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Description

[0001] The present invention relates to a process for
removing, by selective oxidation in the presence of a sol-
id catalyst, ammonia from gasification gas obtained
from fuel.
[0002] In the gasification of a fuel, such as carbon,
peat or fuel oil, the fuel and an oxygen-containing gas,
such as air or oxygen, form a gasification gas the prin-
cipal components of which are, depending on the con-
ditions, carbon monoxide, carbon dioxide, hydrogen,
methane, water, and nitrogen. In addition, the gasifica-
tion gas contains ammonia formed from the nitrogen
present in the fuel. In the subsequent combustion step
the ammonia of the gasification gas burns to oxides of
nitrogen, such as nitrogen monoxide NO or nitrogen di-
oxide NO2. To avoid environmental problems, the emis-
sion of these acidifying gases into the atmosphere is to
be prevented, and this can be done by the use of a spe-
cific combustion technique by which the burning of am-
monia to nitrogen oxides is prevented, or by removing
ammonia from the gasification gas before the combus-
tion step. The present invention concerns the latter so-
lution model.
[0003] It is a previously known method to remove am-
monia from gasification gas by scrubbing the gas before
the combustion step. This method has the disadvantage
that the scrubbing will cool the gas radically, thereby re-
ducing the efficiency ratio of the process. According to
another known method, the ammonia is removed by se-
lective oxidation of the gasification gas. FI lay-open print
83393 describes a technique in which oxygen and nitro-
gen oxides, in particular nitrogen monoxide NO, are fed
into the midst of the gasification gas in order to cause a
reaction in which gaseous nitrogen and water are
formed. According to the publication, the reaction can
be accelerated by means of a selective catalyst, such
as dolomite or zeolite. FI lay-open print 89810 describes
a catalyst suitable, for example, for the said ammonia
removal reaction, the catalyst being made up mainly of
an oxide of iron or nickel, mixed with a carbonate or ox-
ide of an alkali metal or an earth alkali metal. By using
such a catalyst, 75-90% of the ammonia present in gas-
ification gas has been decomposed at a reaction tem-
perature of 900 °C.
[0004] The object of the present invention is to make
more effective the oxidation of the ammonia present in
gasification gas by using anew catalyst, which oxidizes
ammonia selectively, i.e. without substantially affecting
hydrogen, methane or other oxidizing components of
the gasification gas, and by means of which the ammo-
nia can be decomposed more completely and/or at a
substantially lower temperature than by means of pre-
viously used catalysts. The invention is characterized in
that the catalyst used consists of a substantially pure
aluminum oxide Al2O3 and that the oxidant is a mixture
of oxygen and NO or an oxide of nitrogen in which the
degree of oxidation of the nitrogen is at least +1.

