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catalyst or hydrogen retention agent by contact- ing the catalyst or
retention agent with an oxy- The present invention relates to a process for
gen-containing gas thereby providing heat to the dehydrogenation of
hydrocarbons and/or ox-       maintain the catalyst at the elevated
tempera- ygenated hydrocarbons.                        5     ture.
Dehydrogenation processes, and in particular     (d) re-using the
regenerated catalyst system the dehydrogenation of alkanes, are well known.
from step (c) in step (a). The process generally employs a dehydrogenation
The process of the present invention can pro- catalyst which is contacted
by the feedstock to   vide a method for the dehydrogenation of hydro-
produce the dehydrogenated product and hydro-  10  carbons or oxygenated
hydrocarbons without the gen. The hydrogen may then be separated from
need for an external heat supply. High conversion the product stream to
provide the desired product.  rates can be obtained without the
co-production of It would be desirable to develop a process     undesirable
by-products. Furthermore, the cyclic having little or no external heat
input for the de-  nature of the process avoids the simultaneous
hydrogenation reaction, with or without separation   15  presence of free
oxygen and hydrocarbon or ox- into its individual components, to obtain
high con-  ygenated hydrocarbon in the reactor minimising version values
without the co-production of un-   loss of selectivity through carbon oxide
formation desirable by-products and avoiding the extensive  as experienced
in other oxidative dehydrogenation separation plant associated with
cracking.        processes. FR-A-2609982 discloses a dehydrogenation   20
The process of the present invention is particu- process using a catalyst
which consists of at least  larly suitable for the dehydrogenation of an
alkane one metal, one salt or one metal complex from     feed to the
corresponding alkene. Suitably, the Group Vila, Vil and lb and a hydrogen
capture    feed may comprise [err] alkanes. Suitably, the vehicle. During
the reaction, the hydrogen capture  alkane feed may comprise alkanes,
optionally with vehicle is converted into metal hydride MHz whose  25  one
or more aryl groups. Preferably, the alkane subsequent thermal
dehydrogenation leads to the   feed is [err] alkanes, especially [err] al-
formation of hydrogen and restores the capture    kanes. Alternatively, the
hydrocarbon feed may vehicle M in its initial form.
comprise oxygenated hydrocarbons. Suitably, the Chemical Abstract Vol. 114,
130165r discloses  oxygenated hydrocarbons are alcohols, e.g. al- a
supported metal catalyst. The catalyst comprises  30  iphatic alcohols of
[err] carbons. Preferably platinum and gold.
the alcohol is a [err] alcohol such as metha- Accordingly, the present
invention provides a  nol, ethanol and isopropanol. continuous process for
the dehydrogenation of a      The process may be operated at a conversion
hydrocarbon and/or oxygenated hydrocarbon feed,   and selectivity
sufficiently high so as to avoid distil- which process comprises contacting
the hydrocar-  35  lative purification, thereby economising on plant bon
and/or oxygenated hydrocarbon feed at an      and operating costs. Where
the feed comprises elevated temperature in a reaction zone with a
alkanes, the process may also be operated at a dehydrogenation catalyst
system characterised in  temperature sufficient to promote cracking, for
ex- that the dehydrogenation catalyst is a catalyst ca-  ample, for the
co-production of mixtures of ethene, pable of retaining hydrogen, or is a
catalyst incapa-  40  propane and butene from mixtures of ethane, pro- ble
of retaining hydrogen, said catalyst incapable of  pane, butane or higher
hydrocarbons. In this event, retaining hydrogen in combination with a
hydrogen  if individual alkenes are required, distillative separa-
retention agent; and                              tion and purification of
the mixed alkene product (a) is contacted with the feed to form a dehydro-
would be necessary. genated product and hydrogen, wherein at least  45  The
