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oxi datlion and hydrocrackin
reactivating a coke-contaminated deactivated catalyst comprising one

or more Group VIII noble metals, a refractory support and a binder.
These catalysts are commonly used in hydrocarbon conversion processes,

especiélly.catalytic reforming.

Several materials have Dbeen employed as hydrocarbon
conversion catalysts in processes such as reforming, catalytic
dewaxing, alkylaticn, oxidation and hydrocracking. Examples of
catalysts useful for these processes include materials consisting of a
catalytically active Group VIII metal, typically platinum, and
optionally rhenium or tin, carried on or impregnated into a support.
Conventionally this support is alumina although more recently zeolites
have been employed, for example type X and Y zeolites. Type L
zeolites have also been suggested as suitable supports, especially

cation exchanged type L zeolites.

Among the hydrocarbon conversion processes, catalytic
reforming in the presence of hydrogen is one of the most important.

Catalytic reforming is a refinery process designed to increase the

octane number of naphtha. Typically the naphtha feed is passed over a
platinum-containing catalyst supported on a refractory material under
reforming conditions, for eiample; elevated temperatures and
pressures, well-known in the industry in the presence of hydrogen gas
with a hydrogen to hydrocarbon mole ratic of about 2 to 20. The
reforming process involves several different types of reactions
including isomerization, dehydrcgena;ion of naphthenes to aromatics,
dehydrogenation of paraffins to olefins, dehydrocyclization of
paraffins and olefins to aromatics, hydrocracking of paraffins ta
gaseous hydrocarbons such as methane or ethane, and inevitably the
formation of coke, the 1latter being deposited on the catalyst.
Ideally the reforming process minimizes the hydrocracking of paraffins

and maximizes the reactipns leading to the formation of more wvaluable
products, particularly dehydrocyclization and dehydrogenation to

aromatics.
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i on of 9agRcus Ikl of oxygen and carbon dioxide, the presence of this gas
mixture permitting a higher oxygen concentration to be used in the
burn gas, thereby enabling the coke burn off to be completed more
quickly. This regeneration step may be preceded by flushing the
system with, for example, hydrogen or nitrogen gas to remove residual

hydrocarbons.

The high temperatures used in the above regeneration lead to
agglomeration of the metal particles and, when the support is a

zeolite, to removal of the metal particles from the zeolite channels,

and hence to deactivation of the catalyst. Thus, after the coke burn
off,-the catalyst is usually subjected to a reactivation step in which
the metal particles .are redispersed on the support material.
Typically this involves treating the catalyst with chlorine-containing
gas or a chlorine~liberating gas usually in the presence of oxygen and

water vapor, and is often referred to as the oxychlorination step.

Subsequently the catalyst 1s treated with a reducing gas,
typically hydrogen, to reduce the metal chloride formed in the above
oxychlorination step to elemental metal particles. The catalyst is

then ready for reuse in the reforming process.

However, it has been found that, particularly for
platinum-containing =zeolite catalysts, the above regeneration and
reactivation process often does not reactivate the catalyst to

activation levels at or near those exhibited by the fresh catalyst.
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me- f r ONfeactivation of the catalyst. BAccordingly the invention provides a
method for regenerating and reactivating a coke-contaminated
deactivated catalyst comprising at least one Group VIII noble metal, a

support and a binder which method comprises:

(a) removing substantially all of the coke from the
catalyst;

(b) redispersing the noble metal(s) on the support;
? (c¢) chemically reducing the catalyst;

the redispersing step (b) being carried out by contacting the catalyst
in a reaction vessel with & halogen or halide-containing gas and
carbon dioxide gas, the amount of carbon dioxide being maintained at a
partial pressure of at least 2 KkPa in the reaction vessel
substantially throughout the peried in which the catalyst is in

contact with the halogen or halide-containing gas.

We have found that the presence of carbon dioxide in the
fedispersing step of the catalyst's regeneration and reactivation

process enhances the activity and hence the performance of the

catalyst. A catalyst which has undergone the method according to the
invention shows greater selectivity towards the formation of desired
% aromatic compounds in a naphtha reforming process and also exhibits
‘ greater longevity, i.e., will maintain sufficient activation levels
for a longer period of time than catalysts regenerated according to
conventional techniques. The method according to the invention has
particular benefits for the regeneration of Group VIII-containing

catalysts supported by a zeolite material.

In more specific embodiments of this invention described
below the gaseous stream used in each step has a remaining percentage
(which is not water, hydrogen, oxygen or a source of chlorine) of an

inert gas such as helium, argon or nitrogen which will not interfere
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et al a(;;it |eg#@§tg?d when the support is a zeolite, to renoval of the
netaf partic romthe zeolite channels, and hence to deactivation of the
catafjyst. Thus, after the coke burn off, the cat al yst is usually subjected

to afreactivation step bghéyglchtgeh%oggtggmopg{tgg ea res I e£h, SPET S84 oug t he
suppprt material. Typically this involves treatlng the catalyst with

chl ofi ne- con‘f%tﬁﬁ:?ﬁj‘ggége d?'ea&”c"ﬁf‘%‘? GREalyste wath fg 988PUSSBEISRY FORtERRING
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t he gbove (usually in the form of an oxygen-containing gas such as air) at a
temperature of from about 380 to 540°C. Preferably this first step is
carried out at two temperatures, the first being at a lower
temperature range of about 380 to 480°C, and the second being at a

? higher temperature range of about 480 to 520°C. The Oy treatment at

the lower temperature is preferably carried out for a longer time
pericd than the second Oy treatment. The exact time for heating will
depend on the temperature employed but generally ranges from 1 to 10
hours or more. The amount of oxygen employed is generally from 0.1 to

25% by volume, preferably 0.2 to 15% by volume, more preferably from

0.5 to 12% of the gas stream.

The redispersing step (b) is carried out using a halogen or
halide-containing gas (hereinafter generally referred to as "halogen
gas"), and carbon dicxide. The source of the halogen gas may be, for

example, chlorine gas, carbon tetrachloride or hydrogen chloride. The

‘ halogen gas is usually mixed with oxygen and preferably also with
water vapor, and this fedispersion step is commonly referred to as the

oxychlorination step. Examples of suitable oxychlorination steps are:

(i) heating the catalyst at a temperature from about 400

to about 530°C for up to 10 hours in the presence of a gaseous Stream

comprising from 2zero to 10% by wvolume of water, and a source of

chlorine, in the presence of oxygen;

(ii) heating the catalyst at a temperature from about 400
to about 530°C for up to 10 hours in the presence of gaseous stream
comprising from =zero to 10 by volume of water, and a source of
chlorine, in the presence of hydrogen (except when HCl is the source

of chlorine, the hydrogen is optional), and subsequently heating the
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: rination step to elenental netal particles. The catalyst is then
for reuse in the reform ng process. However, it has

found that, particularly for platinumcaontaining zeolite
ysts, the above regeneration and reactivati on| ¢ Sgeg 5§S not
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resent invention relates to an inproved process for the reactivation

" egqner at | NGy 3 echEAGl ¥AUsBhie Ber G EoRMILAY BAULodRP LY BCH AR VSt
comgri sing at ®| 8ast one G o p %l‘ﬁl no eoﬁaﬁ{ea support” and a 2Prr?%er
h netfuxﬁngoﬁﬁﬁﬁn§é§lly no water, or for up to 5 hours in the presence of
gaseous stream comprising 0 to 10% by volume oxygen and from greater

than zero to 10% by volume of water;

(iii) combining steps (ii) and (i) above in that order

without carrying out the subsequent heating in step (ii);

(iv) heating the catalyst at a temperature from about 400
to about 530°C for up to 10 hours in the presence of a gaseous stream
? comprising from zero to 10% by volume of water and an effective amount

of chlorine.

The source of carbon dioxide may be, for example, pure
carbon dioxide gas fed directly into the reactor in which the catalyst
is being regenerated, or a mixture of carbon dioxide and inert gases.
The carbon dioxide source may also be mixed with the other gases
employed in the oxychlorination step, typically halogen gas, oxygen

and optionally water vapor. Alternatively the source of carbon

dioxide may be a carbon dioxide-liberating compound, which may be
gaseous, liquid or solid, although is preferably gaseous to facilitate

its introduction into the reactor.

In order to obtain an improved catalytic performance, the
carbon dioxide must be maintained at a partial pressure of at least 2
kPa in the reactor substantially throughout the period in which the

catalyst is in contact with the halogen gas. Conveniently the

introduction of the carbon dioxide gas is commenced at approximately
the same time as the intreoduction of the halogen gas, and is
terminated at approximately the same time as the termination of the
input of halogen gas. The carbon dioxide may be fed into the reactor
as, for example, a continuous flow of gas or as pulses of gas, | ;
provided the minimum concentration is maintained. Preferably a
continuous flow is used. The carbon dioxide gas passing out of the

reactor can be recycled and fed back into the reactor, thus providing

an economical reactivation process. —
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a mixture of carbon dioxide gas with inert gases, for example nitrogen

or helium.

While the present invention is not to be limited to any
particular theory, it is thought the presence of carbon dioxide may
reduce the extent of reactions between the halocgen gas and the binder
present in the catalyst, for example alumina, and thereby inhibits the

formation of metal halides, for example platinum chloride, on the
1’ binder material. Thus for platinum-L zeolite catalysts this leads to
a better distribution of the platinum particles within the L zeolite

channels.

After completion of the oxychlorination step it is generally
preferred to remove any excess halogen and to stabilize the metal
particles on the support surfaces. Typically this is achieved by

continuing to contact the catalyst with oxygen after terminating the

flow of halogen gas. For example, by heating the catalyst at a
temperature'for up to 7 hours in the presence of a gaseous stream
comprising 0 to 10% by volume oxygen and essentially no water, or for
up to 5 hours in the presence of a gaseous stream comprising 0 to 10%
by volume oxygen and from greater than zerc to 10% by volume of water. ‘
This additional step is not required when above redispersion step (ii) ]
is carried out as it is already included within that step. If desired
the flow of carbon dioxide may be continued during the ox&qen

stabilization step, after which the flow is stopped.

After oxychlorination the catalyst needé to be chemically
reduced to convert the noble metal halide formed during
oxychlorination to the elemental metal. Generally this reduction is
achieved by contacting the catalyst with a reduecing gas such as
hydrogen at elevated temperatures, optionally in the presence of water
vapor. For example, the catalyst is heated at a temperature of from

about 350 to about 530°C for up to 10 hours in the presence of a
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-4- 100% by volume, preferably 2 to 20%.

We have also found that the presence of carbon dioxide or
carbon monoxide during the reduction step can adversely affect the

performance of the resulting catalyst. Therefore the reduction is

preferably carried out in the presence of a minimal amount, if any, of
carbon dioxide and carbon monoxide. The amount of carbon dioxide and

carbon monoxide gases present during the hydrogen reduction step

should be no more than 0.025 kPa partial pressure. It is especially

-~y

preferred to eliminate carbon dioxide and carbon monoxide prior to the
reduction step when the catalyst support is an L zeolite. 1If, after
the oxychlorination step, the system is flushed with oxygen as
described above, then this should effect removal of the
carbon-containing gases. However, it is also preferred to remove any
remaining oxygen prior to the introduction of the hydrogen gas.
Therefore, whether or not the oxygen treatment has been carried out,
it is preferred to purge the system with an inert gas, for example

nitrogen or helium, prior to the commencement of the reduction step.

An alternative way to remove the carbon monc~ and dioxide
before the reduction step is by pressure-depressure cycles with an
inert gas such as nitrogen which is free of carbon mono- and dioxide.
By pressurising the reactor with the inert gas, the concentrations of
carbon mono- and dioxide are reduced by dilution. This method may be

coupled with the gas purge as described above.

In all the steps of the catalyst regeneration and
reactivation according to the invention, the pressure of the reactor
is generally from 0.1 to 2 MPa, conveniently at atmospheric pressure.
The gas flow rates are generally in the range of from about 1 to about
300 ml per gram of catalyst per minute.

The catalyst support may be, for example, an inorganic oxide
such as alumina, titanium dioxide, zinc oxide, magnesium oxide,

thoria, chromia or zirconia or the 1like, a zeolite, for example
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undulating from about 7 to 13A in diameter and may occur in the form
of cylindrical crystals with a mean diameter of at least 0.5 micron
and an aspect ratic of at least 0.5 (as described, for example, in
U.S. Patent 4,544,539, the disclosure of which is incorporated herein
by reference), as well as in other shapes and sizes. L 2zeolite

typically have the general formula:
0.9-1.3 Hp/n0 : Al03 : xSi0z : yH20

where M represents an exchangeable cation, n represents the valency of
M, ¢y is any value from zero to about 9, and x is about 5.2 to about
6.9. '

A more complete description of L zeolite is given in U.s.
Patent 3,216,789 the disclosure of which is incorporated herein by

reference.

The type L zeolites are conventionally prepared such that X
in the above formula is potassium. See, for example, U.S. Patents 3,
215,789 and 3,867,512. The potassium can be ion exchanged, as is well
known, by treating the zeolite in an aqueous solution containing other
cations. It is difficult, however, to exchange more than 75% of the
original potassium cations, because some cations occupy sites in the
zeolite structure which are nearly inaccessible. At least 75% of the
exchangeable cations are selected from lithium, sodium, potassium,
rubidium, cesium, calcium and barium. More preferably, the cation is
sodium, potassium, rubidium or cesium, more preferably still,
potassium, rubidium or cesium, and most preferably potassium.

Optionally, the exchangeable cations may consist of mixtures of the

|l yst with a gaseous_stream contaipi-ng fromO

the total stream voljune, BERLASEPgen (lisually
uch as art) at a tenperature of
s flrst step is carried out at

TR et Rier oh T B, £ 2Bl TR U 28198 sP¥about

ure range o *¥about



Je chlorlne gas, carbon tetrachloride or hydrogen chloride. The
Poen gas is usually mxed with oxygen and preferably also with water
, and this redispersion step is coomonly referred to as the
oxyichl orination step. Exanpl es of suitable oxychl orfiiatTy el
(1) heating the catalyst at a tenperature fron1abju}ﬂ56§gﬁgggggﬁ? _
530[err]C for up to 10 hours in the presegce of a pri sing
fromzero to 10% by volunme of water, and a source of chlorine, in the
presence of QXMAERamed G A e hge cat @lst 1at ature
from about 400 to %%eout rg errca%kégs J& %kﬁ% Lhours fetln Iap?%sltgﬁggﬁ%
gaseous st r eBATHENPF iCa ey F%ﬁﬁ%éf on‘%ﬁeler%m' nﬁath“%vdtambe aptiieyedour ce
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chlorine, the hydrogen is optional), and subsequently he
containi q. e.g., a rubidium and/or cesium salt’ and then washlng to

remove excess ions. This ion exchange treatment can be repeated to
effect further ion exchange, although to a lesser degree.

The zeolite catalysts employed in processes of the present
invention may be made by loading one or more Group VIII metals into
the zeolite. Preferably, the zeolite is made into formed particles,

e.g., pellets, extrudates, balls, prills, or the like, with an inert

L £ binder such as alumina, silica, or clays before loading. Alumina,
especially gamma alumina, is a preferred binder. References in the
present specification to the diameter of the catalyst particles should
be understood as referring to the diameter of the formed particles,
which preferably is about 1/32" to ahout 1/4". Preferably, the metal
is or includes platinum, typically about 0.3 to about 1.5% platinum by

e = i g A

weight based on the weight of the zeolite, and is loaded into the
zeolite by a process as disclosed in U.S. Patent No. 4,568,656.

In the loading process of the '656 patent, the =zeolite,
typically in the pellet or matrix with the binder, is contacted with
an aqueous loading solution containing a platinum salt and a
non-platinum metal salt, to give a pH value between 8-12.5, aged to
distribute the platinum salt within the pores of the zeolite, dried

and then calcined.

