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e, SHELL INTERNATIONALE RESEARCH
MaaTscHAPP) N.V,, a Company organised
under the Laws of the Netherlands, of 30

Carel van Bylandtlaan, The Hague, the

Netherlands, do hereby declare the invention
for which we prfﬁ' that a patent may be gran-
ted to us, and the method by which it is to
be performed, to be particularly described in
and by the following statement:—

This invention relates to a process for the
regeneration and reactivation of deactivated
supported platinum group metal catalysts by
subjecting them to chlorination and oxidation.

Platinum group metal catalysts are used
extensively in processes for the conversion of
hydrocarbons or hydrocarbon mixtures, such
ds catalytic reforming. Platinum group cata-
lysts normally comprise a platinum group

_metal, usvally platinum, and usually supported

on a suitable base or carrier, such as alumina,
and a small amount of halogen, such as
chlorine and possibly fluorine, to improve the

thydrocracking and isomerization activity of the

25

catalyst.

During the course of the conversion process
catalyst activity gradually declines, owing to
a build-up of carbonaceous deposits on the

catalyst andfor a depletion of halogen from

35

‘the catalyst. Eventually it becomes necessary

1o regenerate the catalyst by subjecting it to
an oxidizing atmosphere to remove car-
bonaceous deposits by burning. Normally,
halogen is added to the catalyst during the re-
‘generation procedure or by contacting the re-
generated catalyst with halogen or a decom-
posable halogen compound. Unexpectedly,
however, carbon burn and/or halogen addition
may fail to restore the catalyst to initial
activity and selectivity or to prevent that

{Price 4s. 6d.}

activity and selectivity decrease at an in-
creased rate during subsequent use of the
catalyst. :
It has now been found that it is possible to
regenerate and reactivate a platinum group
metal catalyst in a very easy manner by
effecting the overall regeneration and reactiva-
tion in a particular way, including a special
kind of treatment with chlorine; this overall
treatment effectively restores the activity, selec-
tivity and stability of the .catalyst (e.g.
palladium or preferably platinum).
According to the invention a process for
the regeneration and reactivation of deactiva-
ted - supported chlorinated platioum group
metal catalyst which has been used for hydro-
carbon conversion comprises removing car-
bonaceous deposits from the catalyst by treat-
ing it at elevated temperature in the range
370° to 450°C with 2 gas containing oxygen
and subsequently maintaining it at still higher
average catalyst temperature, not exceeding
550°C, in the presence of a gas having a
higher oxygen content, and thereafter chlori-
nating the catalyst by treating
chlorine to an extent exceeding the chlorine
treatment, if any normally effected during

‘operation of the conversion process, for a

period of at most 24 hours immediately after
operation of the conversion process has been
resumed.

The chlorination treatment, which is effec-
ted from the resumption of the conversion pro-
cess on, ie. from the renewed introduction
into the reactor of the hydrocarbon feedstock
to be reformed or otherwise converted, need

never be prolonged for more than 24 hours

in order to obtain good results; in many cases
however, this chlorination treatment need take

it with
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by weight, all under the sane
the average operating tenperature
ohtaip once nonre an qctane

brought to normal; it was then found that
operating con- 20
required to  ditions as .before regeneration

nunber of 92 _ was as low as 479[err]C, the yield of
debut ani zed EXAMPLE 111 85
| i qui d product having again increased to about A conmmerci al

catal yst of the 83% by weight, so that catal yst reactivation
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1 to 5 ppm, or even up to about 10 ppm; by
weight of -chlorine, calculated on the hydro-
carbon feed, is: frequently added throughout
convenuonal reforming runs, the latter high
amounts bemg employed when water is present
to0 an excessive extent, which - considerably
lessens the degree of chlorination effected by
such . chlorine  addition. The degree of chlorine
addition specified for the chlorination step of
the present.process is exclusive of all chlorine

which may ‘have been added- already, but in-

clusive of all chlorine which at that time is
being introduced from whatever source, and
this chlorine treatment is such that it exceeds
-any -chlorine tréatment which may be eﬁected

‘regularly. -

While the chlormatmn step is a necessary
stép of the process of the invention, it is in-
sufficient by itself to restore the properties of
the catalyst. Therefore, it is preceded by an

.oxidative ' théatment, -carried out after the re-

forming or other conversion - operation has
been discontinued by cutting:off the introduc-
tion of hydrocarbon feed, in the course of
which treatment earbonaceorus deposits - are

‘burned from the catalyst. Firstly, the still hot

(e.g.>370°C) reactor: -or reactors may be
purged with nitrogen.or some other inert gas,
to reduce the hydrocarbon and hydrogen con-
centration therein and also, as frequently may

‘aBoll pét
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most 6%; suitably 1 to-2%, by volume. It will .
ordinarily be. preferred to, increase. the oxygen
concentration slowly - and stepwise '50- as.. to

keep the-catalyst temperature below the allow--..o:

able maximum and to make a gradual tran-

sition from the lower (370° to 450°C) tem-
perature . 10; the higher. (up. to.:550°C) one..