[0005] According to preliminary experiments, when
the catalyst consists of a substantially pure aluminum
oxide Al2O3, 90-96 % of the ammonia present in gasifi-
cation gas can be caused to react to form nitrogen at a
reaction temperature of 400-600 °C, The oxidant used
was a mixture of oxygen and nitrogen monoxide NO.
[0006] On the basis of the experiments it seems that
the most advantageous application of the invention is
the oxidation of ammonia by means of oxygen and ni-
trogen monoxide by using aluminum oxide as a catalyst,
at a reaction temperature of approx. 400-500 °C. There-
by a maximal conversion of ammonia to nitrogen is
achieved within a temperature range which corresponds
to the temperature to which the temperature of the gas-
ification gas in many combustion plants is even other-
wise adjusted between the gasification and the combus-
tion.
[0007] The contact between the reacting gas mixture
and the catalyst can be achieved advantageously in a
solid or fluidized bed made up of small catalyst particles,
most preferably less than 1 mm in size. Such a catalyst
bed may be located in a separate oxidation reactor
which is equipped with heat controls and in which the
reacting gas mixture is caused to flow through the bed,
the oxidation reactor being located at a point subse-
quent to the gasification reactor. The reaction time in the
solid or fluidized catalyst bed may be approx. 1-2 s.
[0008] In addition to the process, the invention relates
to the use of aluminum oxide as a catalyst in selective
oxidation, by means of oxygen and one or more oxides
of nitrogen, of the ammonia present in gasification gas.
[0009] The invention is illustrated below in greater de-
tail by means of examples by describing first the appa-
ratus according to the accompanying drawing, intended
for the implementation of the invention, and thereafter
the oxidation experiments performed (Examples 1-2).
[0010] The apparatus according to the drawing com-
prises a fluidized-bed gasifier 1, into which fuel such as
particle-form carbon or peat is fed via a pipe 2 from a
container 3. In addition to the fuel, also lime can be fed
into the gasifier 1 according to need. The oxygen-con-
taining gas, such as air, required by gasification is fed
into the gasifier through pipe 4. An oxide of nitrogen,
such as nitrogen monoxide NO, can be added via
branch pipe 5 to this feed gas.
[0011] Pyrolysis of the fuel fed in takes place in the
fluidized-bed gasifier 1, and as a result a gas mixture is
formed the principal components of which are CO, CO2,
H2, CH4, H2O, and N2. The precise composition of the
mixture varies according to the fuel used and the gasi-
fication conditions. In addition to the said principal com-
ponents the mixture contains ammonia, which is formed
in the pyrolysis from the nitrogen compounds present in
the fuel, and various impurities in low concentrations.
[0012] The ashes left from the fuel in the pyrolysis are
removed from the gasifier 1 into an outlet pipe 6. The
gasification gas containing the above-mentioned gas
components is directed from the gasifier 1 to pipe 7,
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which is equipped with a cyclone 8 for removing dust
from the gas.
[0013] After the cyclone 8, a gaseous oxidant is added
to the gasification gas, the oxidant being made up of ox-
ygen fed in through pipe 9 and a nitrogen oxide, such
as nitrogen monoxide, fed in through branch pipe 10.
The purpose of the oxidant is to cause, in the catalyst
bed 12 in the subsequent oxidation reactor 11, a selec-
tive oxidation of the ammonia present in the gasification
gas. The catalyst bed 12, which may be solid or fluidized
by a gas flow traveling through it, is made up of alumi-
num oxide particles having a diameter of approx. 1 mm
or even less, which particles at the temperature of ap-
prox. 400-700 °C prevailing in the reactor 11 catalyze
the reaction of ammonia, nitrogen oxide and oxygen to
gaseous nitrogen, water and possibly hydrogen. The re-
actor 11 is equipped with means (not shown) for adjust-
ing the reaction temperature. The average retention
time of the gasification gas in the catalyst bed 12 is set
at approx. 1-2 s. The selectively oxidized gas mixture
passing from the reactor 11 into pipe 13 can be directed,
for example, as fuel into the gas turbine of a combined
gasification power plant.

Example

[0014] Aluminum oxide particles which were 100 %
Al2O3 and the size of which was less than 1 mm were
placed as a solid bed on a grate in a tubular reactor. The
reactor was located in a furnace the temperature of
which was adjustable. A gasification gas mixture which
contained, calculated according to the volume, 13 %
CO, 13 % CO2, 12 % H2, 1 % CH4, 10 % H2O, 52.5 %
N2 and O.5 % (4900 ppm) HN3 was directed at different
temperatures through the bed. At a point immediately
before the aluminum oxide bed, 2 % O2 and 5000 ppm
NO were added to the gasification gas. The amount of
catalyst in proportion to the gas flow was such that the
retention time of the gas in the bed was 1.2-1.9 s. The
ammonia amounts measured from the gasification gas
after oxidation at different temperatures are shown in
the following Table.

[0015] It can be seen that ammonia can best be re-
moved from the gasification gas at temperatures below
600 °C.
[0016] For an expert in the art it is clear that the vari-
ous embodiments of the invention are not limited to
those shown above by way of example but may vary
within the accompanying claims. It is, for example, pos-
sible to arrange the contact between the gasification gas
and the catalyst in some manner other than in a sepa-

Temperature NH3

400 °C 80 ppm
600 °C 400 ppm
800 °C 2800 ppm

rate bed of catalyst particles through which the gas
flows. In the gas mixture constituting the oxidant, nitro-
gen monoxide may in part or entirely be replaced with
some other oxide of nitrogen in which the degree of ox-
idation of the nitrogen is at least +1, such as nitrous ox-
ide N2O or nitrogen dioxide NO2.

Claims

1. A process for removing ammonia from a gasifica-
tion gas obtained from a fuel, by selective oxidation
of ammonia yielding gaseous nitrogen, the process
being carried out by use of a gaseous oxidant in the
presence of a solid catalyst, characterized  in that
the catalyst used consists of a substantially pure
aluminum oxide Al2O3 and that the oxidant is a mix-
ture of oxygen and NO or an oxide of nitrogen in
which the degree of oxidation of the nitrogen is at
least +1.

2. A process according to Claim 1, characterized  in
that the oxidant used is a mixture of oxygen and ni-
trogen monoxide NO.

3. A process according to any of the above claims,
characterized  in that the reaction temperature is
within a range of approx. 400-700 °C, preferably ap-
prox. 400-500 °C.

4. A process according to any of the above claims,
characterized  in that the gasification gas is direct-
ed through a solid bed (12) made up of finely-divid-
ed catalyst particles.

5. A process according to any of Claims 1-3, charac-
terized  in that the oxidation takes place in a fluid-
ized bed containing catalyst particles.