The L zeolite catalysts may be made under varying pH levels,
and we have found that the addition of carbon dioxide during the
redispersing step of the regeneration and reactivation of the catalyst
is particularly beneficial when platinum deposition on the L zeolite
has been carried out at relatively low pH (around pH 8-9), rather than
at higher pH levels, although some improved catalyst performance is
also exhibited when the zeolite catalysts are prepared at these higher

levels.
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in step (ii); (iv) heating the catalyst at a tenperature from
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ef fective GAMBUNRIC BFLIHED3Tfe those ‘“etals fromh SToBR 't IoPt c%ﬂeoc?ﬁfkﬂdéﬁl de may
be, for exfybpbess BUEments which are selected from osmium, ruthenium, rhodium;

iridium, palladium and platinum. Preferably, the metals which are
employed ‘herein are platinum, rhodium or iridium, and most
preferably platinum, and examples of suitable bimetallic combinations
; are platinum-iridium and platinum-palladium. The metals may be
present in anj combination desired. Rhenium, a Group VIIB metal, may
also be present so long as at least one Group VIII noble metal is

present, an example being platinum-rhenium.

1 / The amount of Grbup VIII noble metal present in the catalyst
will be an effective amount and will depend, for example, on required
catalyst activity, ease of uniform dispersion, and the type of
catalyst support. For zeolites, crystal size limits the effective

! ' catalyst loading since highly loaded crystals of zeolite which have a
large dimension parallel to the channels could easily lead to pore
plugging during operation as the noble metal agglomerates inside the
channels. Generally, however, the level of metal present will range
from about 0.1 to 6%, preferably 0.1 to 3.5%, more preferably 0.1 to
2.5% and most preferably 0.2 to 1% by weight of the catalyst.
Furthermore, for zeolites, the amount of metal present is generally
from about 0.1 to 2.0% by weight of the catalyst if the average

zeolite crystallite size parallel tec the channels is greater than

about 0.2 micron, and from about 1.0 to 6% by weight if the average
zeolite crystallite size parallel to the channels is no greater than

about 0.2 micron.

The Group VIIr.noble metals may be introduced on to the
support by, for example, ion exchange, impregnation, carbonyl
decomposition, adsorption from the gaseous phase, introduction during
zeolite synthesis, and adsorption of metal vapor. The preferred
technique is ion exchange. In some cases, e.g., when the metal(s)
have been introduced by an ion-exchange process, it is preferred to
remove the residual acidity of the support material by treating the

catalyst, which has previously been reduced by hydrogen, with an

aqueous solution of an alkaline base such as potassium carbonate.
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th b d t f at | t 2
Pa in the TEREEEP BEReelR I AR Buth ot B BseBE 1 whi ch the

catalyst is in contact wt h the hal ogen gas. Conveniently the
i ntroduction of thepgarhop,di d oxi mately the
sanme time as the int roguc?Y orjigﬁc()fmgg%&a%a%&d rﬁ% lcaiat%@{)t er?ﬁ‘tﬁ§¥e5¥’at

appr oxi mat eplsot (pe JppAied| e ééesthhéat%iﬂﬁﬁwaﬁq dnpmvet KHaei aptivity dfalthgen gas.
The: carbon gifxi gaiper bR ﬁa%«fltwfref&mng %@5&4&&@8, a{,orfr%@@mys@» is

continuous flow of gas or as pul ses of gas, provid
conéentr at i BIENE| & C?Fé‘llﬁf‘élﬂ‘@a has pjogf Bptathegn %%’oﬁi‘l ﬁuﬁ@ltﬁ onPEMWed

Thefcarbon gid@essl@ngasnugassindg doite-ddntitifat GACT BusC 2k dABtHeeCYsdetd aRrd fed

back-into the reactor,. 1t hus pr %VI di nnge %n econoni cal .reacti vati on process.
resent invehtion provides thod for activating a fresh catalyst

comprising at least one Group VIII noble metal, a support and a

binder, which method comprises:

(a) treating the catalyst in a reaction vessel with a
: halogen or halide-containing gas in the presence of carben dioxide,

and
(b) chemically reducing the catalyst.

~The preferred conditions and -embodiments of this other
aspect of the invention are as described above for the method for

reactivating a coke-contaminated catalyst.

It has also been found that the reduction of the catalyst
prior to its use in a reforming process, whether or not it has
undergone activation or reactivation in the presence of carbon
dioxide, is advantageocusly carried out in the presence of between zero
and 0.025 kPa. partial pressure of carbon dioxide and carbon monoxide.
More preferably the reduction is carried out in the substantial
absence of these carbon-containing gases. If a higher level of these
gases is present then the activity of the catalyst during reforming is
considerably reduced. This applies to the reduction of both fresh and
regenerated catalysts.

Once the catalyst has been reduced it is beneficial not to
expose the catalyst to carbon dioxide and carbon monoxide in an amount

any greater than 0.025 kPa partial pressure bhefore that catalyst is

employed in a reforming process. _— ——
heet Has Been Replaced
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J 6- Preferably the partial pressure of carbon dioxide in the
‘react or during the oxychlorination step (i.e., when hal ogen gas is present)
is from2 kPa to 35 kPa, nore preferably from4 kRa.to 15 kPa It {s
preferred to input carbon dioxide gas into the rcafHSISHEET AASi BEEN ¢ of
‘carbon di oxide gas with inert gases, for exanple |nitroBBPLASEDhel i un
VWil e the present invention is not to.g limted to any particular theory,
it is thought the presence of carbon dioxide may reduce the extent of
reactions between tfig halegsRndag18ndod Ne Di NUGErMMe8SER! thd tfb?n[o%ahfl! yst,
for exanple alum na, and thereby inhibits the formation of netal halides,
for exanpl éxﬁﬂﬁ%??nLnHW}ﬁF%NQQﬂéF"¥§ﬁ gppecified, all parts and percentages are

given by weight for solids and liquids, and by volume for gases. Gas

compositions are described in terms of the main components; the
remainder of the composition comprising an inert gas such as nitrogen
or helium.

Example 1 This Sheet Has Been Replac

[T

Qi‘ Bn L zeolite having a composition expressed in moles of pure
oxide of 0.99 K50 : Alz03 : 6.3 Si0 : xH20 and having a cylindrical

A catalyst was prepared as follows:

shape and an average particle size of about 2 to 2.5 microns was
prepared by the technique described in Ezxample 1 of U.S. Patent
4,544,539. Thus, an alkaline synthesis gel was prepared by dissolving
23.4g of aluminum hydroxide by boiling in an aqueous solution of 51.2g
potassium hydroxide pellets (86% pure KOH) in 100.2g water to form
Solution A. After dissclution any water loss was corrected. A
separate solution, Seclution B, was prepared by diluting 225g
colloidal silica (Ludox HS 40) with 195g water. Solutions A and B
were mixed for two minutes to forﬁ a gel, and just before the gel
became fully stiff, 224g thereof were transferred to a Teflon-lined
autoclave, preheated to 150°C, and held at that temperature for 72
hours to bring about crystallization, after which the solid zecolite
was separated out.

The zeolite was then formed in 1/16" extrudates using gamma
alumina as a binder. 0.64 weight percent platinum was then .lcaded
into the zeolite extrudates using Pt (NH3) Cls salt with an amount of
KC1 and KOH calculated according to the method disclosed in U.S.
Patent 4,568,656 to give an end loading pH value of 10.0.

The Pt/KL zeolite was then calcined at 350°C in a reactor at
atmospheric pressure with a gas stream of 10% dry Oz at a flow rate of
500 ml/min for 2 hours, after which 3% water was added to the gas
stream and the treatment continued for a further 2 hours. The

P’ W




material. Thus for platinumL zeolite catalysts this leads to a
gr distribution of the platinumparticles within the L zeolite

After conpletion of the oxychl s
- genbrally preferred to remove any excess hal ogen anF“tﬁé g”ﬁ@iﬂ"ﬁ%@%t net al
particles on the support surfaces. Typically thisl_is BEPAER] hy

continuing to contact the. catalyst with oxygen after term nating the flow
of hal ogen gas. For exanple, by heati nb3 fhe catalyst at a tenperature
for upto?ho nthe presence of aseosstr a np 0 to 10%
by vol ume oxygeh i&?\ wggsenetnl 5?‘151"8?%0 1\)@gt%rga"’osr TR 9 % E%J%@ ?ﬂﬁﬁbggﬂzﬁ the
presence of afiyasests ot SeAMYour foxi aghﬁxr'soaﬂoi’/otleypmltum X §BEIT. anThef r om
greater than 0 [ tjonal step is not
required V\hengg{)g\t/ie&r égle/%)ﬁé?géli! jtse%eg(,xlgly’?{edsg%grg}:ﬁ?gko%t as it is already
included within that step. If desired the flow of carbon di oxi de may be

continued during the Gkyggghcthidhtibh?ptdRBedt §P cirbl Bhrmbeh 1tnh€f:h%| QYEdeS
st opped. After oxychlorination the catal yst needs to

chemical | y re8tR38dof tRtalyegnrepeneratins vwipsiiBulatagiBy trepfeingde samplercaf

during oxychl g§icagaiyr A Quiktheicl eg&maad‘ B ak.a rGeWeadklor &Y &mﬁdlusﬁ ion is
achi eved by cont act :eagg t he gat al yst wit ¢ reduci ng as such as drogen at
el évat ed t enpEFAGF PORES §rﬁsﬁuf%8 g"‘rl@s‘érfc?é ORES -or The 32adViChOM

catalyst was then oxychlorinated using conventional conditions. Thus,

v

the catalyst was treated with 0.35% HCl, 10% O and 3% Hy0 at a flow
rate of 500 ml/min at 510°C for 5 hours. The flow of HCl was stopped
L ¢ and the catalyst stabilized by treatment with 10% 03 and 3% water for
1 hour. After this the catalyst was reduced with 10% Hy and 3% Hp0 at
a flow rate of 500 ml/min for 2 hours at 510°C. The resulting

comparative catalyst is designated as Catalyst B.

The deactivation and reactivation of a further sample of 2g
Catalyst A was repeated as for Catalyst B except that CO3 was
introduced into the reactor during the deactivation step and the flow
of COz was continued throughout the oxychlorination step and the
subsequent oxygen stabilization step, after which it was stopped. The
COp was fed into the reactor with the other gases and the
concentration of C0; was maintained at 4% (4 kPa partial pressure).
In addition the oxychlorination time was 24 hours and the subsequent
stabilization and reduction were carried out at 350°C. The COz was
purged from the reactor, using an inert gas flow, before the reduction

step. The resulting catalyst is designated as Catalyst C.

The performance of Catalysts A, B and C were each evaluated
by measuring the yield of benzene produced from a reforming process
with 3-methylpentane. The reforming was carried out at a
Hz/3-methylpentane ratio of &, a space velocity of 20 w/w/hour, a
temperature of 510°C and a pressure of 105 psig. The results are

given in Table 1.

BN
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r. For exanple, the catalyst is heated at a tenperature of from about
to about 530[err]C for up to 10 hours in the presence of a

gaseous stream conprising fromzero to 10% by volunme of water, and a
rce of-hyd&egern*fh@"“c‘o’ncentratlon of hydrogen S gener5 to 100%
byy vol une, ﬁglsyen&emem% W hgeve

sence of m car bon_ npnoxi de Vipa s ’g@ggeduct ifjon step
adver sel “ “ erfornance of "the res 2 === Therefore
the reductio 'y carried Opffark My the presence of a mi ni ma
amount, if any, of

Benzene Yield Weight %

After S Hrs. After 10 Hrs.
Catalvst On_0il on_0il
A (fresh) 18.6 15.2
B (comparative) 18.1 12.6
C (with c03) 22.9 17.8

The results show that when the catalyst is regenerated under
<il normal conditions, as in Catalyst B, then the activity of the catalyst
towards the production of aromatics falls below that of the fresh
catalyst (Catalyst A) especially after a number of hours have elapsed.
However, if the catalyst 1is treated with CO3 during the
oxychlorination step, as in Catalyst C, then the activity of the
catalyst is greatly improved, in this instance even surpassing that of
the fresh, untreated catalyst.

Example 2

A sample of a Pt/KL zeolite catal}st was discharged from a
reforming reactor. The catalyst comprised 0.64% platinum .on KL
zeolite extrudates, the platinum having been loaded on to the zeolite
at a pH of 11 to 12. The catalyst had been on oil (i.e., had been
used in the reforming process to convert naphtha) for more than 1000
hours and had been regenerated three times in situ using conventional

regeneration methods. This used catalyst is designated as Catalyst D.

A sample of 2g Catalyst D was regenerated in the same manner
as described for <Catalyst B in Example 1 except that the
oxychlorination time was 2% hours. The resulting comparative catalyst
is designated as Catalyst E.

A further sample of 2g Catalyst D was regenerated in the

same manner as described for Catalyst C in Example 1, except that the
flow of COp was stopped when the flow of HCl was stopped, and the

P
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n di oxi de -and—earben—+reROXi-de. The anount of carbon di oxi de and carbon
| de gases RyesRi.dbleh RGrtde hydrogen reduction step should be no nore

W O0.025 kPa p is especially preferred to elimnate
cargon d|0X|dea(mwlu |de prlor totheT n the
cat &l yst support after the o"@%ﬁﬁﬁ@lon at ep, the
systtemis flushed with oxygen as descri hed above -5 shoul d
effect renoval of t he car bon-cont'éilﬁi'hg gases. However, it is also
preferred t X h n tiQn, of t he
hydr ogen ga% g%ﬁg\rée %rr%,zav%et% rﬁg?r%ﬁgg ”'teﬁeéél% geér)lax‘{sr&alje Eg,?,q%g é%

carried out thetakseneg efefPrdrtt @IQJGF gé?heheessilmr@mwatlmstana desmgngtaasi a$ or
exanmpl e nitrQeggiyserghelium prior to the commencenent of the reduction

st ep. An alternative way to renove the carbon nono- and di oxi de
before the reduction step is by pressure-depressure cycles wth an inert

gas such as nltr099nm&h|p‘ébfé:§xafxéé9%f0fCa€ﬂryQQnDFD@0 F adid di Q%hSte JIBY the
pressur|5|n%_t e react i nert centrations of carbon

co
onos and. diE5REhEOHIE Sah BEAIEA - AP LTIAAS CPRALY Shob oBo T BUeEs0ER v t b
t he gas purgensemspenﬂaeel pdXovreing process as descrildd ihhexanpieps. a@he the

cat al yst Egﬂsagi_%)%wgpan,gﬁ%lé/at I on according to the invention, the

_pressure of € reac
TABLE 2
(a Benzene Yield Weight %
After 5 Hrs. After 10 Hrs.

Catalyst On 0il Oon Oil

D {used) 13.7 10.0

E (comparative) 20.2 15.8

F (with CO03) 23.0 17.0

Dl (fresh) . 22.1 18.9

The results show that the used Catalyst D is considerably
deactivated compared to the fresh CaEalyst pl. The catalyst
regenerated under normal conditions, comparative Catalyst E, has been
reactivated to some extent, but a substantial improvement is obtained
when the catalyst has been reactivated in the presence of C0j3.

Example 3

A Pt/KL zeolite catalyst was synthesized as described in.
Example 1 except that the platinum was loaded on to the zeolite
extrudates at a pH of 8.75. This catalyst is designated as Catalyst
G.

A sample of Catalyst G was deactivated and then reactivated
in the same manner as for Catalyst B in Example 1, except that the gas
stream in the deactivation step also contained 10% COs (10 kPa partial




.neraIIy fromO0.1 to 2 MPa, conveniently at atnospheric pressure. The
flowrates are generally in the range of fromabout 1 to about 300 mi
gram of catalyst per minute. The catal yst support nay be,
exanpl e, an inorganic oxi de such as al um na, titaniumdiexge—yinc
, magnesi um oxi de, thoria, chroma or 2|rcon|anﬁSSBﬁ5Tﬁﬁ§é“$§ Feollte
exanpl e faujasite, mordenite, XY orRﬁﬁfégpltpc_.a cl ay
such as china clay, kaolin, bentonite; % 3t omaceous™Earih or other silicon
based mat er{Alg,lich aped! bhga gl Blrgdh! G0 OBHD! IEactBE Adlbpd Un§eO ONe

nor e of

or

oxychlorination step. This catalyst is designated as Catalyst H.

A further sample of Catalyst G was deactivated and then
reactivated in the same manner as for Catalyst F in Example 2. This
catalyst is designated as Catalyst I.

The performance of Catalysts G, H and I was evaluated with a

3-methylpentane reforming process as described in Example 1, and the
results are given in Table 3.

