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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Patent Application Serial No. 61/781,531 filed
March 14, 2013.

FIELD OF THE INVENTION

[0002] This application relates to a method of shutting
down a dehydrogenation reactor having a catalyst bed
containing a chromium-containing catalyst. More partic-
ularly, this application relates to a method of shutting
down a dehydrogenation reactor having a catalyst bed
containing a chromium-containing catalyst, wherein after
the shut-down, at least some, and preferably a majority,
of the chromium is in a reduced oxidation state.

BACKGROUND

[0003] Unsaturated hydrocarbons, e.g. olefins, may be
derived by catalytic dehydrogenation of an alkane to cre-
ate a product more useful and more valuable than the
reactant. Olefins are feedstocks for many processes that
yield increasingly valuable products through polymeriza-
tion. Catalytic dehydrogenation of alkanes is a selective
way to produce alkenes and was commercialized in the
1930’s.

[0004] One such catalytic dehydrogenation process is
the CATOFIN® process which produces alkenes, e.g.
isobutylene, propylene and amylenes, from alkanes, e.g.
isobutane, propane and isopentanes respectively. The
CATOFIN® process is the most widespread catalytic de-
hydrogenation process employed in the production of
propene, the precursor material to polypropylene. Anoth-
er dehydrogenation process is the CATADIENE® proc-
ess which results in the catalytic dehydrogenation of C,
and C5 hydrocarbons to produce diolefins, i.e. dienes, of
the same carbon number. The CATOFIN® and CATADI-
ENE® processes utilize a supported chromium catalyst
in a series of adiabatic fixed bed reactors in cyclic oper-
ation with quickly alternating dehydrogenation and re-
generation periods. Other catalytic dehydrogenation
processes utilizing supported chromium catalysts are
known in the art. Such processes typically employ fre-
quent high temperature regeneration cycles.

[0005] Catalyststhatare used for the dehydrogenation
of light hydrocarbons typically comprise chromium oxide
supported on the surface of an aluminum oxide carrier,
i.e. chromium-alumina catalysts. Processes utilizing sup-
ported chromium catalysts such as chromia-alumina cat-
alysts (Cr,04/Al,O5) are well known and have been de-
scribed in technical literature as well as in numerous pat-
ents. US 4 071 439 discloses a hydrosulfurization shut-
down method. Dehydrogenation catalysts become spent
after prolonged use through several alternating dehydro-
genation and regeneration cycles. Spent catalyst must
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be removed from the reactor and replaced with fresh cat-
alyst. It is preferred that at least some and preferably a
majority of the chromium in the spent catalyst be at a
reduced oxidation state when the spent catalyst is re-
moved from the reactor. The applicant has now surpris-
ingly found a method for shutting down a dehydrogena-
tion reactor which method results in at least some and
preferably a majority of the chromium in the spent catalyst
being at a reduced oxidation state.

SUMMARY OF THE INVENTION

[0006] A method for shutting down a dehydrogenation
reactor having a catalyst bed with a chromium-containing
catalyst operating at a first elevated temperature T4 com-
prises cooling the catalyst bed with a first cooling gas to
asecond elevated temperature T, lower than T,, remov-
ing the first cooling gas from the catalyst bed, treating
the catalyst bed with a reducing gas to bring the chromi-
um in the catalyst to a reduced oxidation state, cooling
the catalyst bed with a second cooling gas from the sec-
ond elevated temperature T, to a third elevated temper-
ature T, lower than T,, removing the reducing gas from
the catalyst bed, cooling the catalyst bed with a third cool-
ing gas from the third elevated temperature T5 to a fourth
elevated temperature T, lower than T3, and cooling the
catalyst bed to ambient temperature T,,,, whereby the
dehydrogenation reactor is shut down and the spent cat-
alyst can beremoved. Advantageously, upon completion
of the method of the present application, at least some,
and preferably a majority, of the chromium in the chro-
mium-containing catalyst will be at a reduced oxidation
state.

[0007] The reducing gas is preferably introduced after
the catalystis broughtfrom the first elevated temperature
T, to the second elevated temperature T,, to bring the
catalyst to the desired reduced oxidation state. In one
embodiment, the reducing gas and the second cooling
gas are the same gas. In another embodiment, the re-
ducing gas and the second cooling gas are different gas-
es.

