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Abstract

The invention relates to a catalyst for the dehydrogenation of alkanes or alkyl substituents of hydro-
carbons, containing a moulded body consisting of at least one or several oxides from an element of
the second to fourth main group or subgroup of the periodic table or of a mixed oxide compound
made up of the latter, the constituents serving as the basic material of the moulded body, an addi-
tional component containing an oxide from an element of the fourth main group of the periodic ta-
ble, the said oxide being added during the moulding process, and a platinum compound and a
compound of an element of the fourth main group of the periodic table being selected as surface
component of the catalyst. The invention also covers the production of the catalyst with the materi-

als claimed by means of different process steps as well as a process for the dehydrogenation of al-

kanes using the catalyst according to the invention.
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Variation of tin impregnation of a catalyst for alkane dehydrogenation

[0001] The invention relates to a catalyst, the production of a catalyst and a process us-

ing this catalyst for the dehydrogenation of alkanes or alkyl substituents of hydrocarbons.

[0002] The dehydrogenation of hydrocarbons is normally carried out in reactors the inte-
rior of which is equipped with a supporting device with a suitable catalyst and where a reac-
tion gas mixture of hydrocarbons circulates around the catalyst. To ensure a conversion that
is as efficient as possible, the catalyst is to be designed in such a way that it provides as

large a surface as possible for the circulating gas mixture.

[0003] A catalyst is a solid designed, for example, in the form of cylinders, spheres or
foams or of any other suitable form. The moulded body may also contain catalytic sub-
stances for the dehydrogenation of hydrocarbons. To achieve a high catalyst activity, addi-

tional catalytic substances will be applied onto the surface of the moulded bodies by various

processes.

[0004] A catalyst is generally produced by various processes. First, the moulded body is
produced, the selected solids, after having been ground/mixed, passing a moulding process
such as sintering, pelletising, tabletting, prilling or extrusion. Depending on the moulding
process, other process steps, such as drying and calcining, may be applied. Solutions con-
taining catalytic materials may be applied onto the moulded body by, for example, impregna-

tion; this process step may be repeated if requested. Normally, the impregnation step is fol-

lowed by other steps as for example, drying, calcining, washing and re-drying.

[0005] Patent specification EP 0559 509 B1 describes a process for the dehydrogena-
tion of aliphatic saturated hydrocarbons, a dehydrogenation catalyst being used which at
least comprises an oxide of an element of the groups lIA, IIB, llIA, HIB, IVA and IVB of the
periodic table, at least a noble metal of the platinum group, at least an additional metal from
an element of groups VIIB or IVA and at least an alkali metal or alkaline earth metal. The
catalyst also contains halogenated compounds and sulphur. In the dehydrogenation process,

the flow leaving the dehydrogenation reaction is dried and fed to a separator, a liquid phase
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of non-converted hydrocarbons being mixed with the products to obtain a gaseous phase

“rich in hydrogen.

[0006] US 5,151,401 A describes the production of a catalyst consisting of zinc alumi-
nate and impregnated with a catalytically active substance made of a platinum compound.
Suitable platinum compounds are, for example, platinum(ll) chloride, platinum(lV) chloride,
hexachloroplatinic acid or ammonium hexachloroplatinate. Preference is given to hexa-
chloroplatinic acid. As the catalyst will contain chloride ions after the impregnation and calcin-
ing steps, the impregnation step is followed by a washing process. Chloride ions on the cata-
lyst are not wanted since their corrosive nature may lead to the damage of plant sections
during the reaction. Deionised water is used as washing solution. For stability improvement

the carrier may be stabilised with calcium oxide, graphite, stearic acid or polyethylene.

[0007] Catalysts have the property of lowering the activation energy of the educts In-
volved in a chemical reaction and thus accelerating the chemical reaction. In practice, how-
ever, the catalysts used become ineffective by secondary reactions after a specific period of
time, inevitably resulting in a reduction of the reaction yield. In the catalytic dehydrogenation
of alkanes, methane, ethane, carbon dioxide and other undesired by-products form after a
certain reaction time, which later have to be separated from the product flow in time-
consuming processes. Another by-product is the coke forming on the catalyst, thus consid-
erably affecting the catalyst activity. Therefore, many state-of-the-art measures have been
taken to increase the selectivity of the catalyst, thus suppressing the formation of by-products

as completely as possible and extending the service life of the catalyst.