" TABLE 3

Benzene Yield Weight %
After 5 Hrs. After 10 Hrs.

Catalyst on 0il On 0il

G (fresh) 14.2 9.8

. H {comparative) 14.8 10.4
I (with COp) 20.0 15.4

The results show a very substantial improvement in catalytic
performance when CO3 is present in the oxychlorination step, but not

when CO is present only in the deactivation (equivalent to coke burn

off) step.

Sheet Has Been Replaced
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gve. Preferably, the support-is alumna or a zeolite, nore
- Bbly a zeolite, .and e I al | type L zeolite. Type L
cs may be def i ndfs ZECtalt el clpﬁcegeolites which crystallize in the
$nal system The H mtshaped pores undul ating from about 7
to 134 in dianmeter and he form of cylLi | with a
mean di aneter of at least 0.5 mcron and, gp aspect (TS SHEHT east| 0.5
(as described, for exanple, in U S. Patent 4,544, 539, t HRERLA l.?csu. € of

which is incormergilecd herein by reference), as well as in other shapes and
Si zes. L zeolite typically have the general fornula: [err] where M
represents an exchangeabl e cation, n represents the valency of M y is any

value from zero to aboutpykrLaRebithScatdAYst Swat s9n@iRited 3. described in A
nore conpl ete description of L zeolite_is given in U Pat ent 3, 216, /89

f . S. i
the di scl osur &*8FP4%hi T He3CEP nEMH e PdaHiaNE; Hasy19aded, @Rk the zeolite
extrudates at a pH of 10.3. This catalyst is designated as Catalyst
J.

2 grams of Catalyst J were deactivated and then reactivated
in the same manner as for Catalyst B in Example 1. This catalyst is
designated as Catalyst K. '

(a A further sample of Catalyst J was deactivated and then
reactivated in the same manner as for Catalyst F in Example 2. This
catalyst is designated as Catalyst L.

The performance of Catalysts J, K and L was evaluated with a

3-methylpentane reforming process as described in Example 1, and the

results are given in Tableé 4.

TABLE 4

Benzene Yield Weight %

After S Hrs. After 20 Hrs.
Catalyst On 0il On 0il
J (fresh) 20.2 17.7
K (comparative) - 21.8 16.6
L {(with CO3) 25.3 21.5

Again the results show a very substantial improvement in
catalytic performance when COs is present in the oxychlorination step.
additionally, transmission electron microscopy (TEM) indicated that
both Catalysts K and L contained highly dispersed Pt clusters of the
size of 6~10 A. However, there was a distinct difference between
these two catalysts. Platinum was detected on the Al303 binder of
Catalyst K but was absent on the Al03 binder of Catalyst L. This




type L zeolites are conventionally prepared such that M in the above
B ula is potassium See, for exanple, U S Patents 3, 216,789 and
B67,512. The potassium can be ion exchanged, as_is well known__JA')y
ating the zeolite in an aqueous sol ution cont prrAINSHERTTEAS BEEN gns. |t
Istdifficult, however, to exchange nore than 75% of t IREPDACED nal potassi um
cations, because sone cations occupy siiges in the zeolite structure which
are nearly inaccessible. At |east 75% of the exchangeabl e cations are
sel ect ed frsnggestshithay tsledpmspnq:mtoasmgu&n ttheboxiichdprinasiemmstemiredurasand
bar i um M1 e iRl habloh bliiRefi ThbOlh oS 598 Tha ARLERY Uilorsad WBkElaM Of
cesium nore preferably 3t ru and
nmost  pref e¥b|3 apdteﬁﬁls“rvurﬁeﬁﬁmibmmyo‘ft HE mc%g@abbebvmerodsrmy

consi st of g&h%ﬁ%a@font P& minimized.
REPLACENMENT

Example 5

A sample of the fresh commercial catalyst (Catalyst D) of
Example 2 was deactivated and then reactivated in the same manner as
for Catalyst F in Example 2, i.e., including COs in the deactivation
and oxychlorination steps. This catalyst is designated as Catalyst M.

A further sample of Catalyst Dl was deactivated and then
reactivated as for Catalyst M except that 10% COp (10 kPa partial
pressure) was also included in the reduction step. This catalyst is
designated as Catalyst N.

A further sample of Catalyst Dl was deactivated and
reactivated as for Catalyst B in. Example 2, i.e.; under normal
conditions, except that 10% COz (10 kPa partial pressure) was present
in the reduction step. This catalyst is designated as Catalyst 0.

A further sample of Catalyst Dl was deactivated and
reactivated as for Catalyst O except that the stabilization and
reduction steps were each carried out at 350°C. <This catalyst is

designated as Catalyst P.

Finally Catalyst D0l was reduced with 10% Hy, 3% H0 and 4%
C07 (4 kPa partial pressure) at a temperature of 510°C for 2 hours.
This catalyst is designated as Catalyst Q.

The performances of the above catalysts were evaltated with

a 3-methylpentane reforming process as described in Example 1 and the

results are given in Table 5,

e
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-naned G oup | A cations or mxtures of a Goup | A cation and barium or
)i um cations. These m xtures of cations may be achi eved, for exanple, by
ting the zeolite L with an aqueous sol ution containing, e.g., a

rubt di um and/ or cesiumsalt and then washing to renove excess ions. This

i on exchrangetreatment—can be repeated to effect|frys bgeet 98s §kEhange,

al t hough 1@ sheel 125 B&4n RIQAEELE. - 19 -The zeolite carahosis engl oyed in
processes- i nvention may be made by Toadrmgomeor—tore G oup
VI netal Ellﬂ HIEEHIEMI ite. Preferghly.s the zeolite is nade into forned
particles, , extrudates, balTs, prills, or the like, with an

I nert binder such as alumina, silica, or clays before | oading. Al um na,
especially gamma alum na, is a pref eddneendivneas Weldieferences in the present

specification to the dianeter of t aj al yst | shoul d be
understood as referring to the dlAgg’E’f% E“E)sf the mgae%él’ticl es, which
preferably is aboutCataB@&t t o abou_t_mi_dz_L_PrefeLm_m_t_hg metal is or

i ncludes platinum typically about 0.3 to about 1.5% platinum by wei ght

based on the weight of the zeolite, and is |loaded into the zeolite by a
process as disclosed En U S. Patent MNo7 4,568, 656.18.7

N 2.5 2.0
o 0.9 -
P ‘ 2.6 2.0
0 0.9 . -

% pl 22.1 18.9

The results show a substantial loss of catalyst performance
if COp is present in the reduction step, and the reduction temperature
is between 350 and 510°C, regardless of the conditions of previous
regeneration steps. TEM studies of Catalysts N and O indicated the
presence of platinum agglomerates of the size 10 to 30A.

Example 6

3 grams of the fresh Catalyst Dl of Example 2 was heated to
510°C in 10 vol% 02 in helium at a fiow rate of 500 ml/min. After the
catalyst reached s;o'c. Co0, was added to the gas stream to give 1 vol%
C07 (1 kPa partial pressure) and after 5 minutes oxygen was shut off.
The remaining oxygen was purged out of the reactor by the 1 wvol: CO3
in helium at S00 ml/min for 10 minutes. Then hydrogen was added to
give 10 vol% Hy keeping the total flow at 500 ml/min. This treatment
was continued for 1.5 hours. This Catalyst is designated as Catalyst
R.

Another 2 grams of Catalyst Dl of Example 2 were heated to
400°C in 10 vol% 02 in helium at a flow rate of 500 ml/min. After the
catalyst reached 400°C, CO02 and water were added to the gas stream to
give 0.2 volsx COz (0.2 kPa partial pressure) and 3 vol% water
respectively. The temperature was then raised to 510°C. The catalyst

was treated under the above gas mixture for 35 minutes before oxygen




f he | oadi ng process of the "656 patent, the zeolite, typically in the
| et or matri X ThistSheet 8 BinRejdaced i s contacted with an aqueous | oadi ng

'ution containin Balt and a non-platinumnetal salt, to give
a PH val ue between to distribute theplat+amsgtiWMthin the
, an THIS: SHEET H@h@@ 3

pores of the zeoli t hen cal ci ned. eolite
catal ysts may be made under varying pHgl evel s, pnd gre-t hat the
addi ti on of carbon dioxide during the redi spersing step of the regeneration

and react iwaat bRit @Ff! heneateahysingl Sxydas tWagUbiiged dudnef itkeatedden skat i num
deposition on.the L zeolite_ has been rried out at relatively |ow pH
(around pl—?‘%-m@??tﬁsatbﬁg‘?ret h&ﬁ@?ﬁ" hﬁ’ajhéggeﬂHtPeQ&es ,18a]'?’%08§ °§8%1e iBr oved
cat al yst pesduotimmneas icaraieDoex Fiobi 1.6dhovren tinds zextalysr catddsyghstedr e

pr epar ed igher |evels.

REPLACENEE# EE@%SQ s

Another 3 grams of Catalyst Dl of Example 2 were first

reduced at 510°C with 10 vol% hydrogen in helium at a flow rate of 500
ml/min. for 1 hour. Then COp was added to give 0.05 vol%s (0.05 kPa
partial pressure), and this treatment continued for 1.5 hours. This
catalyst is designated as Catalyst T.

(i Another 2 grams of Catalyst Dl of Example 2 were treated
with the same procedure as Catalyst T except that in the Hz and CO3
step, CO0p was at 0.025 vols (0.025 kPa partial pressure) and the gas
flow rate was at 1000 ml/min. This catalyst is designated as Catalyst
u.

The performance of Catalysts R, 8, T and U was evaluated
with a 3-methylpentane reforming process as described in Example 1,

and the results are given in Table 6.

TABLE 6
Benzene Yield Weight %
Vol% C04 in  After 5 Hrs. After 20 Hrs.

Catalyvst Hydrogen on 0il Oon _0il
Dl (fresh) 0 22.1 18.9
R 1 5.8 - 4.7
s 6.2 10.4 9.15
T : 0.08 18 16.1
u 0.025 20 18.1

The results again show that C05 is harmful to the catalyst
when it is present in the reduction step of the Pt/KL-zeolite
catalysts. TEM studies of Catalyst S indicated platinum particles



§ - The G oup VIII noble netals which are necessary for

Al ytic activity are those netals from Goup VIII of the Periodic Table
™El enents which are selected fromosm um ruthenium rhodium iridium
pal'l adium and platinum Preferably, the netals whah sater ARPERER herein
are platinum rhodi um or iridium. and nogt praimﬂmbty platli num
and exanples of suitable binetallic co@i+ations are —pratrmomr+di um and
pl ati num pal | adi um The metals my be present in any conbi nation
desired. Ri¥eR? LRHI1aney3sad wAthBchuster, shay off SI9-Be br eSbnre sts |diyl as at

| east one @i@éﬂl XEﬁiviQQbic?ssnE&éH aESOM£S€€f% (6%2%XQ$P'£:@FA %é‘es ure ) esent

plati numrheni u anpunt of Goup VIII "nob
in the cat zi‘Il%‘l“gW fhipeleypl e?ﬁ é@ﬁ?vés aMRFenBceRR§akye.| @E?)eﬁmvefmSUékanpl e,

on requiredigat ﬁw@&t@qtnw%osﬁa;sea %emu&@é Badh SRR %60@0 %'aﬂtsmn&ype of
cat al yst s ort size limts fective

cat al yst F ?ﬁf“s?’ﬁge Sfﬂ']a'hrl?aq 680‘?&33:4‘%FS?%tiBT'tlf’éo{qattélWﬁl gnaaleé- a | arge
di nmensi on (Thesd doek, taftbheca(thaﬁteﬁgaﬁukfhoﬁaséﬂ )éhb@éﬂj bepané@ 2. WEte[orale

during oper nobl e agg tes t he channel s.
General |y, ]%Lsg\r}) e%ﬁr% hmgdfg%éil %%?"' chrgug Izl §? aﬁtf Y P¥m%Bhott 0.1 to
6% prefer @by ipertapt3inLpe mgti;rapme!i exfad| fredh tata)lysv.,

Example 7
2 grams of the fresh Catalyst Dl of Example 2 was heated to
gi 200°C in helium at a flow rate of 500 ml/min. The catalyst was dried

under these conditions for 1 hour. The temperature of the catalyst
was then increased to 350°C. Hydrogen was added to give 10 vol%. The
catalyst was reduced for 1.5 hours. Then CO was added to the gas
mixture to give 0.5 vol% CO (0.5 kPa partial pressure). This
treatment was continued for 1.5 hours., €0 was shut off and was
stripped from the catalyst by 10 vol% hydrogen at 350°C for 1.5 hoursL
This catalyst is designed as Catalyst V.

Another 2 grams of Catalyst Dl of Example 2 were treated in
the same manner as Catalyst V except that the CO concentration waslo.l
vol% (0.1 kPa partial pressure) and the gas flow rate in the Hp and CO
step was at 1000 ml)/min. This catalyst is designated as Catalyst W.

Another 2 grams of Catalyst Dl of Example 2 were heated up
to 400°C in 10 vol% 0 in helium at a flow rate of 500 ml/min. After
one hour at 400°C the temperature of the catalyst was increased to
510°C. Oxygen was purged out for 10 minutes before CO was added to
give 0.1 voi% (0.2 kPa partial pressure). Then h&drogen was added to
give 10 vol%. This treatment was continued for 1.5 hours. This

catalyst is designated Catalyst X.

The performance of Catalyst V, W and X was evaluated with a

3-methylpentane reforming process as described in Example 1, and the

results are given in Table 7.
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fand nmost preferably 0.2 to 1% by wei ght of the catalyst. Further

2. 09 by weight of the catalyst if the average zeolite crystallite siz

nore,

zeolites, the amount of netal present is generally fromabout 0.1 to

e

parallel to the channels is greater than about 0.2 mcron, and from about

1.0 to 6% by weight—+f—tte average zeolite crystal

I 3
channel s IS no gr Slepthd3@n about 0. 2 trizeron. BASHBEEN|
nobl e netﬁm %%&x duced on to the support bl—rFfqErL46END| e,
exchange, carbonyl dempgposition, adsorption fromthe
on during zeolite synthesis, and adsorption of

gaseous ph
net al vapor. The preferred technique is ion exchange. |In sone cas

to the

[
i on

es,

e.g., when the netal (s) have been introduckshzbye aheidWemphehange process, it

S pr eferred to renove the g %ragbra{ aci %fé/" fmtsr]e Sligpé)l‘tzo terr al by

treating the catal whi ch S previous eén reduced ydrogen
an aqueous solubﬁééﬂdﬁﬁan aﬂzéELﬂgﬂhase_suﬂh_éé_potassuﬂnﬁﬁthQnate
D1 (fresh) o 22.1 18.9
v 0.5 (350°C) 15 13.3
W 0.1 (350°C) 16.9 15.2
X 0.1 (510°C) 12.6 10
‘i The results indicate that CO present in the hydrogen

reduction step deactivates the catalysts in the temperature range
350-510°C. A catalyst suffers more deactivation when the Hs and CO
treatment is at higher temperature (comparing Catalyet X and W). A
reduced catalyst when it is exposed to Hp and CO is also deactivated
(Catalyst Vv and w). TEM studies of Catalyst X indicate platinum
particles were agglomerated and particle sizes up to 40 A were
observed. Therefore, in the reduction of a fresh catalyst CO should

be purged to a low level and the gas stream has to be CO free.

Example 8

3 grams of Catalyst D! of Example 2 were heated to 200°C in
helium at a flow rate of 500 ml/min. The catalyst was dried under
this condition for 1 hour. Oxygen was added to give 10 vol% and the
temperature of the catalyst was raised to 510°C. Then the oxygen was
shut off and was purged out of the reactor with helium for 10 minutes.
COz was added to the gas stream to give 1 vols €0z (1 kPa partial
pressure). This treatment was continued for 1.5 hours. This catalyst

is designated as Catalyst Y.

2 grams of Cataiyst Dl of Example 2 were heated to 350°C in
10 vol% 02 in helium at a flow rate of 500 ml/min. The catalyst was
treated under these conditions for 20 minutes. Then the oxygen was
shut off and was purged out of the reactor with helium for 30 minutes.

COz was added to the gas stream to give 1 wvol% (1 kPa partial

-ll.illL-____ ———

W th



t ' ' t he
| [ hydr ogen ions formed during
This treatment wll neqi;sl:gﬁsagg hgdrogen. ur!

