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reaction temperature is to introduce oxygen into the reaction mixture by
way of oxygen or an oxy- It has been known in the prior art that unsatu-
gen-containing gas such as air which will burn rated hydrocarbons may be
obtained from the de-  the hydrogen formed during the dehydrogenation
hydrogenation of dehydrogenatable hydrocar-   5   reaction, this combustion
resulting in an exother- bons. The dehydrogenation may be effected by
mic reaction which will provide the necessary subjecting the
dehydrogenatable hydrocarbons     amount of heat and, in addition, will
shift the to a dehydrogenation process at dehydrogenation  equilibrium
toward production of styrene since conditions in the presence of certain
catalytic  the hydrogen formed in the dehydrogenation is compositions of
matter which possess the ability  70  consumed. Consequently, a higher
conversion to dehydrogenate said compounds with the resul-  and higher
styrene selectivity are achievable. tant formation of olefinic
hydrocarbons. The par-  The combustion of hydrogen with the oxygen ticular
dehydrogenation catalysts which are em-  in the oxygen-containing gas
requires the pre- ployed are well known in the art and comprise   sence of
an oxidation catalyst. There are some key such compounds as nickel
composited on a solid  15  requirements for the oxidation catalyst to be
us- support such as diatomaceous earth, kieselguhr,  able for such a
purpose. The most important cata- charcoal and iron composited on the same
lyst property required is good stability since the supports.
oxidation catalyst must survive under very severe Other dehydrogenation
processes have em-       reaction conditions, e.g. at 600[err] to 650[err]C
in the ployed, in addition to the dehydrogenation cata-  20   presence of
steam. Under such conditions, po- lysts, an oxidation catalyst in the
reaction process.  rous inorganic materials such as aluminas, silicas The
presence of the oxidation catalyst is necessi-  and zeolites cannot
maintain their pore structures tated by the fact that it is advantageous to
oxidize  for a long period of time, resulting in the perma- the hydrogen
which is produced by contact with   nent damage of catalysts prepared using
such an oxygen-containing gas in order to maintain the   25   materials as
supports, e.g., platinum supported on desired reaction temperature. For
example, sty-  a porous high surface area alumina, silica, or zeo- rene,
which is an important chemical compound   lite. Secondly, the oxidation
catalyst must be very utilized for the preparation of polystyrene, plas-
active to achieve complete conversion of oxygen tics, resins or synthetic
elastomers such as styre-  to avoid poisoning of iron-based dehydrogena-
ne-butadine rubber, may be prepared from the  .10  tion catalysts which are
sensitively oxidized with dehydrogenation of ethylbenzene. The dehydro-
oxygen to lose their dehydrogenation activities. genation of ethylbenzene
into styrene, which is  Thirdly, the oxidation catalyst must be selective
effected by treating ethylbenzene with steam in  for oxidation of hydrogen.
Otherwise, ethylben- the presence of a modified iron catalyst, is endo-
zene and styrene are consumed to lower the effi- thermic in nature. The
heat of reaction is about 30   35   ciency of styrene production. Kcal per
mole of ethylbenzene. Therefore, the     Various U.S. patents have
described types of temperature of the catalyst bed decreases signifi-
oxidation catalysts which may be employed in cantly during the progress of
the reaction in a  this process. For example, US-A-3 347 703 de- commercial
adiabatic reactor resulting in limita-  scribes a catalytic dehydrogenation
process tion of ethylbenzene conversion to a low level.  40   which
employs, as a dehydrogenation catalyst, a The limitation of conversion
arises from the fact  composition known in the trade as Shell-1 05 that the
equilibrium conversion of ethylbenzene is  which consists of from 87% to
90% ferric oxide, lowered and the rate of ethylbenzene dehydro-    2% to 3%
chromium oxide, and from 8% to 10% of genation decreases as the reaction
temperature   potassium oxide. In addition, another dehydro- decreases. The
decrease of temperature adversely  45   genation catalyst which is employed
comprises a effects not only the conversion level, but also the  mixture of
nickel, calcium, chromic oxide, gra- selectivity for styrene, since at
equilibrium condi-  phite with a major portion of a phosphate radical.
tions, only undesirable side reactions continue to  In addition to these
dehydrogenation catalysts, take place. Therefore, it is necessary to
maintain  the reaction also employs a catalyst for the oxid- the desired
temperature level in order to provide a   50   ation step of the process
comprising platinum or high equilibrium conversion level and a high reac-
palladium in elemental form or as a soluble salt. tion rate. In the
conventional process, the main-  US-A-3 380 931 discloses an oxidation
catalyst tenance of temperature is attained by reheating  which may be used
in the oxidative dehydrogena- the product stream with the addition of
super-  tion of compounds such as ethylbenzene to form heated steam between
dehydrogenation catalyst  55  styrene comprising an oxide of bismuth and an
beds using a multicatalyst bed reactor system.   oxide of a metal of Group
VIB of the Periodic However, consumption of the additional super-    Table
such as molybdenum oxide, tungsten oxide heated steam is considerably high
and makes the  or chromium oxide. In addition, the patent also
dehydrogenation process costly. Accordingly,     states that minor amounts
of arsenic may also be significant process economic improvements over  60
present in the catalytic composite as well as other the conventional
ethylbenzene dehydrogenation    metals or metalloids such as lead, silver,
tin, man- processes can be achieved if the reaction temper-  ganese,
phosphorus, silicon, boron and sulfur. ature is somehow maintained while
eliminating or   US-A- 3 855 330 discloses a method for the 



reducing the additional superheated steam. One   production of styrene in
which ethylbenzene is method of providing for the maintenance of the  65
treated in the vapor state by passage over a dehy- 2    3
EP 0196758 B1                    4 drogenation catalyst and an oxidation
catalyst    shown in greater detail, we have now discovered while
introducing oxygen into the reaction me-    that if the support for the
metallic portions of the dium. The dehydrogenation catalysts which are
catalyst, is a metal oxide which has been treated employed are those which
have been set forth in   in a certain manner before use, the resulting
cata- various prior U.S. patents and which may be simi-   5   lyst is
superior to those which have been used in lar in nature to the
dehydrogenation catalysts pre-  prior processes. viously discussed. The
types of oxidation cata-     This invention provides a solution to the pro-
lysts which may be employed will include plati-    blem posed by
insufficient catalyst stability in the num or palladium catalysts which are
composited   selective oxidation of hydrogen in the presence of on alumina
or molecular screens of the zeolite  10   dehydrogentable and
dehydrogenated hydro- type which have been charged with ferrous,
carbons. heavy or noble metals. The patent lists the types   This invention
relates to an improvement in an of catalysts which are employed including
copper   oxidation process that constitutes a stage in a or various
zeolites, platinum on alumina, platinum  process for the dehydrogenation of
dehydroge- on spinel, platinum and sodium on zeolites, plati-  15   natable
hydrocarbons. More specifically, the in- num, sodium and pofassium on
zeolites, etc.       vention is concerned with a process for the dehy-
US-A-3 670 044 discloses a method for dehy-      drogenation of a
dehydrogenatable hydrocarbon drogenating cycloalkane, arylalkane and
alkanes    in which the hydrocarbon which is to undergo in the presence of
gaseous hydrogen or mixture of  treatment is subjected firstly to a
dehydrogena- gaseous hydrogen and gaseous oxygen using a   20  tion step in
the presence of a dehydrogenation catalyst composition comprising a Group
VIII me-   catalyst. This dehydrogenation step is followed tal or a mixture
of a Group VIII metal and a Group  secondly by a selective oxidation step
which is IVA metal deposited on a support comprising a      improved in
accordance with the invention, Group II aliminate spinel. It is noted that
the pa-  wherein the product mixture which results from tentee teaches that
added hydrogen is used in  25  the aforementioned dehydrogenation step is
connection with the oxygen, and that when only     treated in the presence
of certain catalyst compo- oxygen is used, the conversion and selectivity
are  sitions which are hereinafter set forth in greater generally low. The
addition of hydrogen is be-     detail, in such a manner whereby the
hydrogen lieved to be a significant disadvantage in the de-  which is
present, and which has resulted from the hydrogenation process in as much
as the equili-  30   dehydrogenation step, is selectively oxidized with
brium conversion is lowered. This is in contradis-  a concomitant minimum
oxidation of the hydro- tinction to the process of the present invention
carbons. By utilizing the particular support for the wherein the
dehydrogenation process, prior to      selective oxidation catalyst, it is
possible to obtain the oxidation step, is not effected in the presence  the
desired dehydrogenated hydrocarbons in a re- of any added hydrogen. As will
hereinafter be   35  latively high yield as well as maintaining the sta-
shown in greater detail, the present process re-   bility and activity of
the catalyst to a greater de- sults in the selective oxidation of hydrogen
with a  gree than has heretofore been experienced. By concomitantly lower
selectivity to carbon mon-     maintaining the aforementioned stability and
ac- oxide and carbon dioxide. In addition, the paten-  tivity, it is
possible to obviate the necessity for re- tee teaches the use of one
catalyst for both dehy-   40  latively frequent changes of the catalyst or,
in the drogenation and oxidation which is in contrast to  alternative,
regenerating the catalyst, thereby the separate dehydrogenation and
oxidation cata-   adding to the commercial attractiveness and eco- lysts
which are used in the present process.       nomical feasibility  of the
dehydrogenation In addition to the aforementioned US patents,    process.
