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The Fe,05-Al,05 catalytic system in the high-temperature ammonia oxidation reaction
has been studied. The system phase composition has been shown to influence the physico-
chemical properties and performance of the catalysts. The catalytic properties of the
iron-aluminum system (93.3 mass % by Fe,O; and 6.7 mass % by Al,0;) in ammonia
oxidation have been determined. The causes of high-temperature catalyst deactivation have

been discussed.

Uccrexoana raramurudeckas cucrema Fe,0;—Al,0; B peaknum BEICOKOTEMIIEPATYPHOIO
OKUCICHUA aMMuarKa. IloxasaHo BiuAHUHE (PABOBOTO COCTABA CUCTEMbI HA (PUBMKO-XUMUYE-
CKHMe U KaTaluTHdecKue cBoiicTBa KaTammsarTopos. [lnsa karammsartopa cocraBa Fe,0; —
93,3 %wmacc., Al,O; — 6,7 %Macc ompefeneHsl ONTUMAalbHEIE XapaKTEePUCTUKHU IIpoIecca
OKMCJIEeHNA aMMHaKa. PacCMOTPEHEl MPUUYNHLI Ae3aKTUBAIUN KaTaJIn3aTopa.

The industrial nitric acid production is
based on catalytic ammonia oxidation to ni-
tric oxide using scarcely available and ex-
pensive catalysts (platinum, rhodium, and
palladium alloys) [1]. The search for effi-
cient platinum-free catalysts (PFC) is based
on comprehensive studies of various com-
pounds and composites differing in compo-
sition, structure, and chemical pre-history.
It is just ammonia oxidation that is among
the PFC bases of good prospects and is used
in industry as a component in the second
stage of combined ammonia oxidation sys-
tem. Various metals are used as modifying
additives to provide the high activity and
selectivity of ammonia oxidation with re-
spect to nitric oxide and to improve its
thermal and chemical stability [1-5].
Among those additives, there is aluminum
oxide, but the properties of Fe,03—-Al,04
catalytic system are still not studied within
a wide composition range. This work is
aimed at study of the Fe,O3-Al,0; system
phase composition influence on the proper-
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ties thereof in the high-temperature ammo-
nia oxidation conditions.

The catalysts were prepared by thermal
decomposing mixtures of analytical purity
grade hydrated iron [Fe(NOj3)-9H,0] and
aluminum [AI(NO3)-9H,0] nitrate in air as
described in [6]. The catalysts grains were
finally heat treated at 1243 K. The X-
ray phase analysis (XPA) was examined
using a Siemens D-500 powder diffractome-
ter in Cu K, emission with a graphite
monochromator in the beam to be dif-
fracted. The IR absorption spectra were
measured using a Perkin-Elmer 577 spectro-
photometer in 200 to 2000 cm™! range
using KBr tablets as the matrices. The cata-
lyst selectivity with respect to NO (Syo)
was measured according to the procedure
described in [1] using an unit containing a
flow type quartz reactor of 2 cm in diame-
ter. The catalyst layer height was 4 to
12 em, the grain size 2x3 mm?2, the ammo-
nia content in the ammonia-air mixture
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(AAM) about 10 vol. %, the contact dura-
tion 7.21-1072 s at normal conditions (NC),
that is, the optimal value determined by
experimentation, the inlet  pressure
0.101 MPa. The testing temperature was
1093 K and varied within limits of 913 to
1273 K in individual sets of experiments.
The reaction products of ammonia oxidation
and thermal NO decomposition were analyzed
according to known procedure [7] by gas chro-
matography, NH;, O,, Ny, NO, and N,O con-
tent was determined prior to and after the
mixture passage through the catalyst layer.
The determination threshold (vol. p.c.) of the
analysis was 3.0-1073 for NH,, 3.5:1073 for
NO, 5.0'10_3 for 02, N2, and Nzo.