feed is contacted with a dehydrogenation some of the hydrogen formed is
adsorbed by      catalyst to produce the dehydrogenated product the
dehydrogenation catalyst or the hydrogen    and hydrogen. The
dehydrogenation catalyst must retention agent or reacted with the catalyst
or  either be capable itself of adsorbing the hydrogen the hydrogen
retention agent to reduce at least  or be combined with a hydrogen
retention agent. part of the catalyst or hydrogen retention agent;   so
The dehydrogenation catalyst per se or in com- (b) removing from the
reaction zone the de-     bination with a hydrogen retention agent must be
hydrogenated product and any hydrogen which     capable of retaining
hydrogen released in the de- is not adsorbed by or reacted with the
catalyst  hydrogenation process. Preferably, substantially all system;
of the hydrogen is reacted with or adsorbed by the (c) regenerating the
catalyst system by remov-  66  catalyst. The hydrogen may be retained
chemically ing at least some of the adsorbed hydrogen      or physically or
by a combination of both. The from the catalyst or hydrogen retention agent
catalyst should have preferably a greater affinity for and/or oxidising at
least some of the reduced   hydrogen than for oxygen or water, otherwise
these 2    
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preferentially retained, if oxygen is used  product and hydrogen. The
hydrogen produced is in step (c) of the present process. A suitable cata-
adsorbed by the catalyst. Unadsorbed hydrogen is lyst, for example, may be
one that retains oxygen  removed from the reaction chamber, but preferably
and converts hydrogen to water at a selectivity   the process is performed
so that there is substan- sufficient to prevent gross product contamination
5   tially no hydrogen with the dehydrogenated product with acid and carbon
oxides.                      leaving the chamber. Catalysts suitable for
use in the process and     Where the hydrogen is adsorbed on to the capable
of adsorbing hydrogen include reducible   catalyst, the adsorbed hydrogen
must be removed metal oxides, optionally with a metal selected from  from
the catalyst. Suitably, this may be carried out Group IB, IIB and Group Vil
of the periodic table.  to  by contacting the catalyst with a component
which Suitably, rare earth metal oxides, optionally with a  is capable of
being reduced by hydrogen, thus metal selected from the group including
nickel,   liberating the dehydrogenation catalyst. Suitably, palladium,
platinum, copper, silver and gold may  the catalyst may be contacted with
an oxygen- be employed in the process of the present inven-  containing
gas. The oxygen-containing gas may be tion. The preferred metal is one
which has little  is  suitably air or a synthetic gaseous mixture either
methanation activity, for example, gold. The cata-  richer or poorer in
molecular oxygen than air. Oxy- lysts may contain 1-30% such as 10-25% of
said    gen itself may also be employed. Alternatively, the metal,
especially gold (expressed by weight as    hydrogen may be removed by the
action of heat, metal, irrespective of whether it is present as metal
applying a vacuum or through the action of a and/or metal oxide); the
catalysts preferably consist  20  chemical reagent. Suitable chemicals
include car- essentially of the said metal and/or metal oxide,  bon
monoxide and carbon dioxide. Where the hy- and said rare earth metal oxide.
They may be      drogen is reacted with the catalyst in step (a) of the
made by impregnation of said rare earth metal     process of the present
invention, to form a reduced oxide by a solution of a thermally
decomposable   catalyst, the catalyst is then partly oxidised to salt of
said metal, or preferably by co-precipitation  25  regenerate the catalyst.
Suitably, an oxygen-con- by contact of base, e.g. ammonium bicarbonate,
taining gas may be used for the oxidation step. with a solution of salts of
the metal and rare earth  The overall reaction, for example, ethane and
metal, preferably by addition of said solution to  oxygen to ethene and
water is exothermic giving said base. The preferred catalyst is gold/ceria.