[0008] The reducing gas is preferably purged from the
catalyst bed after the catalyst has reached the desired
oxidation state. If the second cooling gas is different from
the reducing gas, then the second cooling gas can serve
as the reducing gas purge medium. Otherwise, the third
cooling gas can serve as thereducing gas purge medium.

DETAILED DESCRIPTION

[0009] The present application generally relates to a
method of shutting down adehydrogenation reactor used
for manufacturing light olefins and di-olefins from light
alkanes, the reactor having a catalyst bed containing a
chromium-containing catalyst, such that at the conclu-
sion of the shut-down method of the present application,
at least some, and preferably a majority, of the chromium
in the catalyst bed is in a reduced oxidation state.
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[0010] One exemplary embodiment of such a method
of shutting down a dehydrogenation reactor housing a
catalyst bed containing a chromium-containing catalyst,
with the catalyst bed operating at a first elevated temper-
ature under standard dehydrogenation conditions, com-
prises:

(a) cooling the catalyst bed with a first cooling gas
from the first elevated temperature to a second ele-
vated temperature lower than the first elevated tem-
perature;

(b) removing the first cooling gas from the catalyst
bed while maintaining the catalyst bed at about said
second elevated temperature;

(c) treating the catalyst bed with a reducing gas for
a period of time sufficient to cause chemical reduc-
tion of at least some of the chromium in the catalyst
to a reduced oxidation state;

(d) cooling the catalyst bed with a second cooling
gas from the second elevated temperature to a third
elevated temperature lower than the second elevat-
ed temperature;

(e) removing the reducing gas from the catalyst bed;
(f) cooling the catalyst bed with a third cooling gas
from the third elevated temperature to a fourth ele-
vated temperature lower than the third elevated tem-
perature; and

(g) cooling the catalyst bed with a fourth cooling gas
from the fourth elevated temperature to ambienttem-
perature, whereupon the reactor is shut down, and
wherein at least some of the chromium in the catalyst
is at the reduced oxidation state.

[0011] In one embodiment, upon completion of this
shut-down method, more than 50% of the chromium is
in areduced oxidation state. In a preferred embodiment,
upon completion of the shut-down method, at least 75%
of the chromium is in areduced oxidation state. Ina more
preferred embodiment, upon completion of the shut-
down method, at least 90% of the chromium is in a re-
duced oxidation state. In a most preferred embodiment,
upon completion of the shut-down method, at least 99%
of the chromium is in a reduced oxidation state.

[0012] Adehydrogenationreactor system generally in-
cludes adehydrogenationreactor vessel having areactor
inlet for receiving hydrocarbon feedstock, air, and reduc-
ing gas, and two reactor outlets for discharging reactor
effluents, onefor discharging hydrocarbons and reducing
gas and the other for discharging air. The dehydrogen-
ation reactor vessel defines a dehydrogenation reaction
zone and can contain dehydrogenation catalyst pellets
that are usually mixed with inert alpha-alumina and
packed together to form the dehydrogenation catalyst
bed.

[0013] In operation, a dehydrogenation feed is intro-
duced into the dehydrogenation reactor that is operated
under dehydrogenation reaction conditions with the de-
hydrogenation catalyst at a first elevated temperature.
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During operation the dehydrogenation reactor is operat-
ed in the cyclic mode wherein the dehydrogenation part
of the cycle is followed by steam purge for a period of
time sufficient to purge hydrocarbon from the catalyst
surface. The catalyst is then regenerated by air followed
by evacuation of the catalyst bed and then reduction of
the catalyst by means of a reducing gas. All of the fore-
going steps are conducted at a first elevated tempera-
ture. Oncereduction is complete, a new dehydrogenation
cycle can begin.

[0014] Asis known in the art, the dehydrogenation re-
actor system may comprise several parallel reactors. De-
pending on the size and production rate of the system,
typically three to ten reactors operate in cyclic mode,
whereby simultaneously some reactors are operated in
the intermediate steps of the cycle such as reduction,
evacuation or steam purge, other reactors are operated
in the dehydrogenation step of the cycle, while still other
reactors are being regenerated.