The catalyst limiting load with respect to
ammonia Nyp3 was determined using the
procedure [2] consisting in the load increas-
ing up to the critical "extinguishing"” state,
that is, up to the heat balance violation
associated with the reaction regime transi-
tion from the diffusion to kinetic one. The
catalyst specific surfaces were measured
using the BET method (Brunauer, Emmett
and Teller method) [8]. The catalyst particle
size was measured using a JEM-7Y electron
microscope and the procedure [9]. The reac-
tion kinetic characteristics were determined
using the "ignition” and “extinguishing”
temperatures of the catalyst tablet, that is,
the critical temperature points. To calculate
the reaction rate, the determination method
of the outer diffusion region temperature
limits was employed using the catalyst tab-
let "extinguishing” effect at lowering AAM
temperature. The catalyst surface tempera-
ture was measured by a chromel-alumel
thermocouple immersed (0.3 mm depth
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Fig. 1. Catalyst selectivity with respect to
NO, Syo (1), and limiting loading with re-
spect to ammonia, Nyys (2), as functions of
the Fe,05—Al,04 system composition.

from the upper butt) in the catalyst tablet
(54 mm? cylinder) at the AAM income side.
The incoming AAM temperature was meas-
ured by a similar thermocouple surrounded
with a layer of quartz grains [10] to reduce
the effect of the tablet heat emission.

The phase composition of the studied
catalyst system is presented in Table 1. The
catalytic characteristics of the Fe,03-Al,05
system are shown in Figs. 1 and 2. Only two
nitrogen compounds, N, and NO, were
found in the ammonia oxidation products.
Thus, the total ammonia conversion is
100 %. Only the N,/NO ratio varies in the
catalytic process, that is, the catalyst selec-
tivity with respect to NO (or to nitrogen)
being changed. Table 2 presents the experi-
mental data on thermal dissociation of NO
on the catalyst according to the equation

2NO= N2+02 . (1)

Table 1. Phase composition of Fe,O5—-Al,05 catalytic system at 1093 K

Al,O,, Phase composition Crystal structure Lattice period, nm
mass p.c.
0 o-Fe,04 Trigonal, a—~Al,O; type a =0.5432
0-6.6 O Trigonal, a—Al,O5 type a diminishes linearly from 0.5432 to
0.5382 as Al,Og conc. rises
6.7 o, saturated Trigonal, a—Al,O, type a = 0.5382
6.8-85.1 Ogg T+ Yoo - -
85.2 Vos saturated Cubic, MgA|204 a=0.7934
85.3-99.9 Vs Cubice, MgAI,O, type a increases linearly from 0.7900
to 0.7934 as Fe,O5 conc. rises
100.0 y-Al,O, Cubic, MgAI,O, a = 0.7900

Notations: o,
based solid solution.
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rhombohedral structure o—Fe,04 based solid solution; v, spinel structure y—Al,04
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Fig. 2. Catalyst specific surface, s (1), and
ammonia overshoot in critical process condi-
tions, P (2), as functions of the Fe,05;—Al,04
system composition.

At the selected testing temperature and
optimum contact time, the NO thermal dis-
sociation degree amounts from 1.1 % (on
the low-activity composition containing
2.0 mass % Al,O3) to 8.5 mass % (at the
Al,O3 content 85.2 mass %). The NO ther-
mal dissociation results in a selectivity with
respect to NO lowered by 1.0 and 2.0 mass %,
respectively. The catalysts with other com-
positions are characterized by intermediate
selectivity values (Table 2). At increased
linear velocity of the reagents, that is, at the
contact time shortened down to 1.2:1073 s
(the critical conditions of the catalyst extin-
guishing), no thermal dissociation of NO
has been observed, what is in agreement
with other data on the ammonia oxidation
NPC [1, 3, 4].

At the selected testing conditions, no
products of chemical interaction between
the components have been revealed by XPA.
A similar conclusion has been made by
authors [11] having studied the phase
diagram of the Fe,03—Al,05; system. At
aluminum oxide concentrations up to
6.7 mass %, rhombohedral solid sclution
(88) xa—Fe,03yAl,O5 is formed having a
structure of a—AlL,O3 type (o). For exam-
ple, the powder pattern of the catalyst con-
taining 4.0 % by mass Al,O; is charac-
terized by main lines with interplanar dis-
tances 0.3628; 0.2693; 0.2511; 0.2214;
0.1846; 0.1695; 0.1484; 0.1454 nm typical
of the o—Fey,03 (hematite) rhombohedral
structure [12]; those lines, however, are
shifted towards larger reflection angles,
thus corresponding to the lattice parameter
(a) diminished from 0.5432 to 0.5402 nm.
Increasing Al,O3 concentration in the solid
solution (Cpp03<6.7 mass %) results in
the (a) parameter diminution from 0.5432