The  an adiabatic temperature rise of about 1,000 C in aforementioned
catalysts may have sufficient hy-  30  air. This heat may be removed by
performing the drogen retention ability not to require a separate
dehydrogenation reaction adiabatically, employing hydrogen retention agent,
although one may be     the ethane feed and the component used to re- used
if desired.                                  move the hydrogen from the
catalyst at ambient Catalysts incapable of adsorbing the hydrogen
temperature. If desired, the feed gases may be may also be used when
combined with a hydrogen  3s  pre-heated, suitably by partial flow
reversal. Pre- retention agent. Suitable catalysts include non-re-  heating
may reduce physical stress on the catalyst, ducible metal oxides, with a
metal selected from  but may also reduce the rate of heat removal from
Group IB, 11, IVA, VIB and VIII of the Periodic   the catalyst into the
passing gas, necessitating a Table. Preferably, the catalysts may be plati-
larger bed and increasing the total gas flow re- num/zinc on silicalite,
platinum/tin on alumina or  40  quired per unit of heat generated i.e. per
tonne of chromium oxide on alumina. Suitable hydrogen re-  product
produced. tention agents may be selected from Group VIA         Cycle times
which may be used in the opera- metal oxides and rare earth metal oxides,
espe-   tion of the process of the invention depend upon cially molybdenum
oxide, tungsten oxide and ceria.  factors such as bed dimensions and gas
velocity. Optionally, the oxide may comprise a second metal  45  Over the
chosen cycle time the heat capacity of a selected from the group comprising
nickel, pal-   bed of solid can be high compared to the gas ladium,
platinum, copper, silver and gold. Some of  passing through it, such that
there is a substantially the aforementioned dehydrogenation catalysts ca-
constant temperature over the cycle. A bed of the pable of adsorbing
hydrogen e.g. gold/ceria may   dehydrogenation catalyst may be maintained
at a be added to the non-reducible metal oxide, thus  so  uniform
temperature by controlling the hydrogen primarily acting as the hydrogen
retention agent.  adsorption capacity at each distance into the bed Where
it is desired to use a catalyst incapable of  such that the cooling due to
gas flow over the adsorbing hydrogen in combination with a hydro-   cycle
balances the heat produced at that position gen retention agent, the two
components may be    in the catalyst bed at burn off. This method of used
in a mole ratio of suitably 100:1 to 1:10,  56  temperature
control/stabilisation is made possible preferably 20:1 to 1:5 catalyst to
agent.         by the cyclic nature of the process and avoids the The feed
is firstly contacted with the dehydro-  need for an expensive reactor with
a large heat genation catalyst to produce the dehydrogenated   transfer
area as used for conventional fixed bed 3    



5                 EP 0543535 B1                      6 exothermic
reactions. Typically, the first stage of  to control the ethane feed per
cycle to match the the process which comprises feeding in the alkane
hydrogen adsorption capacity of the catalyst. Flow may comprise from one
tenth to a quarter the time  during the ethane phase is controlled to match
or involved in feeding in the component required to   be less than bed
activity. Too little feed per cycle remove the hydrogen and/or oxidise the
reduced   s   could manifest itself in a distorted temperature catalyst.
profile through the catalyst bed, in particular high at The elevated
temperature at which the de-       the inlet. Too little catalyst activity
could show as a hydrogenation process of step (a) is operated may
distorted temperature profile and a high-residual suitably be in the range
from  150 to 1200 C,      ethane content in the gas leaving reactor (1).
preferably 300-700 C. A temperature of about  10       Bed temperature can
be controlled by adjust- [err] is preferred. The pressure may suitably be
ing the time period and velocity of the air feed. A atmospheric,
subatmospheric or elevated.           longer admission time for air gives
lower tempera- An embodiment of the invention will now be     tures,
particularly at the inlet. Higher air flow rates described with reference
to the Figure 1 which     reduce the catalyst temperature, particularly at
the takes the form of a process flow sheet and to  15  outlet. Examples 1
and 2.                                      The foregoing description
assumes an ethane With reference to Figure 1, to a reactor (1) is  pressure
greater than blower discharge pressure fed for 2 seconds cold ethane via a
pressure con-  and an ethylene pressure below atmospheric pres- trol valve
(2), a steam accumulator (3) and a timed  sure, so that the non-return
devices can function. valve(4). The reactor (1) contains a bed of dehydro-
20   Flow through the reactor during the ethane input genation catalyst
pellets, the catalyst being capable  would be slightly greater than during
the air input of adsorbing hydrogen. In contact with the catalyst,  phase
because of the extra pressure drop. maintained at a temperature of about
500 C,            The ability of catalyst to strongly adsorb hy- ethane is
dehydrogenated to ethylene, the hydro-   drogen under low partial pressures
of hydrogen gen released thereby being retained by the cata-  25  and high
temperatures was determined using a lyst. After two seconds the timer valve
(4) closes  temperature programmed  desorption technique cutting off the
flow of ethane into the reactor.   (TPD). The catalysts were reduced in
hydrogen at Ethylene is removed from the reactor through    [err] and
purged at this temperature in an inert the heat exchanger (5) and the time
valve (6) by   gas for several hours before heating to [err] to suction at
slightly below -atmospheric pressure by a   3o  desorb the retained
hydrogen. The catalyst is suit- blower (7) into a gasometer (8).
