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 FeOx/Al2O3 catalysts for high-temperature decomposition of N2O 
under conditions of NH3 oxidation in nitric acid production 

Galina Sádovskáa,b, Edyta Tabora,*, Milan Bernauera, Petr Sazamaa, Vlastimil Fílac, Tomáš Kmječd, Jaroslav Kohoutd, Karel 

Závětad, Věnceslava Tokarováe, Zdeněk Sobalíka 

The catalytic activity of a series of FeOx/Al2O3 prepared under various conditions was evaluated for high temperature 

decomposition of N2O (HT-deN2O) in the complex gas mixture produced by oxidation of ammonia. Thus the relevant step 

in the industrial nitric acid production process was simulated. The catalyst stability during a long exposure (12 days) to 

reaction conditions relevant to HT-deN2O was studied. Both fresh and aged FeOx/Al2O3 exhibited more than 90 % 

conversion of N2O in the 750-900 °C temperature range. Structural analysis showed that prepared FeOx/Al2O3 catalysts 

contained various proportions of δ, θ and α alumina phases and up to four individual iron speciations. In the δ and θ Al2O3 

phases well stabilized Fe(III) in Td or Oh coordination were identified as the active species in HT-deN2O.

1. Introduction 

The efficient elimination of N2O from the exhaust of the nitric 

acid production, based on ammonia oxidation, represents one 

of the essential challenges for environmentally friendly large-

scale production of the acid. A capable and efficient process of 

N2O elimination is indispensable for the industry because of 

the potential contribution of the N2O to global warming.
1, 2

 The 

newly proposed alternative technique of direct N2O catalytic 

decomposition immediately after the ammonia burners has 

shown great promise.
3, 4

 Such an approach minimizes the 

economic demands for the process and at the same time 

allows relatively convenient approach for retrofitting the 

existing technology. Nevertheless, this approach exposes any 

potential catalysts to very harsh conditions such as the high 

temperatures of approximately 750–930 °C and to a gas 

mixture containing not only 7002000 ppm of N2O but also 10 

vol.% of NO, 15 vol.% of H2O and approximately 2 vol.% of O2. 
1, 2, 5, 6

 These conditions require the use of efficient and highly 

stable catalysts to fulfil the requirements for long-term 

stability for the typical space velocity of approximately 100 000 

h1
.
 
At the same time, the expense of the preparation of such 

new catalysts should be sufficiently low to be economically 

viable for the industry, excluding any use of noble-metal-

containing catalysts. 

 Iron-containing catalysts, particularly iron zeolites have 

been highly efficient for N2O decomposition.
7
 However, their 

long-term stability, under the specific conditions of the high-

temperature N2O decomposition (HT-deN2O) process, is still 

questionable. On the other hand, adequate long-term stability 

has been demonstrated for the alumina-supported iron 

catalysts which provide a relatively inexpensive alternative, 

albeit one with a lower activity than the zeolites. FeOx/Al2O3 

catalysts have also been considered for the N2O 

decomposition over the noble-metal-free catalysts by 

Konsolakis et al.
8
  The potential of using iron-based catalysts 

for N2O decomposition was recently demonstrated by Pinaeva 

et al.
9
  The real potential of FeOx/Al2O3 catalysts for the HT-

deN2O process was clearly demonstrated by the work of 

Giecko et al.
6
 

 A literature overview of the applications of the FeOx/Al2O3 

catalysts and their relevance for the HT-deN2O process is 

presented in Table 1, showing the typical compositions of the 

studied catalysts and the experimental conditions of the 

performed tests. 

 With only two exceptions, the experiments described in 

Table 1 were performed using a simplified mixture of N2O with 

an inert gas and did not measure the long-term efficiency of 

the catalysts; however, some experiments have been 

performed in the temperature region of 700900 °C. 

Moreover, the iron content, used in the N2O decomposition 

experiments summarized in Table 1 varied substantially from 1 

to 100 wt. %. 
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Table 1 Literature overview of FeOx/Al2O3 catalysts tested for N2O decomposition and comparison to the results of the present work. 

  

 Boubnov et al.
17

 mainly focused on the identification of the 

iron species and their relationship to the various alumina 

forms. Their analysis was mostly related to the δ-alumina, 

which is actually not realistic because the working 

temperature of the HT-deN2O process is mainly above the 

temperature region of the existence of the  polymorph. There 

is much evidence that the alumina modifications influenced 

the speciation of active species and therefore the catalytic 

properties of the resulting alumina-supported catalyst. 
17, 18

 

Therefore, the identity of the alumina support phase is highly 

relevant. Actually, Al2O3 forms various metastable polymorphs 

over a wide range of temperatures: face-centred-cubic 

structures of the γ-, δ-, σ- and η-Al2O3; monoclinic and 

orthorhombic structures of θ- and ι-Al2O3, respectively; the 

hexagonal close-packed structure of κ-, χ-Al2O3, and finally the 

thermodynamically stable phase α-Al2O3 (corundum) forms at 

high temperatures.
19

 Due to the complexity of the alumina 

structures, their transformations, and the role of several 

crucial parameters (temperature history, humidity and the 

effect of transition metal cations (including iron)), the state of 

the alumina as a support and its further development during 

the long-term exposure to high-temperature conditions cannot 

be easily predicted. 
8, 9, 17-19

 

The prevailing evidence suggests that in the temperature 

region of 800950 °C used for HT-N2O decomposition, alumina 

support coexists in several polymorphs, namely δ, θ and α 

forms.
19, 20

 A prominent role of the most stable transitional θ-

Al2O3 form and the structure with the equal occurrence of 

octahedral (Oh) and tetrahedral (Td) Al
3+

 sites have been 

anticipated in the HT-deN2O process.
21

 To make the problem 

even more complex, the presence of an amorphous phase or 

low-crystallinity component(s) after the böhmite calcination 

cannot be excluded. A summary of the types of iron  

 

species formed on alumina support can be presented as 

follows: isolated Fe(III) species, less specifically defined as 

‘strongly associated iron (III)’ species, highly dispersed Fe(III) 

incorporated into the alumina structure by occupying Al sites, 

ferric oxide species with different nuclearity, including FeOx 

dimer/oligomer aggregates and FeOx nanoparticles.
6, 9, 16, 19, 21

 
10

 In the case of the samples with higher iron content, the 

identified structures also contain Fe2O3 particles. In some 

cases, the formation of mixed oxides in the form of Al2xFexO3 

phase is also proposed. The possible formation of a monolayer 

of FeOx over the γ-Al2O3 was suggested by Xie et al.
22

 without a 

detailed structural analysis of the FeOx species.  

