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Abstract

The stability of 10 wt% platinum supported on Si-doped alumina (Pt/Si–Al2O3) during the catalytic decomposition of energetic ion
liquid (or propellant) at 40◦C was studied. The reaction was performed by successive injections of 79 wt% HAN (hydroxylamm
nitrate NH3OHNO3) aqueous solution onto the catalysts in a constant volume batch reactor. The four studied catalysts remain act
fast reaction rate (up to 450 mbar s−1), even in the presence of an excess of residual aqueous solution. For all catalysts, the structura
reveal the presence of theta alumina associated with silica and platinum particles. After the propellant decomposition, alteration
particle size is observed as is the formation of nanosized platinum agglomerates in the reaction medium, which are probably resp
the excellent catalytic activity. A model is suggested, explaining the part played by platinum and silica particles at the surface of the
during the propellant decomposition reaction.
 2005 Elsevier Inc. All rights reserved.
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1. Introduction

Energetic liquid compounds known as monopropella
are used for propulsion and gas generation. For example
orbit and attitude control of satellites is achieved with sm
thruster engines, with the use of the catalytic decompos
of liquid hydrazine (N2H4) on supported iridium catalyst
(Ir/Al 2O3) [1]. The high toxicity of this monopropellant cre
ates high storage and handling costs due to more severe
ulation rules, and its replacement by less toxic propella
is of current interest[2–5]. The most currently propose
and studied hydrazine substitutes are energetic ionic liq
and a representative mixture containing hydroxylammon
nitrate (HAN, NH3OH+NO3

−) as an oxidizer, water, an
an ionic or molecular fuel as a reducer[6–10]. However,
such mixtures involve more drastic conditions becaus
the high temperature reached during the decomposition
* Corresponding author. Fax: 33 (0)5 49 45 40 20.
E-mail address: sylvie.rossignol@univ-poitiers.fr(S. Rossignol).
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abatic temperature up to 1800◦C) and the need for frequen
restarts that involve preheating of the catalyst (300–400◦C),
which is currently a drawback for the development of
engine. Therefore, a high catalytic activity at lower temp
ature (20–200◦C) associated with a high thermal stability
the catalysts is a critical parameter for the future deve
ment of new engines.

Previous studies performed by our group have shown
platinum supported on thermally stable silicon-doped a
mina displays a good activity at low temperatures[11]. The
Si-doped alumina support is obtained by the sol–gel p
cedure, and the introduction of the silicon precursor ma
possible better thermal stabilization of the transition alu
na[12]. The catalysts are then evaluated for the decomp
tion of propellants with the use of a lab-made constant
ume batch reactor[7]. The decomposition of a HAN–wate
mixture on these catalysts begins at a very low tempera
40◦C or less[13], whereas the thermal decomposition te

◦
perature is in the range of 115–120C [9]. Another key point
concerns the long-term stability of the catalysts, particularly
in the presence of a large amount of propellant. Most of the

http://www.elsevier.com/locate/jcat
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papers concerning this topic are available as AIAA con
ence proceedings[14].

The objectives of this work were to evaluate the catal
activity during several successive injections of propellan
order to simulate the pulse mode of the satellite thrust
and to characterize the catalysts before and after the
action, by X-ray diffraction (XRD), transmission electro
microscopy (MET), and specific surface area measurem
(SBET).

2. Experimental

All catalysts are based on 10 wt% platinum suppor
on silicon-doped alumina. The support was prepared in
laboratory by the sol–gel method and has already been
scribed[15,16]. We have prepared samples of nominal co
position (Al2O3)0.88–(SiO2)0.12 (atomic Si/Al ratio 6:94)
according to the Yoldas procedure[17] under an excess o
water (H2O/Al molar ratio 100:1). The synthesis was pe
formed with Al(O–secC4H9)3 as a molecular precursor. Afte
1 h at 60◦C, the corresponding amount of Si(OC2H5)4 was
slowly added, followed by a small quantity of HCl (Al+
Si/HCl molar ratio 1:0.07). The temperature was raised
80◦C and maintained for 2 h in a covered beaker to av
solvent evaporation. Then the beaker was left open for
eral hours at the same temperature, and gelling occu
After gelling and cooling, the sample was dried at 120◦C
for 12 h in an oven, leading to the xerogel form, and w
then fired for 5 h at 1200◦C.