ably capable of adsorbing/reacting with at least 2 Air is then driven by a
blower (9) through a    ml of hydrogen per gram of catalyst at [err]
non-retum  valve (10) into the reactor (1) for a   Metal-ceria catalysts
were all observed to retain period of 13 seconds, the timed valves (4) and
(6)  appreciable amounts of hydrogen at [err] (4 being closed. Combustion
of the retained hydrogen   35  cm3/g) whereas other metal oxide catalysts
investi- and any carbon deposits on the catalyst and/or     gated, e.g.
[err] showed no detectable hydro- oxidation of the reduced catalyst occurs
thereby   gen retention capacity. generating heat to maintain the catalyst
tempera- ture. Combustion gas exits from  the reactor       Example 1 -
Preparation of Gold/Ceria Catalyst through the heat exchanger (5) and a
non-return   40 device (11). A sufficient portion of the combustion    A
solution of cerous nitrate hexahydrate (10g) gas is recycled to the reactor
(1) via damper (12)  and hydrogen tetrachloroaurate (2g) in 25 cm3 of and
line (13) to the air feed in order to ensure that  water was added dropwise
with stirring to a satu- the oxygen concentration is below the flammable
rated aqueous solution (800 cm3) of ammonia bi- limit for safety reasons
and that the inlet tempera-  45  carbonate. The resultant precipitate was
separated ture of the gas into reactor (1) is warmed above the  by
filtration and washed three times by redisper- dew point; the remainder of
the combustion gas     sing in 500 cm3 of water followed by filtering. The
leaves through line 14 via damper (15).            washed precipitate was
then dried at [err] for 18 At the end of the 15 seconds cycle the timed
hours before crushing and sieving to give particles valve (4) opens
allowing a 'pig' of steam to be   5o  of 1 mm diameter. The catalyst
particles were then admitted to the reactor through line 16 from accu-
heated under flowing air or an inert gas at a flow mulator (3) where steam
has been accumulating      rate of 100 cm3 per minute from room temperature
because of its continuous admission through valve  to [err] at a heating
rate of [err] per minute. The (17). The 'pig' of steam serves to flush any
remain-  catalyst was then held at this temperature for 10 ing flue gases
from the reactor and to separate the   ss  hours before being cooled to
room temperature. ethane and air.                                    The
resulting catalyst was found to have 15% w/w The timed valves (4 and 6) are
controlled by a  gold and a surface area of 80m2 per gram. The timer (not
shown). Adjustment of the timer is used  prepared catalyst was tested for
its hydrogen re- 4    
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and showed to retain 4 [err] of   tern characterised in that the
dehydrogenation hydrogen at [err].
catalyst is a catalyst capable of retaining hy- drogen or is a catalyst
incapable of retaining Example 2 - Dehydrogenation of Ethane
hydrogen, said catalyst incapable of retaining 5      hydrogen in
combination with a hydrogen re- The process as described above with
reference     tention agent to Figure 1 was carried out at [err] in  a 7 mm
(a) is contacted with the feed to form a internal diameter quartz reactor
at 1 barA, using       dehydrogenated  product and  hydrogen, 25% v/v
ethane in helium at a flow rate of 40           wherein at least some of
the hydrogen cm3/min (at STP) and the gold/ceria catalyst (4 g)  10  formed
is adsorbed by the dehydrogenation prepared as disclosed in Example 1. The
regenera-       catalyst or the hydrogen retention agent or tion was
carried out at the same temperature, pres-     reacted with the catalyst or
the hydrogen sure and flow rate using 5% oxygen in helium.
retention agent to reduce at least part of the (i) Ethane Addition to a
Regenerated Catalyst         catalyst or hydrogen retention agent; Gas
chromatographic and mass spectral analy-  is     (b) removing from the
reaction zone the sis of the exit gas stream  indicated a high
dehydrogenated product and any hydrogen conversion of ethane to ethene
initially with no      which is not adsorbed by or reacted with hydrogen
being present. Water and some meth-          the catalyst system; ane were
also detected in the exit gas. The          (c) regenerating the catalyst
system by re- concentration of ethene reached a maximum,  20        moving
at least some of the adsorbed hy- 5% v/v, before decreasing to
approximately 1%         drogen from the catalyst or hydrogen reten- v/v.