Functional materials, 12, 1, 2005

Table 2. NO decomposition extent (Ryg)
and selectivity decrease for NO (ASyg) on
Fe,05-Al, 04 system catalysts at 1093 K

Cazos » 7 Bno» %o ASyos %
0 (0—Fe,05) 1.1 1.0
2.0 (o) 1.1 1.0
6.7 (04, saturated) 1.2 1.1
20.0 (ctyy + V) 1.4 1.2
45.0 (o, + v,,) 1.9 1.5
74.0 (0, + V) 3.0 1.9
85.2 (y,,-saturated) 3.5 2.0
94.0 (v,,) 3.3 0.9
100 (1-Al,0;) 3.1 0.5

Note. Gas mixture composition (vol. %):
NO, 9.5; N,, 71.3; O,, 4.6; H,0, 14.6.
Contact time 7= 7.21-10"2 s. Byo =0 at
T = 1.2:1073 s. Other notations as in Table 1.

to 0.5382 nm. No aluminum oxide lines are
revealed in the catalyst powder pattern.
Thus, within the above composition range,
the catalysts are hematite based solid solu-
tions. The Al,O3 solubility in o—-Fe,O5 is
limited and amounts 6.7 mass % . Increas-
ing Al,O5 concentration in the rhombohe-
dral solid solution results in a monotonous
selectivity lowering (Fig. 1).

In the Al,O5 concentration range of 85.2
to 99.9 mass %, another SS on the basis of
y—Al,O3 is present in the system. For exam-
ple, the main powder pattern lines for a
composition containing 90.0 % AlL,O3
(0.461; 0.274; 0.2412; 0.2268; 0.1982;
0.1531; 0.1389 nm) are typical of cubic y—
Al,O5 based SS [12]. Increasing Fe(lll) oxide
concentration in that 88 (Cppo3 = 85.3 to
99.9 mass %) results in the linear increase
of the (a) lattice parameter from 0.7900 to
0.79834 nm. This is explained by a partial
substitution of AIP* ions (ra* = 0.057 nm)
by Fe3* ones having a larger ionic radius
(rpes* = 0.067 nm). No Fe(lll) oxide lines
are revealed in the catalyst powder pattern.
The Fe,O5 solubility in y—Al,O5 is limited
and amounts 14.8 mass % . Increasing Al,O3
concentration in the cubic SS results in a
sharp selectivity and specific surface lower-
ing within the above composition range (Figs.
1, 2). The selectivity of the y—Al,O5 based SS
with respect to NO is much worse than that
of other Fe,03—Al,05 system catalysts differ-
ing in composition (Fig. 1).
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Fig. 3. Temperature dependence of selectiv-
ity, Syo (p-c.) for catalysts: 93.8 % by mass
Fe,0; and 6.7 mass % Al,O; (1) and o—Fe,04
(2). AAM linear speed 0.18 m/s (normal con-
ditions).

According to XPA and electron micros-
copy data, in the Al,O5; concentration range
from 6.8 to 85.1 % by mass, the rhombohe-
dral a—Fe,03 based SS coexists with cubic
y—Al,O3 based one, both solutions forming
mixtures. Increasing content of the low-se-
lectivity y—Al,O; based SS (y,) in the
Fe,03-Al,03 system results in lower selec-
tivity of the catalyst with respect to NO
(Fig. 1).

The catalyst specific surface area in-
creases from 15.5 to 17.8 m?2/g as the
Fe,O3 content in y-Al,O3 increases up to
14.8 mass %. This specific surface value
exceeds the corresponding characteristics of
the initial oxides. If the Fe,03 content ex-
ceeds 14.8 mass %, the catalyst specific sur-
face becomes lowered monotonously (Fig. 2).
The specific surface increase in a binary
system as compared to the initial oxides
was observed in catalyst preparation prac-
tice [13, 14]. In [13], this phenomenon is
explained by the SS lattice energy increase
as compared to those if initial components.
In [14], it is ascribed to the mutual protect-
ing action occurring in the course of cata-
lyst preparation. This action consists in ad-
sorption of one component on the surface of
crystallites of another one, resulting in the
growth slowing, so the system dispersity in-
creases. Thus, the system selectivity depends
on concentrations of the SS components (Fe,O3
and Al,O3) and the ratio thereof (the Al,Oj
content range is 6.8 to 85.1 mass %).