US-A-4 435 607 discloses a method for the de-   45    In one embodiment,
this invention provides a hydrogenation of dehydrogenatable hydrocar-
process for the production of an unsaturated hy- bons utilizing a two-step
process which includes  drocarbon by the dehydrogenation of a dehydro-
dehydrogenation followed by a selective oxida-     genatable hydrocarbon
comprising contacting tion process, the dehydrogenation and oxidation   the
dehydrogenatable hydrocarbon with a dehy- steps both being carried out at a
temperature of  50   drogenation catalyst and steam, but without ad- 500 to
700 C, and a pressure of 0,1 to 10 atmo-    dition of hydrogen, at
dehydrogenation condi- spheres (0,01 to 1,0 MPa). The catalyst which is
tions to produce a first effluent mixture compris- employed for the
selective oxidation will comprise  ing dehydrogenatable hydrocarbon,
dehydroge- a noble metal of Group VIII, a metal of Group IVA  nated,
unsaturated hydrocarbon, steam and hy- and, if so desired, a metal of Group
IA or IIA of the   55   drogen, contacting the first effluent mixture in
the Periodic Table composited on a highly porous in-   presence of oxygen
with an oxidation catalyst organic support, e.g. alumina. The catalyst is
pre-  different from the dehydrogenation catalyst com- 



pared by a sequence of impregnation steps, with    prising a Group Vil
noble metal, a Group IVA me- the Group VIII, the Group IVA, and finally the
tal and a Group IA or IIA metal composited on a Group IA or IIA metal; each
impregnation being   60   highly porous alumina support at oxidation con-
followed by calcining at 500 to 600[err]C. Alterna-    ditions, including a
temperature of 500 to 700 'C. tively the support can be impregnated with a
so-   and a pressure of 0,1 to 10 atmospheres (0,01 to lution containing
all the catalytic metals, fol-   1,0 MPa), for the selective oxidation of
the hy- lowed, as in the other embodiment, by calcining    drogen content
of the first effluent mixture. Ac- at 500 to 600[err]C. However, as will
hereinafter be   65   cording to the invention, the dehydrogenated, 3    5
EP 0196 758 B1                  6 unsaturated hydrocarbon, characterized in
that    vary according to the size or type of apparatus the alumina support
of the oxidation catalyst has  which is employed, the number of alternate
layers been calcined at a temperature of from 900 to     ranging from three
to nine. As will hereinafter be 1500[err]C before impregnation thereon of
all of the  shown, the dehydrogenation catalyst and the metallic portions
of said oxidation catalyst.  5   oxidation catalyst are different in
nature. Ex- A specific embodiment of this invention is      amples of
dehydrogenation catalysts which may found in a process for the
dehydrogenation of     be employed will comprise an alkaline earth me-
ethylbenzene, which comprises contacting said     tal-promoted iron
compound. The term <<alkaline ethylbenzene with a dehydrogenation catalyst
metal>> as used in the present specification and comprising an alkaline
metal-modified iron cata-  to   appended claims will refer to metals of
Groups IA lyst at a temperature of from 500 to 700 C and a  and IIA of the
Periodic Table which includes li- pressure from 0,1 to 10 atmospheres (0,01
to      thium, sodium, potassium, rubidium, cesium, be- 1,0 MPa) in the
presence of steam, thereafter     ryllium, magnesium, calcium, strontium
and ba- contacting the resultant mixture of unconverted   rium. In
addition, the promoted iron compound ethylbenzene, styrene, hydrogen and
steam with  15  catalyst will, in the preferred embodiment of the air at a
temperature of from 500 to 700[err]C and a   invention, also include a
compound containing a pressure from 0,1 to 10 atmospheres (0,01 to
metal of Groups IVB, VB and VIB of the Periodic 1,0 MPa) in the presence of
a catalyst comprising  Table. For example, a typical dehydrogenation ca - a
mixture of platinum, tin and lithium composited  talyst which may be
employed in the process of on an alumina support which has been calcined at
20  this invention will consist essentially of about a temperature from 900
to 1500 [err]C before im-      85% by weight of ferric oxide, 12% by weight
of pregnation thereon of the platinum, tin and li-   potassium oxide, 2% by
weight of chromia and thium, whereby hydrogen is selectively oxidized,  1%
by weight of sodium hydroxide. Another typ- and recovering the desired
styrene.               ical dehydrogenation catalyst which may be used As
hereinbefore set forth, the present invention   25   comprises 90% by
weight of ferric oxide, 4% by is most advantageously concerned with a dehy-
weight of chromia and 6% by weight of potas- drogenation process which
involves the use, in    sium carbonate. In addition to these catalysts, one
step of the process, of a selective oxidation  other well-known
dehydrogenation  catalysts catalyst which will provide increased stability
as  which may be utilized will include those compris- well as eliminating
the shrinkage in the volume of  30  ing ferric oxide, potassium oxide, as
well as other the catalyst composition which is attendant on    metal
oxides and/or sulfides of metals of Groups prior catalyst compositions used
in the same       A, IIA, IVB, VB and VIB of the Periodic Table in-
process.                                          cluding those of calcium,
lithium, strontium, In the present process, a dehydrogenatable hy-
magnesium, beryllium, zirconium, tungsten, mo- drocarbon of the type
hereinafter set forth in  35  lybdenum, hafnium, vanadium, copper, chromium
greater detail, is contacted with a dehydrogena-  and mixtures of two or
more oxides such as chro- tion catalyst in the presence of steam in a
multica-  mia-alumina, chromia-titania, alumina-vanadia. talyst bed system.