5% v/v is above the expected thermody-           tion agent and/or
oxidising at least some of namic equilibrium value of 2% v/v. The conver-
the reduced catalyst or hydrogen retention sion and selectivity calculated
from the exit gas     agent by contacting the catalyst or retention
analysis gave a maximum in ethane conversion   25     agent with an
oxygen-containing gas there- of approximately 28% with an ethene
selectivity       by providing heat to maintain the catalyst at of 95%. The
conversion was then found to fall to     the elevated temperature.
approximately 4%  with a selectivity of 85%           (d) re-using the
regenerated catalyst system when hydrogen breakthrough into the exit gas
from step (c) in step (a). occurred as the hydrogen adsorption capacity of
30 the ceria became saturated. The thermodynamic   2. A process according
to claim 1 in which the equilibrium  conversion under the conditions
hydrocarbon feed comprises one or more al- used for the experiments was
approximately         kanes. 8%. An intermediate purge using helium rather
than   35  3. A process according to claim 2 in which the steam was used to
separate the ethane and          alkane is a [err] alkane. oxygen
containing gases. (ii) Regeneration                               4. A
process according to claim 1 in which the Gas chromatographic and mass
spectral analy-       hydrocarbon feed is an alcohol. sis of the exit gas
showed a large quantity of  40 carbon dioxide to be released from the
catalyst  5. A process according to claim 4 in which the bed prior to
oxygen breakthrough into the exit     alcohol is a [err] to [err] alcohol.
gas. Some water was also observed. The cumulative performance data
calculated      6. A process according to any one of the preced- through a
complete process cycle (starting at  45  ing claims in which the
dehydrogenation cata- the regeneration stage) gives a cumulative
lyst capable of adsorbing hydrogen is a reduc- ethane conversion of
approximately 28% with a      ible metal oxide, optionally with a metal se-
cumulative ethene selectivity of 20%  at the       lected from Group lB,
11B and Group Vil of the maxima in ethene productivity.
periodic table. 50 Claims                                            7. A
process according to claim 6 in which the dehydrogenation catalyst is
gold/ceria. 1. A continuous process for the dehydrogenation of a
hydrocarbon and/or oxygenated hydrocar-   8. A process according to any one
of claims 1 to bon feed, which process comprises contacting   55  5 in
which the dehydrogenation catalyst in- the hydrocarbon and/or oxygenated
hydrocar-       capable of adsorbing hydrogen is a non-reduc- bon feed at
an elevated temperature in a reac-    ible metal oxide with a metal
selected from tion zone with a dehydrogenation catalyst sys-    Group lB.
11B, IVA VIB and Vil of the periodic 5    



7                EP0543535B1                        8 tention capability
and showed to retain 4 cm3/g of   tern characterised in that the
dehydrogenation hydrogen at 400C.
catalyst is a catalyst capable of retaining hy- drogen or is a catalyst
incapable of retaining Example 2 - Dehydrogenation of Ethane
hydrogen, said catalyst incapable of retaining 5      hydrogen in
combination with a hydrogen re- The process as described above with
reference    tention agent to Figure 1 was carried out at 500 *C in a 7 mm
(a) is contacted with the feed to form a internal diameter quartz reactor
at 1 barA, using      dehydrogenated  product and  hydrogen, 25% v/v ethane
in helium at a flow rate of 40          wherein at least some of the
hydrogen [err] (at STP) and the gold/ceria catalyst (4 g)  10  formed is
adsorbed by the dehydrogenation prepared as disclosed in Example 1. The
regenera-      catalyst or the hydrogen retention agent or tion was carried
out at the same temperature, pres-     reacted with the catalyst or the
hydrogen sure and flow rate using 5% oxygen in helium.           retention
agent to reduce at least part of the (i) Ethane Addition to a Regenerated
Catalyst        catalyst or hydrogen retention agent; Gas chromatographic
and mass spectral analy-  15     (b) removing from the reaction zone the
sis of the exit gas stream  indicated a high         dehydrogenated product
and any hydrogen conversion of ethane to ethene initially with no     which
is not adsorbed by or reacted with hydrogen being present. Water and some
meth-         the catalyst system; ane were also detected in the exit gas.