[0008] For example, the article “Use of Al,O3; — SnO, as a support of Pt for selective de-
hydrogenation of light paraffins” in Catalysis Today 133-135 (2008) 28-34, by De Miguel de-
scribes a catalyst with aluminium oxide-tin dioxide (Al,O3;—Sn0O,) as the basic carrier to which
tin Is added as a surface component by means of precipitation from an aqueous tin chloride
(SnCly) solution. This surface component is converted to metal oxide by oxidation. In the
subsequent impregnation step, tin is also applied as surface metal simultaneously with plati-

num, the weight of the metal tin not exceeding 5% of the total weight.
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(0009] The addition of an oxide compound of an element of the fourth main group of the

periodic table results in a longer catalyst service life. This effect has been mentioned in the
state of the art. GB 1346856 A describes a process for the dehydrogenation of alkanes in the
presence of water vapour. The alkane to be dehydrogenated is directed over a catalyst ap-
plied onto a carrier made of zinc aluminate and tin dioxide and wetted with a compound of a
metal from the VIII B group of the periodic table. Examples are the metals nickel, platinum,
ruthenium, rhodium, palladium, osmium, iridium or mixtures thereof. For activation the cata-
lyst may also contain compounds of the group of alkali metals, alkaline earth metals or ger-
manium or tin compounds. Proof of the tin compounds contained in the catalyst ié not de-

scribed.

[0010] The aim of the invention therefore is to produce an efficient catalyst of higher se-
lectivity and longer service life and to provide a process using this catalyst for the dehydro-
genation of alkanes with reduced formation of by-products and higher selectivity of products

as compared to the present state of the art.

[0011] The objective is achieved by using a catalyst for the dehydrogenation of alkanes

or alkyl substituents of hydrocarbons, containing

a) a moulded body consisting of at least one or several oxides from an element
of the second to fourth main group or subgroup of the periodic table or of a
mixed oxide compound made up of the latter, the constituents serving as the

basic material of the moulded body;

b) an additional component containing an oxide from an element of the fourth
main group of the periodic table, the said oxide being added during the

moulding process;

c) an active surface component containing a platinum compound;

d) an additional surface component containing a compound of an element of

the fourth main group of the periodic table.
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[0012] The invention especially claims a catalyst for the performance of catalytic alkane

dehydrogenation, the catalyst being based on a moulded body. The moulded body consists
of at least one or several oxides from an element of the second to fourth main group or sub-
group of the periodic table or of a mixed oxide compound made up of the latter. This mixture
of compounds serves as basic materials of the moulded body. The content of the basic mate-
rials may be more than 90% of the catalyst constituents. The additional component selected
from an oxide of an element of the fourth main group of the periodic table with a small con-
tent in the catalyst of 0.1% to 4% is added during the moulding process. The catalyst accord-
ing to the invention is completed by the additional catalytically active substances from a

platinum compound and by a compound of an element of the fourth main group of the peri-

odic table as a surface component.

[0013] Zinc oxide with aluminium oxide (zinc aluminate) is a preferred basic material for
the moulded body of the catalyst for the dehydrogenation of alkanes or alkyl substituents of
hydrocarbons. This compound, for example, may be produced by a calcination process of
zinc oxide and aluminium oxide in a high-temperature furnace and constitutes the major con-
stituent amount of the catalyst with more than 50%. The zinc aluminate compound, for ex-
ample, may also be produced by a precipitation reaction from an aqueous or alcoholic mix-
ture of a zinc salt solution with an aluminium salt solution. Moulded bodies made up of alu-
minium oxide, calcium oxide, zinc oxide, zirconium dioxide, magnesium dioxide or silicon di-
oxide as a main constituent are also suitable. The moulded body material may also consist of
mixed phases of selected substances of the above-mentioned list. Of course, a combination
of the substances may be used as moulded body material within the framework claimed

above.