The limiting ammonia loading for the
catalysts (Fig. 1) increases in parallel to its
specific surface (Fig. 2) that is defined by
the system chemical and phase composition.
This is explained obviously by the corre-
sponding increase of the number of active
centers. The highest limiting loading is at-
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tained for the saturated y—Al,O5; based SS
(85.2 % Al,O3) and amounts 19.06:103 m3
NH3/m2 per hour; the lowest one, for
o—Fe, 04 (6.06-103 m3 NH3/m2 per hour).
The limiting loading for  y-AlLO;
(17.08:103 m3 NH;/m? per hour) is only
slightly lower as compared to that for the
highest activity catalyst (y,, saturated), since
the specific surfaces thereof differ only
slightly (Fig. 2).

In the critical process conditions (t =
1.2:10-8 s), the consecutive reaction of NO
decomposition (Eq. 1) is not observed, but
some ammonia amount is found after the
catalyst layer ("overshoot™) (Fig. 2). As the
catalyst specific surface is increased, this
effect becomes weaker, what agrees well
with the increased catalyst activity under
critical process conditions. The maximum
ammonia "overshoot” takes place for Fe,O3
(0.59 mass % rel.), that is, for the system
having the smallest specific surface, while
the minimum one, for the saturated y—Al,O3
based SS (85.2 mass % Al,03) (0.08 % rel.).

In the Fe,03-Al,05 system, the compo-
nents form only solid solutions, inecluding
the two-phase SS mixtures (Table 1). The
catalyst properties in such systems have
been found to vary continuously from the
characteristics of one component to those of
the corresponding saturated SS (within the
single-phase region) or from characteristics
of one SS to those of the other SS (in two-
phase region). Among the Fe,03-Al,O5 sys-
tem catalysts, it is just the compositions con-
taining up to 20 % by mass of Al,O5 that are
of a practical interest, since those show a
sufficiently high selectivity (Syg = 88.9 to
94.0 %). Other catalysts, including y-Al,O3;,
exhibit rather low selectivity (Fig. 1). The
Fe,O3 losses its selectivity rather fast in
the course of service at elevated tempera-
tures [6], that is it is unstable. We have
considered the effect of Al,O5; additive on
the phase composition and selectivity of the
modified catalyst under operating condi-
tions taking a Fe,03-Al,053 system contain-
ing 6.7 mass % Al,O5. This catalyst exhib-
its a rather high activity and selectivity
with respect to NO (Fig. 1) and was not
studied before. The temperature dependence
of the catalyst selectivity is shown in Fig.
3. The selectivity maximum (91.2 %) is
shifted towards higher temperatures as
compared to o-Fe,O5 (1118 and 1053 K,
respectively). The selectivity change in the
913 to 1273 K range is less sharp as com-

Functional materials, 12, 1, 2005



News of Technology

7102

< 95° L 2 3 5
9 2
» 90F

85

80F

751 1

70 L . . .

0 0.5 1 15 2 w,m/s

Fig. 4. Catalyst (93.8 % by mass Fe,04
and 6.7 mass % Al,O3) selectivity dependence
on AAM linear speed (w, m/s) at T = 2.83-1072 s
(service conditions) (1) and contact time (7, s;

service conditions) at w =0.73 m/s (2).
T=11138 K.

pared to iron oxide catalyst. At T > 1227 K,
the Fe—Al catalyst selectivity exceeds that
of the iron oxide one (Fig. 3).

The dependence of the catalyst selectiv-
ity on the contact time is shown in Fig. 4.
At the contact time T < 1.0-1072 s, the sharp
selectivity lowering is associated with the
side reaction of nitrogen neutralization [15]:

At 1>3.210"2 s, the selectivity de-
creases slowly, mainly due to NO dissocia-
tion (1) [1]. The optimum contact time for
the catalyst is 7.21-1072 s under normal

conditions (2.83:1072 s under operating con-
ditions). The reagent linear speed effect on
the catalyst selectivity (Fig. 4) evidences
the macro-kinetic process region [2—4] when
the reaction rate is limited by the ammonia
diffusion from the flow core to the catalyst
surface. The optimum AAM linear speed is
0.73 m/s under operating conditions
(0.18 m/s under operating conditions). The
increase of the reagent linear speed is ac-
companied by the "hot zone” toward the
catalyst layer outlet, that is, it results in
the temperature fall of its inlet layer [1, 4].
So at w = 2.20 m/s, the inlet layer tempera-
ture drops down to 879 K, thus favoring
the side reactions, in particular, the nitro-
gen neutralization rate (2) is close to maxi-
mum at that temperature [16]. Besides, the
inlet layer low temperature favors the par-
allel process