The          (c) regenerating the catalyst system by re- concentration of
ethene reached a maximum,  20       moving at least some of the adsorbed
hy- 5% v/v, before decreasing to approximately 1%        drogen from the
catalyst or hydrogen reten- v/v. 5% v/v is above the expected thermody-
tion agent and/or oxidising at least some of namic equilibrium value of 2%
v/v. The conver-        the reduced catalyst or hydrogen retention sion and
selectivity calculated from the exit gas    agent by contacting the
catalyst or retention analysis gave a maximum in ethane conversion   25
agent with an oxygen-containing gas there- of approximately 28% with an
ethene selectivity      by providing heat to maintain the catalyst at of
95%. The conversion was then found to fall to     the elevated temperature.
approximately 4%  with a selectivity of 85%          (d) re-using the
regenerated catalyst system when hydrogen breakthrough into the exit gas
from step (c) in step (a). occurred as the hydrogen adsorption capacity of
30 the ceria became saturated. The thermodynamic  2. A process according to
claim 1 in which the equilibrium  conversion under the conditions
hydrocarbon feed comprises one or more al- used for the experiments was
approximately         kanes. 8%. An intermediate purge using helium rather
than   35  3. A process according to claim 2 in which the steam was used to
separate the ethane and          alkane is a [err] alkane. oxygen
containing gases. (ii) Regeneration                              4. A
process according to claim 1 in which the Gas chromatographic and mass
spectral analy-       hydrocarbon feed is an alcohol. sis of the exit gas
showed a large quantity of  40 carbon dioxide to be released from the
catalyst  5. A process according to claim 4 in which the bed prior to
oxygen breakthrough into the exit     alcohol is a [err] alcohol. gas. Some
water was also observed. The cumulative performance data calculated     6.
A process according to any one of the preced- through a complete process
cycle (starting at  45  ing claims in which the dehydrogenation cata- the
regeneration stage) gives a cumulative        lyst capable of adsorbing
hydrogen is a reduc- ethane conversion of approximately 28% with a
ible metal oxide, optionally with a metal se- cumulative ethene selectivity
of 20%  at the      lected from Group IB, IIB and Group Vil of the maxima
in ethene productivity.                     periodic table. 50 Claims
7. A process according to claim 6 in which the dehydrogenation catalyst is
gold/ceria. 1. A continuous process for the dehydrogenation of a
hydrocarbon and/or oxygenated hydrocar-  8. A process according to any one
of claims 1 to bon feed, which process comprises contacting   55  5 in
which the dehydrogenation catalyst in- the hydrocarbon and/or oxygenated
hydrocar-       capable of adsorbing hydrogen is a non-reduc- bon feed at
an elevated temperature in a reac-   ible metal oxide with a metal selected
from tion zone with a dehydrogenation catalyst sys-    Group IB, IIB, IVA
VIB and VIII of the periodic 5    
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Warme geliefert wird, urn den Katalysator auf der erhohten Temperatur zu
halten; 9. A process according to any one of the preced-          (d)
Wiederverwenden des regenerierten Ka- ing claims in which the elevated
temperature is       talysatorsystems aus Schritt (c) in Schritt from 150
to 1200 C.                         5          (a). 10. A process according
to claim 8 in which the     2. Verfahren gemAB Anspruch 1, bei dem  der
elevated temperature is from 500 to [err].       Kohlenwasserstoffzustrom
ein oder mehrere Alkane umfaft. 11. The use of a dehydrogenation catalyst
capable  10 of retaining hydrogen or a dehydrogenation      3  Verfahren
gemaB Anspruch 2, bei dem  das catalyst incapable of retaining hydrogen in
Alkan ein C2-, C3- oder C4-Alkan ist. combination with a hydrogen retention
agent in the dehydrogenation of a hydrocarbon and/or     4. Verfahren gemaB
Anspruch 1, bei dem  der oxygenated hydrocarbon feed.                15
Kohlenwasserstoffzustrom ein Alkohol ist. Patentansprache
5. Verfahren gemiaB Anspruch 4, bei dem der Alkohol ein C, - bis
C20-Alkohol ist. 1. Kontinuierliches Verfahren zur Dehydrierung eines
Zustroms   aus   Kohlenwasserstoff  20  6. Verfahren gemaB einem  der
vorangehenden K-'    und/oder sauerstoffhaftigem Kohlenwasserstoff,
AnsprUche, bei dem der Dehydrierungskataly- umfassend das
In-Kontakt-Bringen des Zu-            sator, der Wasserstoff adsorbieren
kann, ein stroms aus Kohlenwasserstoff und/oder sauer-        reduzierbares
Metalloxid ist, gogebenenfalls stoffhaltigem  Kohlenwasserstoff bel
erhohter       mit einem Metall, das aus Gruppe lB, IIB und Temperatur in
einer Reaktionszone mit einem   25    Gruppe Vil des Periodensystems
ausgewAhIt Dehydrierungskatalysatorsystem, dadurch ge-         wird.