Accordingly, depending on the iron content in the sample, the 

forms of iron species varied between isolated species, through 

the 2-D oligomers, 3-D nanoparticles and up to bulk iron oxide 

particles with the increasing Fe content.
15

 

 The present study aims at the potential application of 

FeOx/Al2O3 catalysts for the specific conditions of the HT-

deN2O process along these lines: i) the comparison of three 

preparation routes using the böhmite-type material or 

amorphous AlO(OH) suspension as the alumina source ii) the 

evaluation of the stability of the prepared catalysts during a 

long exposure to reaction conditions simulating HT-N2O 

decomposition; iii) detailed structural analysis of the catalysts 

in order to characterize the iron active structures and 

conditions for their optimal formation. 

2. Catalysts preparation and characterization 

2.1 Catalysts preparation 

Three series of FeOx catalysts supported on alumina treated at 

various temperatures or on hydrated amorphous aluminium 

oxide AlO(OH) are studied. Fe/Al2O3-A and Fe/Al2O3-B catalysts 

were prepared by impregnation of böhmite (Fe/Al2O3-A) and 

alumina (Fe/Al2O3-B) with aqueous solution of ammonium 

iron(III) citrate. The Fe/Al2O3-C catalyst was prepared by the 

impregnation of amorphous aluminium oxide AlO(OH) using an 

acidic FeCl2 solution as source of iron. The amorphous 

aluminium oxide AlO(OH) was prepared by precipitation of 

Iron content Preparation Reaction mixture React. Temp. Aging Ref. 

0-5 % Fe impregnation N2O/inert <600650 °C - 10 

0-100 % Fe solid state N2O/inert <600650 °C - 11, 12 

110% Fe impregnation N2O/inert 700900 °C - 13 

4272 wt% Fe2O3 co-precipitation N2O/O2/NO/H2O in He 700-900 °C yes 6 

2.0 wt% Fe co-precipitation N2O/O2/inert Up to 600 °C - 14 

6.0 wt% Fe ion exchange  N2O/O2/inert 700900 °C - 15 

78.9% Fe2O3 co-precipitation N2O/NO/inert 700900 °C yes 16 

0.8619.8 wt% Fe impregnation  N2O/O2/H2O in He 700900 °C - 9 

1 – 10 wt% Fe impregnation N2O/O2/NO/H2O in He 400900 °C yes present work 
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ammonium aluminium sulphate by ammonia. Details of the 

preparation procedures are described in the Supplementary 

Information. Selected catalysts were hydrothermally aged for 

12 days at 800 °C in the stream of gas mixture of 7002000 

ppm of N2O, 10 vol.% of NO, 15 vol.% of H2O and 2 vol.% of O2 

formed after the oxidation of NH3 on Pt grid for laboratory 

simulated HNO3 production. Aged samples were denoted by 

“/12”. 

2.2 Structural analysis 

The composition analysis of the prepared catalysts was 

performed using an X-ray fluorescence spectrometer ARL 9400 

XP (Thermo ARL, Switzerland).  

The specific surface area was measured by nitrogen adsorption 

at 77 K using a Micromeritics ASAP 2020 instrument. The 

samples were evacuated at T = 573 K and at 0.1 mbar for 3 

hours prior to the measurements. The specific surface area 

was calculated using the method of Brunauer, Emmett and 

Teller (BET) and the micropore volume was evaluated using 

the t-plot method. The BET value was obtained in the range of 

the relative N2 pressure (p/p
0
) from 0.02 to 0.30 with at least 

12 degrees of freedom for the fitting. The crystallographic 

structures of the prepared samples were characterized by X-

ray analysis using a Rigaku MiniFlex600 instrument, Japan at 

room temperature. For the identification of the formed phases 

ICDD (PDF-2) crystallographic database was used. Quantitative 

analysis was performed using the reference intensity ratio 

(RIR) method. The crystallite size of the identified phases was 

determined using the method of Halder-Wagner
23

 with the 

broadening calibrated using a standard reference material 

(lanthanum boride - LaB6). The amorphous phase content was 

estimated from the scattered intensity of the crystalline and 

amorphous phase mixture.  

UV–Vis–NIR reflectance spectra of hydrated iron-catalysts 

were obtained using a Perkin–Elmer Lambda 950 UV–Vis–NIR 

spectrometer equipped with an integrating sphere for diffuse-

reflectance measurements covered with Spectralon, which 

was used as a reference. The reflectance was recalculated 

using the Schuster–Kubelka–Munk function F(R∞) = (1 - 

R∞)
2
/2R∞, where R∞ is the diffuse reflectance from a semi-

infinite layer.  
57

Fe Mössbauer spectra of the samples were collected at room 

and liquid-helium temperatures. 
57

Co in Rh matrix was used as 

the source of the γ-rays. Calibration of the spectrometer was 

carried out using an α-Fe foil. The mass of the self-supported 

pellets, pressed from powdered samples, was ~50 mg. All 

spectra were evaluated using the CONFIT fitting software. 

2.3 The catalytic activity tests 

The catalytic activity tests were performed in a quartz U-

shaped fixed-bed flow-through reactor. The inlet gas, 

simulating the real reaction mixture for the HT-deN2O process 

consisted of 1 000 ppm of N2O, 0.5 vol.% of NO, 2 vol.% of O2, 

10 vol.% of H2O, and He as an inert. The gas mixture was 

passed through the catalyst bed using a top inlet to the reactor 

with the inner diameter of 7 mm over the samples in the form 

of grains with the particle size of approximately 0.2–0.4 mm. A 

decreasing temperature sequence from 900 down to 400 °C 

was used with a stabilization time of 60 min to obtain the 

steady-state values. The total catalyst volume was always 0.2 

cm
3
 and at the overall flow rate of 350 cm

3
 min

−1
 provided the 

gas hour space velocity (GHSV) of approximately 100 000 h
−1

 

(typical for industrial N2O decomposition). The N2O, N2, and O2 

contents in the inlet and the outlet mixtures were measured 

using a Hewlett Packard 6090 gas chromatograph. The 

analyzed mixture was led through a Hayesep column (packed 

column) for the retention and removal of the water vapour, 

then through an HP-Plot Q column (30 m × 0.53 mm × 40 μm 

film thickness) and through a Molecular sieve 5A (30 m × 0.53 

mm × 25 μm film thickness) into a thermal conductivity 

detector (TCD) monitoring the N2O, N2, and O2 concentrations 

(for more details see Ref. JPCA). The reproducibility of the 

resulting N2O conversions values was ±2%.  