In as much as the dehydroge-     The dehydrogenation of a dehydrogenatable
nation of the hydrocarbon is endothermic in na-   hydrocarbon such as, for
example, ethylbenzene, ture, it is necessary to provide an additional  40
is effected by contacting the dehydrogenatable amount of heat before the
product enters the next  hydrocarbon and steam, in the absence of any
catalyst bed, the reaction temperature being held  added hydrogen, with the
aforesaid catalyst at de- at a relatively high rate in order to provide a
high  hydrogenation conditions which include a tem- equilibrium conversion
as well as a high reaction  perature from 500[err] to 700 [err]C and a
reaction pres- rate. One method of effecting this increase in the   45
sure from 0,1 to 10 atmospheres (0,01 to 1,0 desired temperature is to
provide an internal cata-  HPa); the exact dehydrogenation conditions are.
lytic combustion of the hydrogen which is pro-     however, a function of
the particular dehydroge- duced during the dehydrogenation reaction in
natable hydrocarbon undergoing dehydrogena- order to reheat the product to
the desired level. By  tion. Other reaction conditions will include a Liq-
effecting a selective oxidation of the hydrogen, it  50   uid Hourly Space
Velocity based on the hydrocar- is possible to avoid the use of superheated
steam  bon charge of from 0,1 to 10 hrs' and steam to 



or other outside sources of heat. This selective  hydrocarbon weight
rations from 1:1 to 40:1. The oxidation of hydrogen with the resultant
compo-   number of dehydrogenation zones of the catalyst sition thereof is
effected by utilizing a selective  beds may varv from 1 to about 5 in
number and oxidation catalyst of the type hereinafter set forth  55
typically may comprise three reaction zones; how in greater detail, the
selective oxidation catalyst  ever, the number of zones is not critical to
the in- maintaining its stability and activity for a consid-  vention.
After contacting the dehydrogenation erabel length of time.
catalyst with the steam and hydrocarbon, the re- The process of the present
invention may be ef-  sulting mixture comprising unconverted hydro- fected
by utilizing an apparatus in which the de-   60   carbon, dehydrogenated
hydrocarbon, steam and hydrogenation catalyst and the oxidative catalyst,
hydrogen which has passed through the catalyst both of the type hereinafter
set forth in greater de-  bed is contacted in a separate zone with the
selec- tail, are loaded in the apparatus in alternate layers.  tive
oxidative catalytic composition of the type The number of alternate layers
of dehydrogena-     hereinafter set forth in greater detail. In addition,
tion catalyst and selective oxidative catalyst may   65   oxygen-containing
gas is introduced into the 4    7              EP 0196 758 B1
8 reactor, preferably at a point adjacent to the oxi-  and minimize the
carbon formation thereon, the dative catalyst bed. Examples of
oxygen-contain-    catalyst support must be calcined at a relatively ing
gases which may be utilized to effect the se-   high temperature in order
to decrease the surface lective oxidation of the hydrogen which is present
area, this decrease in surface area contributing to will include air,
oxygen, air or oxygen diluted with    5    the stability of the catalyst.
Conventional oxida- other gases such as steam, carbon dioxide and in-
tion catalysts utilizing a porous support such as ert gases such as
nitrogen, argon, helium. The      alumina which had been calcined at
relatively low amount of oxygen which is introduced to contact
temperatures, i.e., below 900 [err]C or lower, lose sur- the product stream
may range from 0,1:1 to 2:1     face area at a rapid rate and form
excessive carbon moles of oxygen per mole of hydrogen contained   10   on
the surface thereof, thus resulting in a deacti- in the product stream. In
this particular reaction  vation of the catalyst. zone, the product stream,
which comprises un-         A relatively effective oxidation catalyst which
reacted dehydrogenatable hydrocarbon, dehy-         may be used in the
dehydrogenation and selective drogenated hydrocarbon, hydrogen and steam,
oxidation process comprises a noble metal of undergoes a selective
oxidation in contact with   75   Group VIII of the Periodic Table such as
platinum oxygen and the oxidative catalyst whereby hydro-    composited on
alpha-alumina. However, the pro- gen is selectively oxidized to water with
a minimal  duction of alpha-alumina is accomplished by cal- amount of
reaction of oxygen with the hydrocar-     cining a relatively high surface
area alumina such bons, either unconverted hydrocarbon or dehy-       as
gamma-alumina at temperatures of 1650[err]C. drogenated hydrocarbon.
20   The calcination of gamma-alumina at this temper- After passage through
the zone containing the     ature, while resulting in the formation of
alpha- oxidation catalyst, the mixture may then be         alumina, has a
deleterious effect in that the loss in passed through a second
dehydrogenation zone        volume yield or shrinkage may be from 35% to
containing a dehydrogenation catalyst of the type   60% or more of the
original volume. In addition,. hereinbefore set forth for further
dehydrogena-   25   the use of such a high calcination temperature tion,
the process being completed through the       also contributes to the cost
of the catalyst by uti- plurality of zones followed by withdrawal of the
lization of a relatively high amount of energy, thus product stream and
separation of the unconverted    making the catalyst more expensive in
nature. hydrocarbon from the desired dehydrogenated         Therefore, it
is incumbent to obtain a physically product.
30   stable catalyst support upon which the catalytic It is contemplated
that the dehydrogenation       metal or metals portion of the finished
catalyst process for the dehydrogenation of dehydroge-       composite may
be impregnated. It has now been natable hydrocarbons utilizing the
oxidative cata-  discovered that by subjecting a relatively high lytic
compositions of matter of the present inven-  surface area alumina such as
gamma-alumina to a tion will be applicable to a wide variety of dehy-   35
caloination temperature within the range of 900 'C drogenatable
hydrocarbons. Examples of hydro-       to 1500 [err]C prior to impregnation
thereon of the carbons which are susceptible to a dehydrogena-     metals
thereon, provides a catalyst which pos- tion process utilizing the
catalysts of the present  sesses greater stability in terms of activity and
invention will include lower alkyl-substituted     length of service than
is possessed by other selec- aromatic hydrocarbons such as ethylbenzene,
40   tive oxidation catalysts which do not utilize this diethylbenzene,
isopropylbenzene, diisopropyl-     type of support. The calcination of the
support at benzene, o-ethyltoluene, m-ethyltoluene, p-        the
aforementioned temperatures will result in the ethyltoluene,
o-isopropyltoluene, m-isopropylto-    obtention of a catalyst which may be
prepared at a luene,  p-isopropyltoluene,  ethylnaphthalene,      decreased
cost in manufacturing and with a con- propylnaphthalene,
isopropylnaphthalene, di-  45   comitant improved yield of the finished
catalyst 



ethylnaphthalene etc., paraffins such as ethane,   composite. The
aformentioned calcination of the propane, n-butane, isobutane, n-pentane,
iso-       porous support portion of the finished composite pentane,
n-hexane, n-heptane, n-octane, n-no-       may be effected in a dry or
nonhydrous atmo- nane, n-decane, and branched chain isomers
sphere, preferably in a range of from 1100[err] to thereof, cycloparaffins
such as cyclobutane, cy-   50   1500 [err]C or, if so desired, the
calcination may be ef - clopentane, cyclohexane, methylcyclopentane,
fected in a hydrous or steam atmosphere at tem- methylcyclohexane,
ethylcyclopentane. olefins       peratures preferably in the range of from
900 to such as 1-butene, 2-butene, 1-pentene, 2-pen-       1200 C. The
calcination of the supports within tene,  1-hexene,  2-hexene,  3-hexene,
and        this temperature range will convert the alumina branched chain
derivatives thereof.           55   into a more refractory and chemically
inert form The selective oxidation step of the process uti-  which
possesses a relatively low surface area lizes, as hereinbefore set forth,
the hydrogen      which is less than 80 m2/g and preferably which which has
been produced in the dehydrogenation      may range from 1 to 40 [err]. The
calcination of step of the process to supply heat to the inlet of  the
support within the temperature range herein- the next dehydrogenation
catalyst bed. Inasmuch   60   before set forth will be effected over a
period of as temperatures which are utilized in the process   time which
may range from 0,5 to 30 hours or may be as high as 650 [err]C in the
presence of steam,  more in duration. It is to be understood that the the
operating conditions in which the oxidation     particular temperature
which is selected for the catalyst must function are severe in nature. In
calcination step will influence or direct the time order for the oxidation
catalyst to remain stable  65   frame during which the calcination takes
place, 5    9                EP0196758 B1                    10 for
example, when effecting the calcination with-  noble metal-containing
compound may be pre- in the lower portion of either of the two ranges set
pared from soluble salts of these metals, such as forth, a longer period of
time woll be employed   chloroplatinic acid, chloropalladic acid, rhodium
while reversibly, if the calcination is effected with-  chloride platinum
sulfate, palladium sulfate. The in the higher portion of the ranges, a
shorter   5   solid support is impregnated with the solution for period of
time may be employed. When effecting    a period of time which is
sufficient to allow the the calcination in a hydrous or steam atmosphere,
deposition of the desired amount of the noble it is contemplated that the
steam content of the  metal on the solid support, that is, an amount suf-
atmosphere may range from a relatively low 2% up  ficient so that the
finished catalytic composition to about 100%.