The metallic phase (10 wt%) is introduced by impreg
tion of H2PtCl6 precursor solution, followed by reductio
(r) at 400◦C (4 h). The sample name is 10rx (10 for 10 w
Pt; r for reduced sample; x for xerogel support). Some c
lysts have been prepared from two successive impregnat
each corresponding to 5 wt% platinum, on xerogel suppo
with an intermediate reduction between impregnations (s
ple 5r+ 5rx) or without this intermediate reduction (samp
(5 + 5r)x). For development applications, a sphere-sha
sample (1 mm diameter) was made from a xerogel pow
and impregnated with the platinum precursor (three imp
nations followed by reduction for a total of 10 wt% Pt); th
sample is called 3i.Pt.MF.

The specific surface area of the samples was determ
by the BET method from the nitrogen adsorption isothe
at −196◦C in an automated Micromeritics Tristar 3000 a
paratus after drying for 90 min at 350◦C. Particle sizes wer
determined by X-ray diffraction experiments performed
a Siemens D 5005 powderθ–θ diffractometer with Cu-Kα
radiation (λKα = 0.15418 nm) and a secondary graph
back monochromator. The diffractograms were obtained
der the following conditions: dwell time: 2 s; step: 0.04◦ 2θ ;
divergence slit: 1◦. The crystalline phases were identified

comparison with ICDD standards (PDF number:θ alumi-
na: 23-1009; platinum: 04-0802). The crystallite sizes were
determined with the Scherrer equation[18]. A transmission
atalysis 232 (2005) 10–18 11
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electron microscope (Philips CM 120) coupled with an
ergy dispersive X-ray spectrometer (EDX) made it poss
to determine the particle size and the distribution of Pt,
and Si atoms by X-ray mapping at the corresponding
ergies (Pt-Lα at 9.441 keV; Al-Kα at 1.486 keV; Si-Kα at
1.739 keV).

We performed the catalyst evaluation by decompos
an aqueous solution of HAN (79 wt% hydroxylammoniu
nitrate; NH3OH+NO3

−) in a constant volume batch rea
tor (167 cm3) [7], in the increase temperature mode or
isothermal mode at 40◦C. This last temperature was spe
ified in a previous work, where we could show that t
prepared 10 wt% Pt catalysts permitted the decompos
of the HAN solution at about 40◦C [13]. When the cata
lyst is heated from the bottom, the reactor displays a t
perature gradient, in which the top is the cold part; th
the gas temperature is lower than the catalyst temp
ture. In the temperature increase mode, 100 µl of prope
(1.23 mmol; density 1.50 g cm3) is injected at room temper
ature on 160 mg of catalyst, and the reactor is heated w
ramp of 10 K min−1. For the isothermal mode, we proceed
to make successive manual injections of 100 µl of pro
lant (i.e., 150 mg, 1.23 mmol HAN) on 160 mg of cataly
Each injection led to fast increases in pressure and temp
ture, which returned to equilibrium values within 3 to 4 m
therefore, each injection was carried out after an interva
approximately 4 min. Pressure and temperature variat
against time made it possible to determine the evolutio
the catalyst performances in the presence of a large cum
tive amount of propellant (HAN/Pt molar ratio in the rang
of 225–323 for 15 injections).