4:NH3 + 302 = 2N2 + 6H20 (3)
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resulting in the catalyst selectivity lowering
with respect to NO. The low AAM linear
speed values, according to (3, 4), favor the
side reaction of NO dissociation, thus caus-
ing a slow lowering of the catalyst selectiv-
ity, since the NO decomposition rate is
rather low at T =1113 K [1, 16]. The re-
agent linear speed increase up to critical
values (t=1.2.1073 s) results in a distor-
tion of the process heat balance due to a
sharp increase of heat losses.

The process kinetic parameters have been
calculated using the equation proposed by
Buben [17] and solved for two reaction rate
values at a constant oxygen concentration.
The Buben equation has the form

(1+ @21+ (m - 1) - %(1 -9 =0,

C
a=T 1, =%,
OﬂTO

(4)

RT,
€=—Fs

where m is the reaction order with respect
to ammonia; T, the catalyst surface tem-
perature in the critical point; T, the AAM
temperature; Cj, the ammonia concentration
in the flow; o and B, the mass transfer and
heat transfer coefficients, respectively; @,
the reaction thermal effect; E, the reaction
activation energy. The o and P values were
calculated using the known equations [18].
The following values have been obtained:
the catalyst ignition temperature 618 K;
ammonia concentration in the AAM,
10 % by vol.; the reaction activation en-
ergy E = 88.74 kJ/mole NHj; the reaction
order with respect to ammonia, 0.35. These
values agree well with similar data for
other ammonia oxidation NPC [1, 19]. In
particular, for the Co30, catalyst, the acti-
vation energy amounts 87.71 kJ/mole NHj.

The studied dependences of the catalyst
selectivity on the operating time (Fig. 5)
evidence a higher stability of the Fe,O3-
Al,O5 catalyst as compared to a—Fe,03. At
optimum temperature 1113 K, the catalyst
selectivity falls by 1.1 % after 102 h serv-
ice. In the same testing conditions, the iron
oxide selectivity drops by 2.7 %. As the
process temperature rises, the catalyst deac-
tivation becomes intensified. So at 1243 C,
the selectivity drop for the Fe,03;—-Al,05
catalyst and o—Fe,O5; one amounted 2.3 and
9.7 % (see Fig. 5). The XRD patterns of the
Fe,03—Al,05 catalyst after operation at
1243 K contain both lines of rhombohedral
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Fig. 5. Selectivity with respect to NO as a func-
tion of service time () for catalysts: a—Fe,0,,
1118 K (1); Fe,0; — 6.7 mass % Al,Oq
1113 K (2); Fe,0; — 6.7 mass % Al,O,
1243 K (3); o—Fe,0,, 1243 K (4).

SS of AlLOjz in hematite as well as weak
lines with interplanar distances 0.476;
0.291; 0.2481; 0.2052; 0.1581; 0.1456;
0.1074 nm typical of FeAl,O, spinel (her-
cynite) [12]. The hercynite and Fe,03-Al,05
catalyst do not form solid solutions but a
mixture of individual phases. The hercynite
formation is confirmed by IR spectroscopy.
The IR spectra of the used catalyst surface
layers include the absorption bands at 500,
565, 710, 1040, 1660 cm 1 typical of
FesAl,O, [20]. The catalyst heat treated at
1243 K in air does not show the phase
transformations with FeAl,O, formation,
that is, it is thermally stable under those
conditions. Therefore, the catalyst phase
transformations during the high-tempera-
ture ammonia oxidation are associated with
the effect of the redox reaction medium and
the redox mechanism of the reaction run-
ning [3, 4, 21]. The FeAl,O, formation is
explained by the high-temperature interac-
tion of aluminum oxide present in the cata-
lyst with magnetite (Fe3Q,) being a product
of iron oxide phase transformation [6] ac-
cording to reaction

Fe3O4 + AI203 = FeA|204 + F6203. (5)

The magnetite may arise both due to the
redox mechanism of ammonium oxidation
[3, 4, 21] and due to direct interaction of
the catalyst surface areas where the cata-
lyst-to-oxygen bond energy is low with a
strong reducing agent (ammonia):