The catalytic experiments data at constant GHSV were 

obtained at identical hydrodynamic conditions for all 

experiments. These data were reprocessed to constant weight 

hour space velocity (WHSV) in order to establish the 

relationship between the structural properties and the 

catalytic activity. 

3. Results and discussion 

3.1. Properties of the prepared catalysts 

The list of the prepared catalysts as well as their chemical 

compositions and the textural properties are summarized in 

Table 2. Fe/Al2O3-A materials show the highest surface area 

(up to approximately 65 m
2 

g
1
). The surface areas of Fe/Al2O3-

B and C are approximately 50 and 30% lower than that of 

Fe/Al2O3-A samples, respectively. The t-plot method reveals 

the predominantly mesoporous character of the supports with  

Table 2 Chemical analysis and surface area of studied iron-alumina catalysts. 

*Böhmite calcined at 1100 °C for 10 h in air. 

the negligible micropore volume. SBET decreases slightly with 

the increasing content of Fe for all measured samples. The 

aging process has no significant impact on the textural 

properties of the studied catalysts the surface area of studied 

samples was changed about 10 % after the aging 

(Supplementary Information Table S1). 

 

Type of catalyst 
Fe 

(%) 

SBET 

(m2 g1) 

5Fe/Al2O3-A 5.27 65.3 

10Fe/Al2O3-A 10.22 62.5 

1Fe/Al2O3-B 0.85 35.8 

4Fe/Al2O3-B 4.01 33.7 

9Fe/Al2O3-B 8.78 32.1 

4Fe/Al2O3-C 3.69 45.1 

Al2O3* 0.01 41.7 
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3.2 X-ray diffraction 

The content of θ-Al2O3 and δ-Al2O3 can be readily estimated 

from the XRD patterns in the angular (2θ) range of 42−50°. The 

individual phases present in all samples, with their 

assignement based on RIR method, are listed in Table 3. The 

crystallite size was determined using the Scherrer’s equation in 

the Halder-Wagner method
23

 and the calculated values are 

also listed in Table 3. 

Fig. 1 shows a comparison of the diffractograms of Fe/Al2O3 

prepared with different sources of alumina (A, B, and C) and 

similar iron loading (~5 wt. %) (~10 wt. % are discussed in the 

Supplementary Information, chapter 2, Fig. S1). Both, the 

various sources of alumina and thermal treatments result in 

various contents of δ-, θ- and α-Al2O3 present in the samples, 

as illustrated in Fig. 1 and Table 3. The calcination of iron-

impregnated böhmite at 950 °C (i.e., 5Fe/Al2O3-A), leads to the 

formation of mostly δ- and θ-Al2O3, unlike the impregnation of 

the pre-calcined böhmite at 1100 °C (i.e. 4Fe/Al2O3-B) which 

contains a high proportion of the α-Al2O3 phase. 4Fe/Al2O3-C 

sample prepared by the impregnation of the amorphous 

alumina contains mostly α-Al2O3 phase, see the result for 

4Fe/Al2O3-C. 

The diffractograms of Al2O3-B with increasing iron loading (09 

wt. %) are shown in Fig. 2. In the case of the pure böhmite 

calcined at 1100 °C, a complex mixture of δ, θ and α 

modification is observed with a high proportion of the θ phase 

and only a small amount (< 5%) of the amorphous phase (Table 

3). Thermal pretreatment at 1100 °C or calcination of 

amorphous alumina in the presence of iron leads to the 

disappearance of the δ modification, preservation of the θ-

Al2O3 modification, and an increasing tendency to the 

predominant formation of α-Al2O3. The higher content of iron 

on the alumina in the Fe/Al2O3-B samples promotes the 

transformation of alumina to α-Al2O3 even above the limit 

reached by the calcination of the böhmite alone. Böhmite 

transforms in the sequence of AlO(OH) → δ-Al2O3→ θ-Al2O3 → 

α-Al2O3 when varying the calcination temperatures, and this 

provides the materials with high-temperature structural 

stability (resistance to phase transitions), which can be used 

for supporting the different Fe species (Table 3). The 

transformation of θ- into α-Al2O3 in the iron-alumina was 

accelerated by increasing the iron content (Fig. 2), which is 

especially pronounced in the detailed comparison of the 

diffraction lines in the narrow 2θ range from 42 to 50° 

(Fig. 3).
24

  

A shift of the α-Al2O3 peaks to lower 2 θ angles indicates the 

expansion of the unit cell of the alumina structure (Fig. 3). 

Some iron cations can penetrate into the alumina matrix, 

primarily into α-Al2O3, and interchange Al
3+

 ions with the host 

structure; this effect is observed as the peak shift in the 

diffractograms. In our case, Fe
3+

 cations with the coordination 

number of IV and with the ionic radius of 0.49 Å occupied the 

position of Al
3+

 with the same coordination number but with 

the lower ionic radius of 0.39 Å. The acceleration of the 

alumina transformation to the α phase could be assigned to 

the known ability of iron ions embedded into the alumina 

structure to decrease the phase-transition temperature. These 

results confirm that the presence of iron induces the 

transformation of metastable alumina into the most stable 

phases or into final α phase.
25-27

  

According to the XRD analysis, the preparation route A leads to 

formation of nano-sized alumina particles with the size of 8-10 

Fig. 1 X-ray diffraction patterns showing the influence of alumina preparation on 

the content of various alumina polymorphs (the Greek symbols describe alumina 

polymorphs and crosses Fe2O3; Fe content in the catalysts ~ 5 wt.%). 

Fig. 2 X-ray diffraction patterns showing the influence of Fe concentration on the 

content of alumina polymorphs (the Greek symbols correspond to alumina 

polymorphs and crosses to Fe2O3). 

Fig. 3 X-ray diffraction patterns showing the influence of Fe concentration on the 

final content of the alumina polymorphs present in the alumina precalcined at 

1100 °C. 
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nm for δ and θ modification in the fresh and 12 days aged 

samples (Table 3). The sizes of the particles of the α-Al2O3 

phase increased from 5 to 9 nm after aging. The pure böhmite 

calcined at 1100 °C transformed into a mixture of δ, θ and α-

Al2O3 particles of ~ 9 nm (Table 3). The similar alumina size 

parameters can be observed in 1Fe/Al2O3-B. The particle sizes 

were found to be larger than or of the order of 10 nm from 

XRD data for higher Fe containing samples made by route B. 

