
Bernard et al state that the regeneration procedure for
coke deactivation may be improved by following an
oxygen burn step and oxychlorination step with a hy-
dration step. Sulfur contamination is not mentioned.

Accordingly, since no reference has addressed reacti-
vation after sulfur contamination, there is a need for a
regeneration procedure which can restore the activity
of monofunctional zeolitic catalysts which have been
deactivated in whole or in part by sulfur contamination.
This need has now been satisfied by the invention which
is summarized and then detailed below.

SUMMARY OF THE INVENTION

According to the present invention, & process is pro-
vided for regenerating a sulfur-contaminated reforming
catalyst which comprises a zeolite and a Group VIll
metal. The process comprises agglomerating the Group
VIII metal and thereafter removing sulfur from the
catalyst. Preferably the Group VIII metal is platinum,
rhodium, ruthenium, iriddium, or osmium, most prefera-
bly platinum.

A key feature in the process of the present invention
is the degree of agglomeration of the Group VIII metal
prior to sulfur removal from the catalyst. For example,
for a sulfur contaminated, platinum containing catalyst,
it is preferred to form platinum agglomerates of greater
than 50 A in diameter, more preferably greater than 75
A in diameter, and still more preferably greater than 150
A in diameter. The amount of platinum on the catalyst
which is agglomerated is preferably greater than 50 wt.
% of the total platinum, more preferably greater than 75
wt. %, most preferably greater than 90 wt. %.

The catalyst preferably comprises platinum on a large
pore zeolite. Most preferably the zeolite is L zeolite.

Among other factors, the present invention is based
on our finding that, unexpectedly, contaminant sulfur
can be effectively removed from a zeolitic catalyst hav-
ing a Group VIII metal by a process which operates by
intentionally agglomerating the Group VIII metal into
large agglomerates and then treating the catalyst with a
halogen acid gas. According to one preferred embodi-
ment of the present invention, we have found that car-
bon monoxide and a halogen acid, preferably hydrogen
chlornide, must be contacted with the catalyst as a mix-
ture, to accomplish both agglomeration and sulfur re-
moval.

Metal aggiomeration is accomplished either in (a) an
oxidizing gas, or (b) a carbon monoxide/halogen acid
gas. After, or concurrent with, the agglomeration, the
sulfur is removed with a halogen acid.

In method (a) platinum agglomeration and subse-
quent sulfur removal preferably i1s accomplished by
steps comprising (1) contacting the catalyst with a gas
comprising between 1 vol. % and 50 vol. % oxygen, at
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a temperature between 800° F. and 1200° F., at a gas
rate between 50 and 5000 GHSV and a pressure be-
tween 1 and 30 atmospheres for a time between 1 and
100 hours; and (2) contacting the catalyst with a gas
comprising greater than 0.1% hydrogen chloride in
hydrogen for greater than 1 hour at a temperature be-
tween 800° F. and 1200° F., at a pressure between 1 and
30 atmospheres, and a gas rate between 50 and 5000
GHSV.

In method (b) platinum agglomeration and sulfur
removal preferably is accomplished by one or more
steps compnising contacting the catalyst with a gas
compnsing at least 2 vol. % carbon monoxide and
greater than 0.1 vol. % hydrogen chloride at a tempera-
ture between 800° F. to 1200° F. for greater than 1 hour,
at a gas rate between 50 and 5000 GHSYV and a pressure
of between | and 30 atmospheres.

In a more preferred embodiment, the present inven-
tion comprises a carbon removal step, a sulfur removal
step, and a platinum redispersion step. The carbon re-
moval step preferably comprises contacting the catalyst
with a gas comprising between 0.1 vol. % and 2.0 vol.
% oxygen, at a temperature between 500° F. and 900°
F., at a gas rate between 50 and 500 GHSV for a time
between 1 and 24 hours to remove carbon from the
catalyst prior to agglomerating the platinum. The plati-
num redispersion step preferably comprises contacting
the catalyst with a chloride or chlorine-containing gas
in the presence of an oxygen-containing gas; purging
the catalyst with a dry inert gas at a temperature be-
tween 600° F. and 1000° F.; and contacting the catalyst
with dry hydrogen at a temperature between 600° F. to

1000° F.

DETAILED DESCRIPTION OF THE
INVENTION

The following discussion presents a more detailed
description of the present invention for regenerating
sulfur contaminated catalysts.

The Catalysts

Catalysts that can be advantageously regenerated by
the process of the present invention comprise a Group
VIII metal component and a zeolite component. Prefer-
ably the zeolite is a large or an intermediate pore zeolite.

An example of an intermediate pore zeolite is silica-
lite. It has an apparent pore size between 5 A and 6 A,

A composition of silicalite expressed 1n terms of mole
ratios of oxides in the anhydrous state, may be repre-
sented as follows:

0.9+£0.2 [xR204+ (1 —x)M3/40): <0.005 A17O 3>
Si0,

where M is 8 metal, other than a metal of Group I11IA,
n is the valence of said metal, R is an alkyl ammonium
radical and x is a number greater than 0 but not exceed-
g 1.

Silicalite is described in U.S. Pat. Nos. 4,309,275;
4,579,831; 4,517,306, and Re. 29,948, all of which are
incorporated herein by reference in their entirety.
Silicalite may also contain metals from either Group 1A
or IIA.

Large pore zeolites are defined as zeolites having an
effective pore diameter between 6 and 15 A. The pro-
cess of the present invention may be applied to catalysts
containing type L zeolite, zeolite X, zeolite Y and fauja-
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site. All of these zeolites have apparent pore sizes on the
order of 7 to 9 A.

The composition of type L zeolite, expressed in terms
of mole ratios of oxides, may be represented as follows:

(0.9-1.3)M3/O:A1203(5.2-6.9)Si07,,H20

wherein M designates a cation, n represents the valence
of M, and y may be any value from 0 t0 9. Zeolite L, 1ts
X-ray diffraction pattern, its properties, and method for
its preparation are described in detail in U.S. Pat. No.
3,216,789 which is incorporated herein by reference in
its entirety. The real formula may vary without chang-
ing the crystalline structure; for example, the mole ratio
of silicon to aluminum (Si/Al) may vary from 1.5 to 3.5.

The chemical formula for zeolite Y expressed in
terms of mole oxides may be written as:

(0.7-1.1)Na20:Aly01:x8:1032.,H70

wherein x 1s 2 value between 3 and 6, and y may be a
value up to about 9. Zeolite Y has a characteristic X-ray
diffraction pattern which may be employed with the
above formula for identification. Zeolite Y 1s described
in more detail in U.S. Pat. No. 3,130,007, U.S. Pat. No.
3,130,007 is hereby incorporated by reference in 1ts
entirety to show a zeolite useful in the present inven-
tion.

