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ABSTRACT

Iridium catalysts with the active component content of 10, 20, and
30 wt% on mesoporous aluminosilicate have been synthesized by the
reductive hydrolysis of iridium chloro complexes. The degree of dispersion
of supported iridium was controlled by increasing the weight percentage
of iridium nanoparticles in the catalyst. In this research, it was shown that
the crushing strength of the catalysts synthesized on the basis of
aluminosilicate with different weight percentages of iridium nanoparticles
can be different. The results of hydrazine decomposition show that the
performance of the catalysts increases from 10 wt% to 20 wt%, and
subsequently, by increasing the concentration of iridium to 30% by weight,
with the decomposition parameters remaining constant, the resistance to
crushing of the catalyst decreases. The present work is intended to provide
some useful correlations between the iridium catalytic activity and the
potential parameters in the support materials, and thus making the process

more active.
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Significant challenges remain to increase the
activity and stability of catalysts for hydrazine
degradation (1,2). In addition, new innovative
technical solutions should be applied in the
decomposition process to overcome the economic
concerns about catalyst deactivation and
degradation (3,4). This means that a suitable,
reliable, stable and economical catalyst should be
developed to cover the gap between laboratory and
industrial implementation (5). Catalyst supports
play a dominant role in enhancing the properties of
the active metal phase in catalytic decomposition
processes (6-8).

Decomposition of hydrazine is performed on a
heterogeneous catalyst, which theoretically starts at
the interface between the catalyst surface and NoH.
molecules (9). Therefore, the performance of a
hydrazine decomposition catalyst should be related
to the nature, concentration and accessibility of
active sites on the catalyst surface (10). These
parameters are probably affected by the factors
including preparation conditions of the iridium
catalyst, the operating parameters of synthesis,
support surface, and structural properties (11,12).
All of these factors can play a major role in the
structure of surface species. Gamma alumina is the
most important and cheapest support (13,14). Unlike
alumina, the silica support surface contains hydroxyl
groups, which do not exhibit Brgnsted acidity, but
its acidity is regulated by the incorporation of Al into
the silica, so that weak to moderately acidic sites can
be created (15,16). The molecular nature of the
interaction of the surface functions of silica and
alumina with metal centers affects the performance
of the catalyst.

Although different alumina-silica supports have
been used for different catalysts, unlike alumina
supports, the weight percentages of iridium for
different applications have not been studied on.

Iridium active 20 to 40% by weight has been used as
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a catalyst on alumina supports for hydrazine
decomposition (17-20). But the effects of iridium on
other inexpensive supports, such as aluminosilicate,
have not been used in the decomposition of
hydrazine. The resistance to mechanical and thermal
stresses can be optimized by controlling the loading
of nanoparticles inside the pores of the catalyst
support, and the rate of hydrazine decomposition
can be changed to the desired level. Therefore, the
amount of catalyst loading on a specific support is
very important in its performance characteristics
(21-23).

To date, no studies have been conducted on the
hydrazine decomposition process at industrially
used weight percentages including 10-30 wt% of
iridium catalysts on aluminosilicate support at
atmospheric pressure. The rate of movement of
hydrazine strongly depends on the surface
conditions of the catalyst. Effect of support is
discussed in the present work, with particular focus
on the catalytic activity for hydrazine
decomposition. The present work is intended to
provide some useful correlations between the
iridium catalytic activity and the potential
parameters in the support materials, and thus making
the process more active. A clear difference in
catalytic performance in terms of activity and
hydrogen selectivity was seen for catalysts with
silica and alumina supports for the hydrazine

reaction.