kennzeichnet, daB es sich bei dem Dehydrie- rungskatalysator urn einen
Katalysator, der     7. Verfahron gemaB Anspruch 6, wobei es sich
Wasserstoff zurtckhalten kann, odor urn einen       bei  dem
Dehydrierungskatalysator   um Katalysator, der keinen Wasserstoff
zurlckhal-  3o  Gold/Coroxid handelt. ten kann, handelt, wobei der
Katalysator, der keinen Wasserstoff zurUckhalten kann, in Kom-   &
Verfahren gemlS einerm der Anspr~che 1 bis bination mit einem
Wasserstoffruckhaltemittel       5, bei dem der Dehydrierungskatalysator,
der vorliegt,                                           keinen  Wasserstoff
adsorbieren  kann, ein (a) unter Bildung eines dehydrierten Pro-  35
nichtreduzierbares Metalloxid mit einem Metall, dukts und Wasserstoff mit
dem Zustrom in          das aus Gruppe lB, IIB, IVA, VIB und Vil des
Kontakt gebracht wird, wobei wenigstens ein       Periodensystems
ausgewAhlt wird, ist. Teil des gebildeten Wasserstoffs von dem
Dehydrierungskatalysator oder dem  Was-       9. Verfahren gemfB einem  der
vorangehenden serstoffrOckhaltemittel adsorbiert wird oder  40  AnsprUche,
bei dem die erhohte Temperatur unter Reduktion wenigstens eines Teils des
150 bis 1200 * C betrigt. Katalysators odor Wasserstoffrlckhaltemit- tels
mit dem Katalysator odor dem Wasser-     10. Verfahren gemalB Anspruch 9,
bei dem  die stoffruckhaltemittel umgesetzt wird;              erhohte
Temperatur 500 bis 1200 * C betragt. (b) Entfernen des dehydrierten
Produkts  45 und des Wasserstoffs, der nicht von dem       11. Verwendung
eines Dehydrierungskatalysators, Katalysatorsystem adsorbiert odor mit die-
der Wasserstoff zurickhalten kann, odor eines sem umgesetzt wurde, aus der
Reaktions-           Dehydrierungskatalysators, der keinen Wasser- zone;
stoff zurflckhalten kann, in Kombination mit (c) Regenerieren des
Katalysatorsystems   50     einem Wasserstoffrdckhaltemittel bei der Deh-
durch Entiernon wenigstens sines Teils des        ydrierung eines Zustroms
aus Kohlenwasser- adsorbierten Wasserstoffs aus dem Kataly-        stoff
und/oder sauerstoffhaltigem  Kohlenwas- sator   oder
Wasserstoffrackhaltemittel        serstoff. und/oder Oxidieren wenigstens
eines Teils des reduzierten Katalysators odor Wasser-  5s   Revendicatlons
stoffrUckhaltemittels durch In-Kontakt-Brin- gen des Katalysators oder
RUckhaltemittels    1. Procedd  continu de deshydrogenation d'une mit einem
sauerstoffhaltigen Gas, wodurch        charge d'hydrocarbures et/ou
d'hydrocarbures 6                     1 Ilull11 IIIIII 11111 Il1lE II ll1l
11                EP 0543635 B1                     12 oxygdnds, procedd
qui comprend la mise en         facultativement avec un metal choisi dans
les 



contact de la charge d'hydrocarbure etlou         groupes IB, IIB et VIII
du Tableau Periodique. d'hydrocarbure oxyg6n6 a une temperature eleveo dans
une zone reactionnelle avec une    7. Procede suivant la revendication 6,
dans lequel formulation de catalyseur de deshydrogena-   5    le catalyseur
de deshydrogenation consiste en tion, caracterisa en ce quo le catalyseur