[0014] As additional component, i.e. an oxide from an element of the fourth main group
of the periodic table, tin dioxide is given preference. Although the additional component fea-
tures a low concentration in the moulded body, the said component can be recognised by the

characteristic reflection angles of 26.6°, 33.8° and 51.7° when performing an X-ray diffraction

with the wave length of CuK,. By this additional compound combined with the basic com-

pound tin dioxide is uniformly distributed over the entire moulded body.



CA 02747085 2011-06-15

5
[0015]  Catalytically active surface components on the moulded body additionally in-

crease the service life of the catalyst in operation, preference being given, on the one hand,
to the platinum compound with a mass percentage of 0.01 to 1.0 of platinum and, on the
other hand, to tin in the form of a compound of an element of the fourth main group of the pe-

riodic table with a mass percentage of 0.1 to 4.0. However, the additional surface component

may also be germanium.

[0016] The invention claims a process for the production of the catalyst for the dehydro-
genation of alkanes or alkyl substituents of hydrocarbons, the moulded body of the cataIySt
being impregnated in one or more impregnation steps simultaneously or consecutively with
the claimed active and the additional surface component and, in subsequent process steps,

the moulded body produced being further processed to obtain the catalyst.

[0017] First, the solid raw materials of the main constituent of the moulded body of at
least one or several oxides from an element of the second to fourth main group or subgroup

of the periodic table or of a mixed oxide compound made up of the latter, and a small content
of the additional component, namely an oxide from an element of the fourth main group of
the periodic table, are ground, mixed with binders and subjected to the moulding process to

~ obtain the moulded body. Suitable moulding processes are, for example, sintering, pelletis-
ing, tabletting, prilling or extrusion processes, the optimum form of the moulded body being

selected depending on the catalyst supporting device and/or the reactor.

[0018] After the moulding process, the moulded body must be calcined or dried if re-
quired. Not till then the active and additional catalytically active surface components can be
simultaneously or consecutively applied onto the moulded body by means of impregnation,

precipitation or immersion, for example, in the form of salt in an aqueous solution. The proc-

ess steps may be repeated if required.

[0019] In an advantageous embodiment of the process for the production of the catalyst
preference Is given to an oxide compound for the moulded body, tin dioxide and one or sev-
eral substances from the group of substances aluminium oxide, calcium oxide, zirconium di-
oxide, zinc oxide, silicon dioxide, magnesium oxide or other appropriate substances being

suitable. The solids of the oxide compounds are powdered, mixed with binders and subjected
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to a moulding process. Other favoured variants for the moulded body are a water-soluble tin

salt and one or several water-soluble salts of the metals aluminium, zinc, calcium or magne-
sium. The aqueous or alcoholic solutions are, if required, mixed with deionised water, neu-
tralised and precipitated. After precipitation, the material obtained is filtered, dried and proc—-‘
essed to the desired moulded body by a suitable moulding process. Typically, well suited
moulding processes are tabletting or extrusion. The decision on the moulding process type is
left to the person skilled in the art. Normally, it is the objective to produce an abrasion-proof

‘moulded body with a sufficiently high porosity.

[0020] Optimally for the catalyst, its moulded body is treated with catalytically active sub-
stances. A platinum compound especially suitable for impregnation is hexachloroplatinic acid
or its salts. Of course, other soluble platinum compounds such as platinum(Ill) halogenides
and platinum(lV) halogenides may be used as well. A water-soluble tin compound such as tin
chloride or tin nitrate is usually used for the impregnation with the additional surface compo-
nent, a compound of an element of the fourth main group of the periodic table. Both an
aqueous solution and an ethanol or methanol solution containing the surface component may
be used for impregnation. The impregnation of the moulded body with the specified surface

components In solutions may be carried out consecutively or simultaneously.

[0021] Typically, the impregnation is carried out by spraying or immersion the mouided
body with the solution containing the catalytically active substances. In principle, other proc-
esses ensuring a uniform distribution of the substances for impregnation of the moulded

body are also suitable as impregnation processes.

[0022] After impregnation the moulded body passes the subsequent process steps of
calcination, washing and/or drying as required. Some process steps may also be repeated.