To identify the gaseous reaction products, a dynamic
actor was designed[19]. This was a fixed-bed reactor wit
online analysis by a mass spectrometer (Omnistar; Pfe
Quadstarr 422 software). The catalyst (160 mg) was put
a quartz reactor and was preheated at 40◦C. Fifteen succes
sive injections of HAN solution were performed every 4 m

3. Results

3.1. Catalytic tests: temperature increase mode

The experiments in temperature increase mode allo
us to determine the onset decomposition temperature o
monopropellant for the different catalysts, the pressure
crease due to the formation of gaseous products, and a
action rate” defined as the slope of the pressure increas
shown inFig. 1. We observed a pressure spike followed
a step and a temperature peak reaching 120◦C; the temper-
ature decrease was due to the thermal transfer to the re
The results are presented inTable 1; all prepared catalyst
are very promising because they display very low decom

◦
sition temperatures: 62C for the sphere-shaped catalyst and
22–33◦C for the powdered catalysts. The pressure increases
are on the same order of magnitude (about 120 mbar), and
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Fig. 1. Pressure and temperature (gaseous phase and catalyst) vers
during the decomposition of 79 wt% HAN (100 µl) in the temperature
crease mode (10 K min−1) on the (5+ 5)rx catalyst (160 mg), pressur
increase (�P ) and slope between points 1 and 2.

Table 1
79 wt% HAN onset decomposition temperature, pressure increase and
for the reaction in temperature increase mode for various catalysts

Name T

(◦C)
�P

(mbar)
Slope
(mbar s−1)

10rx 22 126 87
5r + 5rx 33 119 73
(5 + 5)rx 25 129 120
3i.Pt.MF 62 123 107

the best reaction rate is observed for the (5+ 5)rx catalyst
(120 mbar s−1), measured by at least 5 points. For the ca
lyst 3i.Pt.MF, we observed, after the reaction, a mechan
breaking of the spheres, probably due to the strong exo
micity and pressure increase in the pores during the H
decomposition. This mechanical breaking could be avo
by preheating at higher temperature, as is the case fo
drazine decomposition[1]; this preheating helps to acce
erate the decomposition and thus to avoid accumulatio
liquid inside the pore. Thus the local overpressure and
mechanical strains inside the pores during the decomp
tion were limited.

3.2. Catalytic tests: constant-temperature mode

A typical example of temperature and pressure ev
tion versus time during 15 successive injections is sho
in Fig. 2(a) for the 10rx catalyst preheated at 40◦C. The
samples display a significant activity after 15 propellant
jections. After each injection, we observe a pressure s
due to the high decomposition rate, followed by a step.
gas phase and catalyst temperatures display peaks due
exothermic decomposition reaction followed by heat tra
fer to the reactor wall and retrieval of the initial temperat
(25◦C for the gas phase and 40◦C for the catalyst). Dur-
ing HAN decomposition, the amount of water present in

sample holder increases, because only a fraction is vaporized
and condenses at the top of the reactor (cold part). There-
fore, the maximum temperature reached by the catalyst is
atalysis 232 (2005) 10–18

e

e

(a)

(b)

Fig. 2. (a) Pressure and temperature (gaseous phase and catalyst)
time during 15 injections of 79 wt% HAN solution at 40◦C on the 10rx
catalyst (160 mg; 15× 100 µl); (b) enlargement to determine pressure
crease and slope.

gradually decreasing (112 to 80◦C) because of the increa
ing amount of water (as reactant in the HAN solution a
product) in the sample holder, up to about 1.1 cm3 after 15
injections. Another important feature is the ability of the c
alyst to maintain a good activity in the presence of this wa
excess.