de      or/oxyde de cerium. ddshydrogdnation est un catalyseur capable de
retenir l'hydrogbrie, ou est un catalyseur inca-  &  Proc6de suivant l'une
quelconque des revendi- pable de retenir l'hydrogbne, ledit catalyseur
cations 1 & 5, dans loquel le catalyseur de incapable de retenir
I'hydrogbne, en associa-  10  d6shydrog~nation incapable d'adsorber l'hy-
tion avoc un agent de retention d'hydrogbne,      drogene est un oxyde
mdtallique non r6ducti- (a) est mis en contact avec la charge d'ali-    ble
forme avec un mdtal choisi dans les grou- mentation pour former un produit
de deshy-      pes IB, IIB, IVA, VIB et VIil du Tableau Periodi-
drog6nation et de I'hydrogbne, au moins         quo. une partie de
l'hydrogene formd etant ad-  15 sorbde par le catalyseur de deshydrogena-
9. Proc6d4 suivant l'une quelconque des revendi- tion ou I'agent de
retention d'hydrogbne ou     cations pr~c~dentes, dans lequel la temp~ratu-
ttant soumise a une reaction avec le cataly-   re elevoe est comprise dans
l'intervalle de 150 sour ou I'agent de retention d'hydrogbne        a 1200
C. pour reduire au moins une partie du cataly-  20 seur ou de I'agent de
retention d'hydrogene  10. Procede suivant la revendication 9, dans loquel
la temperature eIevee est comprise dans l'in- (b) le produit de
d6shydrogenation et toute    tervalle de 500 a 1200 C. quantit6 d'hydrogbne
qui n'est pas adsor- beo par, ou amenee a reagir avec, la formu-  25  11.
Utilisation d'un catalyseur de deshydrogenation lation de catalyseur sont
evacues de la         capable de retenir l'hydrogbne ou d'un cataly- zone
rdactionnelle;                             sour de deshydrogdnation
incapable de retenir (c) la formulation de catalyseur est rdg6n6-
I'hydrogbne on association avec un agent de roe en eliminant au moins une
partie de         rdtention d'hydrogbne dans la d6shydrog6na- I'hydrogene
adsorb6 du catalyseur ou de   30   tion d'une charge d'hydrocarbures eotou
d'hy- I'agent de retention d'hydrogbne et/ou en       drocarbures oxygenes.
oxydant au moins une partie du catalyseur ou de I'agent de retention
d'hydrogbne rd- duit par mise on contact du catalyseur ou de l'agent de
retention avec un gaz conte-  35 nant de I'oxygbne, ce qui fournit de la
cha- leur pour le maintien du catalyseur & la temperature elevde; (d) la
formulation de catalyseur rdgener~e de l'6tape (c) est reutilisee dans
I'4tape (a).   40 2. Procdd6 suivant la revendication 1, dans lequel la
charge d'hydrocarbures comprend un ou plusieurs alcanes. 45 3. Procede
suivant la revendication 2, dans lequel I'alcane est un alcane en C2, C3 ou
C4. 4. Procede suivant la revendication 1, dans loquel la charge
hydrocarbon6e est un alcool.    50 5. Procede suivant la revendication 4,
dans lequel I'alcool est un alcool en C, a C20. 6. Procede suivant lune
quelconque des revendi-  s5 cations pr6cedentes, dans lequel le catalyseur
de deshydrog6nation capable d'adsorber l'hy- drogene est un oxyde
m6tallique reductible, 7                       l   Ill ll 11    