+ 9(1 - x)AI203 + XNZ + 3xH20
In fact, the EPR spectra of the used
catalyst surface layers contain broad bands

typical of ferromagnetic compounds and
identical to magnetite spectrum. The mag-
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netite formation is confirmed by IR spec-
troscopy. The IR spectra of the magnetic
fractions from used catalyst surface layers
include the absorption bands at 407, 427,
481, 673, 980 cm™! typical of FezO4 [20].
The major amount of the magnetite formed
is bound chemically in FeAl,0, revealed in
experiments. The magnetite as an interme-
diate of the catalyst phase transformations
suppresses the selectivity, being a low-activ-
ity component [6] (Syg = 7.0 % at 1073 K).
The Fe3* ion deficiency in the catalyst sur-
face layer due to magnetite formation re-
sults in an increased Al,O3 concentration,
that is, a local decomposition of the satu-
rated Al,O; SS in hematite, the Al,O3 be-
comes precipitated as a separate phase.

Aluminum oxide is thermodynamically
stable under high-temperature (1073 to
1273 K) exposure to ammonia [22], that is,
it is not reduced to the metal but exists as
an individual phase at the catalyst surface
and is one of initial reagents in the FeAl,O4
formation reaction (5). The surface layer
XPA results of the catalyst used at 1243 K
(after the magnetic fraction is removed)
show that the cubic y—Al,O5 is transformed
into rhombohedral a—Al,O5 at that tempera-
ture (the main XRD lines 0.3479; 0.2552;
0.2379; 0.2084; 0.1740; 0.1602; 0.1425;
0.1374; 0.1238 nm), although literature
sources point that these phase transforma-
tions occur at T > 1373 K [23]. According
to data from [22, 28], Fe,O5 addition, even
in microamounts, results in a lowered tem-
perature of the y—Al,O3 — a—Al,0; phase
transition. In mechanical mixture identical
to the catalyst in composition (a—Fe,O3
98.8 %, y-AlbO3 6.7 mass %) where the
component interaction is restricted, a simi-
lar y—Alb,O3 — aAl,O; phase transition was
revealed after heat treatment at 1243 K. In
particular, in the IR spectra of the me-
chanical mixture, the bands typical of
v-AlLO5 (433, 550, 610, 634, 780, 810, 850,
900 cm~1) disappear after the heat treat-
ment and those of 0-Al,O5 appear (450,
490, 602, 642, 760 cm™1). The 0—Al,03 ab-
sorption bands were found in the IR spectra
of the used catalyst surface layers. As to
the phase composition of the used catalyst
subsurface layers, in the initial rhombohe-
dral hematite-based SS, y-Al,O3 is trans-
formed into 0—Al,O3, the rhombohedral SS
structure being conserved.

The v-Al,O3 selectivity is 4.5 % at
1093 K and 0.5 % at 1243 K, that is, lower

Functional materials, 12, 1, 2005
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than that of y—Al,O5 (Fig. 1). The selectiv-
ity of iron aluminate (FeAl,O,) synthesized
as described in [24] was 6.9 and 2.4 % at
1093 and 1243 K, respectively. Thus, her-
cynite (Fez0,) as well as both a- and
y-modifications of Al,O; suppresses the
iron-aluminum oxide catalyst. After 102 h
service at 1243 K, the catalyst contained
2.0 % by mass of FeAl,O,. In surface layers
of an iron oxide catalyst tested in the same
conditions, the FejgO,  concentration
amounted 11.8 mass % . The phase transition
intensity in the SS catalyst (Fe,Al,_,),05 is
considerably lower than that of individual
Fe(lll) oxide. Thus, aluminum oxide addition
slows the magnetite formation and favors the
retaining of catalyst selectivity (Fig. 5).
Thermodynamic probability of magnetite for-
mation (Eq.(6)) is increased with temperature
elevation, similar to transformation of Fe(lll)
oxide [25] according to the scheme

Thermodynamic probability of FeAl,O,
oxidation (as well as that of magnetite)
with oxygen contained in AAM according to
the equation