Zeolite X is a synthetic crystalline zeolitic molecular
sieve which may be represented by the formula:

(0.7-1. DM 3 //0O:Al203:(2.0-3.0)S107,YH 0O

wherein M represents a metal, particularly alkali and
alkaline earth metals, n is the valence of M, and y may
have any value up to about 8 depending on the identity
of M and the degree of hydration of the crystalline
zeolite. Zeolite X, its X-ray diffraction pattern, its prop-
ertics, and method for its preparation are described in
detail in U.S. Pat. No. 2,882,244, U.S. Pat. No. 2,882,244
is hereby incorporated by reference in its entirety to
show a zeolite useful in the present invention.

The zeolite catalysts that can be regenerated by the
present invention preferably contain exchangeable cati-
ons. Common cations that are useful for catalysts of this
invention are in Groups 1A (alkahh metals) and IIA (al-
kaline earth metals). When alkali metals are used, so-
dium, potassium, lithium, rubidium, or cesium are pre-
ferred. When Group 11A, alkaline earth metals are used,
either barium, calcium, or strontium is preferred. How-
ever, barium is most preferred. The alkaline earth metal
can be incorporated into the zeolite by synthesis, im-
pregnation or ion exchange. |

In the present regeneration process it is important for
the catalyst to contain at least one Group VIII metal.
Preferably, the Group VIII metals are: e.g., ruthenium,
rhodium, osmium, indium or platinum, more preferably
platinum, iridium, and most preferably platinum. (When
reference is made to a specific Group VIII metal in this
application it is used as a representative of the group.)
The preferred percentage of Group VIII metal in the
catalyst is between 0.1% and 5%.

Group VIII metals are introduced into the largepore
zeolite during synthesis, or after synthesis by impregna-
tion or exchange using an aqueous solution of an appro-
priate salt. If it 1s desired to introduce two Group VIII
metals into the zeolite, the operation may be carried out
simultaneously or sequentially.
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By way of example, platinum can be introduced by

impregnating or ion exchanging the zeolite with an
aqueous solution of tetrammineplatinum (II) nitrate

[Pt(NH3)4J(NOs3);, tetrammineplatinum (II) chlonde
[Pt(NH3)4]Cls, or dinitrodiamino-platinum

[Pt(NH3)2(NO2)1].

An inorganic oxide is preferably used as a matrix to
bind the catalyst. This binder can be a natural or a syn-

thetically produced inorganic oxide or combination of

inorganic oxides. Typical inorganic oxide binders
which can be used include clays, alumina, and silica.
Acidic sites on the binder are preferably exchanged by
cations which do not impart strong acidity (such as Na,
K, Rb, Cs, Ca, Sr, or Ba).

The regeneration process of the present invention
may be used on catalysts in the form of extrudates, pills,
pellets, granules, broken fragments, or varnous other
special shapes. These catalysts can become deactivated

10

i3

by sulfur when used in any of the conventional types of 20

equipment used for catalytic reforming.

Sulfur Contamination

The sulfur sensitivity of the preferred largepore zeo-
lite catalysts mentioned above is known as shown In
U.S. Pat. No. 4,456,527 to Buss et al which is hereby
incorporated by reference in its entirety. Buss et al state
that, during reforming, the sulfur level in the feed must
be kept below 100 ppb, and more preferably, below 50
ppb. Keeping the sulfur in the feed below this level will
allow an acceptable run length. Inevitably, however,
sulfur will build up on the catalyst, either by an unfore-
seen excursion or by slow accumulation, forcing regen-
eration of the sulfur contaminated catalyst. As sulfur
deposits on the catalyst, the temperature of the reactor
must be increased to keep the conversion constant. This
can be done until a maximum temperature limit is
reached (approximately 950° F. to 1000° F., set either
by process selectivity or reactor metallurgy). Regenera-
tion is usually regquired when approximately 1 sulfur
atom per 10 platinum atoms accumulates on the cata-
lyst.

Carbon Removal

During reforming, carbon also accumulates on the
catalyst and it must also be periodically removed. In a
preferred embodiment of the present invention, carbon
is removed with a carbon bum in an oxygen-containing
atmosphere prior to sulfur removal. During the carbon
burn, the amount of oxygen ranges between 0.1 vol. %
and 2.0 vol. %. (For purposes of this application, all gas
volumes represent vol. %.) When more than 0.5% oxy-
gen is present in the gas, care should be taken to mini-
mize the catalyst temperature until the carbon level has
been substantially reduced. Nitrogen or another inert
gas is preferably present in a sufficient amount to make
up the remainder of the gas. The Gas Hourly Space
Velocity (GHSV) for the carbon burn preferably ranges
between approximately 50 and 5000 GHSV, or more
preferably between 150 and 1500 GHSV. The pressure
preferably ranges between 1 and 30 atmospheres, or
more preferably between 1 and 10 atmospheres. The
temperature preferably ranges between 500° F. and 900°
F. The time for this carbon burn step is preferably be-
tween 1 and 24 hours. It can be longer, provided that it
is economically practical based on reactor down time.
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Regeneration of a Sulfur Contaminated Catalyst

Regeneration of sulfur contaminated catalysts is ac-
complished by a process which comprises intentionally
agglomerating the platinum on the catalyst and remov-
ing the sulfur with a halogen acid gas. The regeneration
process has at least two basic embodiments. In one
embodiment the platinum is agglomerated in an oxidiz-
ing gas at high temperature. Then sulfur is removed
with a halogen acid gas. In another embodiment the
platinum is agglomerated and the sulfur is removed in
one step with a carbon monoxide/halogen acid gas
mixture.

Preferably, the platinum on the catalyst is agglomer-
ated into agglomerates that are greater than 350 A in
diameter, more preferably greater than 75 A in diame-
ter, and still more preferably greater than 150 A in
diameter. The amount of platinum on the catalyst which
is agglomerated is preferably greater than 50 wt. % of
the platinum, more preferably greater than 75 wt. %,
most preferably greater than 90 wt. %. It is understood
the platinum agglomerates may have different shapes
and that their “diameters” may vary. They may be
spherical, cubic, pyramidal, cuboctahedral, or irregular
in shape. The term “diameter” is used in a general sense
to indicate a characteristic dimension of the agglomer-
ates, even though the agglomerates are not necessarily
spherical in shape.