Then, the desired catalyst is finished.

[0023] A process for the dehydrogenation of alkanes or alkyl substituents of hydrocar-
bons s also claimed, an alkane or hydrocarbon to be dehydrogenated being routed in a mix-
ture with quasi-inert gases through a reactor for dehydrogenation charged with the catalyst
according to the invention. For this, the usual general parameters of the alkane dehydroge-

nation are to be applied.
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[0024] In a preferred embodiment the dehydrogenation of alkanes is carried out at a

temperature of 480°C to 820°C. The reaction gives the desired alkene and hydrogen, the al-
kene being discharged and non-converted alkane and water vapour being redirected through
the reactor. This reaction step is preferably performed in an adiabatic process or allothermic
process with external heating. However, in principle, any process and/or device able of per-
forming such a dehydrogenation reaction is suitable. For example, water vapour, carbon di-
oxide or nitrogen are suitable as quasi-inert gases. In some processes, it Is also customary

to add hydrogen for suppressing the formation of coke.

[0025] If the process is carried out with the catalyst produced according to the invention,
higher conversion rates and thus an increased reaction rate will be achieved depending on

the reaction performed. However, in particular, a higher selectivity is obtained, corresponding
to a reduced formation of by-products. As a result, fewer catalysts are required. The catalyst

according to the invention also has a considerably longer service life. This also contributes to

lower operating costs of the entire process.

[0026] It is also possible to combine the process step of alkane dehydrogenation with a
subsequent process step of hydrogen combustion and to use the catalyst according to the
iInvention. In doing so, the hydrogen, on the one hand, is withdrawn from the equilibrium and
shifted to the desired direction, on the other hand, heat is generated, causing the gas to be
redirected through the dehydrogenation reactor without any further heating, thus allowing
non-converted alkane to react. This process step as well is preferably carried out at a tem-
perature of 480°C to 820°C.

[0027] In a further embodiment of the process with the catalyst according to the inven-
tion, the hydrogen is oxidised at a temperature of 480°C to 820°C. As hydrogen combustion
takes place exothermically, the heat being generated in this process step may be used for

the subsequent endothermic dehydrogenation.

10028] Propane, n-butane or i-butane are frequently used as basic materials for produc-
ing propene or n-butene or isobutene. Ethyl benzene or single olefins such as n-butene may
also be used as compounds to be dehydrogenated. In this case, styrene or 1,3-butadiene are

obtained. Finally higher alkanes may, for example, be dehydrogenated by the process ac-
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cording to the invention. All hydrocarbons mentioned may well be dehydrogenated using the

catalyst and the process according to the invention.

[0029] Nevertheless, on account of slight but continuous coking the catalyst must be re-
generated at regular intervals. This is normally done by transferring an oxygen-containing

gas, the carbon-containing deposits on the catalyst being combusted.

[0030] In the following the invention is explained in a drawing on the basis of an em-
bodiment example, in this case a propane dehydrogenation according to the process illus-
trated in WO 2006050957 A1. All catalysts used have been impregnated with solutions hav-
ing a platinum content of 0.6%. The conversion rate of propane and the selectivity of propene
are illustrated in the figure. Four different catalysts are compared to each other, two catalysts

each being based on the same moulded body which differs in its tin content only.

[0031] The first moulded body serving as the basis for variants (1) and (2) has a tin con-
tent of 0.95%. Variant (1) does not contain any tin by additional impregnation, variant (2) has
a tin content of 0.48% applied together with platinum. Variant (2) compared to variant (1)
shows a higher selectivity. The second moulded body serving as the basis for variants (3)
and (4) does not contain any tin. Variant (3) with an impregnated-tin content of 0.95% corre-
sponding to the tin content of variant (1) also shows, when compared to the latter, a consid-
erable increase in selectivity at the same conversion rate, but it remains below the selectivity
of variant (2). An increase in the tin content applied by impregnation only as shown in variant
(4) results in a lower selectivity as compared to variants (2) and (3). Therefore, maximum se-
lectivities can only be achieved if the moulded body contains tin dioxide and is additionally

impregnated with platinum and tin.