EXPERIMENTAL
Preparation of catalysts

Dihydrogen hexachloroiridate (I\V) hydrate
(H2IrCls.xH20, Sigma-Aldrich) was dissolved in the

deionized water for 24 h. Subsequently, quantitative

aluminosilicate supports (grain diameter 1-2 mm),
were introduced into the above mixed solution under
stirring and shaking. The supports were impregnated

into the iridium aqueous solution, after being fully
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impregnated; a solvent evaporation process was
conducted at 60°C. Each impregnation step was
carried out with 5% by weight of iridium for each
step of the synthesis catalyst. The resulting granules
were dried at 60°C, and then the oven temperature
was set at 80°C for 24h to conduct solvent
evaporation. Finally, the granules underwent a
calcination process: the temperature was increased
from 30 to 400°C (1°C. min ramp rate) and held for
3h, and then Ho-reduction of catalysts at 400°C done
with the formation of iridium active phases. The
obtained samples were denoted as AlSi, 10Ir@AISi,
20Ir@AISi, and 30Ir@AISi for corresponding
iridium content (0, 10, 20, and 30 by weight of
iridium on the support of aluminosilicate). Three
types of catalysts were used for the decomposition
of hydrazine monohydrate in a laboratory reactor.
Characterization of catalysts

The N2 adsorption-desorption experiments
were conducted to investigate the textural properties
of samples through BELSORP-Mini, MicrotracBel
Corp. analyser by preconditioning at 150°C in inert
gas for 5h. The analysis of reduced catalysts was

performed. A FE-SEM microscope Model, Zeiss-

RESULTS AND DISCUSSION

Fig. 1 and Table 1 show the adsorption—
desorption isotherms of the iridium-aluminosilicate
catalysts. The surface area of the aluminosilicate
support is about 14 cm?/g. The specific surface area
of aluminosilicate coated with iridium determined
by BET and mean size of the micro pores decreased
with an increase in the thickness of the deposited
iridium layer due to the blockage of some pores with
iridium nanoparticles. The specific surface area per

gram of the deposited iridium (30 wt %) was almost

Fig. 2 shows a typical image of iridium on
the aluminosilicate catalyst surface, obtained by
SEM. The growth and dispersion of iridium particles

occur during the process at all available surfaces. As
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SIGMA VP, Germany was used. The catalytic

performance on hydrazine monohydrate
decomposition was evaluated by placing 0.1 ¢
catalyst into a sealed stainless steel laboratory
reactor equipped with the temperature (T) and
pressure (P) sensors under atmospheric pressure at
25°C. The mixed reaction gas included NH3, N, and
H, passed through a trap containing 1 M HCI to
absorb ammonia. The reaction product was collected
through a cylinder by the water displacement
method and recorded by a computer program. The
moles number and hydrogen selectivity (X) can be
calculated by equation (1):

31-1 [ _n(N2)+n(H2)]

8 n(N;H,)

TOF or the reaction rate (h) in 80%

conversion of hydrazine hydrate was obtained as

(1)

follows:

TOF——* @
3npeta RTE
where, R is the universal gas constant, T is
the reaction temperature, P is the atmospheric
pressure, Nmetal is the mole number of iridium, V is

the volume of Hz and N>, and t is the reaction time.

two times higher than that of the aluminosilicate
support. Low level of accumulation resulting from
increasing iridium loading increased the BET
surface area of 30Ir@AISi catalyst through the well-
controlled deposition of iridium onto the
aluminosilicate support. Since the surface areas of
the 10 and 20 wt% catalyst samples in this study
ranged between 12 and 15 m? g*, there was no
significant change in surface areas. The increase of
the active phase causes the blockage of support
pores from 14 nm to 5 nm with iridium nanoparticles
during impregnation.

it could be seen in Fig. 2 a and b, the irregular
iridium nanoparticles with wide distribution of pore
sizes is observed. These images clearly show that the

particles adhered together. The particles with an
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average size of about 50— 100 nm are predominant.
Iridium particles on 30Ir@AISi catalyst have low
size distribution (<50nm), and they have relatively
uniform distribution on the support surface. The

deposition of iridium particles takes place not only

on support surface, but also in the pores. The
deposited iridium particles were found to be well
dispersed with the control on the number of

impregnation steps.
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Fig. 1. (a) Nitrogen adsorption—desorption isotherms and (b) pore size distribution curves for the
iridium@aluminosilicate catalysts
Table 1. BET properties of catalysts with different iridium contents on aluminosilicate supports
o Seer Pore volume Pore Diameter
Composition
(m?g) (cm*g) (hm)
AlSi 14 0.12 14
10Ir@AISi 12 0.06 10
20Ir@AISi 15 0.06 3
30Ir@AISI 32 0.13 5
J. Nanoanalysis., 10(3): 584-591, Summer 2023
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Fig. 2. FE-SEM images of the catalysts with (a) 10 wt%, (b) 20 wt%, and (c) 30 wt% of iridium nanoparticles

on aluminosilicate supports.