Agglomeration in an Oxidizing Gas

This embodiment is abbreviated as AIJOG, Agglom-
eration In an Oxidizing Gas. The overall conditions that
are necessary to produce agglomeration in this embodi-
ment are more severe than those in the carbon burn,
even though some of the conditions of these treatment
steps may overlap.

When the platinum is agglomerated in an oxidizing
gas, the gas preferably contains between 1 vol. % and
50 vol. % oxygen, or more preferably between 2 vol. %
and 21 vol. % oxygen in the total gas volume. Prefera-
bly, the oxygen is diluted with an inert gas, such as
nitrogen. The AIOG temperature is preferably between
800° F. and 1200° F., more preferably between 900" F.
and 1050° F. The time for the oxidation is preferably
between 1 hour and 100 hours, more preferably be-
tween 8 and 50 bhours. However, to agglomerate the
platinum to the desired level it should be understood
that the factors of time, temperature, and oxygen con-
centration may vary in relation to one another and one
factor may need to be increased to compensate for the
insufficiency of another.

The AIOG is carried out at a pressure between | and
30 atmospheres, or more preferably between 1 and 10
atmospheres. The gas rate preferably ranges between 50
and 5000 GHSV, and more preferably between 150 and
1500 GHSYV.

Following the AIOG, a reducing gas is contacted
with the catalyst to convert the oxidized sulfur to a
form which can be removed from the catalyst with a
halogen acid gas. Hydrogen, carbon monoxide, or an-
other reducing gas (such as a light hydrocarbon) can
constitute part or the total amount of the gas. The con-
centration of the reducing gas is preferably greater than
10% or more preferably between 50% and 99% of the
total gas volume. In this embodiment hydrogen 1s pre-
ferred as the reducing gas for practical considerations,
such as avatlability, purity, lack of toxicity, etc.
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To remove the reduced sulfur, we have found it pref-
erable to contact the catalyst with a halogen acid gas,
either in a subsequent treating step or more preferably,
by simultaneous contact with the reducing gas. (The
treatment gases should not contain any sulfur.) Exam-
ples of halogen acids are hydrogen chloride, hydrogen
bromide, and hydrogen iodide. Hydrogen chloride is
especially preferred. Hydrogen fluoride is not pre-
ferred. For purposes of this application, the term “halo-
gen acid” (or any specific halogen acid) also means any
precursor which will form the halogen acid gas in situ
under the specific conditions in which it is employed.
For example, precursor compounds of hydrogen chlo-
ride are phosgene, CH;Cl, CH;Cl; and CCl, etc.

If the halogen acid gas is contacted with the catalyst
in & step subsequent to reduction, then it may be present
in a carrier gas. A preferred carrier is either an inert gas,
such as nitrogen, or a reducing gas. The halogen acid
gas preferably comprises greater than 0.1% of the total
gas volume, more preferably greater than 19, and most
preferably between 2% and 5%. The reducing gas and
the gas containing the halogen acid are preferably con-
tacted with the catalyst in a temperature range between
800° F. and 1200° F., more preferably between 800° F.
and 1000° F., and most preferably between 900° F. and
1000° F. The pressure is preferably between 1 and 30
atmospheres, and more preferably between 1 and 10
atmospheres. The gas rate should be preferably between
50 and 5000 GHSYV, and more preferably between 150
and 1500 GHSV. The time that the catalyst is contacted
with the reducing gas and the gas containing the halo-
gen acid 1s preferably greater than 1 hour, more prefera-
bly between about 8 and 50 hours, but can include any
commercially practical time.

The gas containing the halogen acid can be prepared
in many different ways, but one example of its prepara-
tion could be to saturate a carrier gas by intimate
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contact with an aqueous solution of a halogen acid.

Further agglomeration of the platinum may occur dur-
ing the sulfur removal step.

Agglomeration in a Carbon Monoxide Halogen Acid
Mixture

This embodiment is abbreviated as COAG, Carbon
monoxide halogen Acid Gas. In the COAG embodi-
ment, preferably, a gaseous mixture of carbon monoxide
(CO) and a halogen acid are contacted with the catalyst
simultaneously to both agglomerate the platinum and to
remove the sulfur. In this embodiment, CO and the
halogen acid (HCl for example) must be mixed together.
The gas combination is called the COAG mixture.

As in the previous embodiment, the halogen acid gas
can be generated in situ from a compound that forms
the halogen acid under the conditions of this step. Ex-
amples of hydrogen chloride precursors are phosgene,
CH;yCl, CHaCl, or CCly, etc. The halogen acid gas
may be drawn from the list given in the previous em-
bodiment. In this embodiment, HCI is again preferred.
The amount of halogen acid (e.g., HCI) in the COAG
mixture is preferably greater than 0.1%, more prefera-
bly greater than 19%. Preferably, the CO concentration
should be greater than 2% with a more preferred range
of 50% to 99%. The COAG mixture is contacted with
the catalyst at a temperature preferably ranging be-
tween 800° F. and 1200° F., more preferably between
800" F. and 1000° F., and most preferably between 900°
F. and 1000° F. The pressure is preferably between 1
and 30 atmospheres, more preferably between 1 and 10
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atmospheres. The gas rate is preferably between 50 and
3000 GHSYV, or more preferably between 150 and 1500
GHSYV. The time that the catalyst is contacted with the
COAG mixture is preferably greater than 1 hour, more
preferably greater than 3 hours, and most preferably
greater than 24 hours.

The COAG mixture can be prepared in different
ways, but one example of its preparation is to saturate a
stream of 100% CO by intimate contact with an aque-
ous HCl solution. Water is preferably present in the
mixture between 0 and 10%, bat it is not required.

Platinum Redispersion

As a consequence of the foregoing steps of the pres-
ent invention, the Group VIII metal (for example plati-
num) atoms have become severely agglomerated. The
average size of the agglomerates are typically between
150 and 300 A in diameter with each one containing
approximately 200,000 to 2,000,000 platinum atoms. If
the catalyst is to have an appreciable activity for aroma-
tization, the platinum must be redispersed within the
zeolite in the form of platinum particles preferably
smaller than 50 A, more preferably smaller than 25 A,
most preferably smaller than 10 A.

There are many redispersion procedures available.
However, a preferred mode for Group VIII metal re-
dispersion is an oxychlorination procedure which com-
prises contacting the catalyst at elevated temperature
with an oxygen-containing gas and a chloride-contain-
ing gas followed by a nitrogen purge and a hydrogen
reduction. The three major steps are outlined below.