HAN decomposition can lead to thermodynamic produ
(water, nitrogen, and oxygen, Eq.(1)) or kinetic products
(nitrogen oxides, Eqs.(2), (3), and(4)) [20–22]. The reaction
enthalpy, taking into account the composition of the solut
is given in parentheses (�rH

◦ in kJ mol−1) [23]

NH3OHNO3(aq) → 2H2O(l) + N2(g)
+ O2(g) (−227.7), (1)

NH3OHNO3(aq) → 2H2O(l) + 0.5N2(g)
+ NO2(g or aq) (−193.5), (2)

NH3OHNO3(aq) → 2H2O(l) + 2NO(g) (−45.11), (3)

NH3OHNO3(aq) → 2H2O(l) + N2O(g)
+ 0.5O2(g) (−146.1). (4)
Nitric acid was proposed as an intermediate reaction
species[21], but we did not observe its quantitative forma-
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Fig. 3.�P values as a function of injection number for four experiments with different 79 wt% HAN–water and 10rx catalyst preparations at 40◦C.

Table 2
BET surface area, platinum content determined by CNRS analyses and particle size (from X-ray diffraction) before and after reaction at 40◦C for different
samples. The last column gives the average of the�P value for the 15 injections

Catalysts Before reaction After 15 injections of HAN �P average
(mbar)

σ (�P )
(mbar)BET

(m2 g−1)
% Pt
(wt)

Size
(Å)

BET
(m2 g−1)

% Pt
(wt)

Size
(Å)

10rx 70 8.3 220 58 4.9 320 115 18
5r + 5rx 58 8.4 180 99 5.0 160 121 17
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(5 + 5)rx 61 7.2 90 71
3i.Pt.MF 43 10.0 160 44

tion in the final products, the pH of residual water be
between 2 and 3, due probably to the dissolution of ni
gen dioxide (vide infra).

The pressure increase (�P ) and the pressure slop
(�P/�t) were obtained for each peak from peak enlar
ment (Fig. 2b). To check the reproducibility of the result
the 15-injection test was performed four times with three
dependent HAN solution preparations and two 10rx cata
preparations. The�P values for the successive injectio
are reported inFig. 3 for four propellant–catalyst associ
tions. The dispersion of the results is linked to the man
injection procedure, in which the syringe is filled and int
duce through the septum for each injection. An automatic
jection apparatus was built, from a remote-controlled mic
burette, but failed for this pulse injection mode. The press
average and the corresponding standard deviation (give
parentheses; the two very low values were ignored) for e
test were

Test 10rx(1)+ HAN(1):
115(18) mbar;

Test 10rx(1)+ HAN(2):
105(13) mbar;

Test 10rx(2)+ HAN(2):
102(17) mbar;

Test 10rx(2)+ HAN(3):
126(10) mbar.

The results display similar pressure increases, thus

dicating both reproducibility and repeatability of the tests.
Table 2shows similar pressure averages for the different cat-
alysts. The calculated pressure increase is in the range o
4.6 80 107 16
10.0 − 127 20

90 mbar (Eq.(2)) to 360 mbar (Eq.(1)). The experimenta
data are in between, in agreement with the formation of t
modynamic and kinetic products (vide infra,Fig. 5) and thus
lead to the same selectivity[13].

In Fig. 4, we present the pressure slope as a functio
the injection number. The results are very sensitive to
injection procedure, displaying a high dispersion that
take the form of some kind of oscillations. Nevertheless,
can deduce general trends: the average slope increases
the seventh to ninth injection, then reaches a plateau.
very low-slope data corresponding to injection 11 (sam
3i.Pt.MF) or injections 14 and 15 (sample (5+ 5)rx) could
be explained by a propellant drop reaching the side of
sample holder before coming into contact with the cata
(which cannot be detected, as our reactor has no wind
From these data, the catalysts can be ordered accordi
the following sequence:

(5 + 5)rx ∼ 3i.Pt.MF< 10rx< 5r + 5rx.