After this hlgher temperature .has been

é,epﬁg‘:o%s o
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reached, a stepwise increase of the amount of - - .

oxygen in the gas which is continuously passed
through the reactor or reactors may. again be
effected, this oxygen conteént then suitably first
lying below 3% by volume and then between

3 and 6%. The total duration of the higher

temperature treatment is preferably 2 to .8
hours; some carbon burning can take place
during this .part. of the treatment. as well.
Though- substantial but moomplete burning, of

110
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the carbon may in some instances be sufficient ..-

or- expedient, it is usually preferred. to remove
substantially all thc bumable carbon from the

catalyst.

Water vaphur may be present durmg all or

part of the overall oxidative treatment as des- -

cribed above. .

. It is preferred that, after the catalyst has
‘been maintained in the presence . of : the - gas
having a_higher oxygen content, it is- treated
with sulphur, suitably in the form of a de-
composable compound thereof, preferably- ea:—
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velocity of 18. In order to ensure a |low hydrocarbon feed, being injected

during the 45 sul phur as well as a high chlorine content
on first 6 hours, at the end. of which period the t he
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1 rl up to, 30 days i]ftter re-

Prodddst

cbdulphur dntredwetion meyibet
the course of this period. . .

generation and react1vat1on treatment. is
initiated, since it has been found that. this
Inay mterfere with the efficacy. of this treat-
ment; hence, at least dunng a final period of
the conversion process, i.e. until the introduc-
tion of hydromrbon feedstock to the reactor
or reactors is discontinued so that the reac-
tivation and regeneration treatment may be
initiated, a hydrocarbon feedstock is prefer-
ably employed which has a: sulphur . content
of 40 ppm by weight at most, advantageously
for the last 5 to 50 days of operation. It is
of course possxble that during the whole of

the conversion operation a feedstock having
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such a low sulphur content is being processed.
It may also be advantageous to .clean the
apparatus or parts thereof, especially those
situated before the reactor or reactors proper,
such as heaters and heat exchangers, before
the régeneration and reactivation treatment is
initiated, with a view to removing sulphur
compounds such as iron sulphide which may
have been deposited there. .

Since the present Tegeneration and reactiva-
uon has been found to give best results with
a catalyst not too far depleted in chlorine, it
may be advantageous to effect an additional
treatment with chlorine exceeding the mnor-
mally effected chlorine treatment, if any, dur-
ing a terminal period of the conversion pro-
cess: as well, i.e. until the discontinuation of
introducing hydrocarbon feedstock; this addi-
tional treatment therefore comcrdes in part
with: the processing of low sulphur feedstock,
if such is effected, but preferably lasts for a
shortér time, viz. for the last 30.to 60 hours,
before this discontinuation. .

_ While for either of the chlorme treating
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havmg a Research octane number (unleaded)
of 92, had risen from 481°C to about 503°C
and the yield of debutanized liquid product
had dropped from about 83%, to about 73%
by weight, calculated on the hydrocarbon
feedstock.
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hourly space velocity was 1.5 volume of feed B

per volume of catalyst per hour, and the reac-
for outlet pressure was 28 kg/cm? gauge.
In order to ensure that the catalyst did not
have too low a chloriné content at the start
of the regeneration/reactivation step -proper,

‘during the last 32 hours of the reforming run

a total amount of 0. 1%, wt (calculated on the
catalyst) of chlorine in the form of ethylene
dichloride was introduced, after which the
unit was shut down. Subsequently, the unit
was evacuated and then purged with nitrogen,
after . which 0.5% volume of oxXygen was
added to the nitrogen stream when a tem-
perature of 38°C was reached; the tempera-
ture was then slowly’ increased to 510°C,
which took 2 hours. At this same tempera-
ture, the oxygen content was gradually in-
creased. to 2%, volume over a period of one
hour, and kept at this value for one hour
more, -after which oxygen was increased to,
and subsequently kept at, 5%, volume over
1 and 2 hours, respectively. The total period
of keeping the catalyst in contact with a gas
containing- moré oxygen than did the gas
initially employed (0.5%) was therefore 5
hours.