In the first step, the catalyst having platinum agglom-
erates is contacted with a gaseous mixture of oxygen,
water, and chlonne or a chloride. Oxygen is preferably
present 1n a concentration of greater than 0.19%, more
preferably between 19% and 21%, and more preferably
between 2% and 6% of the total gas volume. Water is
preferably present from 0% to 10%, more preferably
from 1% to 4%, and most preferably from 2% to 3%.
The chloride or chlorine is preferably present in an
amount sufficient to achieve a ratio of chlorine to plati-
num atoms of greater than 4:1, more preferably between
4:1 and 1000:1, or still more preferably between 5:1 and
200:1, and most preferably between 10:1 and 50:1. Ei-
ther a chlorine or a chloride-containing gas can be used,
however it is preferred that a chloride be used, for
example, hydrogen chloride or an organic chloride,
such as carbon tetrachloride, etc. The preferred temper-
atures in this first step of the oxychlorination procedure
are between 800° F. and 1100° F., or more preferably
between 900° F. and 1000° F., and most preferably
between 925° F. and 975° F. The time for this first step
is preferably between 1 and 24 hours, and more prefera-
bly between 1 and 3 hours. The gas rate is preferably
between 50 and 5000 GHSV, more preferably 150 and
1500 GHSYV. Pressure is preferably between 1 and 30
atmospheres, more preferably between 1 and 10 atmo-
spheres.

In the second step, the catalyst is preferably con-
tacted with dry nitrogen (or another inert gas) for a
time sufficient to purge the catalyst bed of oxygen. In
this application “dry” means preferably less than 1000
ppm water, more preferably less than 500 ppm water,
and most preferably less than 100 ppm water. This
purge time is preferably between 0.1 and 5 hours, more
preferably between 0.1 and 2 hours, and most preferably
between 0.5 and 1 hour. The temperature is preferably
between 600° F. and 1000° F., more preferably between
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850° F. and 950° F., and most preferably between 875°
F. and 925° F. The gas rates and pressures are prefera-
bly in the same ranges as in the first step.

In the third and final step, the catalyst is contacted
with dry halogen for a time sufficient to reduce substan-
tially all of the platinum. As stated above, dry means
preferably less than 1000 ppm water, more preferably
less than 500 ppm water, and most preferably less than
100 ppm water. The time for this step ts dependent on
the flow and the reduction temperature. A short time is
preferred based on commercial considerations, for ex-
ample, preferably less than 5 hours, and more preferably
less than 2 hours. The temperature is preferably be-
tween 600° F. and 1000° F., more preferably between
800° F. and 950° F., and most preferably between 875°
F. and 925° F. The gas velocities and pressures are
preferably in the same ranges as the first and second
steps. -

An oxygen post-treatment step can be inserted be-
tween the first (oxychlorination) and second (nitrogen
purge) steps. In the oxygen post-treatment, the catalyst
is preferably contacted for up to 3 hours with an oxy-
gen-containing gas having an oxygen concentration
greater than 0.19%, or more preferably between 1% and
21%. The temperature is preferably between 800° F.
and 1000° F., more preferably between 900° F. and 975°
F. Water is preferably present in an amount between 0
and 10%, more preferably 1% to 4%, and most prefera-
bly between 2% and 3%. The gas velocities and pres-
sures are preferably in the same ranges as the oxychlori-
nation procedure.

The following examples are presented here as specific
embodiments of the overall concept of the invention.
They are summarized in Table 1. It is intended that they
be exemplary and not restrictive in any way.

EXAMPLES

All the subsequent steps of Examples 1 through 13
were carried out at a pressure of 1 atmosphere and a gas
flow rate of 150 GHSV. Examples 1-7 describe sulfur
removal in accordance with the COAG embodiment.
Examples 1-3 show that at least S0% of the sulfur can
be removed with a mixture of CO, HCI, and H>O 1n at
least 3 hours and that 94% of the sulfur can be removed
in 102 hours. These examples also show that more sulfur
is removed when larger platinum agglomerates are

formed.

EXAMPLE 1

A catalyst, comprising 0.8 wt. % platinum on a bar-
ium potassium L zeolite containing 8 wt. % barium, was
sulfided until it accumulated 325 ppm sulfur and was
substantially deactivated for paraffin dehydrocycliza-
tion (as measured by an isothermal test where a light
naphtha fed containing mostly C¢-Cs paraffins was
reformed at 920° F., 100 psig and 6 LHSV). This cata-
lyst will be called *Catalyst A”, and samples will also be
used in later examples.

Catalyst A was treated in accordance with the
COAG embodiment, Catalyst A was contacted with a
gaseous stream of 1% O2 in 99% N; at 900° F., for 16
hours. Then it was contacted with a gaseous stream of
CO which had been bubbled through a 34.5 wt. % HCl
solution at room temperature. This gave 2 nominal gas
composition of approximately 0.5% H;O, 10% HCI,
and the remainder CO. This treatment was carried out
over 102 hours at 900° F. Afterward, the catalyst was
cooled down in flowing nitrogen to ambient tempera-
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ture. The sulfur concentration of the catalyst after treat-
ment was 20 ppm. Transmission Electron Microscopy
(TEM) photographs showed that the catalyst contained
ilntinum agglomerates in the range between 40 and 340

in diameter. The most abundant agglomerate size was
180 A. Seventy percent (70%) of the agglomerate diam-
eters were between 140 and 240 A,

EXAMPLE 2

Another catalyst comprising 0.8 wt. % platinum on a
barium-potassium L-zeolite containing 8 wt. % barium,
was subjected to sulfiding until it accumulated approxi-
mately 400 ppm sulfur and was substantially deactivated
for paraffin dehydrocyclization. This catalyst will be
called “Catalyst B”, and samples will also be used In
other examples.

Catalyst B was also treated in accordance with the
COAG embodiment. Catalyst B was contacted with a
gaseous stream of 1% Oz in 99% Ny, at 900° F., for 19
hours. Then it was contacted with a gaseous stream of
CO which had been bubbled through a 32 wt. % aque-
ous HCI solution at room temperature. This gave a
nominal gas composition of 3.5% HCI, 1% H;0O, and
the remainder CO. Exposure to the reducing gas was
carried out for 24 hours at 900° F. Afterward, the cata-
lyst was cooled down in flowing nitrogen to ambient
temperature. The sulfur concentration after treatment
was 78 ppm. The platinum agglomerate size was be-
tween 30 and 80 A.