4:FeA|204 + 02 = 2F6203 + 4:A|203 (8)
is lower than that of processes (5) and (6)
and becomes lower as the reaction tempera-
ture rises [25, 26]. Thus, the above com-
pounds tend to be accumulated in the cata-
lyst surface layer at elevated temperatures.
The Fe(Ill) oxide formed due to reactions
() and (8) is subjected to intense phase
transformations (Eq.(7)) resulting in mag-

netite [6] that, in turn, is involved in the
formation of the low-selectivity FeAl,O,4.
The hematite interaction with Al(lll) oxide at
the catalyst surface (SS formation) at
1243 K is hindered [26]. The high-tempera-
ture redox processes of new phase (Fe30,,
FeAl,O4, Al,O3) formation and the catalyst
surface recovery are unbalanced and shifted
towards the accumulation of low-selectivity
FeAl,O,, as has been revealed in experi-
ments. The phase transformation unbalance
is increased as the temperature rises.
Moreover, under elevated temperature,
the catalyst is subjected to recrystallization
with the specific surface area reduction
from 5.2 to 2.9 m2/g (Table 3) after 102 h
at 1243 K and thus, the number of active
centers at the surface is diminished [1]. The
catalyst particle linear dimension is in-
creased from 80 to 250 nm. Since the reac-
tion runs in subcritical conditions, i.e., it is
limited by ammonia diffusion to the cata-
lyst outer surface, the specific surface
value is not critical for the catalyst selec-
tivity with respect to NO [1-4]. That is, the
selectivity drop at 1243 K is due mainly to
phase and chemical transformations of the
catalyst. In critical conditions (the catalyst
"extinguishing™), the recrystallization and spe-
cific surface reduction cause a lowering of the
catalyst limiting loading from 5.73-103 to
3.19-103 m3 NH3/m? per hour (102 h service).
Thus, the high-temperature deactivation
of Fe—Al oxide catalyst is due to a combina-
tion of chemical and phase transformations
resulting in low-activity and low-selectivity
components (Fe304, FeA|204, A|203) and

Table 8. Changes in structure and catalytic properties of Fe—Al catalyst (Al,O; 6.7 mass %)

during service at 1243 K

t, h Sno» % s, m2/g n, nm N-1073 m3/(h-m2)
3 87.1 5.2 80 5.73
12 87.0 5.0 92 5.51
20 86.9 4.7 102 5.18
33 86.7 4.4 123 4.85
44 86.5 4.1 143 4.52
56 86.2 3.8 170 4.19
70 85.8 3.5 199 3.86
84 85.4 3.2 223 3.53
93 85.1 3.1 237 3.42
102 84.8 2.9 250 3.19

Notations: ¢, service duration;
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n, r.m.s. particle size.

173



News of Technology

structure changes (recrystallization and spe-
cific surface reduction).

To conclude, the phase composition and
physicochemical properties of Fe,03-Al,05
catalytic system in the high-temperature
ammonia oxidation reaction have been stud-
ied. The physicochemical properties and
catalytic efficiency of the system have been
found to depend on the phase and chemical
composition of a—Fe,03 and y—Al,O5 solid
solutions and the quantitative ratio between
the solid solutions. For the catalyst contain-
ing 93.3 mass % Fey,0O3 and 6.7 mass %
Al,O3, optimum conditions of ammonia oxi-
dation process have been found as follows:
temperature 1113 K, contact time 7.21-1072 s,
the reagent linear speed 0.18 m/s, activa-
tion energy 38.74 kJ/mole NH3. At 1113-
1243 K, the catalyst tends to deactivation
caused by chemical and phase transforma-
tions resulting in low-activity and low-selec-
thlty components (Fe304, FeA|204, A|203) in
combination with structure changes (recrys-
tallization and specific surface reduction).
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Depos. No.128-KhP-93

da30BUll CKJAL i BJIACTHBOCTI KaTAJITHYHOI CHCTEMH
Fe,05;-Al,0; B nponeci BuCOKoTeMNnepaTypHOTO
OKHCJIEHHS aMiaKy

M.I.3axapuenko

Hocrimxeno xaramituuny cucremy Fe,O5-Al,O; B peakimii BucokoTeMIIepaTypHOTO OKHC-
neunsa amiaky. I[lokasamo BuauB )a3oBOro crJaany cucreMu Ha (isumro-ximiumi i xaramituuni
BJIACTUBOCTI KarajisaropiB. Busnaueni rkaramitumuni Bracrupocri saniso-amomimiiioBoro ka-
rarisaropa (Fe,05 — 93,3 mac.%, Al,O; — 6,7 mac.%) oxucnenns amiaky. Posraamyro
MPAYMHY BUCOKOTEMIIePATypPHOI mesarkTuBanii Karaixisaropa.
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