The comparison of the efficiency of the
catalyst decomposition test of 10, 20 and 30% by
weight of iridium on the support of aluminosilicate
shows that with the increase of the amount of metal
from 10 to 20% by weight, the amount of moles of
the resulting gases has increased (Fig. 3a.).
However, the rate of ammonia decomposition,
hydrogen selectivity and catalyst reaction rate
remained constant from 20 to 30 wt% according to
Fig. 3b. It has been expected that with the increase
in the amount of metal from 20 to 30 wt%, a large
increase will be observed (due to the increase in the
amount of iridium). But this amount was not seen
and almost the ratios obtained from the analysis
were the same for 20 and 30% by weight of iridium,
with the difference that in 30% by weight, about
49% of crushing was seen after the test. Cracks were
formed on the 30% catalyst granules during the
calcination process due to the high volume of water
vapour escaping from the holes. The distribution of
nanoparticles on

supports containing
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aluminosilicate is less orderly than that of alumina
(24), and the distribution is not uniform, the
accumulation of particles in the holes causes a large
volume of water vapour to escape during
calcination. Finally, water vapour pressure causes
cracks. With the production of gases at a high speed
resulting from the decomposition of hydrazine
monohydrate during the process, the resulting cracks
cause 49% crushing. The decomposition test was
performed very slowly with 10% by weight of
iridium nanoparticles on the aluminosilicate
support, and the test continued even after one hour
and progressed very slowly with a speed of
approximately 3.5 times less than 20% by weight of
iridium. Therefore, the percentage of ammonia
decomposition and selectivity to hydrogen could not
be calculated. Due to this low reaction speed and
slow release of gases, the crushing in this weight
percentage reached 20%. In 20% by weight of
iridium, no crushing was seen and the speed and
ammonia

percentage of decomposition and

J. Nanoanalysis., 10(3): 584-591, Summer 2023



Z. Amirsardari et al. / Metal-Supported Mesoporous Aluminosilicate ...

selectivity to hydrogen were better than other
percentages. After the catalysts were used for
hydrazine decomposition, the SEM images of the
sample were investigated in Fig. 4. From the SEM
inspections of the catalysts before and after reaction,

we can see that the phase of the samples did not
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change and the morphology has remained to some
extent. Little changes in the morphology of catalyst
surfaces may be because of the effect of external
force, such as product gases for decomposition of
hydrazine monohydrate. So, the as-prepared iridium

catalysts are stable as a solid phase catalyst.
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Fig. 3. (a) Time profiles and (b) selectivity and TOF values for decomposition of hydrazine monohydrate

catalyzed by the iridium@aluminosilicate

Fig. 4. FE-SEM images of the catalysts with (a) 10 wt%, (b) 20 wt%, and (c) 30 wt% of iridium nanoparticles on

aluminosilicate supports after decomposition of hydrazine monohydrate
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CONCLUSION

Optimizing the loading level of active phase on
aluminosilicate supported with proper catalytic
activity is needed in hydrazine decomposition.
Catalysts with 20% and 30% by weight on
aluminosilicate granules showed higher hydrazine
decomposition rates and resulted in more hydrogen
and nitrogen gas products, thus providing the most
efficient decomposition process. However, a
significant difference was observed in the analysis
process between 10% by weight and the other two
percent of the samples. Also, in the catalyst with
30% by weight of nanoparticles, with the production
of gases resulting from the decomposition of
hydrazine at a high speed during the process, the
resulting cracks cause 49% of it to be crushed.
Therefore, the 20% by weight catalyst with high
activity and stronger mechanical strength is a more

suitable option for hydrazine decomposition.
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