A mtrogen purge was then again effected
and the unit evacuated and subsequently pres-
surized with hydrogen to 7 kg/cm? gauge,
the. temperature being 370°C; 0.2%, wt of
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calculated on the feed introduced, in the form
of trichloroethylene, leading to am average
chlorine content on the catalyst of 0.9%, wt
Also, operating conditions were gradually
brought to normal; it was then found that
the average operating temperature required to
obtain once more an octane number of 92
was as low as 479°C, the yleld of debutanized
liquid product havmg again increased to about
83% by weight, so that catalyst ‘reactivation
was complete in both respects; its- stability
turned out to be even better than before, for
after about 19300 litres of feed per kg of
catalyst had again been treated the average
temperature required for maintaining the
same octane number of 92 had risen to
496°C only, as’ compared to the 503°C just
before regeneration.- On the other ‘hand, a
temperature rise to 503°C was in. this case
required only after 26300 litres of feed per
kg of catalyst had been. treated; similar re-
sults were obtained with respect to yleld

EXAMPI.E 11

‘A commercial catalyst. of .the sane. type as
that employed in the process described in
Example I was employed in reforming a
naphtha having a high sulphur content of
40—60 ppm wt. at a reactor outlet pressure
of 29 kg/cm? gauge and a volume space
velocity of 18, In order to ensure a .low
sulphur as well as a high chlorine content on
the catalyst at the start of the regeneration/
reactivation’ procedure, during the last 28
days of the reforming run a naphtha was
employed having similar characteristics to the
original one, but the sulphur content of which
was 20—30 ppm wt only, and during the
last. 57 hours of ‘this run a.total amount of

0.15%, wt, calculated on the ‘catdlyst, of -

chlotive in the form of tnchloroethylene was
introduced, ' aftér which' the unit- was shut
down, evacuated purged with nitrogen and
cooled; subsequently, the unit was in part
sub;ected to a pressurized water wash in
order to. remove any iron sulphide = which
might still be present. The catalyst was then
subjected to an oxidative treatment and the
unit prepared for the renewed introduction
of naphtha feed in a mantier substantially
similar to that described in Example 1, sul-

_ﬂ'csrpetlllﬂebm leo‘i(abecWﬂlgb? i.ne

A e

risen ‘to 508°C; was in this way reduced to

486°C; the yleld of debutanized product was
mcreased again from 77% by weight," cal-
culsted on “hydrocarbon feedstock, to 829,
by’ weight, all under the same operating con-
dmons as before regeneratlon

. ExampLE IIT :
A commercial reforming catalyst of the
‘type employed accordmg to Examples I and

II was employed 'in reforming a naphtha '

boiling between 88° and 148°C and contain-
ing 20, wt naphthenes, 109, wt aromatics
and. 30 ppm wt sulphur, at a reactor outlet
pressure: of 28 kg/cm® gauge. and a volume
space. velocity of 1.2. The catalyst was deac-
tivated to such-an extent that for obtaining
a Research ‘octane number (unleaded) of 96
on -average ‘temperature of 518°C was re-

80

85

95

quired, as compared to 498°C when the

catalyst was fresh under the same operatlng
conditions.
“In this case, no chlorme was added in' the

last period before ‘the regeneration/reactiva~

100

tion; unit shut down, evacuation, purge and ...

cooling, oxidative and sulphur- treatments
were carried ‘out ‘in- a -manner substantially
similar to that of Example I. Subsequently
thé reforming -operation was resumed, about

105

500 ppm wt of chlonine, calculated on the ..

hydrocarbon feed, being injected - during the
first 6 hours, at the end of which period the
average catalyst ‘chlorine content was 09%
wt, The -average temperature -required ' for
obtaining an octane number of 96-had then

110

dropped again to 497°C, i.e. even better than

with fresh catalyst, after processing 3500

litres of feed per kg'of ‘catalyst, th1s tem-

perature was st111 a8 low as 505°C
WHAT WE CLAIM IS —_'

1. A process for the régeneration and Téac-

tivation of deactivated supported chlorinated
platinum groiip metal catalyst which has been
used’ for hydrocarbon conversion, which pro-
cess comprises, removing - carbonaceous de-

posits from the _catalyst by treating it at -

elévated temperature in the range 370° 1o
450°C with a gas contauung oxygen and sub-
sequently maintaining it
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at’ still higher ..

average catalyst tempéerature, not exceeding -
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kg of catalyst had been treated; similar re-
sults were obtained with respect to yield.
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ExamrpLE 11

A commercial catalyst of the same type as
that employed in the process described in
Example I was employed in reforming a
naphtha having a high sulphur content of
40—60 ppm wt. at a reactor outlet pressure
of 29 kg/cm® gauge and a volume space
velocity of 18. In order to ensure a low

sulphur as well as a high chlorine content on-

the catalyst at the start of the regeneration/
reactivation procedure, during the last 28
days of the reforming run a naphtha was
employed having similar characteristics to the
original one, but the sulphur content of which
was 20—30 ppm wt only, and during the
last. 57 hours of this run a total amount of
0.15%, wt, calculated on the catalyst, of
chlotine in the form of trichloroethylene was
introduced, after which the unit was shut
down, evacuated purged with mtrogen and
cooled; subsequentlv the unit was in part
sub;ected to a pressurized water wash in
order to remove any iron sulphide which
might still be present. The catalyst was then
subjected to an oxidative treatment and the
unit prepared for the remewed introduction
of naphtha feed in a manner substantially
similar to that described in Example I, sul-
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quxred, as compared to 498°C when the

- catalyst was fresh under the same operating

conditions.