To identify the gaseous products formed during
monopropellant decomposition, catalytic tests were
formed in the dynamic reactor, with the same inject
procedure. The preliminary results deduced from these
periments (Fig. 5) reveal the very fast formation of N2,
NO, and O2 as primary products. Then the formation
f

N2O and traces of NO2 are noted with parallel profiles.
As for the thermal decomposition[13], the catalytic de-
composition leads to the formation of kinetic and ther-
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Fig. 4. Evolution of the slope (�P/�T ) as a function of the injection number for different catalysts during 15 injections.
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Fig. 5. Variation of the relative intensity of the main products as a funct
the 10rx catalyst.

modynamic products[19]. The different profiles for ni-
trogen oxides, by comparison with nitrogen and oxyg
can be related to slow adsorption–desorption equilibriu
Therefore, the experiments performed in two different
actors lead to similar results; to quantify these data, c
brations of the mass spectrometer are currently in prog
with the use of representative mixtures in the same co
tions.

To supplement these results, different characterizat
have been carried out, before and after the test reaction

3.3. Structural data and morphology: before reaction test

The platinum loading content of the powdered samp
(7–8.5 wt% Pt,Table 2) is always lower than the expecte
value (10 wt%), mainly because of weak platinum–car
surface interactions; therefore part of the platinum is
from the carrier surface during the thermal treatments
contrast, for the sphere-shaped sample, this part remain

side the porosity, leading to the expected value.

BET surface area values measured before reaction (Ta-
ble 2) are in accordance with the value determined for the
f time during 15 injections of HAN79%–water in the dynamic reactor at 40◦C on

,

-

corresponding support fired at 1200◦C (65 m2 g−1) [6] de-
spite the important platinum load.

XRD data (Fig. 6; 10rx catalyst as typical example) co
firm the presence ofθ -alumina in the support without chang
after impregnation and the platinum metal phase. The d
mination of crystallite size is based on the last two diffr
tion peaks (see enlargement inFig. 6), where the contribu
tion of the support is very weak. The high platinum conte
(between 7 and 10%) induce a sufficient intensity of p
inum diffraction peaks to determine the crystallite size. T
comparison of our results with the literature data is not s
able because of the low amount of platinum generally u
(0.1–2%)[24,25]. Three samples display almost the sa
average size in the range 160–220 Å; sample (5+ 5)rx, pre-
pared without intermediate reduction, presents a lower c
tallite size, in relation to a higher crystallite number, and t
better platinum precursor-support interactions. The hig
average platinum size for samples 5r+ 5rx and 3i.Pt.MF
(i.e., with intermediate reduction at 400◦C) can be explained

by the possibility of reaction of the first Pt crystallites (i.e.,
obtained after the first reduction) with the H2PtCl6 precur-
sor.
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Fig. 6. Diffractograms of the 10rx catalyst before and after 15 injections

For two representative catalysts (5r+ 5rx and (5+ 5)rx)
the transmission electron microscopy images and the p
cle size distributions are indicated inFigs. 7a and 7b. The
catalyst with intermediate reduction, 5r+ 5rx, displays a
very large distribution, whereas the second sample sh
more numerous, smaller crystallites, in agreement with
XRD data. These extended particle size distributions are
lated to the high platinum percentage and low metal–sup
interactions. The volume-averaged size taken from these
tributions was, respectively, 760 Å for 5r+ 5rx and 170 Å
for (5 + 5)rx samples. These average data are much hi
than the values obtained from XRD, leading to the su
cious single crystal character of the largest particles. T
point was corroborated by conical dark-field TEM imag
with the use of (111) reflections (Fig. 7c), which obviously
show that these particles are made of aggregates of sm
crystallites. Therefore the calculated volume-averaged v
is overestimated. This concerns mainly the particles wi
size greater than 200–300 Å.

3.4. Structural data and morphology: after reaction test

After the 15 HAN solution injections, the BET surfac
area remains of the same order of magnitude, excep
the 5r+ 5rx sample, which presents an area increase w
out structural change (same diffractograms for all samp
seeFig. 6). The XRD average size increases for one sam

(10rx,Table 2).