=€ 1; .
redegtion of & ilm the present invention can also be applleﬁ to
acti at'°“|”§§2°f II B activity of the fresh catalyst |nl£§?h;03
I;?iPnfﬁ;ap¥ocesses. By "fresh catalyst" is meant af GAlAnNEST HASVBERR]

. S t
yet been used in a naphtha reform ng progess and thus isgestacen /i des a

- i ther aspect the pres VI |
coke-cont am nated. Thus in ano i < t, | east ,one G oup
met hod for &&EPVERS) ng THif rieshtnsat alaeStortQRdd $609 .8 hor‘%gg' 81..5 catalyst

lsadesig kngder, which nethod conpris
?g?l et ?22?! ,nlg;a?he ggf?l sgs]:ba%?%ﬁgnﬁr{eact i on vessel wth a hal ogen or

: i oxi de.
hal i de-containing gas in the presence of carbon di oxi
2 grams of Catalyst Dl of Example 2 were heated to 200°C in

helium at a flow rate of sq0g ml/min. The catalyst was dried under

these conditions for 3} hour. Hydrogen was added to the gas stream to

give 10 vols Hz. The reduction was carried out for 1.5 heurs.
Hydrogen was then shut off and was purged out of the reactor with
helium for 1 hour. CO0 was added to the gas stream to give 0.5 vels CO
(0.5 kPa partial pressure). This treatment was continued for 1.5
hours. This Catalyst is designated as Catalyst aa.

2 grams of Catalyst Dl ip Example 2 were treated as Catalyst
AR except that the Cp concentration was 0.1 vols (0.1 kPa partial
pressure) with a gas flow rate of 1000 ml/min. This catalyst was
designated as Catalyst BB.

The performance of Catalyst 2, aa and BB Was evaluated with
@ 3-methylpentane reforming process as described in Example 1, andé the
results are given in Table 8.

TABLE 8

Benzene Yield Weight 3%
Vol% COyx in After 5 Hrs. After 20 Hrs.

Catalyst He at Temp. on 0il On 0il
Dl (fresh) ¢ 22.1 18.9
Y 1 (510°C) 13.5 11.9
b4 1 (350°C) 21.8 19
AA 0.5 (350°c) 16.4 14.3
BB 0.1 (350°C) 17.5 15.2

The results indicate that at low temperature (350°C)
exposing the catalyst to CO02 in the absence of hydrogen does not
result in catalyst deactivation (Catalyst Z). However, wher the

.




I (b) chem' cal l y reduci ng the catal yst. The

prieferred condit #ts of this other aspect of the invention

_are as descri bed a thod for reactiyxating a coke-contani nated

" catal yst. been found that| Ths sHEduGiAsHERRT | t he
catalyst prior to Its use In a reformng procegs, WhREMeCEOr not}it has
undergone activation or reactivation tr24the presence oOf carporm—cioxide, is
advant ageously carried out in the presence of between zero and 0. 025 kPa.
partial presposwreof tempeverund osté deraindd cicholdWhoxsigeifibdnte gaedlmsabl y t he
eduCt i On | ablliakth Ybuld! CBEIIESI AN ifco @p%%nc&éﬂuwm reduce
car bon-cont ai ni ng gases I"evel of ases i s preseng t hen
the acti vi tGataivathéo ¢t éltylsftw GGPP%@"—W@ dBPRed i® tdenshseaeaify hydcheead. This

applies to dhe) neditld of Qkabathaddcesvatabsl.

Example 9

4 grams of a reforming catalyst obtained from Ketjen
containing 0.6 wt% Pt in 1/16" Al;03 extrudates (Catalyst CC) were
heated to 510°C under 20 vol% 0% in helium at a flow rate of 500
ml/min. The cétalyst was treated under this condition for 1 hour.
Q Oxygen was shut off and was purged from the reactor by helium for 10
minutes. CO and Hp were added to the gas stream to give 4 vol% CO (4
kPa partial pressure) and 20 vol% Hz. This treatment lasted for 2
hours. This catalyst is designated as Catglyst DD.

The fresh Catalyst CC and ‘used' Catalyst DD were evaluated
by hydrogen chemisorption to measure the dispersion of the Pt
particles. These two catalysts were first reduced at 475°C in 100
vol% hydrogen at a flow rate of 1000 ml/min for 2 hours. Then they
were evacuated at 450°C for 1 hour. Hydrogen chemisorption was
carried out at 35°C. The detailed operation and apparatus used in
hydrogen chemisorption can be obtained from J. am. Chem. Soc. 100, 170
{1978) by S.J. Tauster, 8.C. Fung and R.L. Garten. This technique
provides a measurement on the velume of hydrogen irreversibly adsorbed
by one gram of catalyst. From this, an atomic ratio of hydrogen atoms

to metal atoms H/Pt, can be calculated. The results are in Table 9.

TABLE 9
Catalyst H/PT
CC (fresh) 0.7

DD (CO in Hp) 0.44




rated catal ysts. Once the catal yst has been reduced it is
™ cial not to expose the catalyst to carbon di oxide and carbon nonoxi de
J n anfanmunt any greater than 0.025 kPa parti al pressure bef ore that
catalyst is enployed in a reformng process.
- 12 - The invention will now be il us} THISSSHEET HASEBERN [| owi ng
exanples. Unless otherw se specified, a Bsparts and peREBMGHEpes ar¢ given
by wei ght for solids %Fd | i UI ds, and by volunme for gases. G&S

conposi tions are describdd® ?-fn‘; {Bdipste ofhat hexposiure oCOtfﬂEOB&fEl&st td h@ m

remai nder of tire medopisnt is@ep CAIERY iashdld vafks rb‘%/ﬂlz% cggacl s€3. mTthreO or

hel i um H/Pt ratio o
suggests that less Pt atoms are surface atoms and that the

Pt clusters have increased in size.

This Sheet Has Been Replaced
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le 1 —/“’A”céTé_‘yst was prepared as foll ows: An’s
ol i te havi ng @‘mg:sma:mssaepxtﬁ:ﬂ’ ressed in nmoles of pure oxide of 0.99
' . A1203 : ' having a cylindrical shape and an —
. average partrcl e Si &m to 2.5 mcrons S THIS SR QA SOYEHN

t echni que descri be anple 1 of U S. Patent 4, 544R§ﬁ3\c§ﬂwus,

al kal i ne synthesis gel was prepared by @fssol ving
hydr oxi de by boiling in an aqueous solution of 51.2g potassium hydroxide
pellets (86 3 KOH) in 100.2g water to form Solution A After
dissolution any water |o0ss was corrected. A separate solution,

Solution B, was Rr epar b dilutin 2259 olloidal silica Ludox HS
40) with 195g wat er. gu‘ﬁt&ﬁé ﬂ"ﬁnd'e%e“%\fé"r’é‘gm%?éd TRAFETRE1RE ndit 8% 0 form

a gel, and jcustameémdedbmige&ed becsuyet f ednpyisingf 4t 1234y drleepyeaip were
transferred o] togl r e Olerr]C, and held
nEBl mIE‘I OQ %Bgﬁoa g 8 e% wl‘B. Eou%}méj fg?%ﬁ]llé L

at that tenpera ure urs to |ng about e zation, after
which the solid zeolite was separated out.

{(a) removing substantially all of the coke from the

catalyst;

(b) redispersing the noble metal(s) on the support, the
redispersion being carried out by contacting the catalyst in a
Q reaction vessel with a halogen or halide containing gas with a source
of oxygen present (oxychlorination), and carbon dioxide, the amount of
carbon dioxide being maintained at a partial pressure of at least 2
kPa in the reaction vessel substantially throughout the period in
which the catalyst is in contact with the halogen or halide containing
gas;
(c) stabilizing the catalyse by treatment with an inert or
oxygen containing gas;

(d) substantially removing carbon dioxide and carbon
monoxide so that the amount of carbon dioxide and carbon monoxide in

the reaction vessel during the reduction step (e) is less than 0.025

kPa partial pressure:;

(e) chemically reducing the catalyst.

2. A method according to Claim 1 wherein the amount of :
carbon dioxide present during step (b) is maintained at a partial
pressure from 2 kPa to 35 kPa in the reaction vessel.

3. A method according to Claim 1 or 2 wherein the contact
of the catalyst with the carbon dioxide gas is commenced at
substantially the same time as the commencement of contact of the

catalyst with the halogen gas and is terminated at substantially the

A

+uusu s =




eolite was then forned in 1/ 16" extrudates using gamm al unmina as a
0.64 |ghf1‘h1§)§heeiém3 p Beplaokdm was t hen | oaded into the zeolite

bf er.
extrudat es using Pt ( mm N(W\Ath an amount of KC and KCH cal cul at ed
according to the neth n US. Patent 4,568 an end
| oadi ng pH val ue of 10. The Pt/ KL zed FH® %“’rﬁgﬁ | ti ned at
350[err]Cin a reactor at atnnspheric pw%ksure wi tlh_a gREPLAGED, b 10% dry
02 at a Tl oWl eifyf agOthdeilfal Oy 2e QY Sonclbl e WAL CLLALRIEL, Vg3 added

to the gas stream an rea nen con nue her ®hour s.
The halogen gas. - 13 -

4. A method according to Claim 1 or 2 wherein the contact
of the catalyst with carbon dioxide is maintained during the
stabilization treatment, after which it is terminated.

5. A method according to any preceding Claim wherein the
reaction vessel is purged with an inert gas before the reducing step

{e).

( 6. A method according to any preceding Claim wherein the
reaction vessel is subjected to pressure~depressure cycles with an
inert gas before the reducing step (e) until the concentration of
carbon dioxide and carbon monoxide gases is diluted to less than 0.025
kPa.

7. A method according to any preceding Claim, wherein the

catalyst is stabilized by treatment with an oxygen containing gas.
8. A method@ for regenerating and reactivating a
coke-contaminated catalyst comprising at least one Group VIII noble

metal, a KL zeolite support and a binder which method includes:

(a) removing .substantially all of the coke from the
catalyst;

(b) redispersing the noble metal(s) on the support;
(c) chemically reducing the catalyst;
the reducing step (¢) being carried out in a reaction vessel in the

presence of between zero and less than 0.025 kPa partial pressure of

carbon dioxide and carbon moncxide gases.

AR




!EI yst was then reduced wth a gas streamof 10% H2 and 3% H20 at a fl ow

rate of 500 M /mn for 3 hours at a tenperature of 350[err]C The
resulting fresh catal yst is designated as Catal yst

* deactivation produced by coke burn off in the fi r<tTHI§§ el f\sc?g’f'é
regeneration was sinulated by treating %esarrpl e of lrf“, h 10%
02 and 3% H20 at a flowrate of 500 mM/Mn in a reactor at atm)spherlc

pressure of 510[err]q fof 2O Pr aFR¢ véj;ej‘.ﬂﬁti Vf%% cg@%]]f?sifséo §sfnhe£'t

oxychl ori nat ed using conventional con |t|o cat

treated w tAe8sB508 KEPUP 394 ORbY® dheBas HAOSUDPOLEL fah@)v@ p&‘!‘?"@f""ﬁ-@b l\*ﬁtﬂm n at
510[err] C f(ap,m?-llggy{s The flow of HO was stopped and the catal yst
stabilized by treatnent with 10% 02 and 3% water for 1 hour. After this the
catal yst was reduced with 10% H2 and 3% H20 at a flow rate of 500 m/mn

for 2 hours at 510[ &a)] @reatihge theesdtiiy’e QanNRAr@hbynCdedbyst with a

desi gnat ed as, Cat al ¥ys ﬁéﬁ Trlé‘ deacti vati on_and reactl vation of
a further sanptEtof 2%‘3 TEORGRINIAG RS 0, EhR RYe88NRo PT CSREROY s F19818%cept
that CO02 wasndntroduced into the reactor during the deactivation step and

the flow O CO02 was continued throughout the oxychlorination step and the

subsequent oxygen stabilization step, after which it was stopped. The
(b} chemically reducing the catalyst.

10. A method according to Claim 9 wherein the support is a
i KL zeolite support, and the reducing step (b) is carried out in the
presence of between zero and less than 0.025 kPa partial pressure of

carbon dioxide and carbon monoxide gases.

[

heet Has Been Replaced

DB

G




‘m%s fed into the reactor with the other gases and the concentration of »C‘
C02 was mai ntained at 4% (4 kPa partial pressure). In addition the /
oxychlorination time was 2[err] hours and the subsequent stabilization and
Teduction were carried out at 350[err]C. The CJerr] was purged fromthe
reactor, using an inert gas flow, before the reduction step sul ting

cat al yst is designated as Catalyst C. =29 - TS wmdmmfé\‘ f
Catal ysts A, B and C were each eval uated by neasufing tREBLACHE] d of |benzene
produced froma reform ng process with 3-nethyl pentane. The reformng
was carried out at a H2/3-nethyl pentane ratio of 6, a space velocity
of 20 w w hour, a tenperature of 510[err]C and a pressure of 105 psig. The
results are given in Table 1.

-14-
ABSTRACT
METHOD FOR REGENERATING A DEACTIVATED CATALYST
A method for regenerating a Group VIII noble metal catalyst
which has been contaminated with coke during a reforming process. The
method comprises (a) burning off the coke from the catalyst, (b)
? redispersing the noble metal on the surface of the catalyst support by

contacting the catalyst with halogen gas and carbon dioxide, and (c)
chemically reducing the catalyst. The presence of carbon dioxide in
the redispersing step improves the activity of the regenerated
catalyst. '

This Sheet Has Been Replaced
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Benzene Yield Weight %

tal yst
activity
t Hat of the

TABLE 1 _
After 5 Hrs. After 10 Hes Cat al yst On G

n O | A (fresh) THIS SHEET HAS BEES. 15.2 B
(conparative) 18.11. REPLACED 12.p C(with CJerr])
22.9 17.8 The results shq BE&GM&R, :

I s regenerated under normal conditions, gs I n Cat 1

of the catal yst towards the productlon of aromatijc$ falls bel ow

fresh catalyst (Catalyst A) especially after a npmper! SDEBoW9s Haje

el apsed. However, if the catalyst S treajel with CO»2 uring
the oxychlorination step, as in Catalyst C thenjthe actTviTy he
catalyst is greatly inproved, in this instance eleen _surpassing that of the
fresh, untreated catal yst. : -

ABSTRACT
METHOD FOR REGENERATING A DEACTIVATED CATALYST

A method for regenerating a Group VIII noble metal catalyst
which has been contaminated with coke during a reforming process. The
method comprises (a) burning off the coke from the catalyst, (b)
redispersing the noble metal on the surface of the catalyst support by
contacting the catalyst with halogen gas and carbon dioxide, and (c)
chemically reducing the catalyst. The presence of carbon dioxide in
the redispersing step improves the activity of the regenerated

catalyst.
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Exanpl e 2 A sample of a,Pt/KL zeolite cat g§§ %scharged
froma reformng reactor. The catalyst conprised @ plati num on

KL zeolite extrudates, the platinum having been | oaded On to the zeolite at
a pHof 11 to 12. The catalyst had been on oil (jig= e bd in the
reform ng process to convert naphtha) for nore tH&t rbﬁgﬁﬁ%\i SHEEE had been
regenerated three tinmes in situ using conventiongl {regeneration fref hods.
This used catalyst is designated as €&batyst D. 12 0CT M99anpl B of 2g
Cat al yst ‘D was regenerated in the sane manner as{ described for| [Catalyst
B in Exanple 1 except that the oxychlorinat TiImeE Was 2lerf] hours.
The resul ti fiadM8parati ve catal yst i s designatedjas Catalyst E.
A further sanple of 2g Cat al yst D vvas regenerated in the same nanner as

described for Catalyst %ﬁ&p@_g V%Lm rgfsggg JtE@&chhﬁrxsﬁﬂgoa\/vl&fst&;Qz vas

st opped when the Il ow o
PP Group VIII noble metal component and a support the methad comprising the steps of :

-

(a) remaving COg and CO from the catalyst, and () chemically-reducing -
the catalyst obtained by step (a) in the absence of COg and CO.ar under a partial
pressure of COg and CO not exceeding 0.025kPa, af o £vtal presure of from O t= 2 MPg,

2. The method of claim 1 wherein the chemical-reduction step (b)
comprises treating the catalyst with a hydrogen-containing gas.