The aging of B-sample led to an increase of α-Al2O3 particle 

size to > 20 nm. No δ-Al2O3 phase was detected and the size of 

θ and α-Al2O3 particles was 3 and 6 nm, respectively, in the 

4Fe/Al2O3-C catalyst. Catalysts prepared by the route A 

showed the Fe2O3 particle size of 7 nm for as prepared and 9-

17 nm for aged samples. The size of iron oxide particles 

formed on the alumina matrix obtained by the method B and C 

is 10-11 nm in all cases. The amount of the amorphous phase 

of Al2O3 was estimated to be less than 10 wt.% for all samples 

(see Table 3). 

Twelve days of aging by exposure to the stream of gas mixture 

(7002000 ppm of N2O, also 10 vol.% of NO, 15 vol.% of H2O 

and approximately 2 vol.% of O2) at 800 °C shows that the 

transformation of the metastable alumina forms to the α 

phase is accelerated further, but after the aging the content of 

the θ alumina formed in the Fe/Al2O3-A and Fe/Al2O3-B 

catalysts is still high (Supplementary Information, Fig. S2). 

3.3 UV-Vis-NIR spectra of Fe/Al2O3 catalysts 

UV-Vis-NIR spectra are shown in the following figures i) Fig. 4 

compares Fe/Al2O3-A, -B and -C with a similar Fe content of ~5 

wt. %; ii) Fig. 5 shows Fe-Al2O3-B with an Fe varying content 

from 1 to 9 wt.%; iii) Fig. 6 displays the effect of aging on the 

10Fe/Al2O3-A and 4Fe/Al2O3-B samples. The range of NIR 

spectra comprise the d-d electron transitions of Fe(III) ions 
28

  

in Fe-oxide species typically reflected in a band of low intensity 

at 11 500 cm
-1

.
29, 30

 In the range of visible light, absorptions 

due to electron pair transitions (EPT) specific for Fe oxides are 

characterized by an absorption edge at about 18 000 cm
−1

. The 

energy of EPT is higher than that of d-d transition due to the 

cooperation of two Fe(III) ions mediated by magnetic 

interaction and is specific for iron oxides. Chernyshova et al.
31

  

has shown that the energy of the absorption edge gradually 

increases from ca. 17 800 to 18 500 cm
-1

 with decreasing size 

of iron oxide from 120 to 7 nm, respectively, like for that of the 

others oxide clusters. The intense absorption bands in the UV 

region at 25 000 - 50 000 cm
-1

 generally reflect O→Fe(III) 

ligand to metal charge-transfer transitions (LMCT) originating 

from both the ligand oxygens and oxygen atoms in the 

catalysts support. In contrast to the unambiguous assignment 

of the absorption edge at about 18 500 cm
-1

, the assignment 

of the absorption bands at higher energies to particular Fe 

species is more complex. The bands at about 28 000 – 

31 000 cm
-1

 observed for Fe-zeolites have been ascribed to 

dinuclear Fe-oxo complexes.
29

 However, Pirngruber et al.
32

  

suggested that it reflects larger Fe-oxo species. Bordiga et al. 
33

 

has assigned the absorptions below 33 000 cm
-1

 to polynuclear 

Fe-oxo complexes without specified nuclearity. In general an 

increasing number of Fe-O bonds in the di- and polynuclear Fe-

oxo species can result in the shift in the energy of the O→

Fe(III) CT transition to lower values. The absorption maximum 

at about 28 000 – 31 000 cm
-1

 could thus be connected with 

the dinuclear Fe(III)-On-Fe(III) complex or another defined 

polynuclear Fe(III)-oxo complex and the presence of 

absorption bands in lower energy at about 25 000 cm
-1

 reflects 

larger polynuclear Fe-oxo species.
34

 High-energy absorptions 

of Fe ions above 33 000 cm
-1

 have been attributed to isolated 

Fe(III) ions with a frequency reflecting their coordination. 

Bordiga et al.
33

 used isomorphous substitution of a small 

fraction of Si(IV) with Fe(III) in silicalite to obtain Td-

coordinated Fe(III) and subsequent high temperature 

treatment leading to the formation of extraframework Oh-

coordinated Fe(III).  

 

Table 3 Phase compositions and Fe2O3 crystallite size of prepared samples. 

w – weak content 5 – 10%, v. w. – very weak content <5% 

*Böhmite calcined at 1100 °C for 10 h in air. 

 

On the bases of these experiments the absorption bands 

characteristic for Td-coordinated Fe(III) have been found at 

about 47 000 and 42 000 cm
-1

, Oh-coordinated Fe(III) species 

provided an intensive band at 36 000 – 38 000 cm
-1

; however, 

accompanied also by an intensive absorption at higher 

energies. 

Based on the literature data 
3, 29, 32, 35-42

, the presence of the 

absorption bands in the UV-Vis-NIR spectra in 

Catalyst 
Fe Phase content (%) crystallite size(nm) Amorphous 

(%) δ θ α Fe2O3 δ θ α Fe2O3 phase 

5Fe/Al2O3-A 5.27 20 70 8 2.0 9 9 5 7 w 

5Fe/Al2O3-A/12 5.27 1 74 21 2.8 9 9 9 9 w 

10Fe/Al2O3-A 10.22 2 51 43 4.2 9 8 5 7 v. w. 

10Fe/Al2O3-A/12 10.22 1 22 72 5.3 9 10 9 17 v. w. 

1Fe/Al2O3-B 0.85 2 42 55 0.3 8 8 17 10 w 

4Fe/Al2O3-B 4.01 1 30 68 0.7 14 10 16 10 v. w. 

9Fe/Al2O3-B 8.78 1 26 69 4 10 13 12 11 v. w. 

9Fe/Al2O3-B/12 8.78 ― 17 77 6 ― 15 21 11 v. w. 

4Fe/Al2O3-C 3.69 ― 6 91 2.7 ― 3 6 10 absent 

Al2O3
* 0.01 6 50 44 ― 9 9 10 ― W 
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50 00031 000 cm1
 31 00018 000, and 18 0004000 cm1

 

regions can be assigned to the isolated Fe(III)-oxo species, 

oligomeric Fe species and iron oxide, respectively.  

Fig. 4 shows that different types of alumina supports: A, B or C 

(with similar Fe content ~ 5 wt. %) yield significantly different 

band intensities in the spectral regions of the isolated Fe(III)-

oxo species, Fe oligomers and iron oxides. This implies that the 

alumina support pretreatment influences the speciation of the 

Fe centres.  

