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TREATMENT OF A MIXED METAL OXIDE CATALYST CONTAINING
MOLYBDENUM, VANADIUM, NIOBIUM AND OPTIONALLY TELLURIUM

Field of the invention

The present invention relates to a process for treatment
of a mixed metal oxide catalyst containing molybdenum (Mo),
vanadium (V), niobium (Nb) and optionally tellurium (Te).

Background of the invention

Mixed metal oxide catalysts containing molybdenum,
vanadium, niobium and optionally tellurium may be used in a
variety of chemical processes. For example, such catalyst may
be used to oxidatively dehydrogenate alkanes, such as alkanes
containing 2 to 6 carbon atoms, for example ethane or propane
resulting in ethylene and propylene, respectively, in an
oxidative dehydrogenation (oxydehydrogenation; ODH) process.
Examples of alkane ODH processes, including catalysts and
other process conditions, are for example disclosed in
Us7091377, WO2003064035, US20040147393, wW02010096909 and
UsS20100256432. Mixed metal oxide catalysts containing
molybdenum, vanadium, niobium and optionally tellurium as the
metals, can be used as such oxydehydrogenation catalysts.
Such catalysts may also be used in the direct oxidation of
alkenes to carboxylic acids, such as in the oxidation of
alkenes containing 2 to 6 carbon atoms, for example ethylene
or propylene resulting in acetic acid and acrylic acid,
respectively.

Usually, in the course of time, the performance of such
catalyst containing Mo, V, Nb and optionally Te, including
its activity and/or selectivity, may get reduced by using it.
Catalyst performance may be kept at an acceptable level by

for example increasing the reaction temperature. However, a
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disadvantage of such temperature increase is that undesired
side-reactions may occur. Therefore, generally, i1t is desired
to treat or regenerate such relatively expensive, used
catalyst such that its original performance, including its
activity and/or selectivity, is restored or that the
performance of the used catalyst is increased to a higher
level.

Apart from treating or regenerating used catalysts
containing Mo, V, Nb and optionally Te, as discussed above,
it is also desired to provide a process for treating fresh
catalysts containing Mo, V, Nb and optionally Te, which have
not been used as a catalyst in a chemical process before,
such as to improve its performance, including its activity
and/or selectivity.

Therefore, it i1s an objective of the present invention to
provide a process for treatment of a mixed metal oxide
catalyst containing molybdenum, vanadium, niocbium and
optionally tellurium, which catalyst may be a fresh or used
catalyst, which treatment process results in an improvement
in catalyst performance, in particular an improvement of the
activity and/or selectivity of the catalyst, in particular an
improvement of the activity and/or selectivity in an alkane
ODH and/or alkene oxidation process wherein such catalyst may
be used.

Summary of the invention

Surprisingly it was found that such process for treatment
of a mixed metal oxide catalyst containing molybdenum,
vanadium, niobium and optionally tellurium may be a process
which comprises contacting a gas stream comprising methane,
an inert gas or oxygen or any combination of two or more of
these with the catalyst, wherein said gas stream comprises 0
to 25 vol.% of an alkane containing 2 to 6 carbon atoms

and/or alkene containing 2 to 6 carbon atoms, in which case
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the catalyst performance, including activity and/or
selectivity of the catalyst, may be improved.

Accordingly, the present invention relates to a process
for treatment of a mixed metal oxide catalyst containing
molybdenum, vanadium, niobium and optionally tellurium,
comprising contacting a gas stream comprising methane, an
inert gas or oxygen or any combination of two or more of
these with the catalyst, wherein said gas stream comprises 0
to 25 vol.% of an alkane containing 2 to 6 carbon atoms
and/or alkene containing 2 to 6 carbon atoms.

Detailed description of the invention

While the process of the present invention and the gas
stream or gas streams used in said process are described in
terms of *“comprising”, “containing” or “including” one or
more various described steps and components, respectively,
they can also “consist essentially of” or “consist of” said
one or more various described steps and components,
respectively.