3. The method of claim 1 or claim 2 wherein step (a) comprises purging

with a gas which is inert.

4. The method of any one of claims 1 to 3 wherein step (a) comprises
subjecting the catalyst to cycles of pressurizing/depressurizing with an inert gas.

5. A process for regenerating and reactivating a coke-contaminated
reforming catalyst, wherein said catalyst comprises at least one Group VIII noble mgtal
component and a support and wherein said coke-contamination results from use of the
catalyst in & hydracarbon-reforming operation, the process comprising the steps of:

(c) removing coke from the catalyst, (d) redispersing the noble metal component(s) on
the support, and (¢) activating the catalyst using a method in accordance with any one
of claims 1 to 4.

6. The process of claim 5 wherein step (d) comprises subjecting coke-
depleted catalyst to an oxychlorination step.

7. The process of claim 5 or claim 6 wherein step (d) is performed in the
presence of COg.
B. The process of claim 7 wherein the partial pressure of COg in step (d) is

at least 2 kPa.

g. The process of claim 7 or claim B wherein the partial pressure of COg in
step (d) is in the range of from 2 to 35 kPa.

10. The process of any one of claims 7 te 9 wherein COg contacting with
the catalyst is terminated at least at the same time as the termination of contacting
with halogen or source thereof in the oxychlorination step (d).

AL



- 15°- oxygen stabilization and hydrogen reduct BRIl ed out
i'n the absence of C02 at 510[err]C. The resulti r&@hﬁgﬁmﬁeéﬁgk‘ gnated as

Cat al yst F.

The perfornmance of Catallydqt D, E, F and} a} sanpl e of

the fresh.commerci al catal yst, - designated Catal yst| Dj 2r0Q7, 199¢r e| ejal uat ed
with a 3-nethyl pentane reform ng process as desqrijbed in Exanple [L. The

results are given in Table 2. TIABLE 2
Benzene Yield Wight % - 27 - After 5 Hrs. After 10
Hrs.

rs 1L The process of any one of claims 6 to 10 comprising subjecting the

catalyst to a stabilizing step (f} after the oxychlorination step and before the activation

gtep (e).

12. The process of claim 11 wherein step (f) comprises treating the catalyst
with an oxygen-containing gas.

13. The process of claim 11 or claim 12 wherein the catalyst is contacted
with COg during the oxychlorination step (d), and the contacting with COg is continued
during the stabilization step (f).

14, The methad or process of any one of claims 1 to 13 wherein the support

comprises a zeolite component.

15. The method or process of claim 14 wherein the zeolite component
camprises zeolite L.

16. The method or process of any one of claims 1 te 15 in which platinum i
a Group VIII noble metal component of the catalyst.

17. The method or process of any one of claims.1 to 16 wherein the catalyst

comprises a binder.

18. A catalytic hydrocarbon reforming operation comprising contacting a
hydrocarbon feed under reforming conditions with areforming catalyst, wherein the
reforming catalyst is either .

(a) activated by the method of any one of claims 1 to 4 and/or the method of
any one of claims 14 to 17, or '

(b) regenerated and activated by the process of any one of claims 5 to 17.

I



Catalyst On G . On Ol D (used)

13.7 10.0 . E (corrpar ative) 20. 2 15.8
F (with C02) 23.0 17.0 Derr] (fresh)
22.1 18.9 The results show that the used Cat al yst

D is considerably deactivated conpared to the r. esh- st—=D[err].
The catal yst regenerated under normal condi ti ons{R ‘ﬁNi/é) ﬂclyst E,

has been reactivated to sone extent, but a substapt ar I nprovenent ji s

obt ai ned when the catal yst has been rea28i-vated ip ﬁgme@g‘ﬁ f 1C02.
Example 3 - - A Pt/KL zeolite catal yst wap >ynt esized ag described
in Exampl'e 1 except that the platinumwas | oaded P e

nt
ghated as Catal y4qt G

extrudates at a pH of 8.75. This catalyst is des

ABSTRACT
KETHOD FOR REGENERATING A DEACTIVATED CATALYST

A method for regeherating a Group VIII noble metal catalyst
which has been contaminated with coke during a reforming process. The
method comprises (a) burning off the coke from the catalyst, (b)
redispersing the noble metal on the surface of the catalyst support by
contacting the catalyst‘with halogen gas and carbon dioxide, and {(c)
chemically reducing the catalyst. The presence of carbon dioxide in
the redispersing step improves the activity of the regenerated

- catalyst.



_v-""““xa'—ri -
A sanpl e of Catal yst G was deacilvated and then reéggiﬁgfgﬁﬂqﬁSHBETaane

manner

- 16 -

as for

METHOD FOR REGENERATING A DEACTIVATED CATALYST

This invention relates to a method for regenerating and
reactivating a coke-contaminated deactivated catalyst comprising one
or more Group VIII noble metals, a refractory support and a binder.
These catalysts are commonly used in hydrocarbon conversion processes,

especially catalytic reforming.

Several materials have been employved as hydrocarbon
conversion catalysts in processes such as reforming, catalytic
dewaxing, alkylation, oxidation and hydrocracking. Examples of
catalysts useful for these processes include materials consisting of a
catalytically active Group VIII metal, typically platinum, and
optionally rhenium or tin, carried on or impregnated into a support.
Conventionally this support is alumina although more recently zeoclites
have been employed, for -ekample type X and Y =zeolites. Type L
zeolites have also been suggested as suitable supports, especially

cation exchanged type L zeolites.

Among the Thydrocarbon conversion processes, catalytic
reforming in the presence of hydrogen is one of the most important.
Catalytic reforming is a refinery process designed to increase the
octane number of naphtha. Typically the naphtha feed is passed over a
platinum-containing catalyst supported on a refractory material under
reforming conditions, for example, elevated temperatures and
pressures, well~known in the industry in the presence of hydrogen gas
with a hydrogen to hydrocarbon mole ratio of about 2 to 20. The
reforming process involves several different types of reactions
including isomerization, dehydrogenation of naphthenes to aromatics,
dehydrogenation of paraffins to olefins, dehydrocyclization of
paraffins and olefins to aromatics, hydrocracking of paraffins to
gaseous hydrocarbons such as methane or ethane, and inevitably the
formation of coke, the latter being deposited on the catalyst.
Ideally the reforming process minimizes the hydrocracking of paraffins
and maximizes the reactions leading to the formation ‘of more valuable
products, particularly dehydrocyclization and dehydrogenation to

aromatics.

Catal yst B in Exanpfe 1, except that] tthe gas streamip the
deactivation step also contained 10% C02 (10 kPa gdanti @8 DEC 1994
pressure). The C02 was purged from {the reactor before the
oxychlorination step. This catal yst is idesi gnat ed {as—€atatyst—H
A further sanple of Catalyst G was deactivated ang then reactivate
same manner as for Catalyst F in Exanple 2. This

in the



catal yst is designated as Catal yst |I. REFIECHMENB MK of
Catalysts G H and I was evaluated with a 3-net hylpentame—retefyming process
as described in Exanple 1, and the results are gi /er)rjg:ll%aI % 3

TABLE 3 Benzeng i el4” ig %

After 5 Hrs. After 10 Hrs. Cat al ypbt M Ol

On G G (fresh) -244.2 9.6 H
(conparative) 14.8 10. 4 t—{-wt-+-R—E0 2y

20.0 19uding the reforminkherpesdd ttheshomivatyesy tSiebsheaityisal

| nprovenent in cata | C perfor nce‘\gﬂgm [ resent in t .

oxychl or i n&f3GA % &Hlﬁ’s %8? tngr}fecﬂ ?su%r%fsgﬁ%‘gbn@?l? né“trgﬁé'n%elgctlfvat i on

(equi val enteduireok esgunenaink) stdepreactivating. There are several steps
required for the regeneration and reactivation of the catalyst.

The first step is the regeneration of the catalyst by
removing the deposited coke. Typically the coke is removed by heating
the catalyst in the presence of dilute oxygen at a flame-front
temperature of 430°C to 540°C. Some water vapor may be present in
this regeneration step. U.S. Patent 4,354,925 discloses using a
gaseous mixture of oxygen and carbon dioxide, the presence of this gas
mixture permitting a higher oxygen concentration to be used in the
burn gas, thereby enabling the coke burn off to be completed more
quickly. This regeneration step may be preceded by flushing the
system with, for example, hydrogen or nitrogen gas to remove residual

hydrocarbons.

The high temperatures used in the above regeneration lead to
agglomeration of the metal particles and, when the support is a
zeolite, to removal of the metal particles from the zeolite channels,
and hence to deactivatien of the catalyst. Thus, after the coke burn
off, the catalyst is usually subjected to a reactivation step in which
the metal particles are redispersed on the support material.
Typically this involves treating the catalyst with chlorine-containing
gas or a chlorine~liberating gas usually in the presence of oxygen and

water vapor, and is often referred to as the oxychlorination step.

Subsequently the catalyst is treated with a reducing gas,
typically hydrogen, to reduce the metal chloride formed in the above
oxychlorination step to elemental metal particles. The catalyst is

then ready for reuse in the reforming process.

However, it has been found that, parﬁicularly for
platinum-containing zeolite catalysts, the above regeneration and
reactivation process often does not reactivate the catalyst to

activation levels at or near those exhibited by the fresh catalyst.



17 Exanple 4 A Pt/KL zeolite cat E;RI}BL’:\@EMEWrS% zed as

described in Exanple 1 except that the platinuinwas |oaded onito the
zeolite extrudates at a pH of 10.3. This catal ystqjsrgeghgnat ed as
Catal yst J. 2 grans of Catalyst J re deactivat and t hen
reactivated
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The present invention relates to an improved process for the
reactivation of the catalyst. Accordingly the invention provides a
method for regenerating and reactivating &a coke-contaminated
deactivated catalyst comprising at least one Group VIII noble metal, a

suppert and a binder which method comprises:

{a) removing substantially all of the c¢oke from the

catalyst;
(b) redispersing the noble metal{s) on the support;
{(¢) chemically reducing the catalyst;

the redispersing step (b) being carried out by contacting the catalyst
in a reaction wvessel with a halogen or halide~containing gas and
carbon dioxide gas, the amount of carbon dioxide being maintained at a
partial pressure of at least 2 kPa in the reaction vessel
subgtantially throughout the period in which the catalyst is in

contact with the halogen or halide-containing gas.

We have found that the presence of carbon dioxide in the
redispersing step of the catalyst's regeneration and reactivation
process enhances the activity and hence the performance of the
catalyst. A catalyst which has undergone the method according to the
invention shows greater selectivity towards the formation of desired
aromatic compounds in a naphtha reforming process and also exhibits
greater longevity, i.e., will maintain sufficient activation levels
for a longer period of time than catalysts regenerated according to
conventional techniques. The method according to the invention has
particular Dbenefits for the regeneration of Group VIII-containing

catalysts supported by a zeolite material.

In more specific embodiments of this invention described
below the gaseocus stream used in each step has a remaining percentage
{(which is not water, hydrogen, oxygen or a source of chlorine) of an

inert gas such as helium, argon or nitrogen which will not interfere



in the sane manner as for Catalyst B in Exanple .LREH&AGEMENE'%EFS
desi gnated as Catal yst K A further sa € 0 gt {J was

deactivated and then reactivated in the sanme nan ygt F in
Exanple 2. This catalyst is designated as Catal The
performance of Catalysts J, K and L was eval uate | pent ane

reform ng process as described in Exanpl®™1, and{the results are given in
Tabl e 4. TABLE™Z™

Benzene Yi ewjd;hv\éyﬁmro%ss. Preferably water 1s presenjg jnthg ppgeous strgapo. o
Hrs. of ebatt ak¥sl On G On O J (fresh)
20. 2 17.7

In general, the coke removal step (a) is carried out by
contacting the deactivated catalyst with a gaseous stream containing
from 0 to 10% by volume water, preferably 0.5 to 5% by volume water,
more preferably 1 to 3%, based on the total stream volume, and oxygen
{usually in the form of an oxygen-containing gas such as air) at a
temperature of from about 380 to 540°C. Preferably this first step is
carried out at two temperatures, the first being at a lower
temperature range of about 380 to 480°C, and the second being at a
higher temperature range of about 480 to 520°C. The 07 treatment at
the lower temperature is preferably carried out for a longer time
period than the second Oy treatment. The exact time for heating will
depend on the temperature employed but generally ranges from 1 to 10
hours or more. The amount of oxXygen employed is generally from 0.1 to
25% by volume, preferably 0.2 te 15% by volume, more preferably from

0.5 to 12% of the gas stream.

The redispersing step (b) is carried out using a halcgen or
halide~-containing gas {hereinafter generally referred to as "halogen
gas®), and carbon dioxide. The source of the halogen gas may be, for
example, chlorine gas, carbon tetrachloride or hydrogen chloride. The
halogen gas is usually mixed with oxygen and preferably also with
water vapor, and this redispersion step is commonly referred to as the

oxychlorination step. Examples of suitable oxychlorination steps are:

(1) heating the catalyst at a temperature from about 400
to about 530°C for up to 10 hours in the presence of a gaseous stream
comprising from 2zero to 10% by volume of water, and a source of

chlorine, in the presence of oxygen;

(ii)  heating the catalyst at a temperature %rom about 400
to about 530°C for up to 10 hours in the presence of gaseous Stream
comprising from zero to 10 by volume of water, and a source of
chlorine, in the presence of hydrogen {except when HCl is the source

of chlorine, the hydrogen is optional), and subsequently heating the



K (conparative) 21.8 16. 6 REWET

25.3 21.5 Again the resul sf show a very gubstanti al
i nprovenent in catalytic performance when COerf]ii dphESEHSin tihe
oxychl orination step. Additionally, transnission{electron nicrogcgpy (TEM
i ndicated that both Catalysts K and L contai ned phi ghty drspersed Pt
clusters of the size of 6-10 AL However? -~ there|was_a distinct difference

between these two catal ysts. Platinumwas detected on the A1203 bi nder of
Catal yst K ¢aralygls afibs éRRPRARtER® TAPDEROBT (fdertoFeCat APy 4P 10 7 RS in

the presence of a gaseous stream comprising 0 to 10% by volume oxygen
and essentially no water, or for up to 5 hours in the presence of
gaseous stream comprising 0 to 10% by volume oxygen and from greater

than zero to 10% by volume of water;

(iii) combining steps (ii} and (i) above in that order

without carrying out the subsequent heating in step {(ii};

{iv) heating the catalyst at a temperature from about 400
to about 530°C for up to 10 hours in the presence of a gaseous stream
comprising from zero to 10% by volume of water and an effective amount

of chlorine.

The source of carbon dioxide may be, for example, pure
carbon dioxide gas fed directly into the reactor in which the catalyst
is being regenerated, or a mixture of carbon dioxide and inert gases.
The carbon dioxide source may &lso be mixed with the other gases
employed in the oxychlorination step, typically halogen gas, oxygen
and optionally water vépor. Alternatively the source of carbon
dioxide may be a carbon dioxide-liberating compound, which may be
gaseous, liquid or solid, although is preferably gaseous to facilitate

its introduction into the reactor.

In order to obtain an improved catalytic performance, the
carbon dioxide must be maintained at a partial pressure of at least 2
kPa in the reactor substantially throughout the period in which the
catalyst is in contact with the halegen gas. Conveniently the
introduction of the carbon dioxide gas is commenced at approximately
the same time as the introduction of the halogen gas, and 1is
terminated at approximately the same time as the termination of the
input of halcgen gas. The carbon dioxide may be fed into the reactor
as, for example, a continuous flow of gas or as -pdlses of gas,
provided the minimum concentration is maintained. Preferably a
continuous flow is used. The carbon dioxide gas passing out of the
reactor can be recycled and fed back into the reactor, thus providing

an econonical reactivation process.