EXAMPLE 3

Another sample of Catalyst A was treated in accor-
dance with the COAG embodiment. Catalyst A was
contacted with a gaseous stream of 1% O;1in 99% N at
900° F. for 24 hours. Then it was contacted with a
gaseous stream of CO which had been bubbled through
a 34.5 wt. % HCI solution to give a nominal gas compo-
sition of 109% HCI, 0.5% H,0, and the balance of CO.
It was treated with this gas at 900° F. for 3 hours. Fi-
nally, the catalyst was cooled down to rcom tempera-
ture in flowing nitrogen. The sulfur concentration after

treatment was 160 ppm.

EXAMPLE 4

Comparing Examples 4 and 2 shows that sulfur can
be removed from the catalyst without the preliminary
oxidation step.

Another sample of Catalyst B was also treated in
accordance with the COAG embodiment. Catalyst B
was contacted with a gaseous stream of CO which had
been bubbled through a 32 wt. 9% agqueous HCI solution
at room temperature. This gave a nominal gas composi-
tion of 3.5% HCI, 1% H;0, and the remainder CO.
Exposure to this gas was carried out for 21 hours at 900°
F. Afterward, the catalyst was cooled down in flowing
nitrogen to ambient temperature. The sulfur concentr-

aion after treatment was 138 ppm.

EXAMPLE 5

Comparing Example 5 to Examples 1-3 shows that
sulfur can be removed in a shorter time by increasing
the temperature.

Another sample of Catalyst A was also treated In
accordance with the COAG embodmment. Catalyst A
was oxidized in 1% O»in 999% N3 at 980° F. for 3 hours.
Then it was treated with 2 gas mixture contamning 3.5%
HCl, 19 H;0, and the remainder CO at 1050° F. for 3
hours. The catalyst was then cooled down to room
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temperature in flowing nitrogen. The sulfur concentra-
tion after treatment was 98 ppm.

EXAMPLE 6

Example 6 shows that water is not necessary to
achieve sulfur removal.

Another catalyst comprising 0.8 wt. % platinum on a
banum potassium L-zeolite containing 8 wt. % barium,
was sulfided until it accumulated 440 ppm of sulfur and
was substantially deactivated as measured by paraffin
dehydrocyclization.

The deactivated catalyst was also treated in accor-
dance with the COAG embodiment. The catalyst was
first contacted with a gaseous stream of 1% O: in 99%
Nz at 900° F. for 3 hours. Subseguently, it was contacted
with a mixture of 509 HCI and 50% CO at 900° F. for
3 hours. The sulfur concentration of the catalyst after
treatment was 184 ppm.

EXAMPLE 7

Example 7 shows that a halogen acid precursor may
be used to remove sulfur from the catalyst.

Another sample of Catalyst B was treated in accor-
dance with the COAG embodiment, except that carbon
tetrachlonide (CCls) was used as the source of the halo-
gen acid gas. The catalyst was first treated with 1% O
in 999% N, for 2 hours at 900° F. Then it was treated
with 1% CCly, 2.8% H>0, and the remainder CO for 4
hours at 900" F. The CCly was injected with a syringe
pump into the CO stream which had been saturated
with water at room temperature. This technique intro-
duced about 10% more total chloride into the gas
stream than the 3.5% HCIl, 1% H,0, balance CQO gas
mixture. After 4 hours of treatment, this sample was
cooled to room temperature in flowing nitrogen. The
sulfur concentration of the catalyst after treatment was
131 ppm.

EXAMPLE 8

Example 8 describes sulfur removal using a combina-
tion of the COAG and AOIG embodiments.

Another catalyst, comprising 0.8 wt. % platinum on a
barium potassium L-zeolite containing 8 wt. % barium,
was sulfided until it accumulated approximately 317
ppm sulfur and was substantially deactivated for paraf-
fin dehydrocyclization. This catalyst will be called
“Catalyst C”, and will be used in later examples.

First, Catalyst C was heated with 19 O5 in 999 N,
for 16 hours at 1200° F. Then it was treated with a
mixture of 3.5% HCI, 1% H>O, and the balance CO at
900° F. for 48 hours. This mixture was produced by
bubbling CO through an aqueous solution containing 32
wt. % HCIl at room temperature. The sulfur concentra-
tion of the catalyst after treatment was 26 ppm.

EXAMPLE 9

Examples 9 through 13 describe sulfur removal in
accordance with the AIOG embodiment.

A sample of Catalyst C was first contacted with a
gaseous stream of 1% O; in 99% N3 at 1200° F. for 16
hours. The platinum agglomerates ranged between 10
and 800 A. Many particles were about 60 A in diameter.
Afterward, the catalyst was contacted with a mixture of
3.5% HCIl, 1% H;0, and the balance Hy at 900° F. for
48 hours. This mixture was produced by bubbling H»
through an aqueous solution containing 32 wt. % HC
at room temperature. The sulfur concentration of the
catalyst after treatment was 19 ppm.
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EXAMPLE 10

Example 10 shows that sulfur can be removed when
the catalyst is treated with a mixture of Hy, HCI, and
H>0 at 800° F.

Another catalyst comprising 0.8 wt. 9% platinum on a
barium potassium L-zeolite containing 8 wt. % barium,
with sulfided until the catalyst had accumulated approx-
imately 260 ppm sulfur and was substantially deacti-
vated for paraffin dehydrocyclization.

The deactivated catalyst was treated in accordance
with the AIOG embodiment. The catalyst was con-
tacted with 1% O3 1n 999% N3 at 1200° F. for 16 hours.
Then it was contacted with a mixture of 3.5% HC|, 1%
H>O, and the balance H», at 800° F. for 48 hours. This
gas mixture was produced by bubbling H» through an
aqueous solution containing 32 wt. % HCI at room
temperature. The sulfur concentration of the catalyst
after treatment was 75 ppm.

EXAMPLE 11

This example shows that it is advantageous to simul-
taneously treat the catalyst with the reducing gas and
the halogen acid gas.

Another sample of Catalyst C was treated with a
variation of the AJOG embodiment. Catalyst C was
contacted with 19 O7 in 999 N» at 1200° F. for 16
hours. Then it was contacted with dry hydrogen at 900°
F. for 24 hours. Finally, the catalyst was treated with a
gaseous mixture of 3.5 HCl, 1% H»O, and the balance
N3 at 900° F. for 24 hours. This mixture was produced
by bubbling N> through an aqueous solution containing
32 wt. 9% HCI at room temperature. The sulfur concen-
tration of the catalyst after treatment was 191 ppm.

EXAMPLE 12

This example shows that hydrogen bromide (HBr)
can be used in place of hydrogen chlornde.

Another catalyst comprising 0.8 wt. % platinum, 8
wt. %0 barium, and L-zeolite was sulfided until it accu-
mulated 191 ppm of sulfur and was substantially deacti-
vated for paraffin dehydrocyclization.