10   will contain from 0,01% to 5% by weight of the The alumina support
which has been calcined     compostie. After recovery of the impregnated
so- within the range of temperatures previously dis-  lid support. the
composite is then dried and cal- cussed will possess certain
characteristics or pro-  cined at a temperature in the range of from
500[err] to perties which enhance the stability of the catalyst  600[err]
or more in an air atmosphere in the absence or after imtregnation ot the
desired metals thereon.  15   presence of steam. The final porous support
will possess a piece       The thus formed composite containing a noble
density in the range of from 0.3 to 2,5 g/cc; a pore  metal may then be
further impregnated with an volume less than 0.5 cc/g; a surface area in a
aqueous solution of a metal of Group IVA of the range of from 1 to 80 m2/g,
an ABD of from 0,3 to  Periodic Table. In a similar manner to that herein-
1,1 9/cc and, for the alumina phase alpha-alu-   20   before described, the
amountof soluble salts such mina or a mixture of alpha alumina and theta
as tin chloride, tin bromide, tin sulfate, lead chlo- alumina.
ride, lead persulfate, germanium chloride, etc. will The selective
oxidation catalysts which are em-  be present in the solution sufficient so
that the fi- ployed in the process of this invention will com-  nished
catalytic composition will contain the de- prise a noble metal of Group
VIII of the Periodic  25   sired amount of metals. Again, the impregnation
Table and a metal of Group IVA of the Periodic    is allowed to proceed for
a predetermined period Table composited on a solid inorganic support
of time following which the composite is re- which, prior to the
compositing of the metals      covered, dried and calcined. In the event
that it is thereon, has been calcined at a temperature with-  desired to
have a metal of Group IA or IIA of the in the range herebefore discusse. In
addition, if so   30   Periodic Table present in the catalyst composite,
desired, it is also contemplated within the scope  the third step of the
process is effected in a similar of this invention that the catalyst
composite will  manner by subjecting the compostie to an im- also contain a
metal selected from Groups IA and   pregnation utilizing an aqueous
solution contain- IIA of the Periodic Table. Of the noble metals of  ing
the desired metal. Examples of salts of these Group VIII of the Periodic
Table, platinum, palla-   35   metals which may be employed will include
po- dium and rhodium comprise the preferred species,  tassium chloride,
potassium bromide, potassium said metals preferables being present in the
final  iodide, potassium nitrate, potassium sulfate, po-- composite in an
amount in the range of from        tassium acetate, potassium propionate,
rubidium 0,01% to 5% by weight. Of the metals of Group      chloride,
rubidium bromide, rubidium iodide, ru- 



IVA of the Periodic Table, germanium, tin and   40   bidium nitrate,
rubidium sulfate, rubidium acetate, lead comprise the preferred species,
these metals  rubidium  propionate, cesium  chloride, cesium also
preferables being present in the final catalyst  bromide, cesium iodide,
cesium nitrate, cesium composite in an amount in the range of from
sulfate, cesium acetate, cesium propionate, cal- 0,01% to 5% by weight. It
is also contemplated     cium chloride, barium chloride, barium bromide,
within the scope of this invention that metals of   45   barium iodide,
barium nitrate, barium sulfate, ba- Groups IIIB and IIA such as scandium,
yttrium,     rium acetate, barium propionate. After allowing lanthanum,
boron, gallium, indium and thallium     the impregnation to proceed for a
period of time may also be employed in a range of from 0,1 to
sufficient to permit the deposition of the desired 20% by weight in place
or in conjunction with the  amount of metal on the catalyst, the composite
is metal of Group IVA of so desired. The preferred   50   recovered, dried
and calcined at a temperature species of metals of Group IA or IIA of the
Pe-   within the range hereinbefore set forth, and re- riodic Table will
include potassium, sodium, li-  covered. thium, rubidium, cesium, barium,
francium, and      The incorporation of Group IVA metal may also radium,
the alkali metals or alkaline earth metals  be carried out in the support
forming step. Ad- preferables being present in an amount in the   55
dition of tin, for example, may be added in the range of from 0,01% to 10%
by weight of the ca-   preparation of the alumina support whether it be
talyst composite.                                 by oil-dropping of
spheres or extrusion of an alu- The selective oxidation catalyst which is
uti-   mina dough. The tin incorporation may also be a lized in the process
of this invention may be pre-  combination of tin in sol and impregnated
tin. pared in any suitable manner known in the art. For  60    It is also
contemplated that the preparation of example, one type of preparation will
comprise    the selective oxidation catayst may be prepared by impregnating
the solid support which may be in    coimpregnating the noble metal of
Group VIII of the form of beads, spheres, pellets, with an aque-  the
Periodic Table, the metal of Group IVA of the ous solution of a Group VIII
metal compound of    Periodic Table, and if so desired, the metal of the
Periodic Table. The aqueous solution of the   65   Group IA or IIA of the
Periodic Table on the solid 6    11      EP0196758B1                    12
support. When such a type of preparation is em-   making the commercial use
of such catalysts un- ployed, the calcined alumina support is impreg-
attractive due to the necessity of having to replace nated with an aqueous
or acidic solution contain-  or regenerate the catalyst after a short
interval of ing salts of the noble metal and the Group IVA    operating
time has elapsed. In addition, the cata- metal along with, if so desired,
the alkali metal or   5   lysts of the present invention also exhibit a
defi- alkaline earth metal in a manner similar to that  nite affinity for
the selective oxidation of hydro- hereinbefore set forth. After allowing
the impreg-  gen rather than a tendency for the oxidation of the nation to
proceed for a predetermined period of   dehydrogenated products. time, the
composite is recovered, dried and cal-    The following examples are given
for purposes cined at a temperature within the range hereinbe-   10   of
illustrating the process of the present invention fore set forth in an air
atmosphere in the absence  utilizing a selective oxidation catalyst in said
or presence of steam, following which it is re-   process. covered for use
in the oxidation portion of the process of the present invention.