In the present invention, a mixed metal oxide catalyst
containing molybdenum, wvanadium, niobium and optionally
tellurium is contacted with a gas stream comprising methane,
an inert gas or oxygen or any combination of two or more of
these. Within the present specification, said gas stream
comprising methane, an inert gas or oxygen or any combination
of two or more of these is also referred to as “treatment gas
Stream”.

In the present invention, the treatment gas stream
comprises 0 to 25 vol.% of an alkane containing 2 to 6 carbon
atoms and/or alkene containing 2 to 6 carbon atoms.

Preferably, the treatment gas stream comprises no or
substantially no alkane containing 2 to 6 carbon atoms and/or

alkene containing 2 to 6 carbon atoms.
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Within the present specification, by “substantially no”
in relation to the amount of a specific component in a gas
stream, 1t is meant an amount which is at most 10,000,
preferably at most 5,000, more preferably at most 1,000, more
preferably at most 500, more preferably at most 100, more
preferably at most 50, more preferably at most 30, more
preferably at most 20, and most preferably at most 10 ppmv
(parts per million by volume) of the component in question,
based on the amount (i.e. volume) of said gas stream.

In a case wherein in the present process the treatment
gas stream also comprises an alkane containing 2 to 6 carbon
atoms and/or alkene containing 2 to 6 carbon atoms, the
amount of said alkane and/or alkene containing 2 to 6 carbon
atoms may be 1 to 25 vol.% or 1 to 10 vol.% or 1 to 5 vol.%.

As mentioned above, the treatment gas stream may comprise
an inert gas. Said inert gas may be selected from the group
consisting of the noble gases and nitrogen (N;). Preferably,
the inert gas is nitrogen or argon, more preferably nitrogen.

Further, in case the treatment gas stream comprises a
combination of methane and an inert gas, the volume ratio of
methane to inert gas may vary within broad ranges and may be
of from 100:1 to 1:100, more suitably 20:1 to 1:20, most
suitably 10:1 to 1:10.

Still further, in case the treatment gas stream comprises
no combination of methane and an inert gas, the treatment gas
stream either comprises methane and no or substantially no
inert gas or comprises an inert gas and no or substantially
no methane.

In the present process, the treatment gas stream may
comprise an amount of methane of from 0 to 100 vol.%, more
suitably 0 to 99 vol.%, more suitably 0 to 95 vol.%, more
suitably 0 to 90 vol.%, more suitably 0 to 70 vol.%, most

suitably 0 to 50 vol.%; an amount of an inert gas of from O
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to 100 vol.%, more suitably 0 to 99 vol.%, more suitably 0 to
95 vol.%, more suitably 0 to 90 vol.%, more suitably 0 to 70

vol.%, most suitably 0 to 50 vol.%; and an amount of oxygen

o
~

of from 0 to 100 vol.%, more suitably 0 to 99 vol. more

o
o

~

suitably 0 to 95 vol.%, more suitably 0 to 90 vol. more

o

suitably 0 to 70 vol.%, most suitably 0 to 50 vol.

Further, in the present process, the treatment gas stream
may comprise methane in an amount of 0 vol.%, more suitably
at least 1 vol.%, more suitably at least 5 vol.%, more
suitably at least 10 vol.%, most suitably at least 30 vol.$%,
and at most 100 vol.%, more suitably at most 99 vol.%, more
suitably at most 95 vol.$%, more suitably at most 90 vol.%,
most suitably at most 70 vol.%.

Further, in the present process, the treatment gas stream
may comprise an inert gas in an amount of 0 vol.%, more
suitably at least 1 vol.$%, more suitably at least 5 vol.%,
more suitably at least 10 vol.$%, most suitably at least 30
vol.%, and at most 100 vol.%, more suitably at most 99 vol.%,
more suitably at most 95 vol.%, more suitably at most 90
vol.%, most suitably at most 70 vol.%.

Further, in the present process, the treatment gas stream
may comprise oxygen in an amount of 0 vol.%, more suitably at
least 1 vol.%, more suitably at least 5 vol.%, more suitably
at least 10 vol.%, most suitably at least 30 vol.%, and at
most 100 vol.%, more suitably at most 99 vol.%, more suitably
at most 95 vol.%, more suitably at most 90 vol.%, most
suitably at most 70 vol.%.