- 18- suggests that the presence of CJerr] in LAEEMENLS 1[ on step
reduces the interaction between the A1203 bi ndegr jand pl ati.num ¢hfori de
species and as a result, redistribution of Pt jtd thdEI20sbi hder during
oxychlorination is mnimzed. Exampl e 5 A sampl ejof the fresh
commercial catalyst (Catalyst Dlerr]) of Exangle 2 was déactivated and
then reactivated in the sanme manner as fof Cat yst. E in Exanplel 2, i.e.,

i
including CJerr] in the deactivatiqn and oxychlorination steps. This
catalyst is desi gna‘%ré’ae’é%bléfattgiayg?rtﬁl presside of REPU t JLeorxlg%rTbrf s

=

S e of
Cat al yst Direaddorwasr tieacihev akechlanthathen stepadtiacat etlemshdlogeCagad yist M

except that 10% ﬂer (10 %3 F,a tkﬂ REES %%:,a @.% 4 ReLugedin the
reducti on é’f%?fnt T ?sgl]coé“t glzl §7‘§ atl S ée5| nat edS%% %%g?ys &Kl

kPa. It is preferred to input carbon dioxide gas into the reactor as

a mixture of carbon dioxide gas with inert gases, for example nitrogen

or helium.

While the present invention is not to be limited to any
particular theory, it is thought the presence of carbon diloxide may
reduce the extent of reactions between the halogen gas and the binder
present in the catalyst, for example alumina, and thereby inhibits the
formation of metal halides, for example platinum chloride, on the
binder material. Thus for platinum~-L =zeolite catalysts this leads to
a better distribution of the platinum particles within the L =zeolite

channels.

After completion of the oxychlorination step it is generally
preferred to remove any excess halogen and to stabilize the metal
particles on the support surfaces. Typically this is achieved by
continuing to contact the catalyst with oxygen after terminating the
flow of halogen gas. For example, by heating the catalyst at a
temperature for up to 7 hours in the presence of a gaseous stream
comprising 0 to 10% by volume oxygen and essentially no water, or for
up to 5 hours in the presence of a gaseous stream comprising 0 to 10%
by volume oxygen and from greater than zero to 10% by volume of water.
This additional step is not required when above redispersion step (ii)
is carried out as it is already included within that step. If desired
the flow of carbon dioxide may be continued during the oxygen

stabilization step, after which the flow is stopped.

After oxychlorination the catalyst needs to be chemically
reduced to convert the noble metal halide formed during
oxychlorination to the elemental metal. Generally thié reduction is
achieved by contacting the catalyst with a reducing gas such as
hydrogen at elevated temperatures, optionally in the presence of water
vapor. For example, the catalyst is heated at a temperature of from

about 350 .to about 530°C for up to 10 hours in the presence of a



A further sanple of Catalyst Dierr] was deactiva BRCE t d as for
Catalyst B in Exanple 2, i.e., under nornal condi tRlEP - NERT gt 10% C02
(10 kPa partial pressure) was present in the redycfio %_p E‘ghi s icat al yst
i s designated as Catal yst O. A furthe :;anﬁ’?é §f19 tal yist Derr]
was deactivated and reactivated as for Catal yst bxcept. that the
stabilization and reduction steps were.each carriied out at 350[erri] C
This catal yst 'is designated as Catal yst P. e Fipath -y Gat-dl yst

Dierr] was gouaedstMeb dddifr HBing3%pdi2RepndcAY O ¢d1dtRacpaisten) apaeasure)

at a tenperature of 510[err]C for 2 hours. This catalyst is signated as
Cat al yst Q Source of hy ‘%‘"‘lﬁﬁé- p F‘Fo?%ﬁ%térgl{"g?n tOEehyﬁW/%‘ gﬁtgﬁnﬁg{@y V\g%etto

eval uat ed wigdx ay 3rarehdvy lpperdrahky reetor20kng process as described in Exanpl e
1 and the results are given in Table 5.

We have also found that the presence of carbon dioxide or
carbon monoxide during the reduction step can adversely affect the
performance of the resulting catalyst. Therefore the reduction is
preferably carried out in the presence of a minimal amount, if any, of
carbon dioxide and carbon monoxide. The amount of carbon dioxide and
carpbon monoxide gases present during the hydrogen reduction step
should be no more than 0.025 kPa partial pressure. It is especially
preferred to eliminate carbon dioxide and carbon monoxide prior to the
reduction step when the catalyst support is an L zeolite. If, after
the oxychlorination step, the system is flushed with oxygen as
described above, then this should effect removal of the
carbon-containing gases. However, it is also preferred to remove any
remaining oxygen prior to the introduction of the hydrogen gas.
Therefore, whether or not the oxXygen treatment has been carried out,
it is preferred to purge the system with an inert gas, for example

nitrogen or helium, prior to the commencement of the reduction step.

An alternative way to remove the carbon mono~ and dioxide
before the reduction step is by pressure-depressure cycles with an
inert gas such as nitrogen which is free of carbon mono- and dioxide.
By pressurising the reactor with the inert gas, the concentrations of
carbon mono- and dioxide are reduced by dilution. This method may be

coupled with the gas purge as described above.

In all the steps of the catalyst regeneration and
reactivation according to the invention, the pressure of the reactor
is generally from 0.1 to 2 MPa, conveniently at atmospheric pressure.
The gas flow rates are generally in the range of from about 1 to about

300 ml per gram of catalyst per minute.

The catalyst support may be, for example, an inorganic oxide
such as alumina, titanium dioxide, zinc oxide, magnesium oxide,

thoria, chromia or =zirconia or the 1like, a zeolite, for example
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faujasite, mordenite, X, Y or L zeolites, a clay such as china clay,
kaolin, bentonite, diatomaceous earth or other silicon based materials
such as silica gel or silicon carbide, or a mixture of one or more of
the above. Preferably, the support is alumina or a zeolite, more

preferably a zeolite, and especially a type L zeolite.

Type L zeolites may be defined as synthetic =zeolites which
crystallize in the hexagonal system. They have channel-shaped pores
undulating from about 7 to 134 in diameter and may occur in the form
of cylindrical crystals with a mean diameter of at least 0.5 micron
and an aspect ratio of at least 0.5 (as described, for example, in
U.S. Patent 4,544,539, the disclosure of which is incorporated herein
by reference), as well as in other shapes and sizes. L =zeolite

typically have the general formula:
0.9-1.3 Hp/n0 : Rlz03 : X810y : yH0

where ¥ represents an exchangeable cation, n represents the valency of
M, v is any value from zero to about 9, and x is about 5.2 to about

6.9.

A more complete description of L zeolite is given in U.S.
Patent 3,216,789 the disclosure of which is incorporated herein by

reference.

The type L zeolites are conventionally prepared such that ¥
in the above formula is potassium. See, for example, U.5. Patents 3,
216,789 and 3,867,512. The potassium can be ion exchanged, as is well
known, by treating the zeolite in an agueous solution containing other
cations. It is difficult, however, to exchange more than 75% of the
original potassium cations, because some cations occupy sites in the
zeolite structure which are nearly inaccessible. At least 75% of the
exchangeable cations are selected from lithium, sodiﬁh, potassium,
rubidium, cesium, calcium and barium. H¥ore preferably, the cation is
sodium, potassium, rubidium or cesium, more preferably still,
potassium, rubidium or cesium, and most preferably potassium.

Optionally, the exchangeable cations may consist of mixtures of the

TABLE S \REPLACEMENT SHEET]  af ¢ er
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D err] 22.1 18.9 The
resul ts show a substantial |oss of catalyst perif dr mM@qxEC 1996C0 S present
in the reduction step, and the reduction tenperlatijure i s betweeh B50 and
510[err]C, regardless of the conditions of pregvi'ous—Tegeneratti oh steps.
TEM st udi es of Catalysts N and O indi ga_g)eg the | presence of platjnum
aggl onerates of the size 10 to 30A Eﬁanpla 6 510 ]AC3' gr;iIgBVO}c (yt BS
fresh Cata - r S 3 rr Ln, 0
in helium é%(% ﬁxgerv?/ ]rGgf){lap E%gg%(lg?%%/ \r,ér?.n.mfAﬁ%r {Dﬁea _%a‘%ugjl yIst Cfagéc ead’%

510[ er r] C, bX0pm @5 Cadeiem €¥FicRe: gABess REMWres afi vetibng ol Dokchiekdda
partial pressusehpddd 8t efea2ifd NERLSzHIYNOENLWGI LS NMHE Qhfeous solution

containing, e.g., & rubidium and/or cesium salt and then washing to

NJ

remove excess ions. This ion exchange treatment can be repeated to

effect further ilon exchange, although to a lesser degree.

The zeolite catalysts employed in processes of the prasent
invention may be made by loading one or more Group VIII metals into
the zeolite. Preferably, the zeolite is made into formed particles,
e.g., pellets, extrudates, balls, prills, or the like, with an inert
binder such as alumina, silica, or clays before loading. Alumina,
especially gamma alumina, is a preferred binder. References in the
present specification to the diameter of the catélyst particles should
be understood as referring to the diameter of the formed particles,
which preferably is about 1/32%" to about 1/4". Preferably, the metal
is or includes platinum, typically about 0.3 to about 1.5% platinum by
weight based on the weight of the zeolite, and is loaded into the
zeolite by a process as disclosed in U.S. Patent No. 4,568,656.

In the loading process of the '656 patent, the =zeolite,
typically in the pellet or matrix with the binder, is contacted with
an aqueous loading solution containing a platinum salt and a
non-platinum metal salt,, to give a pH value between 8-12.5, aged to
distribute the platinum salt within the pores of the zeolite, driegd

and then calcined.

The L zeolite catalysts may be made under varying pH levels,
and we have found that the addition of carbon dioxide during the
redispersing step of the regeneration and reactivation of the catalyst
is particularly beneficial when platinum deposition on the L zeolite
has been carried out at relatively low pH {around pH 8-9), rather than
at higher pH levels, although some improved catalyst éerformance is
also exhibited when the zeolite catalysts are prepared at these higher

levels.
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heliumat 500 mM/mn for 10 mnutes. Then hydrégen was added tjio give 10

vol % H2 keeping the total flow at 500 m/nin. |Thi st3 D&t ¥8at Wwgs conti nued
for 1.5 hours. This Catal yst is designated as talyst R
Anot her 2 grans of Catalyst D1 of Exanple 2 r 2] 0 40Q[err]Cin 10
vol % 02 in heliumat a flowrate of 508°m/mn. After the catallyst reached

400[err]C, C02 and water were added to the gas streamto give 0.2 vol % C02

(0.2 kPa partial prmbssufrepparfFI3 Vishis weEfls r #81dct BRI PEOTHE ¥ erfifer at ur e

was then r@ééaé@ti@ 240Gy The enlsadl Xetalwasrén eabesl wndenst i akovedigas

m xture for m nut es before oxygen .
Table of Elements which are selected from osmium, ruthenium, rhodium,

—+

iridium, palladium and platinum. Preferably, the metals which are
employed herein are platinum, rhodium or iridium, and most
preferably platinum, and examples of suitable bimetallic combinations
are platinum-iridium and platinum-palladium. The metals may be
present in any combination desired. Rhenium, a Group VIIB metal, may
alsc be present so long as at least one Group VIII noble metal is

present, an example being platinum-rhenium.

The amount of Group VIII noble metal present in the catalyst
will be an effective amount and will depend, for example, on required
catalyst activity, ease of uniform dispersion, and the type of
catalyst support. For zeolites, crystal size limits the effective
catalyst loading since highly loaded crystals of zeolite which have a
large dimension parallel to the channels could easily lead to pore
plugging during operation as the noble metal agglomerates inside the
channels. Generally, however, the level of metal present will range
from about 0.1 to 6%, preferably 0.1 to 3.5%, more preferably 0.1 to
2.5% and most preferably 0.2 to 1% by weight of the catalyst.
Furthermore, for zeolites, the amount of metal present is generally
from about 0.1 to 2.0% by weight of the catalyst if the average
zeolite crystallite size .parallel to the channels is greater than
about 0.2 micron, and from about 1.0 to 6% by weight 1f the average
zeolite crystallite size parallel to the channels is no greater than

about 0.2 micron.

The Group VIII noble metals may be introduced on to the
support by, for example, ion exchange, impregnation, carbonyl
decomposition, adsorption from the gaseous phase, introduction during
zeolite synthesis, and adsorption of metal vapor. The preferred
technique is ion exchange. In some cases, e.d.. wheﬂ the metal(s)
have been introduced by an ion-exchange process, it 1is preferred to
remove the residual acidity of the support material by treating the
catalyst, which has previously been reduced by hydrogen, with an

aqueous sodlution of an alkaline base such as potassium carbonate.



- 20 - was shut off. The remaining oxygen waRRRERUAGEMIENT S{aFﬁEﬂ‘éactor for
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10 m nutes before hydrogen was added to give 1 1 {The
reduction was carried out for 1.5 hours. This ¢ aI%s %s( -?Jeesi gnated as
Cat al yst S. Anot her 3 grams of Caj ygt '%f r? off Exanple 2
were first reduced at 510[err]C with 10 vol % hyd | Lamjat a flow
rate of 500 mM/mn. for 1 hour. Then CQjerr] Wwas added to givej0.05 vol %
(0.05 kPa partial pressure), and this treatmrent—conttnued—for—+'5 hours.
Thi s cat al ygiid Srdesicgnawel asevCadnlzypstnd. hydrogen ions féeihaurthgyraaes of
Catalyst Derr] of Exanple re.tregted, with the sane procedure as
Catalyst T ’é%]@ﬁ%"’t ﬁétg%)%l’tﬁie‘\ﬁ@eb&ﬁdm% %‘?“ép?y B SRR at 0. 025 vol % (0. 025
kPa partial pressure) and the gas flowrate was at 1000 m/mn. This
catalyst is desi gnat,rgg a%%i@éi%kyﬁetthyd according to the present invention can

also be applied to fresh catalysts to improve the activity of the

fresh catalyst in naphtha reforming processes. By “fresh catalyst® is
meant a catalyst that has not yet been used in a naphtha reforming
process and thus is not coke-contaminated. Thus in another aspect the
present invention provides a method for activating a fresh catalyst
comprising at least one Group VIII noble metal, a support and a

binder, which method comprises:

{a) treating the catalyst in a reaction vessel with a
halogen or halide-containing gas in the presence of carbon dioxide,

and
{b) chemically reducing the catalyst.

The preferred conditions and embodiments of this other
aspect of the invention are as described above for the method for

reactivating a coke-contaminated catalyst.

It has also been found that the reduction of the catalyst
prior to its use in a reforming process, whether or not it has
undergone activation or reactivation in the presence of carbon
dioxide, is advantageously carried out in the presence of between zero
and 0.025 kPa. partial pressure of carbon dioxide and carbon monoxide.
More preferably the reduction is carried out in the substantial
absence of these carbon-containing gases. If a higher level of these
gases is present then the activity of the catalyst during reforming is
considerably reduced. This applies to the reduction of both fresh and

regenerated catalysts.

Once the catalyst has bheen reduced it is beneficial not to
expose the catalyst to carbon dioxide and carbon meonoxide in an amount
any greater than 0.025 kPa partial pressure before that catalyst is

employed in a reforming process.



The performance of Catalysts R S, T and U was MLAQEWM SHEEi ]
3-net hyl pentane reform ng process as describedijin Exanple 1, @& t ﬁE 6
results are given in Table 6. 139::(; 1996 TAB
Benzene Yield Weight % Vol % ¢0 |nn_lAfte 5 Hrs. .
After 20 Hrs. Cat al yst Hyc_i,rgge_n -6 gn a
Derr] (fresh) 0 18.9

1 5. 8The 1nvent1q|r_1 44if1 now be S.’Ll&uatgated by thglgollowmg
ig'i exaﬂplé%.15Unless otheywiss specified, 3} parts and perce8tdges are

The resul t syiggmiby sboyitt Bad s0Q2dd %nhaIir@‘uths f qnﬁhﬁ, ggi,gnley%r Waens . iLagis

the Pt/KL-zeol
present 'Q:ong'ﬁtlor?sg UGd OfLecsliS O terms of the main components, the

remainder of the composition comprising an inert gas such as nitrogen

or helium.