The deactivated catalyst was subject to the AIOG
embodiment. The catalyst was contacted with the gase-
ous stream of 19 O;in 99% Nz at 1200° F. for 32 hours.
Then it was contacted with a gaseous stream compris-
ing 3.0% HBr, 14.49% H20, in H; at 900° F. for 48 hours.
The gaseous stream was formed by continuously inject-
ing 0.1 cc per hour of an aqueous HBr solution contain-
ing 48 wt. % HBr into the hydrogen for 48 hours. The
sulfur concentration of the catalyst after treatment was
78 ppm.

EXAMPLE 13

This example shows that oxidation at 1000° F. pro-
vides sufficient agglomeration of the platinum to allow
for sulfur removal.

Another catalyst comprising 0.8 wt. 9% platinum on a
barium potassium L-zeolite containing 8 wt. 9 barium,
was sulfided until it accumulated 313 ppm of sulfur and
was substantially deactivated for paraffin dehydrocycli-
zation.

This deactivated catalyst was treated in accordance
with the A10OG embodiment. It was first contacted with
a gaseous stream of 19 O3 in 99% N; at 1000° F. for 16
hours. This treatment produced platinum agglomerates
ranging from about 10 to 100 A, with the most abundant
being approximately 60 A. Then the catalyst was con-
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tacted with a mixture of 3.5% HCIl, 19% H>0O, and the
balance H> at 900° F. for 48 hours. This mixture was
produced by bubbling H2 through an aqueous solution
containing 32 wt. % HCIl at room temperature. The

14

EXAMPLE 15

This example shows the combination of the sulfur
removal procedure and the platinum redispersion pro-

sulfur concentration of the catalyst after treatment was 5 cedure.

70 ppm.

The treated catalyst from Example 2 contained 78

TABLE 1
SULFUR REMOVAL FROM ZEOLITE REFORMING CATALYSTS CONTAINING A GROUP VIII METAL

ICOAG Carbon Monoxide/Halogen Acid Agglomerrsing Embodiment
AlOG Agglomeralum in an Oxidising O, Embodiment

Step 3
Step | (3.5% HCl, 1% HO
(1% O;, 99% N3) Step 2 95.59% N») Platinum
Exam- Time Temp Gas Composition (%) Time Temp Time Temp Sulfur ppm Agglom
plel2 No  (Hr) (F) ©O H; HCl HO CCl, HBr (Hn (F) (Hs) (F.) Initial Final Size (A)
COAG
) 16 900 895 — 100 05 — — 102 900 — — 325 20 40-340
2 19 900 955 — 35 10 — — 24 900 — - 400 78  30-80
3 24 900 895 — 100 05 — — 3 900 — _ 325 160 -—
4 — - 955 — 35 10 — — 2 900 — — 400 138 —_
5 3 980 955 — 35 10 — — 3 1050 — — 325 9% —
6 3 %0 %0 — 00 — @~ - 3 900 — — 440 184 -
7 2 900 962 — -~ 28 10 - 4 900 — — 400 13] —
COAG
and
AlOG
8 16 1200 955 0 35 10 — — 48 900 — — 317 26 —
AlOG
9 16 1200 — 955 35 10 — — 48 900 — _ 317 19 10-800
10 16 1200 — 955 35 10 — — 48 BOO — — 260 75 —_
11 16 1200 — 100 — - — = 24 900 24 900 317 191 —
12 32 1200 — 826 — 144 — 30 48 900 = — 191 78 —
13 16 1000 — 955 35 10 — — 48 900 — - 33 0 10-100

A1l sieps were carried out at a pressure of one atmosphere and 2 gas flow rate of 150 OHSV

EXAMPLE 14

This example shows an oxychlorination procedure.

A catalyst comprising 0.8 wt. 9% platinum on a bar-
ium potassium L-zeolite containing 8 wt. % barium,
was reduced in Hj; at 900° F. and 1 atmosphere for one
hour and then purged with Nj. Thereafter, the catalyst
was heated in dry air for 3 hours at 1000° F. and 1
atmosphere. This reduced the dehydrocyclization ac-
tivity to 50% of the fresh catalyst. Furthermore, the
platinum had been aggiomerated by this treatment. The
TEM showed that about 70% of the platinum agglom-
erates had a diameter between 70 and 80 A.

To redisperse the platinum and restore activity to the
catalyst, it was subjected to an oxychlorination proce-
dure. This process was conducted as follows. The cata-
lyst was contacted with the gaseous mixture of wet air
at 1400 GHSV, 1 atmosphere and a temperature of 950°
F. for 2 hours, while chlorine was injected as CCl41n an
amount sufficient to expose the catalyst to 20 chlorine
atoms per platinum atom. Then, the wet air was contin-
ued at 1400 GHSYV at a temperature of 950° F. for one
hour without CClg injection. Thereafter, dry nitrogen
was introduced at 1400 GHSV, | atmosphere and 900°
F. for one hour. Following that, dry hydrogen was
contacted with the catalyst at 1400 GHSV, 1 atmo-
sphere and a temperature of 900° F. for one hour. The
catalyst was tested for paraffin dehydrocyclization and
it was found that the activity was equal to the fresh
catalyst. Furthermore, TEM showed that the platinum
was redispersed by the treatment. All of the platinum
was present in agglomerates having diameters less than

10 A.
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ppm sulfur and it was inactive even for cyclohexane
dehydrogenation. It contained platinum agglomerates
with a cubic shape having an edge length of approxi-
mately 30 to 80 A,

To restore activity and redisperse the platinum, the
catalyst was subjected to an oxychlorination step. This
process was conducted as follows. The catalyst was
contacted with wet air at a flow rate of 1400 GHSV, 1
atmosphere, and at a temperature of 1000° F. for one
hour. Then the catalyst was contacted with a gaseous
mixture of wet air at 1400 GHSV at a temperature of
900° F. for 2 hours, while chloride was injected as CCly.
The total amount of injected CCly was equivaient to 20
chlorine atoms per platinum atom. Thereafter, the wet
air mixture was continued at 1400 GHSV and 900° F.
for an additional hour without CCls mnjection. Then,
dry nitrogen was contacted with the catalyst at 1400
GHSYV and 900° F. for 10 minutes. Following that, dry
hydrogen was contacted with the catalyst at 1400
GHSY and a temperature of 900° F. for an hour. After
this procedure, the catalyst was analyzed by TEM and
it was observed that the only visible platinum was pres-
ent in agglomerates of 10 A or smaller. The catalyst was
tested for paraffin dehydrocyclization and it was found
to have about 40% of the activity of the fresh catalyst
(both measurements were taken after 20 hours on-
stream).