Example I Some specific examples of selective oxidation   15  A selective
oxidation catalyst was prepared by catalytic compositions of matter which
may be     adding 44,1 grams of concentrated nitric acid to used in the
process of the present invention will  623,6 grams of water followed by the
addition of include platinum, germanium  and potassium        7,6 grams of
tin chloride. The resulting solution composited on alumina, palladium,
germanium       was then added to 1139,6 grams of alpha-alu- and potassium
composited on alumina, rhodium,   20   mina monohydrate, the solution was
mixed germanium and potassium composited on alu-        slowly for 15
seconds followed by a more vigor- mina, platinum, tin and potassium
composited on   ous mixing for a period of five minutes. The res- alumina,
palladium, tin and potassium compo-      ulting dough material was then
extruded through sited on alumina, rhodium, tin and potassium      a die
which possessed 4,2 mm diamter holes composited on alumina, palatinum,
germanium   25   using a double auger extruder. The extrudate was and
cesium composited on alumina, palladium,      then dried in an oven for a
period of two hours at germanium and cesium composited on alumina,       a
temperature of 95 'C. The procedure was re- rhodium, germanium and cesium
composited on       peated to yield a total of 3043 grams of oven dried
alumina, platinum, tin and cesium composited on   extrudate. A first
calcination of the extrudate was alumina, palladium, tin and cesium
composited   30   accomplished by placing 2943 grams of the oven on
alumina, rhodium, tin and cesium composited    dried extrudates in a quartz
tube and calcined by on alumina, platinum, germanium and barium
subjecting the extrudates to a temperature in- composited on alumina,
palladium, germanium       crease from room temperatureto 350 [err]C in an
air at- 



and barium composited on alumina, rhodium,        mosphere passing over the
catayst at a rate of germanium and barium composited on alumina,  35
about 0,5 liters per minute during a period of 1,5 platinum, tin and barium
composited on alumina,   hours. Upon reaching the 350[err]C temperature
palladium, tin and barium composited on alu-      point, the extrudate was
dried at this temperature mina, rhodium, tin and barium composited on
in an air atmosphere for an additional period of alumina, platinum, lead
and potassium compo-      one hour. Thereafter, the temperature was in-
sited on alumina, palladium, lead and potassium   40   creased to 600
[err]C while maintaining an air flow of composited on alumina, rhodium,
lead and potas-   0,5 liters per minute and after reaching 600 [err]C was
sium composited on alumina, platinum, lithium     maintained at this
temperature for a period of and indium composited on alumina, platinum, li-
three hours at the same air flow previously de- thium and lanthanum
composited on alumina,        scribed. At the end of the three hour period,
the palladium, potassium and indium composited on   45   extrudate was
allowed to cool to room tempera- lumina. It is to be understood that the
above en-  ture and recovered. umerated catalysts are only representative
of the  Approximately 535,0 grams (740 cc) of the selective oxidation
composites which may be       precalcined extrudate was loaded onto a
ceramic used in the process of this invention, and that said  tray and
heated in a dry atmosphere at a tempera- invention is not necessarily
limited thereto. By   50  ture of 1040 [err]C over a period of six hours.
Upon utilizing a selective oxidative catalytic composi-  reaching this
temperature, the material was main- tion of matter in a process which
involves the de-  tainted thereat for an additional period of three
hydrogenation of dehydrogenatable hydrocar-       hours and thereafter
slowly cooled to room tem- bons, it is possible to obtain a process which,
in  perature over another period of six hours. additon to obtaining a
desireble and commercially  55  The finished oxidation catalyst was then
pre- attractive yield of dehydrogenation products, also  pared by adding
12,91 grams of a chloroplatinic permits the operation of the process in an
econo-  acid solution containing 2,54% by weight of pla- mically viable
manner due to the catalytic stability  tinum, 37,27 grams of lithium
nitrate solution of the catalyst under the relatively harsh and strin-
containing 0,88% by weight of lithium and 7,3 gent operating conditions
such as high tempera-  60   grams of concentrated nitric acid to 142,5
grams ture and high concentration of steam at which the  of water. The
solution was mixed and added to a process is operated. This is in
contradistinction to  glass steam-jacketed  evaporator. Thereafter. prior
art types of oxidative catalysts which do not  163,57 grams (200 cc) of the
calcined extrudate possess the stability of the present catalysts and  was
added to the evaporator, the evaporator was cannot survive for a long
period of time, thus   65  rotated for 15 minutes at room temperature and 7
13                EP 0196 758 B1                 14 steam was introduced
into the steam jacket. The   period, the H20 bubbler was bypassed and air
evaporator was rotated for two hours with a       was passed over the
catalyst for an additional pe- stream of nitrogen at a rate of about 1
liter per  riod of one hour, the temperature of the tube be- minute purging
at the mouth of the evaporator.    ing still maintained at 650 [err]C. At
the end of the ad- Following this, the introduction of steam was dis-   5
ditional one hour, heating was discontinued, the continued, the impregnated
extrudates were re-    extrudate was cooled to room temperature in a moved,
dried in an oven for a period of two hours  stream of air again at a rate
of 0,5 liters per minute at a temperature of 150 [err]C and thereafter
calcined  and recovered. in a quartz tube. The calcination of the impreg-
Two additional selective oxidation catalysts nated extrudate was
accomplished by heating the   10   were prepared in a manner similar to
that set forth quartz tube from room temperature to 650 [err]C in a  in the
above paragraphs, the differences in the ca- flowing atmosphere of air in
which the air passed  talyst preparation being in the high temperature
through the tube at a rate of about 0,5 liters per  calcination step of the
process. Catalyst A which minute for a period of two hours. Upon reaching
was prepared according to the above paragraph 650 C, the temperature was
maintained thereat  15  and which was calcined at 1040[err]C was labeled
for a period of two hours while subjecting the ex-  <<A>>; the catalyst
which was calcined at a tempera- trudate to a flow of air at a rate of 0,5
liters per  ture of 1140[err]C was labeled <<B>> and the catalyst minute,
said air stream having been bubbled       which wascalcinedat 1230[err]C
waslabeled <<C>>. through a H20 bubbler which was heated to a         The
properties of the three catalysts, A, B and temperature of 65 [err]C. At
the end of the two hour  20   C, are set forth in Table 1 below: Table 1
Surface   Piece Cata-    Area       Density          wt.% lyst     m2/g
g/cc      Pt     Sn      Li A         106       1,51      0,200  0,50
0,20 B          17       2,18      0,180  0,47   0,19 C           4
2,43      0,168  0,53   0,20 



Example II                                   35   The feedstream was passed
over the oxidation ca- The three cataysts which were prepared ac-
talyst bed at the aforesaid inlet temperature was cording to the above
example were utilized in a   passed over the oxidation catalyst bed at the
afo- selective oxidation test and were evaluated for   resaid inlet
temperature and at a reactor outlet oxygen conversion and selectivity for
oxygen      pressure of 0.7 atmospheres (0.07 MPa). The hy- reacting with
hydrogen to form water. The cata-   40   drogen feed was maintained at a
Liquid Hourly lysts in an amount of 50 cc were loaded into a 7/8"  Space
Velocity of 1.,3 hours. The inlet feed ra- (2,22 cm) inner diameter
stainless steel reactor  tio of the feedstream of ethylbenzene and styrene/
having a 10" (2,54 cm) long 1/2" (1,27 cm) dia-   H20/H2/02/N2 was
1,0/9/0,45 /0.13/1. In add- meter bore for the catayst loading. The reactor
was  ition, the air into the catalyst bed was controlled heated to an inlet
temperature of 570[err]C and a   45  in order to maintain a maximum
temperature of feedstream comprising a mixture of ethylbenzene,   630
[err]C in the reactor up to a specified limit of add- styrene, steam,
hydrogen, oxygen and nitrogen     ed air. The conversion of oxygen was
plotted for a which simulated a product stream at about a 60%   period of
100 hours, the results of said run being ethylbenzene conversion from the
second dehy-     set forth in Table 2 below. In this table, column D
drogenation catalyst bed of a three dehydrogen-   50  is the % of oxygen
converted and column E is the ation catalyst bed reactor system having an
oxid-  styrene combustion selectivity as set forth in mole ation catalyst
bed positioned between the dehy-   percent. drogenation catalyst beds was
fed to the reactor.    15.         EP 0 196 758 81                16 Table
2 Cata-          Cata-          Cata- lyst A         lyst B         lyst C
D      E       D      E       D      E Hrs. on Stream 20    92      6,8
100    8,0    94       11,0 40    82      7,5     98    7,5    99
9.9 80    70      7,3     96    7,3    98       10,2 100    -
96    7,3    96        9,8 The maximum catalyst bed temperature as a
function of time on stream is shown in Table 3 for catalysts A, B, and C,
Table 3 Maximum Temperature of Catalyst Bed Hrs. on     Cata-        Cata-
Cata- Stream      lyst A       lyst B      lyst C 20         612[err]C
629[err]C       630[err]C 40         612[err]C        628[err]C
630[err]C 80         602[err]C        622[err]C       630[err]C 100
-            622[err]C       630[err]C It is to be noted from the above
tables that the   35   drocarbons to [err] ranged from 11% to catalysts
which were prepared from the alumina    14%. support having been calcined
at temperatures        In contrast to this, a second catalyst was pre-
grater than 1100 [err]C in the absence of steam pos-  pared by calcining
gamma-alumina at a tempera- sessed significantly higher catalytic stability
than  ture of 1200[err]C in a dry atmosphere to prepare a did the other
catalysts.                    40   support which possessed an ABD of 0,94.