For example, in the present process, the treatment gas
stream may be a gas stream consisting of oxygen, which means
that it contains no or substantially no methane and no or
substantially no inert gas, preferably no or substantially no

component other than oxygen.
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However, preferably, in one embodiment of the present
process, the treatment gas stream comprises methane and/or an
inert gas and no or substantially no oxygen, which embodiment
is herein referred to as “Embodiment A”. That is to say, in
Embodiment A, the treatment gas stream comprises methane, an
inert gas or a combination of methane and an inert gas, but
the treatment gas stream comprises no or substantially no
oxygen.

In said Embodiment A of the present process, the
treatment gas stream may comprise methane and/or an inert gas
in an amount of from 60 to 100 vol.$%, more suitably 75 to 100
vol.%, more suitably 90 to 100 vol.%, more suitably 95 to 100
vol.%, most suitably 99 to 100 vol.%. Further, in said
Embodiment A, the treatment gas stream may be a gas stream
consisting of methane and/or an inert gas, which means that
it contains no or substantially no oxygen, in particular no
or substantially no component other than methane and/or inert
gas.

Further, preferably, in another embodiment of the present
process, the treatment gas stream comprises oxygen and
methane and/or an inert gas, which embodiment is herein
referred to as “Embodiment B”. That is to say, in Embodiment
B, the treatment gas stream comprises oxygen and in addition
the treatment gas stream also comprises methane, an inert gas
or a combination of methane and an inert gas.

In said Embodiment B of the present process, the
treatment gas stream may comprise 5 to 35 vol.% of oxygen,
more suitably 15 to 30 vol.% of oxygen, and in addition the
treatment gas stream may comprise 65 to 95 vol.% of methane
and/or an inert gas, more suitably 70 to 85 vol.% of methane
and/or an inert gas. Further, in case in said Embodiment B
the treatment gas stream additionally comprises methane,

ranges for the molar ratio of oxygen to methane in said gas
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stream which are suitable, are of from 0.01 to 1, more
suitably 0.05 to 0.5. Still further, in case in said
Embodiment B the treatment gas stream additionally comprises
an inert gas, such as nitrogen, the treatment gas stream may
be an air stream, optionally diluted with an inert gas, such
as nitrogen.

Further, the present process may comprise one step or
multiple steps. Still further, said one step or at least one
of said multiple steps may comprise contacting a gas stream,
as described in any one of the above-mentioned embodiments
for the treatment gas stream, with the mixed metal oxide
catalyst containing molybdenum, vanadium, niocbium and
optionally tellurium.

For example, the present process may comprise the
following two steps: a first step comprising contacting a gas
stream as described in above-mentioned Embodiment B for the
treatment gas stream, which gas stream comprises oxygen and
methane and/or an inert gas, with the catalyst, followed by a
second step comprising contacting a gas stream as described
in above-mentioned Embodiment A for the treatment gas stream,
which gas stream comprises methane and/or an inert gas and no
or substantially no oxygen, with the catalyst.

Preferably, in the present process, the temperature is of
from 200 to 500 °C. More preferably, said temperature is of
from 250 to 500 °C, most preferably of from 300 to 500 °C.

Preferably, said temperature is at least 200 °C, more
preferably at least 230 °C, more preferably at least 250 °C,
more preferably at least 270 °C, more preferably at least 290
°C, more preferably at least 300 °C, most preferably at least
320 °cC.

Further, preferably, said temperature is at most 500 °C,
more preferably at most 470 °C, more preferably at most 450

°C, more preferably at most 420 °C, more preferably at most
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400 °C, more preferably at most 380 °C, most preferably at
most 350 °C.

Still further, in the present process, typical pressures
are 0.1-20 bara (i.e. “bar absolute”). Further, in a
preferred embodiment, said pressure is of from 0.1 to 15
bara, more preferably of from 0.5 to 10 bara, most preferably
of from 1 to 5 bara.

The time period for contacting the treatment gas stream
with the catalyst may vary within wide ranges and may be of
from 10 minutes to 10 hours, more suitably of from 30 minutes
to 5 hours.

As mentioned above, the treatment of the present process
may be applied to a fresh or used catalyst containing
molybdenum, vanadium, niobium and optionally tellurium.