Fig. 5 shows UV-Vis-NIR spectra of catalyst B with different Fe 

content from 1 to 9 wt. %. The spectrum of 1Fe/Al2O3-B shows 

broad absorptions bands in the high-energy region with the 

maxima at 38 000 and 46 000 cm1
, which are characteristic of 

isolated Fe(III)-oxo species in octahedral coordination (Oh) and 

tetrahedral (Td) coordination, respectively.
32-37, 43

 The increase 

in Fe content (Fig. 5) to 4 wt.% results in a significant increase 

in the intensity of the absorption bands of isolated Fe(III)-oxo 

species (50 00031 000 cm1
), the appearance of a band at 

about 29 000 cm1
 reflects the formation of oligomeric Fe 

species, and an increase in the intensity of the weak 

absorption band with maximum at about 18 000 cm
−1

 

characteristic of Fe oxides.
32-34, 36, 37, 43, 44

 The increase in the Fe 

content to 9 wt. % results in a significant increase and a shift of 

the absorption edge to 17 700 cm1 
being specific to the 

formation of more bulk Fe oxides (Fig. 5).
30, 33, 35, 36, 38, 39

 The 

band at about 11 000 cm
-1

 observed at the samples with high 

Fe loading (4Fe/Al2O3-B and 9Fe/Al2O3-B) is typical for Fe2O3 

particles (Fig. 5).
33, 39, 42, 43

  

The reflectance spectra of the aged samples of 4Fe/Al2O3-B/12 

and 10/Al2O3-A/12 are shown in Fig. 6. Both samples show a 

significant increase in the intensity of the bands at 18 000 – 

25 000 cm1
 characteristic of iron oligomers and iron oxide 

phase accompanied by a strong decrease in intensity of the 

broad absorption between 30 000 and 50 000 cm1
 

corresponding to the isolated Fe(III)-oxo species. These clearly 

indicate that the aging leads to a partial redistribution of the 

iron species (the isolated Fe(III)-oxo or Fe(III) oligomers) from 

the highly dispersed forms to Fe oxides.
32, 38

 Nevertheless, the 

absorption intensities in the spectrum of the treated 

4Fe/Al2O3-B at 30 000 – 50 000 cm
-1

 show that a part of Fe(III)-

oxo species does not undergo such aggregation and Fe 

remains in its isolated form. The aged 10Fe/Al2O3-A sample 

exhibited similar changes in the spectral features showing a 

decrease in the content of the dispersed Fe(III) ions. A higher 

intensity of the absorption edge at approximately 18 000 cm
-1

 

compared to 4Fe/Al2O3-B/12 reflects the presence of a high 

content of Fe-oxides.
32, 38

 

The UV-Vis analysis showed heterogeneity in the structure and 

population of iron species in Fe/Al2O3 depending on the 

loading of Fe, contents of δ-, θ- and α-Al2O3 phases, and the 

ageing. Highly dispersed Fe(III)-oxo species in Oh and Td 

coordination are predominantly present at a low Fe loading (1 

wt. %) and on the δ-, θ-Al2O3 support (Fe/Al2O3-A). Well-

dispersed Fe species show a clear tendency for the formation 

of oligomeric Fe species and Fe oxides at higher loadings and 

with the higher content of α-Al2O3. The aging results in a 

significant but not complete transformation of the isolated 

Fe(III)-oxo into Fe(III) oligomers and Fe oxides. A strong 

interaction between the Fe(III)-oxo species and the δ-, θ-Al2O3 

support preserve part of these species from the aggregation. 

 

 

 

Fig. 4 UV-Vis-NIR diffuse reflectance spectra of hydrated Fe/Al2O3 catalysts 

prepared by A, B or C method with the similar (~ 5wt. %) Fe content. 

Fig. 5 UV-Vis-NIR diffuse reflectance spectra of hydrated Fe/Al2O3-B samples with 

different Fe content. 

Fig. 6 Comparison of UV-Vis spectra of a) 4Fe/Al2O3-B and b) 10Fe/Al2O3-A 

showing the effect of 12 days aging in a stream of nitrous gases containing 15 

vol.% of water vapor, 10 vol.% of NO and 1.5 vol.% of O2 at 800 °C. 
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3.4 Mössbauer spectroscopy 

 Mössbauer spectra of Fe/Al2O3 samples freshly prepared by 

the A, B and C methods and the sample after the aging process 

(4Fe-Al2O3-B/12) were recorded at room temperature and are 

shown in the Supplementary Information (Fig. S3). Their 

deconvolution was, however, rather complicated because of 

several overlapping doublets with very similar hyperfine 

parameters. These doublets originated from Fe species in the 

Al2O3 but also from the small particles of Fe oxides that are 

superparamagnetic at room temperatures. In order to 

distinguish them, we acquired the spectra at 4.2 K (Fig. 7, the 

solid lines show the best fit to the data), where the 

contributions from these Fe oxides (seen as doublets in the RT 

spectra) changed to sextets of magnetically ordered Fe-

containing fraction. For their fitting a model with seven (eight) 

components: four sextets (Sn) and three (four) doublets (Dm) 

was applied. During the fitting procedure the linewidths of the 

doublets were left as free fitted parameters. The parameters 

from the deconvoluted low temperature Mössbauer spectra of 

Fe on Al2O3 support are collected in Table 4. Based on the 

literature data
45, 46

, the sextet S1 with the isomer shift (IS) of 

0.470.57 mm s
1
, quadrupole splitting (QS) less than 0 and 

the hyperfine field (Bhf) 51.153.5 T is attributed to the α-

Fe2O3 (hematite) thin layers, nanoparticles or clusters with 

sizes <10 nm, where the Morin transition is suppressed.
47, 48

 

The sextet S2 with IS = 0.480.50 mm s
1
, QS > 0 and the Bhf = 

53.454.1 T is ascribed to the α-Fe2O3 (hematite) thin layers or 

nanoparticles with the sizes > 10 nm below Morin transition.
47, 

48
 The sextet S3 with large linewidths and IS = 0.390.45 mm 

s
1
, QS = -0.110.00 mm s

1
 and Bhf = 40.045.4 T and 

superparamagnetic relaxed sextet S4 with IS = 0.390.49 mm 

s
1
, QS = -0.140.19 mm s

1
 and Bhf  = 12.017.5 T are assigned 

to -Fe2O3 (maghemite).
49, 50

 The typical values of doublet D1 

for Fe(III) Oh coordination in α-Al2O3 (α-Al2-xFexO3 (x = 00.1)) 

are IS = 0.390.42 mm s
1
 and QS = 0.510.64 mm s

1
.
3, 7, 39-41, 

51
 The doublet D2 was attributed to Fe(III) in the Td 

coordination in θ-Al2O3 (or possibly δ-Al2O3), where IS= 

0.300.42 mm s
1 

and QS= 1.111.30 mm s
1 [7, 34, 37] 