[0015] In the operation of a hydrocarbon dehydrogen-
ation reactor, the catalyst, such as Al-Cr, may last up to
several years. As the catalytic performance decreases
there is a need to unload the spent catalyst and replace
it with new catalytic material. The shut-down of the reac-
tor system typically requires a procedure for cooling down
the spent catalyst prior to its removal.

[0016] In accordance with the present application, a
method for shutting down a dehydrogenation reactor hav-
ing a catalyst bed with a chromium-containing catalyst is
illustrated, wherein in Stage 1 the reactor is operating at
a first elevated temperature T,, the method comprising
the steps (a) cooling the catalyst bed with a first cooling
gas to Stage 2 wherein the catalyst bed is at a second
elevated temperature T,, (b) removing the first cooling
gas from the catalyst bed while maintaining the catalyst
bed atabout said second elevated temperature, (c) treat-
ing the catalyst bed with a reducing gas for a period of
time sufficient to cause chemical reduction of at least
some of the chromium in the catalyst to a reduced oxi-
dation state, (d) cooling the catalyst bed with a second
cooling gas from the second elevated temperature T, to
Stage 3 wherein the catalyst bed is at a third elevated
temperature T3, (e) removing the reducing gas from the
catalyst bed, (f) cooling the catalyst bed with a third cool-
ing gas from the third elevated temperature T; to Stage
4 wherein the catalyst bed is at a fourth elevated tem-
perature T4, and (g) cooling the catalyst bed to the Final
Stage wherein the catalyst bed is atambient temperature
Tamb Whereby the dehydrogenation reactor is shutdown
and the spent catalyst can be removed. Advantageously,
at the conclusion of this shut-down method, at least
some, and preferably a majority, of the chromium in the
catalyst bed will be at a reduced oxidation state.

[0017] In one exemplary embodiment, in one or more
of the cooling steps the rate of cooling is controlled such
that the rate of change of the temperature of the catalyst
in the bed is no more than 50°C per hour, preferably no
more than 20°C per hour, and more preferably no more
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than 10°C per hour. In a preferred embodiment, in each
of the cooling steps the rate of change of the temperature
of the catalyst in the bed is no more than 50°C per hour,
preferably no more than 20°C per hour, and more pref-
erably no more than 10°C per hour.

[0018] In one exemplary embodiment, when the cata-
lyst bed is at Stage 1 and prior to the first cooling of the
catalyst bed to the second elevated temperature T5, the
introduction of the dehydrogenation feed into dehydro-
genation reactor at the first elevated temperature T, is
terminated and the catalyst at the first elevated temper-
ature T, is subjected to a standard dehydrogenation-re-
generation operating procedure such as described
above. Upon completion of the dehydrogenation-regen-
eration process, the dehydrogenation catalyst is at a first
elevated temperature T that approximates the reactor
temperature conditions existing immediately prior to the
dehydrogenation feed termination and last regeneration,
and a substantial proportion of the chromium in the cat-
alyst is at a reduced oxidation state.

[0019] The first elevated temperature T4 of the dehy-
drogenation catalyst bed can range from 500°C to 800°C,
preferably from 525°C to 750°C, and most preferably
from 550°C to 700°C.

[0020] In accordance with the present application, the
dehydrogenation catalyst at the first elevated tempera-
ture T4 is cooled with a first cooling gas to Stage 2 char-
acterized by a second elevated temperature T,. The sec-
ond elevated temperature T, is less than thefirst elevated
temperature T, of the dehydrogenation catalyst bed as
described above, and can be in the range of from 300°C
to just below the first elevated temperature, preferably
from 325°C to 500°C, and most preferably from 350°C
to 450°C.

[0021] Cooling of the catalyst bed from the first elevat-
ed temperature T, to the second elevated temperature
T, can be accomplished by introducing a first cooling gas
at a desired temperature through the inlet. In one em-
bodiment, the first cooling gas is airwhich passes through
air heaters before entering the reaction zone through the
inlet. The pressure of the first cooling gas in the dehy-
drogenation reactor can range from below atmospheric
pressure to 40 psia or greater. The temperature of the
air heaters can be gradually reduced at a predetermined
rate, such that the rate of change of the temperature of
the catalyst in the bed is no more than 50°C per houir,
preferably no more than 20°C per hour, and more pref-
erably no more than 10°C per hour. The slow rate of
change results in a gradual cooling down of the dehydro-
genation catalyst bed inside of the reactor while avoiding
thermo-shocks of the dehydrogenation reactor and air
pre-heater. This cooling continues until the catalyst bed
achieves the desired second elevated temperature as
described above, as gauged by the temperature of the
cooling gas at the reactor outlet. In some embodiments
of the present application, and depending on the scale
of the reactor, this first cool down step can take from
several hours to several days. Once the desired second
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elevated temperature T, is reached, the flow of the first
cooling gas is terminated.