The support was impregnated with chloroplatinic acid Example III
and treated so that the final composite again con- As a further
illustration of the stability of selec-  tained 0,2% by weight of platinum.
The catalyst tive oxidation catalysts in which the support lias  was used
in a standard accelerated oxidation test been calcined within a range
hereinbefore set  45   using conditions similar to that set forth in the
forth in greater detail, two oxidation catalysts  above paragraph. The
results which were obtained were prepared. The first catalyst was prepared
by  when using the catalyst of the present invention calcining a
gamma-alumina support at a tempera-   included an oxygen conversion which
decreased ture of 1649 [err]C. The resulting alumina which pos-  from an
initial conversion of 82% down only to sessed an AB D of 1,40 g/cc, was
impregnated   50   60% at the end of 144 hours. In addition, the se- with a
chloroplatinic acid solution, dried and cal-  lectivity for oxygen reacted
with hydrocarbons to cined, and the catalyst which contained 0,2% by   C02
+ CO was significantly lower, ranging from weight of platinum was tested in
a standard acce-  about 5% to about 8%. lerated oxidation test. The test
was effected in a  It is therefore readily apparent from the above 



manner similar to that set forth in Example II  55   comparisons that the
catalysts in which the por- above utilizing an ethylbenzene/styrene/[err]/
ous supports have been calcined at a temperature H2/02/N2 molar feed ratio
of 1/1,48/17,9/         within the ranges hereinbefore set forth will exhi-
1,14/0,25/2.21 feed stream. The reaction condi-   bit a greater stability
with regard to oxygen con- tions included an inlet temperature of 600
[err]C, a  version as well as selectivity to hydrogen than do pressure of
0,5 atmospheres (0,05 MPa) at the   60  the catalysts in which the porous
support has reactor outlet and a Liquid Hourly Space Velocity  been
calcined at a relatively high temperature. of 100 [err] based upon the
ethylbenzene/styrene. The initial oxygen conversion was 84% and de-
Example IV creased to 46% over a period of 144 hours. In ad-   A selective
oxidation catalyst was prepared by dition, the selectivity of oxygen
reacting with hy-  65   adding 134,2 grams of lanthanum nitrate to 458.4 9
17                 EP0196758B1                     18 grams of water. In
addition, 15,0 grams of nitric   one hour at 650 'C. At the end of this
period, the acid and 7,3 grams of tin chloride were also ad-    heating was
discontinued and the extrudate was ded. The resulting solution was then
added to 547   cooled to room temperature in a flow of air. grams of
alpha-alumina monohydrate and the so-       The cooled catalyst which was
recovered con- lution was mixed for a period of five minutes. The   5
tained 0,4 wt.%  platinum, 0,2 wt.%  lithium, resulting doughy material was
then extruded         1,0 wt.% tin, and 12,5 wt.% lanthanum, said cata-
through a die which possessed 4,2 mm diameter       lyst having a surface
area of 9 m2/g. holes using a double auger extruder. The extrudate was then
dried in an oven for a     Example V period of two hours at a temperature
of 95 'C to   10  Yet another selective oxidation catalyst may be yield
484,2 grams of oven-dried extrudate. A first  prepared in a manner similar
to that set forth in the calcination of the extrudate was effected by plac-
above examples, the alumina base being prepared ing 327 grams (500 cc) of
the oven dried-extru-     by admixing nitric acid, water and alumina. The
dates in a quartz tube. The extrudates were calcin-  resulting material may
be extruded through a die ed by subjecting them to a temperature increase
15   and the extrudate calcined under conditions sim- from room temperature
to 350 'C in an air atmo-    ilar to that previously described. The first
calcin- sphere which passed over the catalyst at a rate of  ation of the
extrudate may be accomplished at a about 1.5 liters per minute during a
period of 0,5  temperature of 650 'C and the final high tempera- hours.
Upon reaching 350 [err]C the extrudate was      ture calcination may be
effected at a temperature dried at this temperature in an air atmosphere
for   20   of 1300 C, the first calcination and final calcina- an
additional period of one hour. Thereafter, the  tion being effected over a
period of time similar to temperature was increased to 600 'C and main-
those previously set forth. tained thereat for a period of three hours in
the     The finished oxidation catalyst may then be presence of an air flow
of 0,5 liters per minute. At  prepared by adding solutions of
chloroplatinic the end of this time, heating was discontinued   25   acid,
lithium nitrate, nitric acid and indium chlo- and the extrudate was allowed
to cool to room       ride to the calcined extrudate which may then be
temperature.                                       further calcined by
utilizing a procedure similar to The high temperature calcination of the
base      that set forth in Example I above. Following the fi- was
accomplished by loading 197,36 grams            nal calcination, the
resultant catalyst system may (425 cc) of the precalcined extrudate onto a
cera-   30  be recovered and utilized in a selective oxidation mic tray
which was then heated to a temperature     procedure whereby, in a
dehydrogenation reac- of 1300[err]C during a period of eight hours. Upon
tion, hydrogen is selectively oxidized in prefer- reaching this temperature
the extrudate was cal-    ence to the hydrocarbons present in the reaction
cined thereat in a dry atmosphere for a period of   mixture. three hours
and thereafter slowly cooled to room    35 temperature over an additional
period of eight      Claims hours to yield 195,3 grams (350) cc or the
base.      1. A process for the production of an unsatu- The finished
oxidation catalyst was then pre-     rated hydrocarbon by the
dehydrogenation of a pared by adding 11,31 grams of chloroplatinic
dehydrogenatable hydrocarbon comprising con- acid (2,49% Pt), 13,78 grams
of lithium nitrate  40   tacting the dehydrogenatable hydrocarbon with a
(1,02%  Li), 3,14 grams of nitric acid and 97      dehydrogenation catalyst
and steam, but without grams of water to 69,74 grams (125 cc) of the
addition of hydrogen, at dehydrogenation condi- calcined extrudate, said
addition being effected in  tions to produce a first effluent mixture
compris- a glass steam-jacketed evaporator. The evapora-     ing
dehydrogenatable hydrocarbon, dehydroge- tor was rotated for 15 minutes at
room tempera-   45   nated, unsaturated hydrocarbon, steam and hy- ture and
steam was introduced into the jacket.      drogen, contacting the first
effluent mixture in the The evaporator was rotated for a period of two
presence of oxygen with an oxidation catalyst dif- hours with a stream of
nitrogen at a rate of one   ferent from the dehdrogenation catalyst com- 



liter per minute purging at the mouth of the eva-   prising a Group VIII
noble metal, a Group IVA me- porator. Following this, the introduction of
steam    50  tal and a Group IA or IIA metal composited on a was
discontinued, and the impregnated extru-        highly porous alumina
support at oxidation con- dates were recovered and dried in an oven for a
ditions, including a temperature of 500 to 700 'C, period of two hours at a
temperature of 150 [err]C.     and a pressure of 0,1 to 10 atmospheres
(0,01 to The impregnated extrudate was calcined by         1,0 MPa), for
the selective oxidation of the hydro- heating a quartz tube containing the
extrudate to   55   gen content of the first effluent mixture, and re- a
temperature of 650 'C in a flowing rate of air, the  covering the
dehydrogenated, unsaturated hy- air being passed over the extrudate at a
rate of 0,5  drocarbon. characterized in that the alumina sup- liters per
minute for a period of two hours. Upon   port of the oxidation catalyst has
been calcined at reaching 650[err]C the temperature was maintained       a
temperature of from 900 to 1500[err]C before im- thereat for an additional
period of two hours  50   pregnation thereon of all of the metallic
portions while passing a stream of air which had been        of said
oxidation catalyst. bubbled through an [err] bubbler heated to 65 'C
2. A process according to claim 1, characterized at a rate of 0,5 liters
per minute over the extrudate.  in that the calcination of the alumina
support is At the end of two hours, the bubbler was by-       effected in a
dry atmosphere. passed and air was passed over the extrudate for   65  3. A
process according to claim 1 or 2, charac- 10    17
EP0196758B1                      18 grams of water. In addition. 15,0 grams
of nitric   one hour at 650 'C. At the end of this period, the acid and 7,3
grams of tin chloride were also ad-    heating was discontinued and the
extrudate was ded. The resulting solution was then added to 547   cooled to
room temperature in a flow of air. grams of alpha-alumina monohydrate and
the so-        The cooled catalyst which was recovered con- lution was
mixed for a period of five minutes. The   5    tained 0,4 wt.%  platinum.