. The D3 

components with the IS value between 0.68 and 0.72 mm s
1 

 

and QS = 0.96-1.15 mm s
1 

 is characteristic for Fe(III) in Oh 

coordination in θ-Al2O3 (or δ-Al2O3). In Refs.
3, 7, 39-41, 51

, a 

component with the Mössbauer parameters similar to D3 was 

assigned to the Fe oligomer species. The concentrations of the 

particular Fe sites depend on the preparation method. In all 

samples, Fe2O3 is the dominant (4166%) fraction in the 

sextets S1-S4. The incorporation of Al(III) into hematite 

(sextets S1 and S2) slightly decreased the value of the 

hyperfine field. The sextets S1 and S2 were assigned to 

magnetically ordered α-Fe2O3 particles, layers or clusters 

present on the Al2O3 surface. The amount of Fe(III) in the Td or 

Oh sites described by the D2 and D3 components varies 

between 6 and 26%. The contribution of the D2 and D3 

components in aged 4Fe/Al2O3-B/12 compared to the non-

aged 4Fe/Al2O3-B sample decreased from 16 to 13 %. To 

receive the good fitting parameters for Mössbauer spectrum 

of 4Fe/Al2O3-C prepared from amorphous aluminium oxide the 

component D4 (IS= 0.45 and QS= 1.56 mm/s) characterized 

Fe(III) was added. The presence of this component is 

connected with the different source of alumina than for series 

A and B.   

In contrast to Fe/Al2O3, the sample 10Fe/SiO2 with negligible 

activity in the HT-deN2O, displayed at 4.2 K Mössbauer 

spectrum with only sextets S1S4 (Supplementary Information 

Fig. S4) indicating the presence of Fe2-ySiyO3 particles in 

blocked state. The doublets in the spectrum at RT (see 

Supplementary Information, Fig. S5) thus correspond to these 

particles in the superparamagnetic state. Similarly the Fe(III) in 

nonmagnetic α-Al2-xFexO3 (x = 00.1) giving rise to the doublet 

D1 was identified as not relevant for the catalytic activity 

(Supplementary Information, Table S2). 

Fig. 7 Mössbauer spectra of Fe species in Fe/Al2O3 catalysts recorded at 4.2 K. 
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Table 4 Mössbauer parameters and spectral contributions of Fe species in Fe/Al2O3 catalysts measured at 4.2 K. 

m.o. = magnetically ordered, SP-relaxed = superparamagnetically relaxed 

 

 

Sample  IS QS Bhf Rel. Fe species 

  (mm/s) (mm/s) (T) (%)  

5Fe/Al2O3-A S1 0.57 -0.06 51.1 8 m.o.  α-Fe2O3 <10 nm 

 S2 - - - - m.o. α-Fe2O3 >10 nm 

 S3 0.44 0.00 40.6 28 m.o.  -Fe2O3 

 S4 0.44 0.19 13.0 18 m.o. -Fe2O3 (SP-relaxed) 

 D1 0.39 0.60 - 20 Fe(III) Oh in α-Al2-xFexO3   

 D2 0.32 1.16 - 19 Fe(III) Td  

 D3 0.72 0.95 - 7 Fe(III) Oh 

10Fe/Al2O3-A S1 0.47 -0.18 53.1 15 m.o. α-Fe2O3 <10 nm 

 S2 0.48 0.20 53.5 6 m.o. α-Fe2O3 >10 nm 

 S3 0.43 -0.09 45.4 31 m.o. -Fe2O3 

 S4 0.49 0.01 17.0 14 m.o. -Fe2O3 (SP-relaxed) 

 D1 0.39 0.56 - 15 Fe(III) Oh in α-Al2-xFexO3 

 D2 0.30 1.11 - 13 Fe(III) Td 

 D3 0.72 0.96 - 6 Fe(III) Oh 

4Fe/Al2O3-B S1 0.48 -0.19 53.3 17 m.o. α-Fe2O3 <10 nm 

 S2 0.49 0.13 53.4 5 m.o. α-Fe2O3 >10 nm 

 S3 0.39 -0.11 45.1 17 m.o. -Fe2O3 

 S4 0.39 0.05 17.5 12 m.o. -Fe2O3 (SP-relaxed) 

 D1 0.39 0.53 - 33 Fe(III) Oh in α-Al2-xFexO3 

 D2 0.30 1.24 - 11 Fe(III) Td 

 D3 0.67 1.08 - 5 Fe(III) Oh  

4Fe/Al2O3-B/12 S1 0.50 -0.14 53.5 13 m.o. α-Fe2O3 <10 nm 

 S2 0.48 0.31 54.0 6 m.o. α-Fe2O3 >10 nm 

 S3 0.45 -0.11 42.8 22 m.o. -Fe2O3 

 S4 0.46 0.06 15.2 13 m.o. -Fe2O3 (SP-relaxed) 

 D1 0.41 0.51 - 33 Fe(III) Oh in α-Al2-xFexO3 

 D2 0.38 1.22 - 11 Fe(III) Td 

 D3 0.68 1.15 - 2 Fe(III) Oh  

4Fe/Al2O3-C S1 - - - - m.o. α-Fe2O3 <10 nm 

 S2 0.50 0.36 54.1 24 m.o. α-Fe2O3 >10 nm 

 S3 0.40 -0.10 40.0 17 m.o. -Fe2O3 

 S4 0.40 -0.14 12.0 12 m.o. -Fe2O3(SP-relaxed) 

 D1 0.42 0.64 - 26 Fe(III) Oh in α-Al2-xFexO3     

 D2 0.42 1.30 - 6 Fe(III) Td 

 D3 - - - - Fe(III) Oh  

 D4 0.45 1.56  15 Fe(III) 
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3.5 Summary of the structural features 

The series of prepared Fe/Al2O3 catalysts represent a sequence 

of samples with a complex mixture of the metastable alumina 

phases relevant for the temperature region of the HT-N2O 

elimination, and with the varying amount of the iron species 

stabilized on the alumina support under the HT-deN2O 

conditions. The processes involved in the preparation, the iron 

content and the sample history and the exposure to various 

conditions with the dominant role of temperature and gas 

phase composition influence the final structural features of the 

individual samples. As evidenced by the XRD results, the size of 

the alumina crystallites is well within the nanometre-length 

scale, in particular between 6 and 17 nm, and two dominant 

metastable alumina polymorphs, which are relevant for the 

samples exposed to the process temperature, are δ and mostly 

θ phase, and the thermodynamically most stable high-

temperature α-Al2O3 phase that can be detected in various 

proportions.  