[0022] After the flow of the first cooling gas has been
terminated and Stage 2 has been reached, a substantial
portion of the residual first cooling gas is removed from
the reactor. This removal can be achieved by different
methods. In one embodiment, the first cooling gas is re-
moved by evacuation, with an evacuation pressure of 0.5
atmospheres or less being preferred. In another embod-
iment, the first cooling gas is removed from the reactor
by purging with a non-air purging medium for a period of
time, which can last from about ten seconds up to a few
minutes, sufficient to eliminate the first cooling gas. Pref-
erably, the removal of the first cooling gas is sufficient to
remove traces of the first cooling gas from the catalyst
pores and from any voids in the dehydrogenation reactor.
The temperature of the purging medium is maintained in
the range of the second elevated temperature T, to main-
tain the catalyst bed at the second elevated temperature
during the purging. The choice of purging media can de-
pend on factors such as the availability of such media at
eachreactor site and the compatibility of such media with
the reactor and catalyst. Steam and nitrogen are each
acceptable purging media typically used in dehydrogen-
ation facilities, and therefore likely to be readily available.
Upon completion of the purge, the introduction of the
purging medium is terminated.

[0023] Following the first purge, the catalyst bed is
treated with a reducing gas for a period of time sufficient
to cause reduction of at least some of the chromium in
the catalyst bed from a higher oxidation state to a lower
oxidation state. At the beginning of this treatment, the
catalyst bed is at the second elevated temperature T,
which is a temperature high enough to allow the reaction
of the reducing gas with the chromium in the catalyst to
take place. The choice of the reducing gas will depend
on the availability of the gas at the reactor site and com-
patibility of the reducing gas with the reactor and the cat-
alyst. Suitable reducing gases include, without limitation,
dehydrogenation hydrocarbons, such as isobutane, pro-
pane, n-butane, propylene, natural gas, hydrogen mixed
with C4-C, hydrocarbon, carbon monoxide; and mixtures
of any of the foregoing. The treatment of the catalyst bed
with the reducing gas continues until the desired level of
reduction of the chromium in the catalyst bed has been
achieved.

[0024] In one exemplary embodiment, the reducing
gas has a heat capacity that allows it to also serve as a
second cooling gas such that during the reducing gas
treatment, the temperature in the catalyst bed can be
lowered from the second elevated temperature T, of
Stage 2 to a third elevated temperature T5 of Stage 3. If
the reducing gas does not have the heat capacity to cool
the catalyst bed, then a separate second cooling gas is
used to bring the catalyst bed from the second elevated
temperature T, of Stage 2 to a third elevated temperature
T, of Stage 3. In one embodiment, the third elevated
temperature T3 is in the range of 155°C - 320°C. In a
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preferred embodiment, the third elevated temperature T,
is in the range of 230°C - 320°C. In a more preferred
embodiment, the third elevated temperature T is in the
range of 280°C - 320°C.

[0025] Once the reduction of the chromium has
reached a desired level of completeness and the third
elevated temperature T, of the catalyst bed is reached
as measured by the outflow of the reactor gas, then in-
troduction of the reducing gas is terminated. If the reduc-
ing gas does not serve as the second cooling gas, intro-
duction of the reducing gas will be terminated when the
reduction of the chromium has reached a desired level
of completeness, and then a separate second cooling
gas will be introduced until the third elevated temperature
T3 of the catalyst bed is reached as measured by the
outflow of the reactor gas.

[0026] Ifthereducing gas does notserve as the second
cooling gas, then the second cooling gas may be selected
from N,, CO,, or propylene or isobutylene, each of which
may be advantageously stored on site in the liquid state
and converted into the gas state upon introduction into
the reactor.