0,2 wt.%  lithium. resulting doughy material was then extruded         1,0
wt.% tin, and 12.5 wt.% lanthanum. said cata- through a die which possessed
4,2 mm diameter       lyst having a surface area of 9 [err] holes using a
double auger extruder. The extrudate was then dried in an oven for a
Example V period of two hours at a temperature of 95 'C to   10  Yet
another selective oxidation catalyst may be yield 484,2 grams of oven-dried
extrudate. A first  prepared in a manner similar to that set forth in the
calcination of the extrudate was effected by plac-  above examples, the
alumina base being prepared ing 327 grams (500 cc) of the oven dried-extru-
by admixing nitric acid, water and alumina. The dates in a quartz tube. The
extrudates were calcin-  resulting material may be extruded through a die
ed by subjecting them to a temperature increase   15   and the extrudate
calcined under conditions sim- from room temperature to 350 C in an air
atmo-      ilar to that previously described. The first calcin- sphere
which passed over the catalyst at a rate of  ation of the extrudate may be
accomplished at a about 1,5 liters per minute during a period of 0,5
temperature of 650 'C and the final high tempera- hours. Upon reaching 350
[err]C the extrudate was       ture calcination may be effected at a
temperature dried at this temperature in an air atmosphere for   20   of
1300 'C, the first calcination and final calcina- an additional period of
one hour. Thereafter, the   tion being effected over a period of time
similar to temperature was increased to 600 'C and main-       those
previously set forth. tained thereat for a period of three hours in the
The finished oxidation catalyst may then be presence of an air flow of 0,5
liters per minute. At  prepared by adding solutions of chloroplatinic the
end of this time, heating was discontinued   25   acid, lithium nitrate,
nitric acid and indium chlo- and the extrudate was allowed to cool to room
ride to the calcined extrudate which may then be temperature.
further calcined by utilizing a procedure similar to The high temperature
calcination of the base      that set forth in Example I above. Following
the fi- was accomplished by loading 197.36 grams            nal
calcination, the resultant catalyst system may (425 cc) of the precalcined
extrudate onto a cera-   30  be recovered and utilized in a selective
oxidation mic tray which was then heated to a temperature     procedure
whereby, in a dehydrogenation reac- of 1300[err]C during a period of eight
hours. Upon      tion, hydrogen is selectively oxidized in prefer- reaching
this temperature the extrudate was cal-    ence to the hydrocarbons present
in the reaction cined thereat in a dry atmosphere for a period of
mixture. three hours and thereafter slowly cooled to room    35 temperature
over an additional period of eight      Claims hours to yield 195,3 grams
(350) cc or the base.      1. A process for the production of an unsatu-
The finished oxidation catalyst was then pre-     rated hydrocarbon by the
dehydrogenation of a pared by adding 11,31 grams of chloroplatinic
dehydrogenatable hydrocarbon comprising con- acid (2,49% Pt), 13,78 grams
of lithium nitrate  40   tacting the dehydrogenatable hydrocarbon with a
(1,02%  Li), 3,14 grams of nitric acid and 97       dehydrogenation
catalyst and steam, but without grams of water to 69,74 grams (125cc) of
the        addition of hydrogen, at dehydrogenation condi- 



calcined extrudate, said addition being effected in  tions to produce a
first effluent mixture compris- a glass steam-jacketed evaporator. The
evapora-     ing dehydrogenatable hydrocarbon, dehydroge- tor was rotated
for 15 minutes at room tempera-   45   nated, unsaturated hydrocarbon,
steam and hy- ture and steam was introduced into the jacket.      drogen,
contacting the first effluent mixture in the The evaporator was rotated for
a period of two      presence of oxygen with an oxidation catalyst dif-
hours with a stream of nitrogen at a rate of one    ferent from the
dehdrogenation catalyst com- liter per minute purging at the mouth of the
eva-   prising a Group VIII noble metal, a Group IVA me- porator. Following
this, the introduction of steam    50  tal and a Group IA or IIA metal
composited on a was discontinued, and the impregnated extru-        highly
porous alumina support at oxidation con- dates were recovered and dried in
an oven for a     ditions. including a temperature of 500 to 700 [err]C.
period of two hours at a temperature of 150 'C.     and a pressure of 0,1
to 10 atmospheres (0,01 to The impregnated extrudate was calcined by
1,0 MPa), for the selective oxidation of the hydro- heating a quartz tube
containing the extrudate to   55   gen content of the first effluent
mixture, and re- a temperature of 650 'C in a flowing rate of air, the
covering the dehydrogenated. unsaturated hy- air being passed over the
extrudate at a rate of 0,5  drocarbon. characterized in that the alumina
sup- liters per minute for a period of two hours. Upon   port of the
oxidation catalyst has been calcined at reaching 650 'C the temperature was
maintained      a temperature of from 900 to 1500 'C before im- thereat for
an additional period of two hours  60   pregnation thereon of all of the
metallic portions while passing a stream of air which had been        of
said oxidation catalyst. bubbled through an H20 bubbler heated to 65 'C
2. A process according to claim 1, characterized at a rate of 0.5 liters
per minute over the extrudate.  in that the calcination of the alumina
support is At the end of two hours, the bubbler was by-        effected in
a dry atmosphere. passed and air was passed over the extrudate for   65  3.
A process according to claim 1 or 2, charac- 10    19  EP 0 196 758 B1
20 terized in that the catalyst comprises from 0,01 to   kennzeichnet, dass
die Calcinierung des Tonerde- 5% by weight of the Group VIII noble metal,
from  tragers in einer trockenen Atmosphare erfolgt. 0,01 to 5% by weight
of the Group IVA metal and     3. Verfahren nach Anspruch 1 oder 2, dadurch
from 0,01 to 10% by weight of the Group IA or IIA  gekennzeichnet, dass der
Katalysator 0,01 bis 5 metal.                                       5
Gew.-% des Edelmetalls der Gruppe VIII, 0,01 bis 4. A process according to
any one of claims 1 to  5 Gew.-% des Metalls der Gruppe IVA und 0.01 3,
characterized in that the unconverted hydrocar-  bis 10 Gew.-% des Metalls
der Gruppe IA oder IIA bon is ethylbenzene and the dehydrogenated hy-
umfasst. drocarbon is styrene.                               4. Verfahren
nach einem der Anspruche 1 bis 3. 5. A process according to any one of
claims 1 to  10  dadurch gekennzeichnet, dass der unumgewan- 4,
characterized in that the alumina support has a  delte Kohlenwasserstoff
Methylbenzol und der piece density of from 0,3 to 2,5 g/cc, a pore vol-
dehydrierte Kohlenwasserstoff Styrol ist. ume of less than 0,5 cc/g, a
surface area of from 1  5. Verfahren nach einem der Anspruche 1 bis 4, to
80 m2/g, an ABD of from 0,3 to 1,1 g/cc, and   dadurch gekennzeichent, dass
der Tonerdetrager alpha-alumina or a mixture of alpha-alumina and   15
eine Stuckdichte von 0,3 bis 2,5 [err], ein Po- theta-alumina for the
alumina phase.              renvolumen von weniger als 0,5 cm3/g, eine 6. A
process according to any one of claims I to  Oberflache von 1 bis 80 m2/g,
ein ABD von 0,3 5, characterized in that the oxidation catalyst   bis 1,1
g/cm3 und alpha-Tonerde oder ein Ge- comprises platinum, tin and lithium.