In one embodiment of the present invention, the catalyst
is a fresh catalyst. Within the present specification, a
“fresh catalyst” means a catalyst which has not been used as
a catalyst in a chemical process before. The fresh catalyst
is, however, suitable to be used as a catalyst in a chemical
process, which means that it is a final catalyst obtained as
the product in a catalyst preparation process, and not any
intermediate catalyst or catalyst precursor. The present
treatment process may be applied in order to improve catalyst
performance, including activity and/or selectivity, of such
fresh catalyst. Preferably, said fresh catalyst is intended
to be used in the oxidative dehydrogenation of an alkane
containing 2 to 6 carbon atoms and/or the oxidation of an
alkene containing 2 to 6 carbon atoms.

In another embodiment of the present invention, said
catalyst is a used catalyst. Within the present
specification, a “used catalyst” means a catalyst which has
been used as a catalyst in a chemical process. The catalyst

performance, including its activity and/or selectivity, may
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have been decreased through such use. The present treatment
process may be applied in order to restore the original
catalyst performance, including activity and/or selectivity,
of the used catalyst or to increase the performance of the
used catalyst to a higher level. Preferably, said used
catalyst has Dbeen used in the oxidative dehydrogenation of an
alkane containing 2 to 6 carbon atoms and/or the oxidation of
an alkene containing 2 to 6 carbon atoms.

Preferably, in the present invention, the mixed metal
oxide catalyst containing molybdenum, wvanadium, niobium and
optionally tellurium is a heterogeneous catalyst.

In the present invention, the catalyst is a mixed metal
oxide catalyst containing molybdenum, wvanadium, niobium and
optionally tellurium as the metals, which catalyst may have
the following formula:

MoV, Tep Nb O,
wherein:

a, b, ¢ and n represent the ratio of the molar amount of
the element in guestion to the molar amount of molybdenum
(Mo) ;

a (for v) is from 0.01 to 1, preferably 0.05 to 0.60,
more preferably 0.10 to 0.40, more preferably 0.20 to 0.35,
most preferably 0.25 to 0.30;

b (for Te) is 0 or from >0 to 1, preferably 0.01 to 0.40,
more preferably 0.05 to 0.30, more preferably 0.05 to 0.20,
most preferably 0.09 to 0.15;

¢ (for Nb) is from >0 to 1, preferably 0.01 to 0.40, more
preferably 0.05 to 0.30, more preferably 0.10 to 0.25, most
preferably 0.14 to 0.20; and

n (for 0) is a number which is determined by the wvalency
and frequency of elements other than oxygen.

As discussed above, the fresh catalyst may be intended to

be used as a catalyst in the oxidative dehydrogenation of an
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alkane containing 2 to 6 carbon atoms and/or the oxidation of
an alkene containing 2 to 6 carbon atoms, and the used
catalyst may have been used as a catalyst in such chemical
process. Preferably, in said alkane oxidative dehydrogenation
process, the alkane containing 2 to 6 carbon atoms is a
linear alkane in which case said alkane may be selected from
the group consisting of ethane, propane, butane, pentane and
hexane. Further, preferably, said alkane contains 2 to 4
carbon atoms and is selected from the group consisting of
ethane, propane and butane. More preferably, said alkane is
ethane or propane. Most preferably, said alkane is ethane.
Further, preferably, in said alkene oxidation process, the
alkene containing 2 to 6 carbon atoms is a linear alkene in
which case said alkene may be selected from the group
consisting of ethylene, propylene, butene, pentene and
hexene. Further, preferably, said alkene contains 2 to 4
carbon atoms and is selected from the group consisting of
ethylene, propylene and butene. More preferably, said alkene
is ethylene or propylene.