[0027] Next, the reducing gas is purged from the reac-
tor. If the second cooling gas is different from the reducing
gas, then the second cooling gas may serve as the purge
medium. If the reducing gas and the second cooling gas
are the same gas, then a different purge medium may
be usedtoremove the reducing gas. The purging medium
is preferably chemically inert and can again be steam,
nitrogen, or other suitable non-reactive media, depend-
ing on the availability of such media at each reactor site
and the compatibility of the media with the catalyst. The
purging medium for the reducing gas purging step may
also advantageously serve as a third cooling gas to cool
the catalyst from the third elevated temperature Ty of
Stage 3 to a fourth elevated temperature T, at Stage 4
that is lower than the third elevated temperature, is in the
range of 50°C -150°C. The time required for this purge
and cooling will depend on the magnitude of the differ-
ence between the third and fourth elevated temperatures.
When the desired fourth elevated temperature T, is
reached, as indicated by the temperature of the effluent
gas, the flow of the purge medium/third cooling gas is
terminated. The fourth elevated temperature T, is low
enough so that any oxygen that is thereafter introduced
into the reactor will notreact with the catalyst to re-oxidize
the reduced chromium in the catalyst back to a higher
oxidation state.

[0028] After the reducing gas has been removed and
the catalyst bed has been cooled to the fourth elevated
temperature T,, the catalyst bed is cooled to the Final
Stage of ambient temperature T, or any temperature
that permits the safe removal of the catalyst from the
reactor. This cooling can be accomplished by a fourth
cooling medium, which can be air or any other suitable
cooling medium.

[0029] The dehydrogenation catalyst of the dehydro-
genation reactor system operated in accordance with the
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method of the present application can be any known alu-
mina - chromium catalyst that can be used in the dehy-
drogenation of hydrocarbons. Such dehydrogenation
catalysts include those catalysts that comprise chromium
and alumina oxides. The chromium oxide of the dehy-
drogenation catalyst may be in any form and obtained
from any source or by any method that provides a suitable
chromium oxide material for use in the chromium alumi-
num catalyst. The aluminum oxide of the dehydrogena-
tion catalyst may be in any form and obtained from any
source or by any method that provides a suitable alumi-
num oxide material for use in the chromium aluminum
catalyst including aluminum oxide that can be represent-
ed by gamma, theta, eta, kappa and alpha-alumina
phase.

[0030] Typical alumina-chromium catalysts comprise
from 10 to 40% of chromium oxide calculated as Cr,0O,,
and 55-90% of alumina oxide calculated as Al,O5. More-
over, typical Al-Cr catalyst comprises from 0.3-5% of al-
kali or alkali-earth metals selected from the group con-
sisting of Na, Li, K, Cs, Mg, Sr, Ca, Ba and combinations
thereof. The alumina-chromium dehydrogenation cata-
lyst may further comprise one or more promoters that are
usually in form of oxides. These promoter metals may be
selected from the group consisting Sc, La, Mo, W, Zr,
Sn, Mn, Cu, and mixtures thereof.

[0031] Temperatures at various stages of the method
of the present application are expressed herein as tem-
peratures of the catalyst bed. Those skilled in the art will
recognize, however, thatin commercial dehydrogenation
processes carried out in adiabatic reactors, the temper-
ature across the dehydrogenation catalyst bed can vary
between the top part of the bed and the bottom part of
the bed by as much as 150°C, but more typically from 10
to 120°C. As used herein, the temperature of the catalyst
is indicated by the temperature of the effluent gas, wheth-
er it is a cooling medium, reducing gas, or other effluent.

EXAMPLE

[0032] In a test scale reactor, 30 g of CATOFIN STD
catalyst was heated to 600°C in air. The catalyst was
cooled with air flow at atmospheric pressure to a temper-
ature of 350°C. The air was evacuated to 0.5 atm. The
catalyst was treated with propane gas for 30 minutes,
which was then purged from the reactor by low pressure
steam to cool the catalyst to 150°C. The reactor was
purged with N, for 5 minutes, then cooled in air to ambient
temperature. Four catalyst samples were identically
treated. At the end of the treatment, it was determined
that more than 99% of the chromium in the catalyst was
in a reduced oxidation state.