6. A process according to Claim 4 or 5, characterized
in that the reaction time in the solid or fluidized cat-
alyst bed (12) is approx. 1-2 s.

7. A process according to any of Claims 4-6, charac-
terized  in that the oxidation of ammonia takes place
in a separate oxidation reactor (11), located after
the gasification reactor (1) and containing a catalyst
bed (12).

Patentansprüche

1. Verfahren zum Entfernen von Ammoniak aus einem
Vergasungsgas, das von einem Brennstoff erhalten
wird, durch selektive Oxidation von Ammoniak, wo-
bei sich gasförmiger Stickstoff ergibt, wobei das
Verfahren unter Verwendung eines gasförmigen
Oxidationsmittels in der Gegenwart eines festen

3 4



EP 0 804 520 B1

4

5

10

15

20

25

30

35

40

45

50

55

Katalysators durchgeführt wird, dadurch gekenn-
zeichnet, daß der eingesetzte Katalysator aus ei-
nem im wesentlichen reinen Aluminiumoxid Al2O3
besteht, und daß das Oxidationsmittel eine Mi-
schung aus Sauerstoff und NO oder einem Oxid von
Stickstoff ist, in dem die Oxidationsstufe des Stick-
stoffes zumindest +1 ist.

2. Verfahren nach Anspruch 1, dadurch gekennzeich-
net, daß das eingesetzte Oxidationsmittel eine Mi-
schung von Sauerstoff und Stickstoffmonoxid NO
ist.

3. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, daß die Reaktions-
temperatur im Bereich von etwa 400 bis 700°C, vor-
zugsweise von etwa 400 bis 500°C liegt.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, dadurch gekennzeichnet, daß das Verga-
sungsgas durch ein festförmiges Bett (12) geleitet
wird, das aus fein verteilten Katalysatorpartikeln
aufgebaut ist.

5. Verfahren nach einem der Ansprüche 1 bis 3, da-
durch gekennzeichnet, daß die Oxidation in einem
fluidisierten Bett stattfindet, das Katalysatorpartikel
enthält.

6. Verfahren nach Anspruch 4 oder 5, dadurch ge-
kennzeichnet, daß die Reaktionszeit in dem festför-
migen oder in dem fluidisierten Katalysatorbett (12)
etwa 1 bis 2 Sekunden beträgt.

7. Verfahren nach einem der Ansprüche 4 bis 6, da-
durch gekennzeichnet, daß die Oxidation des Am-
moniaks in einem separaten Oxidationsreaktor (11)
stattfindet, der nach dem Vergasungsreaktor (1) an-
geordnet ist und der ein Katalysatorbett (12) ent-
hält.

Revendications

1. Procédé pour éliminer l'ammoniac d'un gaz de ga-
zéification obtenu à partir d'un combustible, par
oxydation sélective de l'ammoniac, donnant de
l'azote gazeux, procédé qui est mis en oeuvre en
utilisant un oxydant gazeux en présence d'un cata-
lyseur solide, caractérisé  en ce que le catalyseur
utilisé consiste en oxyde d'aluminium Al2O3 prati-
quement pur et en ce que l'oxydant consiste en un
mélange d'oxygène et de NO ou d'un oxyde d'azote
dans lequel le degré d'oxydation de l'azote est au
moins égal à +1.

2. Procédé suivant la revendication 1, caractérisé  en
ce que l'oxydant utilisé consiste en un mélange

d'azote et de monoxyde d'azote NO.

3. Procédé suivant l'une quelconque des revendica-
tions précédentes, caractérisé  en ce que la tem-
pérature de réaction est comprise dans l'intervalle
d'approximativement 400 à 700°C, de préférence
d'approximativement 400 à 500°C.

4. Procédé suivant l'une quelconque des revendica-
tions précédentes, caractérisé  en ce que le gaz de
gazéification est dirigé à travers un lit solide (12)
constitué de particules de catalyseur finement divi-
sé.

5. Procédé suivant l'une quelconque des revendica-
tions 1 à 3, caractérisé  en ce que l'oxydation s'ef-
fectue dans un lit fluidisé contenant des particules
de catalyseur.

6. Procédé suivant la revendication 4 ou 5, caractéri-
sé en ce que le temps de réaction dans le lit de ca-
talyseur solide ou fluidisé (12) est d'approximative-
ment 1 à 2 secondes.

7. Procédé suivant l'une quelconque des revendica-
tions 4 à 6, caractérisé  en ce que l'oxydation de
l'ammoniac s'effectue dans un réacteur d'oxydation
(11) distinct, situé après le réacteur de gazéification
(1) et contenant un lit de catalyseur (12).
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