In this case, no chlorine was added in the
last period before the regeneration/reactiva-
tion; unit shut down, evacuation, purge and
cooling, oxidative and sulphur treatments
were carried out in a manner substantially
similar to that of Example I. Subsequently
the reforming operation was resumed, about
500 ppm wt of chlorine, calculated on the
hydrocarbon feed, being injected during the
first 6 hours, at the end of which period the
average catalyst chlorine content was 0.9%,
wt. The average temperature required for
obtaining an octane number of 96 had then
dropped again to 497°C, i.e. even better than
with fresh catalyst; after processing 3500
litres of feed per kg of catalyst, this tem-
perature was still as low as 505°C.

WHAT WE CLAIM IS:—

1. A process for the regeneration and reac-
tivation of deactivated supported chlorinated
platinum group metal catalyst which has been
used for hydrocarbon converslon, which pro-
cess comprises removing carbonaceous de-
posits from the catalyst by treating it at
elevated temperature in the range 370° to
450°C with a gas containing oxygen and sub-
sequently maintaining it at stll higher
average catalyst temperature, not exceeding
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1 to 3 in which the average chlorine content
of the catalyst at the end of the said chlorine

.treatment is from 0.2% by weight below to

0.2%, by weight above that of the fresh cata-
lyst,
yS A process according to any of Claims
1 to 4 in which during the said treatment at
elevated temperature the oxygen content of
the treating gas is 0.2 to 1.5%, by volume.

6. A process according to any of Claims
1 to 5 in which the said gas containing
oxygen comprises air and nitrogen.

7. A process according to any of Claims
1 10 6 in which the said gas having a higher
oxygen content contains at most 69, by
volume of oxygen.

8. A process according to Claim 7 in which
the said higher oxygen content is in the range

- of from 1 to 29, by volume.
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9. A process according to any of Claims
1 to 8 in which the catalyst is maintained in
the presence of the said gas having a higher
oxygen content for 2 to 8 hours.

10. A process according to any of Claims
1 to 9 in which after the catalyst has been
maintained in the presence of the said gas
having a higher oxygen content it is treated
with sulphur, at least part of this treatment
being effected before operation of the conver-
sion process has been resumed.

11. A process according to Claim 10 in
which the said sulphur treatment is pro-
longed for at most 30 days after operation of
the conversion process has been resumed.

12. A process according to Claim 10 or
Claim 11 in which the sulphur is at least in
part in the form of a decomposable sulphur
compound.

13. A process according to Claim 12 in
which the decomposable sulphur compound is
carbon disulphide.

1 I p I OCess
32CCOT to
Qggﬂm%osab%e su uaz: i C?ﬁ

Ehe said hydro

Sthsh Q&(éﬁl

is em-
ploye efore the
conversl

17. A

e

process.

18. A process according to Claim 17 in
which the said treatment with chlorine lasts
for the last 30 to 60 hours before the con-
version process is discontinued.

19. A process according to any of Claims
1 to 18 in which the chlorine is used in the
form of a decomposable chlorine compound.

20. A process according to Claim 19 in
which the said chlorine compound is a
chlorinated hydrocarbon having 1 to 3 carbon
atoms per molecule,

21. A process according to any of Claims
1 to 20 in which the catalyst comprises
platinum.

22. A process according to Claim 1 sub-
stantially as described.

23. A process for the regeneration and
reactivation of supported platinum group
catalysts by subjecting them to chlorination
and oxidation, substantially as described in
"any of the Examples.

24. Supported platinum group catalysts
which have been regenerated and reactivated
by means of a process according to any of
Claims 1 to 23.

25. A process for the catalytic conversion
of hydrocarbon materials in which a catalyst
is employed which has been regenerated and
reactivated by means of a process according
to any of Claims 1 to 23.

26. A process according to Claim 25 in
which the conversion is catalytic reforming.

27. Hydrocarbon materials which have been
catalytically converted by means of a process
according to Claim 25 or Claim 26.

KILBURN & STRODE,
Chartered Patent Agents,
Agents for the Applicants.
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