[0033] Reasonable variations, modifications and ad-
aptations can be made within the scope of the described
disclosure and appended claims without departing from
the scope of the invention.
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Claims

A method of shutting down a dehydrogenation reac-
tor, the dehydrogenation reactor housing a catalyst
bed containing a chromium-containing catalyst, the
catalyst bed operating atafirst elevated temperature
under standard dehydrogenation conditions, the
method comprising:

(a) cooling the catalyst bed with a first cooling
gas from the first elevated temperature to a sec-
ond elevated temperature lower than the first
elevated temperature;

(b) removing the first cooling gas from the cat-
alyst bed while maintaining the catalyst bed at
about said second elevated temperature;

(c) treating the catalyst bed with a reducing gas
for a period of time sufficient to cause chemical
reduction of at least some of the chromium in
the catalyst to a reduced oxidation state;

(d) cooling the catalyst bed with a second cool-
ing gas from the second elevated temperature
to a third elevated temperature lower than the
second elevated temperature;

(e) removing the reducing gas from the catalyst
bed;

(f) cooling the catalyst bed with a third cooling
gas from the third elevated temperature to a
fourth elevated temperature lower than the third
elevated temperature; and

(g) cooling the catalyst bed with a fourth cooling
gas from the fourth elevated temperature to am-
bient temperature, whereupon the reactor is
shut down, and wherein at least some of the
chromium in the catalyst is at the reduced oxi-
dation state.

The method of claim 1, wherein the rate of cooling
of the catalyst bed from the first elevated tempera-
ture to the second elevated temperature is no greater
than 50°C per hour.

The method of claim 1, wherein the first cooling gas
is heated air.

The method of claim 1 wherein the first elevated tem-
perature is in the range of 500°C to 800°C.

The method of claim 1 wherein the removal of the
first cooling gas is accomplished by evacuation of
the reactor to a pressure of 0.5 atm. or less.

The method of claim 1 wherein a gas selected from
steam, nitrogen, and mixtures thereof, is used to re-
move said first cooling gas by purging.

The method of claim 1, wherein the second elevated
temperature is in the range of greater than 300°C
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10.

1.

12.

13.

14.

15.

and less than the first elevated temperature.

The method of claim 1, wherein the reducing gas
comprises a gas selected from dehydrogenation hy-
drocarbons, propylene, natural gas, hydrogen mixed
with C4-C, hydrocarbons, carbon monoxide, and
mixtures of any of the foregoing.

The method of claim 1, wherein the reducing gas
also serves as the second cooling gas to reduce the
temperature of the catalyst bed from the second el-
evated temperature to the third elevated tempera-
ture.

The method of claim 9 wherein the third cooling gas
serves both to cool the catalyst bed to the fourth el-
evated temperature and to purge the reducing gas
from the catalyst bed.

The method of claim 1 wherein the second cooling
gas is introduced after the catalyst bed is at the de-
sired oxidation state, and serves to purge the reduc-
ing gas from the catalyst bed.

The method of claim 1 wherein the third cooling gas
is chemically inert.

The method of claim 1, wherein the third elevated
temperature is in the range of 155°C to less than
320°C.

The method of claim 1 wherein the fourth cooling
gas is air.

The method of claim 14 wherein the fourth elevated
temperature of the reactor is sufficiently low such
that, when the air is introduced into the reactor, the
chromium in the catalyst is not oxidized and the
fourth elevated temperature is in the range of 50°C
- 150°C.

Patentanspriiche

Ein Verfahren zum Abschalten eines Dehydrie-
rungsreaktors, wobei der Dehydrierungsreaktor ein
Katalysatorbett aufnimmt, das einen chromhaltigen
Katalysator enthalt, wobei das Katalysatorbett bei
einer ersten erhéhten Temperatur unter Standard-
Dehydrierungsbedingungen arbeitet,

wobei das Verfahren umfasst:

(a) Abklihlen des Katalysatorbetts mit einem
ersten Kiihlgas von der ersten erhdhten Tem-
peratur auf eine zweite erhdhte Temperatur, die
niedriger ist als die erste erhdhte Temperatur,

(b) Entfernen des ersten Kiihlgases aus dem
Katalysatorbett, wahrend das Katalysatorbett
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bei etwa dieser zweiten erhdhten Temperatur
gehalten wird,

(c) Behandeln des Katalysatorbetts mit einem
reduzierenden Gas flr einen ausreichenden
Zeitraum, um eine chemische Reduktion von
wenigstens einem Teil des Chroms im Kataly-
sator zu einem reduzierten Oxidationszustand
zu bewirken,