Under the specific conditions of the HT-deN2O process there 

exists a complex interaction between the two catalysts 

components, i.e., the iron species and the alumina support, 

and the transformation of alumina to more stable forms is 

accelerated by the iron ions being embedded in the alumina 

structure and so that the temperature of the transformation to 

the α-phase is reduced.  

The direct interaction between the iron and aluminium 

sources in the Fe/Al2O3-C catalyst has the accelerating effect 

noted in the above paragraph and results in an easier 

formation of the Fe2O3 phase. Therefore, both θ and δ alumina 

phase, which dominates in Fe/Al2O3-A and -B samples, appear 

to be the alumina modifications relevant to HT-deN2O. It is 

probably significant that Fe(III) occupy both Oh and Td 

coordination in θ and δ alumina. 

Speciation of Fe in Al2O3 was confirmed by two 

complementary methods UV-Vis and Mössbauer spectroscopy. 

UV-Vis results confirmed that iron in Al2O3 is present as 

isolated Fe-oxo species (Td or Oh coordination), Fe(III)-oxo 

oligomers and iron oxide particles. All three forms are present 

in all prepared samples. Aging led to transformation of Fe(III)-

oxo and Fe(III)-oxo oligomers to iron oxides. Mössbauer 

analysis confirmed the presence of isolated Fe(III) of either 

Tdor Oh coordination (probably stabilized at the alumina 

surface defects), small iron oxide crystallites and finally bulk 

particles of iron oxide of the developed Fe2O3 structure. 

Assuming, that iron structures present in Fe/SiO2 are different 

types of iron oxides (Table S2), thus these structures are not 

active in HT-N2O decomposition (Supplementary Information 

Fig. S6).  

The distribution of the individual iron species is influenced by 

several parameters, such as the process of catalysts 

preparation, the resulting alumina support modifications and 

the iron content. 

3.6 Catalytic results 

The comparison of three types of catalysts with the same 

concentration level of Fe (Fe content of 45 wt.%), reveals the 

high performance of the Fe/Al2O3-A and Fe/Al2O3-B catalysts 

and lower activity of the Fe/Al2O3-C catalyst (Fig. 8a). 

Nevertheless, all Fe/Al2O3 measured in this work are superior 

to the iron catalyst based on the SiO2 (Supplementary 

Information Fig. S6). On the other hand, the pure alumina used 

as catalyst exhibited very low catalytic activity in HT-N2O 

decomposition caused by the presence of iron traces (Table 5). 

The activity increases with the total iron content rising from 1 

to 4 wt. %. Catalytic activity results showed that the 

concentration of Fe over Al2O3 above 5 wt. % does not improve 

the catalytic performance (Table 5 and Fig. 8b).  

Accordingly, based on the low performance of the Fe/Al2O3-C 

sample, the preparation method based on the interaction of 

Fe/Al2O3 using amorphous AlO(OH) suspension does not 

provide a suitable catalyst for the HT-deN2O process. Catalytic 

experiments are performed at the constant GHSV and the 

measurements have the identical hydrodynamic (regime) 

conditions. For the purpose of analyzing the relationship 

between the structural properties and catalytic activity, the 

primary data are reprocessed at constant WHSV (see Table 5) 

(in details Supplementary Information, chapters 4 and 5). 

The catalytic tests were systematically performed in a complex 

gas mixture simulating the industrial stream also including the 

NO gas. As shown by additional experiments, the catalytic 

activity (here shown for the 4Fe/Al2O3-B catalyst) is not 

Fig. 8 Effect of alumina supports on the conversion of N2O as a function of 

temperature over Fe/Al2O3 catalysts a) prepared by method A, B and C with a 

similar Fe content ~ 4 wt. % and, b) different Fe loadings in the samples prepared 

by method B. 
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strongly influenced by the presence of NO (see Supplementary 

Information, Fig. S7) in the high-temperature range (750–930 

°C) relevant for the industrial application. Some positive 

effects of NO presence are only identified at lower 

temperatures. This would be in strong contradiction to the 

results obtained with the zeolite-based iron catalysts, where 

the positive NO role is well-documented.
52-54

  

Comparison of the performances of the A and B types of 

catalysts before and after aging (Fig. 9) shows that they exhibit 

relatively good resistance to long-term exposure to the HT-

deN2O process reaction conditions. 

Table 5 Calculated parameters of kinetic experiments: the normalized temperature of 50% conversion (TX50), the conversion at 650 °C (X650), the apparent kinetic 

parameters (EA – the activation energy, kA – the rate constant), the initial reaction rate (RN2O =𝑘𝐴  𝑝N2O
0 ) at T = 650 °C. 

*Böhmite calcined at 1100 °C for 10 h in air. 

 

In order to analyse the catalytic performance of Fe-alumina 

catalysts the kinetic studies  based on either  the temperature 

of 50% N2O conversion (TX50) at WHSV regime (Supplementary 

Information, chapters 4 and 5) or the value of the rate 

constant 𝑘ref at reference temperature 650°C (Table 5) was 

applied. As confirmed by Pérez-Ramírez et al.
53-57

, the rate of 

N2O decomposition on Fe-catalysts can be considered as the 

first-order with respect to the N2O partial pressure. The same 

kinetic regime is assumed for all experiments, which is 

supported by the following evidences: (i) external mass and 

heat transport effects were examined by experiments with 

varying catalyst mass at constant GHSV and (ii) internal mass 

transfer has insignificant effect on the estimated parameters 

(< 5 kJ mol
1
 in EA). Using the obtained catalytic data, the 

apparent kinetic parameters, the activation energy EA and the 

rate constant at reference temperature 𝑘ref were estimated by 

a weighted non-linear regression of the experimental data 

using plug-flow reactor (PFR) model of the reactor in the 

following differential form: 

d𝐹N2O

d𝑤
= −𝑚cat𝑘ref exp {− 𝐸A

𝐑𝑇ref
(𝑇ref

𝑇
− 1)} 𝑝N2O    (1) 

where 𝐹N2O – is the N2O molar flow, w – is the dimensionless 

catalyst mass, 𝑚cat – the catalyst mass, 𝑇ref – is the reference 

temperature (923 K or 650 
o
C), and 𝑝N2O – is the N2O partial 

pressure.  