Example 1

A catalyst was prepared as follows:

An L zeolite having a composition expressed in moles of pure
oxide of 0.99 K0 : Aly03 : 6.3 $102 : XH0 and having a cylindrical
shape and an average particle size of about 2 to 2.5 microns was
prepared by the technigue described in Example 1 of WU.S. Patent
4,544,539, Thus, an alkaline synthesis gel was prepared by dissolving
23.4g of aluminum hydroxide by boiling in an aqueous solution of 51.2g
potassium hydroxide pellets (B86% pure KOH) in 100.2g water to form
Solution A. After dissolution any water loss was corrected. A
separate golution, Solution B, was prepared by diluting 225g
colloidal silica (Ludox HS 40) with 185g water. Solutions A and B
were mixed for two minutes to form a gel, and just before the gel
became fully stiff, 2249 thereof were transferred to a Teflon-lined
autoclave, preheated to 150°C, and held at that temperature for 72
hours to bring about crystallization, after which the solid zeolite

was separated out.

The zeolite was then formed in 1/16" extrudates using gamma
alumina as a binder. 0.64 weight percent platinum was then loaded
into the zeolite extrudates using Pt (NH3) Clp salt with an amount of
KCl and KOH calculated according to the method disclosed in U.s.
Patent 4,568,656 to give an end loading pH value of 10.0.

The Pt/KL zeolite was then calcined at 350°C in a reactor at
atmospheric pressure with a gas stream of 10% dry 0 at a flow rate of
500 ml/min for 2 hours, after which 3% water was added to the gas

stream and. the treatment continued for a further 2 hours. The
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flow rate of 500 ml/min for 3 hours at a temperature of 350°C. The

resulting fresh catalyst is designated as Catalyst A.

The deactivation produced by coke burn off in the f{first

stage of catalyst regeneration was simulated by treating a sample of

2g Catalyst A with 10% O3 and 3% Hp0 at a flow rate of 500 ml/min in a

reactor at atmospheric pressure of 510°C for 2 hours. The deactivated

catalyst was then oxychlorinated using conventional conditions. Thus,

the catalyst was treated with 0.35% HCl, 10% Op and 3% Hp0 at a flow

rate of 500 ml/min at 510°C for 5 hours. The flow of HCl was stopped

and the catalyst stabilized by treatment with 10% 0z and 3% water for

1 hour. After this the catalyst was reduced with 10% Hz and 3% Hp0 at

a flow rate of 500 ml/min for 2 hours at 510°C. The resulting

comparative catalyst is designated as Catalyst B.

The deactivation and reactivation of a further sample of 2g

Catalyst A was repeated as for Catalyst B except that C0p was

introduced into the reactor during the deactivation step and the flow

of C0p was continued throughout the oxychlorination step and the

subsequent oxygen stabilization step, after which it was stopped. The

Cop was fed into the reactor with the other gases

and the

concentration of COy was maintained at 4% (4 kPa partial pressure).

In addition the oxychlorination time was 2% hours and the subsequent

stabilization and reduction were carried out at 350°C. The COy was

purged from the reactor, using an inert gas flow, before the reduction

step. The resulting catalyst is designated as Catalyst C.

The performance of Catalysts A, B and C were each evaluated

by measuring the yield of benzene produced from a reforming process

with 3-methylpentane. The reforming was carried out

at a

Hy/3-methylpentane ratio of &, a space velocity of 20 w/w/hour, a

temperature of 510°C and a pressure of 105 psig. The results are

given in Table 1.

a



Exampl e 7 2 granms of the fresh Catal yst < P01 R - .2 Was
heated to 200[err]Cin heliumat a flow rate of 500 LHrﬁAdﬁNﬁgﬁﬁgg; 3§st
was dried under these conditions for 1 hour. The tenpefature of thei :
catal yst was then increased to 350[err]C. Hydrogen wap adqquggqgnyello
vol % The catal yst was reduced for 1.5;hqurs. Then CO was added to thg gas
mxture to give 0.5 vol% CO (0.5 kPa partial |p : 'S
treatnent was continued for 1.5 houmgprr 1CO was shui off and was

stripped fromthe catalyst by 10 vol % hydrogen at 350[&rTr[CTor 1.5 hours.
This catal yst is designed as Catal yst V. Anot her 2 grans of
Catal yst Dlerr] of Exanple 2 were treabetbnenyicilbeiedgne smanner as Catal yst V
except that the CO concentration 0. al % (0 kPa partial pressure)
and the gas flowrate in the H2 aﬁ%aff)%ﬁéﬁ‘mas %%Efogb%ﬁFlnin. Thi s

catal yst is designatedvas Catal yst_\Won 0il Anodiler 2 grans of

Catal yst Derr] of Exanple 2 were heated up to 400[err]Cin 10 vol %02 in
heliumat a flowrate of 500 m/mn. After

2 {fresh) i8.8 15.2
B (comparative) 18.1 12.6
¢ {(with CO3) 22.9 17.8

The results show that when the catalyst is regenerated under
normal conditions, as in Catalyst B, then the activity of the catalyst
towards the production of aromatics falls below that of the fresh
catalyst (Catalyst A) especially after a number of hours have elapsed.
However, 1f the <catalyst is treated with €03 during the
oxychlorination step, as in Catalyst €, then the activity of the
catalyst is greatly improved, in this instance even surpassing that of

the fresh, untreated catalyst.

Example 2
A sample of a Pt/KL zeolite catalyst was discharged from a
reforming reactor. The catalyst comprised 0.64% platinum on KL

zeolite extrudates, the platinum having been loaded on to the zeolite
at a pH of 11 to 12. The catalyst had been on oil (i.e., had been
used in the reforming process to convert naphtha) for more than 1000
hours and had been regenerated three times in situ using conventional

regeneration methods. This used catalyst is designated as Catalyst D.

A sample of 2g Catalyst D was regenerated in the same manner
as described for Catalyst B in Example 1 except that the
oxychlorination time was 2% hours. The resulting comparative catalyst

is designated as Catalyst E.

A further sample of 2¢g Catalyst D was regenerated in the
same manner as described for Catalyst C in Example 1, except that the

flow of COp was stopped when the flow of HCl was stopped, and the



one hour at 400[err]C the tenperature of the caj R
510[err] C.  Oxygen was purged out for 10 m nutep pefore
give 0.1 vol % (0.2 kPa partial pressure). Then

v)

=

I

aged to

CO. was
y drGgRC WaES ac

10 vol % This treatnment was continued for 1.b hours. Thi s

desi gnat ed Catal yst X The performapcé of Catal yst V.

a{ded to

d to give
catalyst is
Wand X

was eval uated with a 3-net hyl pentane refirmng process.as.descri

ed in

Exanple 1, and the results are given in Table 7.
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oxygen stabilization and hydrogen q?ﬂSEE?OP steps were carried out in
the absence of CO0p at 510°C. The resulting catalyst is designated as
Catalyst F.

The performance of Catalyst D, E, F and a sample of the
fresh commercial catalyst, designated Catalyst D1, were evaluated with
a 3-methylpentane reforming process as described in Example 1. The

results are given in Table 2.

IABLE 2

Benzene Yield Weight %

After 5 Hrs. After 10 Hrs.
Catalyst On _0il on_0il
D (used) 13.7 10.0
E {comparative) 20.2 15.8
F {(with C03) 23.0 17.0
Dl (fresh) 22.1 18.9

The results show that the used Catalyst D is considerably
deactivated compared to the fresh Catalyst pl. The catalyst
regenerated under normal conditions, comparative Catalyst E, has been
reactivated to some extent, but a substantial improvement is obtained

when the catalyst has been reactivated in the presence of C03.

Example 3

A Pt/KL zeolite catalyst was synthesized as described in
Example 1 except that the platinum was loaded on to the zeolite
extrudates at a pH of B8.75. This catalyst is designated as Catalyst
G.

A sample of Catalyst G was deactivated and then reactivated
in the same manner as for Catalyst B in Example 1, except that the gas

stream in the deactivation step also contained 10% COp (10 kPa partial



Benzene Yield Weight % Vol % CO in After 5 Hrs.

After 20 Hrs. Cat al yst Herr] at Tenp. - ] On
al D1 (fresh) 0 22.ﬁ&EiACENE%nagHEE§ Vv
0.5 (350[err] O 15 13.3 W 0.1
(350[err] O 16.9 15. 2 X 13DEC 1996 ¢. 1

(510[err] O 12.6 10 The resul isjindicate
that CO present in the hydrogen reduction step geactivates the catalysts in
the tenperature range 350-510[err]C. ~ Abcatal ysi_suffers nmore deactivation

when the H2 and CO treatnent is at higher tenperature (conparing Catalyst X
and W. Apresfwsed caffafystOanhsps i tPurgedxfosed the HPeamar cadraisry) side

deacti vat e@x%&ﬁ%@irya%tioﬁ/ s2f. Wrnis TebhBistdi £ eoigncatalasstariibadingat e

pl ati num particles were aggl onerated and particle sizes up to 40 A were
observed. Therefore, in the reduction of a fresh catal yst CO shoul d be

purged to a | ow | evel siaprert haan@ds 6f resnailpss ¢ owdre ddacttweed akXatipne 8

reactivated in the same manner as for Catalyst F in Example 2. This

catalyst is designated as Catalyst I.

The performance of Catalysts G, H and I was evaluated with a
3~-methylpentane reforming process as described in Example 1, and the
results are given in Table 3.

TABLE 3

Benzene Yield Weight %

After 5 Hrs. After 10 Hrs.
Catalvst On _0il Oon 0il
G {fresh) 14.2 9.8
H (comparative]) 14.8 10.4
I {with COz) 20.0 15.4

The results show a very substantial improvement in catalytic
performance when C0 is present in the oxychlorination step, but not
when CO; is present only in the deactivation {(equivalent to coke burn

off) step.



3 grans of Catalyst D1 of Exanple 2 were heated to 200[err]C in heliumat a
flowrate of 500 mM/mn. The catalyst was dried Er 3 TCSH Fpd on for 1
hour. Oxygen was added to give 10 vol % and the tiém Ag He] cat al yst
was raised to 510[err]C. Then the oxygen was shut{ dff and was pufged out of

S
[

g0l

the reactor with heliumfor 10 m nutes._ (002 was gddediBdahd%as)isfreamto
give 1 vol% Q2 (1 kPa parti al pressu'r'eﬁ" “This trieatment was confi hued for
1.5 hours. This catalyst is designhated as Catal yst Y. P grams
of Catal ystE¥82RYE 4evanple 2 were heated to 350[erfr]C in 10 vol %02]in
heliumat a flowrate of 500 mM/mn. The catal yst was treated under these
conditions for 20 n t . g f ur.ged out
of the reactor V\ntkr:lhgﬁlumzfgir.ﬁgotcggaﬁéx{ .%Q V\%’%ﬁggﬁagg é @g?%ggagshgtream
to give 1 Riafplel kPexgeatt ithét the platinum was loaded on to the 2zeolite

extrudates at a pH of 10.3. This catalyst is designated as Catalyst

J.

2 grams of Catalyst J were deactivated and then reactivated
in the same manner as for Catalyst B in Example 1. This catalyst is

designated as Catalyst K.

A further sample of Catalyst J was deactivated and then
reactivated in the same manner as for Catalyst F in Example 2. This
catalyst is designated as Catalyst L.

The performance of Catalysts J, K and L was evaluated with a

3-methylpentane reforming process as described in Example 1, and the

results are given in Table 4.

IABLE 4

Benzene Yield Weight %

After 5 Hrs. After 20 Hrs.
Catalyst Oon _0il On 0il
J {fresh) 20.2 17.7
K {comparative) 21.8 16.6
L (with CO5) 25.3 21.5

Again the results show a very substantial improvement in
catalytic performance when COg is present in the oxychlorination step.
Additionally, transmission electron microscopy (TEM) indicated that
both Catalysts K and L contained highly dispersed Pt clusters of the
size of 6-10 A. However, there was a distinct difference between
these two catalysts. Platinum was detected on the Alp03 binder of
Catalyst K but was absent on the Alp03 binder of Catalyst L. This



- 23 - pressure). This treatnment was conti nued f g : (igﬁ;i
catal yst is designated as Catal yst Z V

Derr] of Exanple 2 were heated to 200[err]C in helfumat a flow
The catal yst was dried under these ¢ondi43 OHE 06 1 Hour.

500 m/mn.

o4

i
st
rg

te of

Hydr ogen was added to the gas streamto give 10 yol% H2. The |rgduction
was carried out for 1.5 hours. Hydrogen was thén*shut—offamd—wds purged
reactor with heliumfor 1 khowg.- CO wasiadded to the gas |stream

to give 0.5 vol % CO (0.5 kPa partial pressure). Thi's treat nent was
continued f@lggbsbs hakt ScheThtesebad adfy sy iin ties iogpetiled i iCat slepstediBes

2 grans of tal yst r i 2 r.e S A _except
that the COROAREREF g{oﬁo%&\?\‘/g’s@ ot rrg%?eq% %%/}gf?k éi %ia%qflglﬁ cg?‘égs%ér %‘)’é%\%ne?h a
gas flow raamel ofs 100Gspil i redistiibusigatad Wt teashdedigiptidddas @atiag yst
oxychlJﬁ‘?xaE’?cfnf QL NBRAGE; Al Catal yst Z, AA and BB was eval uated with

out of the

BB.

Example 5

A sample of the fresh commercial catalyst (Catalyst D1) of
Example 2 was deactivated and then reactivated in the same manner as
for Catalyst F in Example 2, i.e., including CO2 in the deactivation

and oxychlorination steps. This catalyst is designated as Catalyst H.

A further sample of Catalyst Dl was deactivated and then
reactivated as for Catalyst ¥ except that 10% CO» {10 kPa partial
pressure) was also included in the reduction step. This catalyst is

designated as Catalyst XN.

A further sample of Catalyst Dl was deactivated and
reactivated as for Catalyst B in Example 2, i.e., under normal
conditions, except that 10% COp (10 kPa partial pressure) was present

in the reduction step. This catalyst is designated as Catalyst 0.

A further sample of Catalyst Dl was deactivated and
reactivated as for Catalyst 0 except that the stabilization and
reduction steps were each carried out at 350°C. This catalyst is

designated as Catalyst P.

Finally Catalyst D! was reduced with 10% Hp, 3% H0 and 4%
C0y (4 kPa partial pressure} at a temperature of 510°C for 2 hours.

This catalyst is designated as Catalyst Q.

The performances of the above catalysts were evaluated with
a 3-methylpentane reforming process as described in Exaﬁple 1 and the

results are given in Table 5.



cat al yst

a 3-net hyl pentane reform ng process as described in Exanple 1, and the

results are given in Table 8. FABLE--S
Benzene Yield Weight % Vol % COx ir1REPLA{EﬂWEN§‘GHEET
20 Hrs. Cat al yst He at Tenp. on D |
(fresh) 0 22.1 18. 9
1 (510[err] QO 13.5 - 19 -11.9 Z 13 DEE ‘}9%1
(350[err]C 21.8 19 AA 0-5-(350fefr] ©
: 14.3 BB IRBLBY ST (350[err]|O) 17.5
The results indicate that at |ow tenperature—(3856terr]
exp05|ng the catalyst to C02 in the absence of hgdrogen does not result in
deactivation (Catalyst Z2fh2enay§ CighknEn  the :
After 5 Hrs. After 20 Hrs.
catalyst on 0il on 04l
M 22.7 18.7
N 2.5 2.0
0 0.9 ~
P 2.6 2.0
o] 0.9 -
pl 22.1 18.9

The results show a substantial loss of catalyst performance
if C0p is present in the reduction step, and the reduction temperature
is between 350 and 510°C, regardless of the conditions of previous
regeneration steps. TEM studies of Catalysts N and O indicated the

presence of platinum agglomerates of the size 10 to 30A.

Example 6

3 grams of the fresh Catalyst D! of Example 2 was heated to

510°C in 10 vol% 03 in helium at a flow rate of 500 ml/min. After the
catalyst reached 510°C, €0 was added to the gas stream to give 1 vols
CO2 (1 kPa partial pressure) and after 5 minutes oxygen was shut off.
The remaining oxygen was purged out of the reactor by the 1 vols COjp
in helium at 500 ml/min for 10 minutes. Then hydrogen was added to
give 10 vol% Hp keeping the total flow at 500 ml/min. This treatment
was continued for 1.5 hours. This Catalyst is designated as Catalyst
R.