(d) Abkuhlen des Katalysatorbetts mit einem
zweiten Kuhlgas von der zweiten erhohten Tem-
peratur auf eine dritte erhdhte Temperatur, die
niedriger ist als die zweite erhdhte Temperatur,
(e) Entfernen des reduzierenden Gases aus
dem Katalysatorbett,

(f) Abkihlen des Katalysatorbetts mit einem drit-
ten Kuhlgas von der dritten erhdhten Tempera-
tur auf eine vierte erhéhte Temperatur, die nied-
riger ist als die dritte erhdhte Temperatur, und

(g) Abkuhlen des Katalysatorbetts mit einem
vierten Kiihlgas von der vierten erhdhten Tem-
peratur auf Umgebungstemperatur, wonach der
Reaktor abgeschaltet ist, und wobeiwenigstens
ein Teil des Chroms im Katalysator sich im re-
duzierten Oxidationszustand befindet.

Das Verfahren nach Anspruch 1, wobei die Abkihl-
geschwindigkeit des Katalysatorbetts von der ersten
erhohten Temperatur auf die zweite erhdhte Tem-
peratur nicht mehr als 50°C pro Stunde betragt.

Das Verfahren nach Anspruch 1, wobei das erste
Kihlgas erhitzte Luft ist.

Das Verfahren nach Anspruch 1, wobei die erste er-
hohte Temperatur im Bereich von 500°C bis 800°C
liegt.

Das Verfahren nach Anspruch 1, wobei das Entfer-
nendes ersten Kihlgases durch Evakuieren des Re-
aktors auf einen Druck von 0,5 atm oder weniger
erfolgt.

DasVerfahren nach Anspruch 1, wobei ein Gas, aus-
gewahlt aus Dampf, Stickstoff und Mischungen da-
von, zum Entfernen des ersten Kihlgases durch
Spulen verwendet wird.

Das Verfahren nach Anspruch 1, wobei die zweite
erhohte Temperatur im Bereich von mehr als 300°C
und weniger als die erste erhdhte Temperatur liegt.

Das Verfahren nach Anspruch 1, wobei das reduzie-
rende Gas ein Gas umfasst, ausgewahlt aus Dehy-
drierungs-Kohlenwasserstoffen, Propen, Erdgas,
Wasserstoff im Gemisch mit C4-C4-Kohlenwasser-
stoffen, Kohlenmonoxid und Mischung aus beliebi-
gen der obigen Gase.

10

15

20

25

30

35

40

45

50

55

9.

10.

1.

12.

13.

14.

15.

Das Verfahren nach Anspruch 1, wobeidas reduzie-
rende Gas auch als das zweite Kiihlgas zur Verrin-
gerungder Temperatur des Katalysatorbetts von der
zweiten erhohten Temperatur auf die dritte erhdohte
Temperatur dient.

Das Verfahren nach Anspruch 9, wobei das dritte
Kihlgas sowohl zum Abklihlen des Katalysatorbetts
auf die vierte erhéhte Temperatur als auch zum Ent-
fernen des reduzierenden Gases aus dem Kataly-
satorbett durch Spilen dient.

Das Verfahren nach Anspruch 1, wobei das zweite
Kihlgas erst eingebracht wird, wenn das Katalysa-
torbett sich im erwiinschten Oxidationszustand be-
findet, und zum Entfernen des reduzierenden Gases
aus dem Katalysatorbett durch Spulen dient.

Das Verfahren nach Anspruch 1, wobei das dritte
Kihlgas chemisch inert ist.

Das Verfahren nach Anspruch 1, wobei die dritte er-
hohte Temperaturim Bereich von 155°C bis weniger
als 320°C liegt.

Das Verfahren nach Anspruch 1, wobei das vierte
Kihlgas Luft ist.

Das Verfahren nach Anspruch 14, wobei die vierte
erhohte Temperatur des Reaktors ausreichend nied-
rig ist, so dass, wenn die Luft in den Reaktor einge-
bracht wird, das Chrom im Katalysator nicht oxidiert
wird, und die vierte erhohte Temperatur im Bereich
von 50°C - 150°C liegt.