The product of said alkane oxidative dehydrogenation
process may comprise the dehydrogenated equivalent of the
alkane, that is to say the corresponding alkene. For example,
in the case of ethane such product may comprise ethylene, in
the case of propane such product may comprise propylene, and
so on. Such dehydrogenated equivalent of the alkane is
initially formed in said alkane oxidative dehydrogenation
process. However, in said same process, said dehydrogenated
equivalent may be further oxidized under the same conditions
into the corresponding carboxylic acid which may or may not
contain one or more unsaturated double carbon-carbon bonds.
As mentioned above, it is preferred that the alkane
containing 2 to 6 carbon atoms is ethane or propane. In the

case of ethane, the product of said alkane oxidative
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dehydrogenation process may comprise ethylene and/or acetic
acid, preferably ethylene. Further, in the case of propane,
the product of said alkane oxidative dehydrogenation process
may comprise propylene and/or acrylic acid, preferably
acrylic acid.

The product of said alkene oxidation process comprises
the oxidized equivalent of the alkene. Preferably, said
oxidized equivalent of the alkene is the corresponding
carboxylic acid. Said carboxylic acid may or may not contain
one or more unsaturated double carbon-carbon bonds. As
mentioned above, it is preferred that the alkene containing 2
to 6 carbon atoms is ethylene or propylene. In the case of
ethylene, the product of said alkene oxidation process may
comprise acetic acid. Further, in the case of propylene, the
product of said alkene oxidation process may comprise acrylic
acid.

The invention is further illustrated by the following
Examples.

Examples

(A) Preparation of the catalyst

A mixed metal oxide catalyst containing molybdenum (Mo),
vanadium (V), niobium (Nb) and tellurium (Te) was prepared,
for which catalyst the molar ratio of said 4 metals was
Mo1Vyg.29Nbg . 17T€g. 12+

Two solutions were prepared. Solution 1 was obtained by
dissolving 15.8 g of ammonium niobate oxalate and 4.0 g of
anhydrous oxalic acid in 160 ml of water at room temperature.
Solution 2 was prepared by dissolving 35.6 g of ammonium
heptamolybdate, 6.9 g of ammonium metavanadate and 5.8 g of
telluric acid (Te(OH)¢) in 200 ml of water at 70 °C. 7.0 g of
concentrated nitric acid was then added to solution 2. The 2

solutions were combined which yielded an orange gel-like
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precipitate. The mixture was evaporated to dryness with the
aid of a rotating evaporator (“rotavap”) at 50 °C.

The dried material was further dried in static air at 120
°C for 16 hours, milled to a fine powder and then calcined in
static air at a temperature of 300 °C for 5 hours. After the
air calcination, the material was further calcined in a
nitrogen (N;) stream at 600 °C for 2 hours. Then the material
was treated with an aqueous 5% oxalic acid solution at 80 °C
and filtered and dried at 120 °C.

The dried catalyst powder was pressed into pills which
pills were then milled. The milled material was then sieved
using a sieve having a mesh size of 40-80 mesh. The sieved
material, having a size of 40-80 mesh and composed of porous
catalyst particles, was then used in the ethane oxidative
dehydrogenation experiments described below.

(B) Catalytic oxidative dehydrogenation of ethane and

subsequent treatment

In this experiment, the catalyst thus prepared was used
in an experiment involving ethane oxidative dehydrogenation
(ethane ODH) within a small-scale testing unit comprising a
vertically oriented, cylindrical, quartz reactor having an
inner diameter of 3.0 mm. 0.65 g of the catalyst was loaded
in the reactor. The catalyst bed height was 6 cm. On top of
the catalyst bed, another bed having a height of 8 cm was
placed which latter bed contained inert silicon carbide (SiC)
particles having an average diameter of 0.8 mm.

In this experiment, a gas stream comprising 63 vol.% of
ethane, 21 vol.% of oxygen (0;) and 16 vol.% of nitrogen (Njy)
was fed to the top of the reactor and then sent downwardly
through the catalyst bed to the bottom of the reactor. Said
gas stream was a combined gas stream comprising a flow of
ethane having a rate of 3.00 Nl/hr, a flow of oxygen having a

rate of 1.00 N1/hr and a flow of nitrogen having a rate of
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0.77 N1/hr. “N1” stands for “normal litre” as measured at
standard temperature and pressure, namely 32 °F (0 °C) and 1
bara (100 kPa). The pressure in the reactor was 2.5 bara. The
reactor was heated such that the temperature of the catalyst
(at the top of the catalyst bed) was 390 °C. This condition
was maintained for 8 hours. This time period of 8 hours is
herein referred to as “reaction period A”. Directly after
reaction period A, the following sequence of steps was
performed:

1. The flow of ethane was gradually stopped and at the
same time gradually replaced by a flow of methane having a
rate of 3.00 Nl/hr, within a period of time of 3 minutes.