Another 2 grams of Catalyst D! of Example 2 were heated to
400°C in 10 vol% Op in helium at a flow rate of 500 ml/min. After the
catalyst reached 400°C, C0p and water were added to the gas stream to
give 0.2 wvol% €0 (0.2 kPa partial pressure) and 3 vols water
respectively. The temperature was then raised to 510°C. The catalyst

was treated under the abeove gas mixture for 35 minutes before oxygen



[ T . L -~h-.. .

~~«-n:;J”MJ}_iﬁ_
-24- exposure tenperature is raised to EB@rkﬁ¥y{¥J@19ﬁ$ tlcant
catal yst deactivation occurs (Catalyst Y). 1In gontrast, exposihg the
reduced catalyst to CO at |ow tenperature (330[lertEOEQ ##%hej absence of

hydrogen still results in catalyst dea%%ivatior. Exanple P

was shut off. The remaining oxygen was pirged Sut of the reactor for
10 minutes before hydrogen was added to give 10 wvol% hydrogen. The
reduction was carried ocut for 1.5 hours. This catalyst is designated

as Catalyst S.

Another 3 grams of Catalyst Dl of Example 2 were first
reduced at 510°C with 10 vol% hydrogen in helium at a flow rate of 500
ml/min. for 1 hour. Then CO0p was added to give 0.05 vols (0.05 kPa
partial pressure}, and this treatment continued for 1.5 hours. This

catalyst is designated as Catalyst T.

Another 2 grams of Catalyst D! of Example 2 were treated
with the same procedure as Catalyst T except that in the Hy and COp
step, CO2 was at 0;025 vols (0.025 kPa partial pressure) and the gas
flow rate was at 1000 ml/min. This catalyst is designated as Catalyst
u.

The performance of Catalysts R, S, T and U was evaluated
with a 3-methylpentane reforming process as described in Example 1,
and the results are given in Table 8.

IABLE &

Benzene Yield Weight %
Vol% C0o in  After 5 Hrs. After 20 Hrs.

Catalyst Hydrogen on 0il On 0il
D1 (fresh) 0 22.1 18.9
R 1 5.8 4.7
S 0.2 10.4 9.15
T 0.05 18 16.1
u

0.025 20 18.1

The results again show that COp is harmful to the catalyst
when it 1is present in the reduction step of the Pt/KL-zeolite

catalysts. TEM studies of Catalyst S indicated platinum particles



4 grans of a reform ng catal yst obtained from Kgtj oAty 0. 6wt % Pt
in 1/16" A1203 extrudates (Catal yst CC) were heimr}im @E@iunder 20
vol % 02 in heliumat a flowrate of 500 m/mn.| [The catal yst Wwag treated
under this condition for 1 hour. Oxygen was shut bf 1 ZahECWess pur ged from
the reactor by heliumfor 10 m nutes. CO and H2} were added to f§h¢ gas
streamto give 4 vol % CO (4 kPa parti-abkjpressurp)-—amrd-26-vot9s+t2; This
treatment |asted for 2 hours. This catalyst is designated as Cat &l yst DD.
The fresh gatalysioeradddd vivpediudcatabysd 2D 10eiE RValmaFedidystaydr agen
chem sorption to neasure the dispersion of the Pt particles. These two
catal ysts §eoBtf 3 dVivedaid LUl g%ﬂ'@??]@%*n(‘idﬁsv T%Wfﬂ‘%gé’ﬁe%ﬁurﬁ)f | ow
rate of 109QnBhdn thikoleRelh@dr Soss Themotrheyceapesifie. evansadiete adsuldbO[err] C
for 1 hour Hydr oge cheni s.or pt.i arried.o 35[err].C. The
det ai | ed O%Iéﬁ"atl% caggdg%a&paerx 2T gussiegp?rne\éﬁye rézaé?\ﬁ'(? ﬁe%ngsgér%ﬁoéﬁalc"]éﬂg be

obt ai ned frwiroden Auiill Ghididi 1Sed. td @Rtallyrd @4Q78YyatipnS(Chtafemisteand US: C. Fung
and R L. Thi i,gue ' t ol of
vdr ogen | FIRaLyis pRsSory SRy petbon LAP ARUNTER, pdel o KPIT
atom c railqye@fb#@qﬂeogz@rqgg@n@pduction. Excluding COz in the treat gas is

also important in the actiwvation of a fresh catalyst.

Example 7

2 grams of the fresh Catalyst Dl of Example 2 was heated to
200°C in helium at a flow rate of 500 ml/min. The catalyst was dried
under these conditions for 1 hour. The temperature of the catalyst
was then increased to 350°C. Hydrogen was added to give 10 vols. The
catalyst was reduced for 1.5 hours. Then CO was added to the gas
mixture to give 0.5 wvols CO (0.5 kPa partial pressure). This
treatment was continuved for 1.5 hours. <C€0 was shut off and was
stripped from the catalyst by 10 vol% hydrogen at 350°C for 1.5 hours.
This catalyst is designed as Catalyst V.

Another 2 grams of Catalyst Dl of Example 2 were treated in
the same manner as Catalyst V except that the €0 concentration was 0.1
vols (0.1 kPa partial pressure)} and the gas flow rate in the Hp and CO
step was at 1000 ml/min. This catalyst is designated as Catalyst W.

Another 2 grams of Catalyst Dl of Example 2 were heated up
to 400°C in 10 vol% 0 in helium at a flow rate of 500 ml/min. After
one hour at 400°C the temperature of the catalyst was increased to
510°C. Oxygen was purged cut for 10 minutes before CO was added to
give 0.1 vols (0.2 kPa partial pressure). Then hydrogen was added to
give 10 wveol%s. This treatment was continued for 1.5 hours. This

catalyst is designated Catalyst X.

The performance of Catalyst V, W and X was evaluated with a
3-methylpentane reforming process as described in Example 1, and the

results are given in Table 7.



to netal
TABLE 9
(fresh)
0. 44
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atons H Pt, can be cal cul ated. The result gare-i-n—Ffabt-e—0-
Cat al yst EPLAGEMENT SHEET
0.7 DD (CQijn Herrr)
o 1BERAGREN] PHEET
TABLE 7
_ Benzene Yield Weight %
Vol%s CO in After 5 Hrs. After 20 Hrs.
Catalyst Ho at Temp. On 0il on 0il
Dl (fresh) 0 22.1 18.9
v 0.5 (350°C) 15 13.3
W 0.1 (350°C) 16.9 15.2
X 0.1 (510°C) 12.6 10
The results indicate that CO present in the hydrogen

reduction step deactivates the catalysts in the temperature range
350~-510°C.
treatment is at higher temperature (comparing Catalyst X and W). A

A catalyst suffers more deactivation when the Hy and €O

reduced catalyst when it is exposed to Hp and €0 is also deactivated
{Catalyst V and W). TEM studies of Catalyst X indicate platinum
particles were agglomerated and particle sizes up to 40 A were
observed. Therefore, in the reduction of a fresh catalyst CO should

be purged to a low level and the gas stream has to be CO free.
Example 8

3 grams of Catalyst D! of Example 2 were heated to 200°C in
helium at a flow rate of 500 ml/min. The catalyst was dried under
this condition for 1 hour. Oxygen was added to give 10 vol% and the
temperature of the catalyst was raised to 510°C. Then the oxygen was
shut off and was purged out of the reactor with helium for 10 minutes.
COoz was added to the gas stream to give 1 vol% COz (1 kPa partial
This treatment was continued for 1.5 hours.

pressure). This catalyst

is designated as Catalyst Y.

2 grams of Catalyst Dl of Example 2 were heated to 350°C in
10 vol% 0z in helium at a flow rate of 500 ml/min. The catalyst was
treated under these conditions for 20 minutes. Then the oxygen was
shut off and was purged out of the reactor with helium for 30 minutes.

CO0z2 was added to the gas stream to give 1 vol% (1 kPa partial
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the reduction step al so deactivates Pt/ A1203 cataj ysts. The lioyer H Pt

The results indicate that exposur ER‘ELAWWM é‘m} to COin

rati o suggests that |ess Pt atoms are surface afofrs 1aGn@ECHSP6 t He { Pt

clusters have increased in size.
CLAI MS: 1. A net hogh of act|vating a reform g catal yst

- 26-

conprising at |east one Goup VIII noble netal gonponent and. a. suypport,

met hod (:On¥gge§££5¥)the%ﬁiEeEF§a9$ént was continued for 1.% hours. This catalyst

is designated as Catalyst Z.

2 grams of Catalyst Dl of Example 2 were heated to 200°C in
helium at a flow rate of 500 ml/min. The catalyst was dried under
these conditions for 1 hour. Hydrogen was added to the gas stream to
give 10 wvol% Hp. The reduction was carried out for 1.5 hours.
Hydrogen was then shut off and was purged out of the reactor with
helium for 1 hour. CO0 was added to the gas stream to give 0.5 vol% CO
(0.5 kPa partial pressure). This treatment was continued for 1.5

hours. This Catalyst is designated as Catalyst AA.

2 grams of Catalyst Dl in Example 2 were treated as Catalyst
aA except that the €0 concentration was 0.1 vol% (0.1 kPa partial
pressure} with a gas flow rate of 1000 ml/min. This catalyst was

designated as Catalyst BB.

The performance of Catalyst Z, AA and BB was evaluated with
a 3-methylpentane reforming process as described in Example 1, and the
results are given in Table 8.

TABLE 8

Benzene Yield Weight %

Vol% COyx in After 5 Hrs. After 20 Hrs.
Catalyst He at Temp. on 0il On_0il
Dl (fresh) 0 22.1 18.9
Y 1 (510°C) 13.5 11.9
Z 1 {350°C) 21.8 19
AA 0.5 (350°C) 16.4 14.3

BB 0.1 (350°C) 17.5 15.2

The results indicate that at low temperature (350°C)
exposing the catalyst to COy in the absence of hydrogen does not

result in catalyst deactivation (Catalyst Z). However, when the

t he
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(a) renoving CJerr] and CO fromthe catalyst, r-ang
chem cal | y-reduci ng the catal yst obtained by step tﬂAﬁEMEM abEElée of

CJerr] and CO or under a partial pressure of CO02 ahd CO not excéeding

0. 025kPa [err] 2. The nmethod of claimil wixenser ngghe

chem cal -reduction step (b) conprises treating th atal yst with{ajhydrogen
cont ai ni ng gas. 3. The net hod of cl a nr-t—et—etatrm-2 erein
step (a) conprises purging with a gas-w#i €h is ingert. 4, The

met hod of any one of clainms 1 to 3 wherein step (&) conprises subjecting
t he cat al yskpesureyctespegityneesdar i vdisgs defyr e$3aid zigignifichntan dagetystgas.
5. A pr Leganer @i angh reagtl | o CoN Yl d
ref orm ng ggfg%f@’g{:?gnmﬁerel n (salt%g'gat a% yst cpanﬁ%%%é;%sgg %&ggst one odﬁp VI
nobl e net alcatolisonkhiCOaAl Hows FepeArRtarf (AR An stlied abegteecohtiwdrogan on

results fromisesgiitkhen Gatalpsst gddecdvdtvds ocar bon-reform ng operation, the
process conprising the steps of: (c) renoving coke fromthe catal yst, (d)

redi spersing the noble nmetal conponent(s) on the support, and (e)
activating_the catal yst using a nethod in accordance with any one of clains
1to 4. Ezgmﬂs*%_ The process of claim5 wherein step (d) conprises
subj ecting coke- depleted catalyst to an oxychlorination step. 7.

The process of cl ai4m gra%{s CJ)Pi Q‘ 6re\¥@§r£§1ign cge:[tg?yétd) oti:tsaiggé f (%Egn?dklepjetnhe

containing 0.6 wt% Pt in 1/16" Aly03 extrudates {Catalyst CC) were
heated to 510°C under 20 wvol% 02 in helium at a flow rate of 500
ml/min. The catalyst was treated under this condition for 1 hour.
Oxygen was shut off and was purged from the reactor by helium for 10
minutes. CO0 and Hp were added to the gas stream to give 4 vols CO (4
kPa partial pressure) and 20 vol% Hp. This treatment lasted for 2
hours. This catalyst is designated as Catalyst DD.

The fresh Catalyst CC and ‘'used! Catalyst DD were evaluated
by hydrogen chemisorption to measure the dispersion of the Pt
particles. These two catalysts were first reduced at 475°C in 100
vol%s hydrogen at a flow rate of 1000 ml/min for 2 hours. Then they
were evacuated at 450°C for 1 hour. Hydrogen chemisorption was
carried out at 35°C. The detailed operation and apparatus used in
hydrogen chemisorption can be obtained from J. Am. Chem. Soc. 100, 170
(1978) by S.J. Tauster, S.C. Fung and R.L. Garten. This technique
provides a measurement on the volume of hydrogen irreversibly adsorbed
by one gram of catalyst. From this, an atomic ratio of hydrogen atoms

to metal atoms H/Pt, can be calculated. The results are in Table 9.

IABLE S

Catalvst B/PT

CC (fresh) 0.7
DD (CO in Hy) 0.44



presence of CJerr]. 8. The process of claim7 wherein the

partial pressure of CJerr] in step (d) is at St
The process of claim7 or claim8 wherein the %RLMEMEI&?&{EEEM cq err]
instep (d) is in the range of from2 to 35 kPa. The

process of any one of clainms 7 to 9 wherein e 1§:§Q&aﬁ%ng vith the
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The results indicate that exposure of the catalyst to CO in
the reduction step also deactivates Pt/Alp03 catalysts. The lower
H/Pt ratio suggests that less Pt atoms are surface atoms and that the

Pt clusters have increased in size.
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catal yst is either

{(a) removing substantially all of the coke from the

catalyst;

(b} redispersing the noble metal{s) on the support, the

redispersion being carried out by contacting the catalyst in a
reaction vessel with a halogen or halide containing gas with a source
of oxygen present (oxychlorination), and carbon dioxide, the amount of
carbon dioxide being maintained at a partial pressure of at least 2
kPa in the reaction vessel substantially throughout the period in
which the catalyst is in contact with the halogen or halide containing

gas;

{c) stabilizing the catalyst by treatment with an inert or

oxygen containing gas;

{(d) substantially removing carbon dioxide and carbon
monoxide so that the amount of carbon dioxide and carbon monoxide in
the reaction vessel during the reduction step (e) is less than 0.025

kPa partial pressure;
(e) chemically reducing the catalyst.

2. A method according to Claim 1 wherein the amount of
carbon dioxide present during step (b) is maintained at a partial

pressure from 2 kPa to 35 kPa in the reaction vessel.

3. A method according to Claim 1 or 2 wherein the contact
of the catalyst with the carbon dioxide gas 1is commenced at
substantially the same time as the commencement of contact of the

catalyst with the halogen gas and is terminated at substantially the
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same time as the termination of the contact of the catalyst with the

halogen gas.

4. A method accoerding to Claim 1 or 2 wherein the contact
of the catalyst with carbon dioxide is maintained during the

stabilization treatment, after which it is terminated.

5. A method according to any preceding Claim wherein the
reaction vessel is purged with an inert gas before the reducing step
{e).

6. A method according to any preceding Claim wherein the
reaction vessel is subjected to pressure-depressure cycles with an
inert gas before the reducing step (e) until the concentration of
carbon dioxide and carbon monoxide gases is diluted to less than 0.025
kPa.

7. A method according to any preceding Claim, wherein the

catalyst is stabilized by treatment with an oxygen containing gas.
8. A method for regenerating and reactivating a
coke~contaminated catalyst comprising at least one Group VIII noble

metal, a KL zeolite support and a binder which method includes:

{(a) removing substantially all of the cocke from the

catalyst;
{b) redispersing'the noble metal{s) on the support;
{c) chemically reducing the catalyst;
the reducing step (c) being carried out in a reaction vessel in the

presence of between zero and less than 0.025 kPa partiai pressure of

carbon dioxide and carbon monoxide gases.
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g, A method for activating a fresh catalyst comprising at
least one Group VIII noble metal, a support and a binder, which method

comprises:

{a) treating the catalyst in a reaction vessel with a
halogen or halide-containing gas in the presence of carbon dioxide,

and

{b) chemically reducing the catalyst.

10. B method according to Claim 9 wherein the support is a
KL zeolite support, and the reducing step (b) is carried out in the

presence of between zero and less than 0.025 kPa partial pressure of

carbon dioxide and carbon monoxide gases.
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