The embodiments of this invention which are exem-
plified above are intended solely as illustrations of the
invention. They should not be interpreted as limiting
the scope of the invention to just those features which
are exemplified. As those familiar with this area of re-
search will appreciate, there are numerous variations of
the invention as defined 1n the following claims which
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have not been exemplified but which will achieve
equivalent results.

What is claimed 1s:

1. A process for removing sulfur from a sulfur con-
taminated zeolite catalyst containing platinum which
comprises agglomerating the platinum with an oxygen-
containing gas under agglomerating conditions which
will result in greater than 50% of the platinum forming
agglomerates greater than 50 A in diameter, and there-
after removing sulfur from the catalyst wherein the
sulfur is removed by contacting said catalyst after ag-
glomeration [concurrently] with a carbon monoxide
gas and a halogen acid gas, that does not contain sulfur,
under conditions effective to remove sulfur from the
catalyst wherein the catalyst is contacted with the halogen
acid gas subsequent to or simultaneously with its contact
with the carbon monoxide gas.

2. A process as recited in claim 1 wherein the zeolite
1S a large pore zeolite.

3. A process as recited in claim 2 wherein the large
pore zeolite i1s L zeolite.

4. A process as recited in claim 3 wherein the plati-
num is agglomerated by contacting the catalyst with an
OXygen-containing gas at a temperature between 800° F.
and 1200° F.

3. A process as recited in claim 4 wherein the oxygen
containing gas comprises from between 1% and 50%
oxygen and wherein the catalyst is contacted with said
oxygen contaimning gas at a gas rate between 50 and 5000
GHSYV, and a pressure between | and 30 atmospheres,
for a time between 1 and 100 hours.

6. A process as recited in claim § wherein the oxygen
contamning gas comprises from between 2% and 21%
oxygen and wherein the catalyst is contacted with said
OXygen containing gas at a temperature between 900° F.
and 1050° F. at a gas rate between 150 and 1500 GHSV,
at a pressure between 1 and 10 atmospheres and for a
time between 8 and 50 hours.

7. A process as recited in claim 1 wherein prior to the
platinum agglomeration said catalyst is contacted with a
gas comprising between 0.1% and 2% oxygen, at a
temperature between 500° and 900° F., at a pressure
between | and 30 atmospheres, at a gas rate between 50
and 5000 GHSV for a time between 1 and 24 hours to
remove carbon from the catalyst.

8. A process as recited in claim 1 wherein the halogen
acid 1s hydrogen chlonde.

9. A process as recited in claim 8 wherein the plati-
num is agglomerated and the sulfur is removed from the
catalyst by contacting the catalyst with a gas that com-
prises greater than 2% carbon monoxide, and greater
than 0.1% hydrogen chloride, at a pressure between 1
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and 30 atmospheres, at a gas rate between 50 and 5000 -

GHSYV, and a temperature between 800° F. and 1200°
F., for greater than 1 hour.

10. A process as recited in claim 9 wherein the plati-
num 15 agglomerated and the sulfur removed from the
catalyst by contacting the catalyst with a gas that com-
prises between 50 and 99% carbon monoxide, greater
than 1% hydrogen chloride, at a pressure between | and
10 atmospheres, at a gas rate between 150 and 1500
GHSYV, and a temperature between 800° and 1000° F.,
for greater than 3 hours.

11. A process as recited in claim 10 wherein prior to
the platinum agglomeration said catalyst is contacted
with a gas comprising between 0.1% and 2.0% oxygen,
at a temperature between 500° F. and 900° F., at a pres-
sure between 1 and 30 atmospheres, at a gas rate be-
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tween 30 and 5000 GHSYV for a time between 1 and 24
hours to remove carbon from the catalyst.

12. A process as recited in claim 1 wherein the zeolite
1S an intermediate pore zeolite.

13. A process as recited in claim 12 wherein the inter-
mediate pore zeolite is silicalite.

14. A process for removing carbon and sulfur from a
carbon and sulfur contaminated large-pore zeolite cata-
lyst containing platinum which comprises:

(a) contacting the catalyst with a gas containing be-
tween 0.1% and 2% oxygen, at a temperature be-
tween 500° F. and 900° F., at a pressure between 1
and 10 atmospheres, and a gas rate between 150 and
1500 GHSYV for a time between 1 and 24 hours to
remove carbon from the catalyst; and

(b) contacting the catalyst from step (a) with a gas
comprising greater than 19 hydrogen chloride and
between 50% and 99% carbon monoxide, at a tem-
perature between 800° F. and 1000° F., for greater
than 3 hours at a gas rate between 150 and 1500
GHSV and a pressure between 1 and 10 atmo-
spheres to agglomerate greater than 50% of the
platinum into agglomerates of greater than 50 A in
diameter and to remove sulfur.

18. A process as recited in claim 14 wherein the cata-
lyst from step (b) is contacted with a chloride or chlo-
rine-containing gas under oxychlorination conditions to
redisperse the platinum.

16. A process as recited in claim 15 wherein the oxy-
chlorination conditions comprise contacting the cata-
lyst with the chloride or chlorine-containing gas suffi-
cient to achieve a ratio greater than 4 chlorine atoms for
every | plattnum atom.

17. A process as recited in claim 16 wherein the oxy-
chlornnation conditions comprise contacting the cata-
lyst with the chloride or chlorine-containing gas in an
amount sufficient to achieve a ratio of between 4:1 and
1000:1 chlorine atoms for every platinum atom.

18. The process as recited in claim 14 wherein the
catalyst from step (b) is

(a) contacted with a chloride or chlorine-containing
gas in the presence of an oxygen-containing gas
containing greater than 0.1%, O, for between 1|
and 24 hours;

(b) purged with a dry inert gas at a temperature be-
tween 600° F. and 1000° F. for between 0.1 and 5
hours; and

(c) contacted with dry hydrogen at a temperature of
between 600° F. to 1000° F. for less than 5 hours.