misch von alpha-Tonerde und theta-Tonerde fur 7. A process according to
claim 1, characterized   20   die Aluminiumoxidphase hat. in that
dehydrogenatable hydrocarbon and unsa-      6. Verfahren nach einem der
Anspruche 1 bis 5, turated, dehydrogenated hydrocarbon withdrawn
dadurch gekennzeichnet, dass der Oxidationska- from the oxidation step are
contacted with dehy-  talysator Platin, Zinn und Lithium umfasst.
drogenation catalyst at dehydrogenation condi-      7. Verfahren nach
Anspruch 1, dadurch ge- tions to increase the proportion of unsaturated
25   kennzeichnet, dass aus der Oxidationsstufe abge- dehydrogenated
compound.                          zogener dehydrierbaren Kohlenwasserstoff
und 8. A process according to claim 7, characterized  ungesattigter,
dehydrierter Kohlenwasserstoff mit in that from 3 to 9 alternating layers
of the dehy-  Dehydrierungskatalysator bei Dehydrierbedin- drogenation
catalyst and the oxidation catalyst   gungen behandelt werden, um den
Anteil an un- are arranged in conversion apparatus and the de-   30
gesattigter dehydrierter Verbindung zu steigern. hydrogentable hydrocarbon
is passed succes-         8. Verfahren nach Anspruch 7, dadurch ge- sively
thorugh the layers to achieve successive   kennzeichnet, dass 3 bis 9
alternierende Schich- dehydrogenation and selective oxidation of the    ten
des Dehydrierungskatalysators und des Oxi- hydrogen.
darionskatalysators in der Umwandlungsappara- 35  tur angeordnet sind und
der dehydrierbare Koh- Patentanspruche
lenwasserstoff nach und nach durch die Schich- 



1. Verfahren zur Herstellung eines ungesattig-  ten gefuhrt wird, um
aufeinanderfolgende De- ten  Kohlenwasserstoffes durch  Dehydrierung
hydrierung und selektive Oxidation des Wasser- eines dehydrierbaren
Kohlenwasserstoffes unter    stoffes zu erreichen. Behandlung des
dehydrierbaren Kohlenwasser-  40 stoffes mit einem Dehydrierungskatalysator
und    Revendications Wasserdampf, jedoch ohne Zugabe von Wasser-
1. Proc6de pour la production d'un hydrocar- stoff bei Dehydrierbedingungen
unter Bildung      bure insature par deshydrogenation d'un hydro- eines
ersten Auslaufgemisches, das dehydrierba-   carbure deshydrogbnable,
comprenant la mise de ren Kohlenwasserstoff, dehydrierten, ungesattig-   45
I'hydrocarbure deshydrogenable en contact avec ten Kohlenwasserstoff,
Wasserdampf und Was-       un catalyseur de deshydrogenation et de la
vapeur serstoff umfasst, Behandlung des ersten Auslauf-  d'eau, mais sans
addition d'hydrogene, dans des gemisches in Gegenwart von Sauerstoff mit
conditions de deshydrogenation pour produire einem von dem
Dehydrierungskatalysator ver-      un premier m6lange effluent comprenant
de schiedenen Oxidationskatalysator, der ein Edel-  50  I'hydrocarbure
d6shydrogbnable, I'hydrocarbure metall der Gruppe Vlll, ein Metall der
Gruppe IVA  d6shydrogene insature, de la vapeur d'eau et de und ein Metall
der Gruppe IA oder IIA mit einem  l'hydrogAne, a mettre la premier m6lange
effluent hochporosen  Tonerdetrager zusammengesetzt        en contact, en
presence d'oxygene, avec un ca- umfasst, bei Oxidationsbedingungen
einschliess-   talyseur d'oxydation different du catalyseur de lich einer
Temperatur von 500 bis 700T  und   55   deshydrogbnation, comprenant un
m6tal noble einem Druck von 0,1 bis 10 at (0,01 bis 1,0 MPa)  du Groupe
Vill, un m6tal du Groupe IVA et un fur die selektive Oxidation des
Wasserstoffge-    metal Groupe IA ou IIA deposes sur un support haltes des
ersten Auslaufgemisches und Gewin-     d'alumine tres poreuse, dans des
conditions nung des dehydrierten, ungesattigten Kohlen-      d'oxydation
incluant une temperature de 500 a wasserstoffes, dadurch gekennzeichnet,
dass der  60   700 C et une pression de 0,01 A 1,0 MPa (0.1 A Tonerdetrager
des Oxidationskatalysators bei      10 atmospheres), pour realiser
l'oxydation selec- einer Temperatur von 900 bis 1500 C vor seiner    tive
de l'hydrogene contenu dans le premier me- Impragnierung mit alien
Metallanteilen des Oxi-  lange effluent, et la recuperation de l'hydrocar-
dationskatalysators calciniert wurde.             bure deshydrogene
insature, caracterise en ce que 2. Verfahren nach Anspruch 1, dadurch ge-
65  le support d'alumine du catalyseur d'oxydation a 11    21
EP0 196 758 B1                  22 .ete 6alcin6 A une temperature de 900 A
1500TC       1,1 g/cm3 et consiste en alpha-alumine ou un avant que la
-otalit6 des portions metalliques du-  melange d'alpha-alumine et de
theta-alumine dit catalyseur d'oxydation n'aient etb deposees     pour sa
phase d'alumine. sur lui par impregnation.                             6.
Procede selon lune quelconque des revendi- 2. Pr6cede selon la
revendication 1, caracteris6   5    cations 1 a 5. caracterise en ce que le
catalyseur en ce que la calcination du support d'alumine est   d'oxydation
comprend du platine. de l'etain et du effectuee dans une atmosphere sbche.
lithium. 3. Procede selon la revendication 1 ou 2, carac-    7. Proced6
selon la revendication 1. caracterise terise en ce que le catalyseur
comprend de 0,01 A   en ce que l'hydrocarbure deshydrogenable et 5% en
poids du metal noble du Group VilI, de   t    I'hydrocarbure deshydrogene
insature retires de 0,01 a 5% en poids du metal du Groupe IVA et de  .
I'tape d'oxydation sont mis en contact avec un 0,01. A 10% en poids du
metal du Groupe IA ou       catalyseur de deshydrogenation dans des condi-
IIA.                                                tions de
deshydrogenation pour augmenter la 4. Procede selon l'une quelconque des
revendi-    proportion de compose deshydrog6ne insature. cations 1 A 3,
caracteris6 en ce que l'hydrocarbure   15  8. Proced6 seton la
revendication 7, caracterise rion converti est 1'6thylbenzene et
I'hydrocarbure  en ce que 3 a 9 couches alternees du catalyseur de
deshydrog6ne est le styrene.                        deshydrogenation et du
catalyseur d'oxydation 5. Proced6 selon lune quelconque des revendi-
sont disposees dans un appareil de conversion et cations 1 A 4, caracterise
en ce que le support d'a-  I'hydrocarbure deshydrogenable est envoye suc-
lumine a une masse voluumique par morceaux de - 20   cessivement A travers
les couches pour realiser 0,3:a 2,5 g/cm3, un volume de pores inf6rieur a .
successivement la deshydrogenation et l'oxyda- 0.5 cm3/,g, une suface
specifique de 1 a 80 m2/g,   tion selective de l'hydrogbne. une masse
volumique globale apparente de 0,3 a    