Revendications

Procédé d’arrét d’un réacteur de déshydrogénation,
le réacteur de déshydrogénation présentant un lit
catalytique qui contient un catalyseur au chrome, le
lit catalytique fonctionnant a une premiére tempéra-
ture élevée dans des conditions de déshydrogéna-
tion classiques, le procédé comprenant :

(a) le refroidissement du lit catalytique avec un
premier gaz de refroidissement de la premiére
température élevée a une deuxiéme tempéra-
ture élevée plus basse que la premiere tempé-
rature élevée ;

(b) I'élimination du premier gaz de refroidisse-
ment du lit catalytique tout en maintenant le lit
catalytique a ladite deuxiéme température éle-
vée environ ;

(c) le traitement du lit catalytique par un gaz ré-
ducteur sur une période de temps suffisante
pour causer la réduction chimique d’au moins
une partie du chrome du catalyseur et son pas-
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sage a un état d’oxydation réduit ;

(d) le refroidissement du lit catalytique avec un
deuxiéme gaz de refroidissement de la deuxié-
me température élevée a une troisieme tempé-
rature élevée plus basse que la deuxiéme tem-
pérature élevée ;

(e) [I'élimination du gaz
catalytique ;

(f) le refroidissement du lit catalytique avec un
troisiéme gaz de refroidissement de la troisieme
température élevée a une quatrieme tempéra-
ture élevée plus basse que la troisiéme tempé-
rature élevée ; et

(9) le refroidissement du lit catalytique avec un
quatrieme gaz de refroidissement de la quatrié-
me température élevée a la température am-
biante, sur quoi le réacteur est arrété et ot au
moins une partie du chrome du catalyseur est a
I'état d’oxydation réduit.

réducteur du it

Procédé de la revendication 1, ou la vitesse de re-
froidissement du lit catalytique de la premiére tem-
pérature élevée a la deuxiéme température élevée
ne dépasse pas 50 °C par heure.

Procédé de la revendication 1, ou le premier gaz de
refroidissement est un air chauffé.

Procédé de la revendication 1, ou la premiére tem-
pérature élevée est dans la plage qui va de 500 °C
a 800 °C.

Procédé de la revendication 1, ou I'élimination du
premier gaz de refroidissement est effectuée par
évacuation du réacteur a une pression de 0,5 atm
ou moins.

Procédé de larevendication 1 ou un gaz sélectionné
parmi la vapeur, I'azote et des mélanges de ceux-ci
est utilisé pour éliminer ledit premier gaz de refroi-
dissement par une purge.

Procédé de la revendication 1, ol la deuxiéme tem-
pérature élevée est dans la plage qui dépasse 300
°C et est plus basse que la premiére température
élevée.

Procédé de la revendication 1, ou le gaz réducteur
comprend un gaz sélectionné parmi des hydrocar-
bures obtenus par déshydrogénation, le propyléne,
le gaz naturel, I'hydrogéne mélangé a des hydrocar-
bures en C4-C,4, le monoxyde de carbone etdes mé-
langes de quelconques de ceux-ci.

Procédé de la revendication 1, ou le gaz réducteur
sert également de deuxiéme gaz de refroidissement
pour abaisser la température du lit catalytique de la
deuxiéme température élevée a la troisiéme tempé-
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rature élevée.

Procédé de la revendication 9, ou le troisieme gaz
de refroidissement sert a la fois au refroidissement
du lit catalytique a la quatriéme température élevée
et a la purge du gaz réducteur hors du lit catalytique.

Procédé de la revendication 1, ou le deuxieme gaz
de refroidissement est introduit aprés que le lit de
catalyseur est a I'état d’oxydation désiré et serta la
purge du gaz réducteur hors du lit catalytique.

Procédé de la revendication 1, ou le troisieme gaz
de refroidissement est chimiquement inerte.

Procédé de la revendication 1, ou la troisiéme tem-
pérature élevée est dans la plage qui va de 155 °C
a moins de 320 °C.

Procédé de la revendication 1, ol le quatrieme gaz
de refroidissement est I'air.

Procédé delarevendication 14, ou la quatriéme tem-
pérature élevée du réacteur est suffisamment basse
pour que le chrome du catalyseur ne soit pas oxydé
a I'introduction de l'air dans le réacteur et ou la qua-
trieme température élevée est dans la plage qui va
de 50 °C a 150 °C.
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