[0032] It can be derived from the graph in Fig. 1 that the catalyst which contains 0.95%
tin in the moulded body and also 0.48% tin applied by impregnation with a tin-containing so-
lution results in a considerably higher selectivity of propene as compared to catalysts which
only contain tin in the moulded body or only contain tin applied by impregnation. The above
‘example gives an excellent illustration of the interaction of the catalyst according to the in-
vention, consisting in a combination of the tin-containing moulded body and the impregnation

with a tin solution, in the dehydrogenation of hydrocarbons.
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CLAIMS:

1. Catalyst for the dehydrogenation of alkanes or alkyl substituents of hydrocarbons, con-

taining

a) a moulded body consisting of at least one or several oxides from an element
of the second to fourth main group or subgroup of the periodic table or of a
mixed oxide compound made up of the latter, the constituents serving as the

basic material of the moulded body;

b) an additional component containing an oxide from an element of the fourth
main group of the periodic table, the said oxide being added during the

moulding process;

C) an active surface component containing a platinum compound;

d) an additional surface component containing a compound of an element of

the fourth main group of the periodic table.

2. Catalyst according to claim 1, characterised in that more than 50% of the constituents

of the moulded body consist of zinc aluminate as a mixed oxide compound.

3. Catalyst according to claim 1, characterised in that more than 50% of the constituents
of the moulded body consist of aluminium oxide, magnesium oxide, calcium oxide, zir-

conium dioxide or silicon dioxide or a combination of these substances.

4. Catalyst according to one of claims 1 to 3, characterised in that the additional compo-

nent is tin dioxide having the characteristic reflection angles of 26.6°, 33.8° and 51.7°

when performing an X-ray diffraction with the wave length of CuK..

5. Catalyst according to one of claims 1 to 4, characterised in that the additional surface

component contains tin.
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Catalyst according to one of claims 1 to 5, characterised in that the content of tin in the

total catalyst is 0.1 to 4.0 mass percent.

Catalyst according to one of claims 1 to 6, characterised in that the content of platinum

In the total catalyst is 0.01 to 1.0 mass percent.

Process for the production of the catalyst, comprising

e a moulded body consisting of at least one or several oxides from an element of the
second to fourth main group or subgroup of the periodic table or of a mixed oxide
compound made up of the latter and the constituents as the basic material of the

moulded body being subjected to a moulding process,

e an additional component containing an oxide from an element of the fourth main

group of the periodic table, the said oxide being added during the moulding process,

characterised in that

a) the moulded body is impregnated in one or several impregnation steps simul-
taneously or consecutively with the active and the additional surface compo-

nent, and

b) the moulded body produced is further processed in subsequent process steps

to obtain the catalyst.

Process according to claim 8, characterised in that the process steps for producing the

catalyst include impregnation, drying, precipitation, washing and calcining.

Process according to claim 8, characterised in that tin dioxide and one or more sub-
stances from the group of substances aluminium oxide, calcium oxide, zirconium diox-
ide, silicon dioxide or magnesium oxide are used and the moulded body is produced by

grinding of the solid raw materials, mixing and calcining.

Process according to claim 8, characterised in that a water-soluble tin salt and one or

more water-soluble salts of the metals aluminium, zinc, calcium or magnesium are used
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and the moulded body is produced by mixing with deionised water, a neutralisation step,

precipitation, drying and calcining.

Process according to one of claims 8 to 11, characterised in that the moulding process
IS either a sintering process, a pelletising process, a tabletting process, an extrusion

process or a reticulation process.

Process for the dehydrogenation of alkanes, characterised in that an alkane or hydro-
carbon to be dehydrogenated is routed in a mixture with quasi-inert gases for dehydro-
genation through a reactor charged with the inventive catalyst according to one of claims
1to 12.

Process for the dehydrogenation of alkanes according to claim 13, characterised in
that the alkane is routed in a mixture with water vapour for dehydrogenation through a
reactor charged with the catalyst according to the invention and the forming gas mixture
consisting of residual alkane, alkene, hydrogen and water vapour is fed after the dehy-
drogenation step to another reactor also charged with the catalyst according to the in-

vention, the hydrogen contained in the mixture being oxidised.
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