2. The thus obtained condition, comprising a flow of
methane having a rate of 3.00 Nl/hr, a flow of oxygen having
a rate of 1.00 N1l/hr and a flow of nitrogen having a rate of
0.77 N1/hr, was maintained for 2 hours. The temperature of
the catalyst decreased from 390 °C to 380 °C.

3. The flow of oxygen was gradually stopped, within a
period of time of 1 minute.

4. The thus obtained condition, comprising a flow of
methane having a rate of 3.00 Nl/hr and a flow of nitrogen
having a rate of 0.77 N1l/hr, was maintained for 1 hour.

5. A flow of oxygen having a rate of 1.00 N1l/hr was
gradually introduced, within a period of time of 1 minute.

6. A flow of ethane having a rate of 3.00 N1/hr was
gradually introduced and at the same time the flow of methane
was gradually stopped, within a period of time of 3 minutes.

7. The thus obtained condition, comprising a flow of
ethane having a rate of 3.00 Nl/hr, a flow of oxygen having a
rate of 1.00 N1/hr and a flow of nitrogen having a rate of
0.77 N1/hr, was maintained for 8 hours. This time period of 8

hours is herein referred to as “reaction period B”.
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The conversion of ethane and the product composition were
measured with a gas chromatograph (GC) equipped with a
thermal conductivity detector (TCD) and with another GC
equipped with a flame ionization detector. Acetic acid by-
product and water from the reaction were trapped in a gquench
pot.

In Table 1 below, the experimental results (conversion of

ethane and selectivity towards ethylene) are shown.

Table 1
Conversion of Selectivity to
Time
ethane (%) ethylene (%)
4 hours after start of
reaction period A
44 94
(untreated catalyst;
comparative)
4 hours after start of
reaction period B
47 93
(treated catalyst;
invention)

Surprisingly, it appears from Table 1 that by a treatment
in accordance with the present invention, of a mixed metal
oxide catalyst containing molybdenum, wvanadium, niobium and
optionally tellurium, that had been used before in a chemical
process (in these examples an ethane ODH process), the
conversion was increased (see treated catalyst in Table 1) as
compared to a case wherein such treatment was not carried out
(see untreated catalyst in Table 1). Compare the increased
conversion of 47% for the treated catalyst with the

conversion of 44% for the untreated catalyst.
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CLATIMS

1. Process for treatment of a mixed metal oxide catalyst
containing molybdenum, wvanadium, niobium and optionally
tellurium, comprising contacting a gas stream comprising
methane, an inert gas or oxygen or any combination of two or
more of these with the catalyst, wherein said gas stream
comprises 0 to 25 vol.% of an alkane containing 2 to 6 carbon
atoms and/or alkene containing 2 to 6 carbon atoms.

2. Process according to claim 1, wherein the temperature is
of from 200 to 500 °cC.

3. Process according to claim 2, wherein the temperature is
of from 250 to 500 °C, preferably of from 300 to 500 °C.

4. Process according to any one of the preceding claims,
wherein the pressure is of from 0.1 to 15 bara, preferably of
from 0.5 to 10 bara, more preferably of from 1 to 5 bara.

5. Process according to any one of the preceding claims,
wherein the catalyst is a fresh catalyst.

6. Process according to claim 5, wherein the fresh catalyst
is intended to be used as a catalyst in the oxidative
dehydrogenation of an alkane containing 2 to 6 carbon atoms
and/or the oxidation of an alkene containing 2 to 6 carbon
atoms.

7. Process according to any one of claims 1-4, wherein the
catalyst is a used catalyst.

8. Process according to claim 7, wherein the used catalyst
has been used as a catalyst in the oxidative dehydrogenation
of an alkane containing 2 to 6 carbon atoms and/or the

oxidation of an alkene containing 2 to 6 carbon atoms.
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