Catalyst TX50 X650 kref EA RN2O 

 (ºC) (%) (nmol Pa1s-1g-1) (kJ mol1) (μmol s1g1) 

5Fe/Al2O3-A 650 50.6 16.9 119.3 1.71 

10Fe/Al2O3-A 656 45.8 14.6 152.3 1.48 

10Fe/Al2O3-A/12d 673 35.4 10.5 144.1 1.06 

1Fe/Al2O3-B 728 16.1 4.2 135.8 0.42 

4Fe/Al2O3-B 678 33.9 9.9 133.2 1.00 

4Fe/Al2O3-B/12d 708 24.7 6.8 116.8 0.69 

9Fe/Al2O3-B 687 29.2 8.3 137.5 0.84 

9Fe/Al2O3-B/12d 730 14.1 3.6 148.5 0.37 

4Fe/Al2O3-C 759 8.8 2.2 146.4 0.22 

Al2O3* 843 1 0.1 188.6 0.01 

Fig. 9 Effect of aging of a) 10Fe/Al2O3-A, b) 4Fe/Al2O3-B, and c) 9Fe/Al2O3-B on the conversion of N2O as a function of temperature. Hydrothermal aging was 

performed in a stream of nitrous gases containing 15 vol.% of water vapor, 10 vol.% of NO and 1.5 vol.% of O2 at 800 °C for 12 days. 
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Among the studied catalysts, Fe/Al2O3-A exhibited the lowest 

TX50 with the highest 𝑘ref values. For all Fe-Al2O3 the aging led 

to increasing of TX50 from 20 to 40 
o
C (Table 5). The calculated 

activation energy varies in the range of 120–150 kJ mol
1
, 

which are typical for Fe/Al2O3-based catalysts.
11, 12, 16

 Only for 

Fe/Al2O3-A, the EA value varies by about 30 kJ mol
1
 (with 

different iron contents), while for Fe/Al2O3-B there is no 

evident dependence of EA on Fe content. It indicates that the 

aging does not substantially influence EA values. 

3.7. Structure-catalytic activity relationship 

Combining the present results for the 

structuralcharacterization and catalytic properties of Fe/Al2O3 

allows a detailed discussion of the relationship between the 

existing Fe centres and their relevance for the activity in the 

HT-deN2O process.   

The Fe/SiO2 catalyst showed very low activity for HT-deN2O 

reaction and it indicated that the presence of iron species in 

Fe/SiO2 (Supplementary Information Table S2 and Fig. S6) has 

negligible relevance for the HT-deN2O. Bulk Fe2O3 and 

superparamagnetic (at RT) small clusters of iron oxides, both 

present in Fe/SiO2 and Fe/Al2O3 materials are thus excluded as 

the principal active sites in HT-deN2O. However, Fe species in 

the Td or Oh coordination or in the form of oligomers in 

Fe/Al2O3 were suggested to be the potential active iron 

centres in HT-deN2O. The analogical iron structures, both 

adjacent to Al atoms, were proposed as active sites for 

effective decomposition of N2O over Fe-zeolites.
3, 7, 51, 58, 59

 

These two iron structures are more abundant in Fe/Al2O3 

samples with higher content of the metastable alumina 

phases: δ or θ. The concentration of Fe(III) in Td or Oh 

coordination or the content of Fe(III) oligomers decrease with 

the transformation of the alumina support into α phase. This 

transformation is accelerated by the presence of iron ions that 

actually decrease the temperature of θ to α transformation in 

catalysts with higher intermixing between Fe and Al2O3. 

Fig. 10 showed the correlation between the concentration of 

Fe(III) in Td and Oh coordination (Supplementary Information, 

Table S4) suggested as active sites and the rate of HT-deN2O 

decomposition at 650 °C (Table 5). These results indicated a 

correspondence between the amount of the Fe(III) species and 

their participation in the HT-deN2O process.  

The highest rate of N2O decomposition was exhibited by 

Fe/Al2O3-A which contained the highest Fe(III) concentration. 

After the aging of 4Fe/Al2O3-B, the amount of Fe(III) decreased 

from 0.114 (4Fe/Al2O3-B) to 0.093 mmol g
-1

 (4Fe/Al2O3-B/12) 

which is reflected in the decrease of the catalytic activity of the 

aged sample 4Fe/Al2O3-B/12 in comparison with 4Fe/Al2O3-B. 

Sample 4Fe/ Al2O3-C containing the highest amount of  phase 

of Al2O3 and the lowest concentration of Fe(III) displayed the 

lowest activity in HT-deN2O among all studied catalysts. By 

combination of catalytic results with the physicochemical 

characterization it was shown that the catalytic performance 

of Fe/Al2O3 can be tuned by increasing the concentration of 

the δ-, θ-Al2O3 responsible for stabilization of Fe(III) in Td or 

Oh coordination active in transformation N2O to O2 and N2. 

4. Conclusions 

Three types of Fe/Al2O3 catalysts were prepared by different 

preparation routes (A, B, and C) which are potentially relevant 

for the preparation of suitable catalytic materials for HT-deN2O 

process in the technology of nitric acid production. Two types 

started from commercial böhmite impregnating alumina 

supports by ammonium iron (III) citrate (A and B) and one 

from amorphous AlO(OH) where Fe was introduced by acidic 

FeCl2 solution (C). 

Different preparation routes resulted in the presence of 

different phases of the alumina support as well as the iron 

species. The presence of iron ions influenced the 

transformation of alumina phases and the role of the actual 

alumina modifications in the stabilization of the specific iron 

species was crucial for the activity of Fe/Al2O3 catalysts in HT-

deN2O. 

Based on our study of Fe/SiO2 material containing non-active 

Fe forms, all the prepared Fe/Al2O3 contained two iron species 

active in the HT-deN2O reaction, in particular Fe(III) in Td or Oh 

coordination. The presence of various alumina phases with 

relatively high surface area even in the temperature region of 

the decomposition process was necessary for the stabilization 

of the active iron species. Transformation of the alumina 

support into α modification has principally negative effect 

during aging.  

The rate of this transformation increases with the increasing 

total content of iron in catalysts with higher intermixing 

between Fe and Al2O3. Thus, the catalytic stability is connected 

to long-term preservation of θ (δ) Al2O3 modifications in the 

temperature region of the reaction.  

 Impregnation of the pre-calcined böhmite at 1100 °C 

(Fe/Al2O3-B), already preformed δ/θ alumina support, 

provided samples which had highly stable distribution of the 

relevant iron species also during the long-term exposition to 

the reaction conditions. 

 

Fig. 10 Rate at 650 °C of N2O decomposition as function of concentration of Fe(III) 

in Td an Oh coordination over Fe/Al2O3 with similar content of Fe (~ 4% wt.). 
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