19. A process for regenerating a carbon and sulfur-
contaminated, monofunctional, large-pore zeolite re-
forming catalyst comprising platinum and L-zeolite
which comprises:

(I) a carbon removal step which comprises:

(a) contacting the catalyst with a gas comprising
between 0.1% and 2.0% oxygen, at a tempera-
ture between 500° F. and 900° F., at a gas rate
between 150 and 1500 GHSYV, and a pressure 1
and 10 atmospheres, for a time between 1 and 24
hours to remove carbon from the catalyst:

(I} a platinum agglomeration and sulfur removal step
wherein greater than 50% of the platinum is ag-
glomerated into agglomerates of greater than 50
iIn diameter which comprises:

(a) contacting the catalyst from step (I){a) with a
gas comprnsing greater than 19 hydrogen chio-

ride in carbon monoxide, at a temperature be-
tween 900° F. and 1000° F., at a pressure be-
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tween | and 10 atmospheres, for greater than 24
hours at a gas rate between 150 and 1500 GHSV,

(111) a procedure to redistribute the platinum which

comprises:

(a) contacting the catalyst from step (II)}a) with a
chloride-containing compound in a gas compris-
ing between 1% and 21% oxygen and 1% to 4%
water, in an amount sufficient to provide be-
tween 5 and 200 chloride atoms for every plati-
num atom, for a time between 1 and 3 hours, and
a temperature between 900° F. and 1000° F., and
a pressure between 1 and 10 atmospheres; and

(b) stopping the flow of the gas in step (1lI)(a) and
contacting the catalyst with dry nitrogen at a
temperature between 850° F. and 950° F. and at
a gas rate between 150 and 1500 GHSV for a
time between 0.1 and 2.0 hours and a pressure
between 1 and 10 atmospheres; and

(c) contacting the catalyst with dry hydrogen at a
temperature between 800° F. and 950° F. and a
pressure between 1 and 10 atmospheres for less
than 2 hours at a gas rate of between 150 and
1500 GHSV.

20. A process for regenerating a carbon and sulfur-
contaminated, monofunctional, large-pore zeolite re-
forming catalyst comprising platinum and L-zeolite
which comprises:

(I) a carbon removal step which comprises:

(a) contacting the catalyst with a gas comprising
between 0.1% and 2.0% oxygen, at a tempera-
ture between 500° F. and 900° F., at a gas rate
between 150 and 1500 GHSV at a pressure be-
tween | and 10 atmospheres, for a time between
1 and 24 hours to remove carbon from the cata-
lyst;

(II) a platinum agglomeration and sulfur removal step

which comprises:

(a) contacting the catalyst from step (IXa) with a
gas comprising between 2% and 21% oxygen, at
a temperature between 900° F. and 1050° F,, a
flow rate between 150 and 1500 GHSV, and a
pressure between 1 to 10 atmospheres, for a time

between 8 and 50 hours to agglomerate greater
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than 50% of the platinum into aggiomerates of 44

greater than 50 A in diameter;

(b) contacting the catalyst from step (1I)(a) concur-
rently with carbon monozxide gas and hydrogen
chloride gas for a time between 8 and 50 hours,
at a temperature between 900° F. and 1000° F., a
pressure between 1 and 10 atmospheres, and a
gas rate of between 150 and 1500 GHSYV to re-
move sulfur;

(I11) an oxychlorination procedure to redistribute the
platinum which comprnises:

(a) contacting the catalyst from step (1IXb) with a
chloride-containing compound in a gas compris-
ing between 1% and 21% oxygen and from 1%
to 4% water in an amount sufficient to provide
between 5 and 200 chloride atoms for every
platinum atom, for a time between 1 and 3 hours,
and a temperature between 900° F. and 1000° F.,
and a pressure between | and 10 atmospheres;
and

(b) stopping the flow of gas in step (1II){(a) and
contacting the catalyst with dry nitrogen at a
temperature between 850° F. and 950° F., a pres-
sure between | and 10 atmospheres, and a gas
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rate of between 150 and 1500 GHSV, for a time
between 0.1 and 2.0 hours; and

(c) contacting the catalyst with dry hydrogen at a
temperature between 800° F. and 950° F.,, and a
pressure between 1 and 10 atmospheres, for less
than 2 hours at & gas rate of between 150 and
1500 GHSV.

21. A process for removing sulfur from a sulfur contami-
nated zeolite catalyst containing platinum, said process
comprising:

(a) subjecting the contaminated catalyst to a carbon

burn to remove carbon,

(b) treating the zeolite catalyst contaminated with sulfur
by (i) agglomerating the platinum with an oxygen-
containing gas under agglomerating conditions which
result in greater than 50% of the platinum forming
agglomerate greater than 50 A in diameter, and (ii)
thereafter removing sulfur from the catalyst by con-
tacting said catalyst with a halogen acid gas and a
reducing gas, wherein the reducing gas is hydrogen,
the concentration of said reducing gas being 10% or
more of the total gas volume, and the catalyst being
contacted with the halogen acid gas subsequent to or
simultaneously with its contact with the reducing gas;

(¢) redispersing the platinum within the catalyst.

22. A process according to claim 21, wherein the catalyst
is simultaneously contacted with the halogen acid gas and
the reducing gas.

23. A process according to claim 22, wherein the catalyst
is contacted with the gases for at least one hour.

24. A process according to claim 23, wherein the catalyst
is contacted with the gases for at least about 8 hours.

25. A process according to claim 23, wherein at least
59% of the sulfur is removed from the catalysi.

26. A process according to claim 21, wherein the zeolite
Is a large pore zeolite.

27. A process according to claim 26, wherein the large
pore zeolite is L zeolite.

28. A process according to claim 27, wherein the plati-
num is agglomerated by contacting the catalyst with an
oxygen-containing gas at a temperature between 800" F.
and 12000 F.

29. A process according to claim 28, wherein the oxygen-
containing gas comprises from between 1% and 50% oxy-
gen, and wherein the catalyst is contacted with the oxygen-
containing gas at a gas rate between 50 and 5000 GHSV,
and a pressure between 1 and 30 atmospheres, for a time
between 1 and 100 hours.

30. A process according to claim 29, wherein the oxygen-
containing gas comprises from between 29 and 219 oxy-
gen, and wherein the catalyst is contacted with the oxygen-
containing gas at a temperature between 900" F. and 1050°
F. at a gas rate between 150 and 1500 GHSV, at a pressure
between I and 10 atmospheres and for a time between &
and 50 hours.

31. A process according to claim 21, wherein prior to
platinum agglomeration the catalyst is contacted with a gas
comprising between 0.1% and 290 oxygen, at a tempera-
ture between 500" F. and 900" F., at a pressure between 1
and 30 atmospheres, at a gas rate between 50 and 5000
GHSYV for a time between 1 and 24 hours to remove carbon
Jrom the catalyst.

32. A process according to claim 21, wherein the halogen
acid gas is hydrogen chloride.

33. A process according to claim 21, wherein the catalyst

65 is a carbon and sulfur-contaminated, monofunctional,

large-pore zeolite reforming catalyst comprising platinum

and L-zeolite.
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