After the reaction, the size distribution of sample 5r+
5rx (Fig. 7a) is explained by a dislocation of the platinum
AN% at 40◦C (enlargement to determine Pt particles size; ICDD file: 04-08

-

r

aggregates and an increase in the medium-sized crysta
whereas sample (5+ 5)rx (Fig. 7b) displays a shift in the
distribution of the nanosized particles. This is can be
to the loss of the smallest crystallites or to the formation
agglomerates; a sintering effect seems to be less prob
at this low temperature, in agreement with the same X
average size. The characteristics of the 10rx and 3i.Pt
catalysts are similar to those of the (5+ 5)rx sample. Nev-
ertheless, for the 3i.Pt.MF sample, it was difficult to co
pare the sample before and after the reaction because o
breaking of the spheres.

All of the powdered samples displayed an important l
of platinum, about 40% detected after reaction (Table 2).
This loss can be correlated with the presence of very s
crystallites (Fig. 8a) on the carbon membrane of the co
per grid used for the TEM experiment. To clarify this lo
we performed X-ray mapping on some catalysts (Figs. 9a
and 9b). The 10rx catalyst shows the heterogeneity of a
rogel support with the presence of silica particles, as es
lished in a previous work[11]. However, before the catalyti
reaction, the platinum atom distribution appears to be alm
homogeneous, and the content of platinum next to silica
ticles remains low (Fig. 9a). After the decomposition reac
tion, the presence of disconnected silica and platinum p
cles (Fig. 9b) is indicated. The heterogeneous distribut
of platinum particles displays either the sintering of pl
inum crystallites or more probably the formation of nan

sized platinum agglomerates (Fig. 8b). This effect confirms
the possibility of platinum crystallite migration for the par-
ticles linked to silica groups. Moreover, these silica species
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(a)

(b)

(c)

Fig. 7. Distributions of particles sizes deduced by transmission electron microscopy measurements (about 120 particles counted) and correspong images
before and after 15 injections of HAN79% at 40◦C for the (a) and (5+ 5)rx (b) catalysts, (c) conical dark-field TEM images using 111 reflections of 5r+ 5rx
catalyst (1 bright field and 2 dark field).

(a) (b)
Fig. 8. Transmission electron microscopy images of the 10rx catalyst after 15 injections of HAN79% at 40◦C: (a) platinum crystallites on membrane, (b) plat-
inum agglomerates on catalyst.
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Fig. 9. X-ray mapping of 10rx catalyst (a) before and (b) after 15 injectio

can be responsible for the primary loss of platinum in re
tion to the calculated values (i.e., sample 10rx: 8.3 instea
10), which occurs during the catalyst preparation. Indeed
this case the metal–support interactions are weaker fo
ica than for alumina[26,27]. This explanation provides a
idea of the mechanism that occurs at the surface but
not explain the significant loss of platinum atoms. The p
inum loss estimated from XRD data for sample 10rx (Fig. 6;
intensity ratio of Pt diffraction peaks related to the diffra
tion peaks of alumina) is in the range of 10–20%; this va
takes into account the largest crystallites, which remain p
erentially on the support surface. This is in agreement w
the observed slight increase in the XRD crystallite size (Ta-
ble 2).

For more detailed explanations, experiments in water
in diluted nitric acid are being carried out to reproduce
conditions that occur in the batch reactor. These experim
consist of stirring a catalyst for 4 h in the presence o
neutral or nitric acid solution (pH∼ 2.5) followed by filtra-
tion, to determine the platinum amount retrieved in soluti
Only a very small amount of platinum (0.1%) is dissolved
the acidic solution, whereas no platinum could be dete
in water. By comparison, after the catalytic decompositi
atomic absorption and ICP measurements revealed the
ence of 6% initial platinum in solution. No aluminum
silicon could be detected, meaning that the support is no
fected by the strong oxidizing feature of the reactant. Th
the main loss of the platinum active phase is due to a dis
sion of the nanosized platinum particles into the remain
solution or on the walls of the sample holder.

3.5. Proposed model

To clarify these results, we suggest a scheme cons
ing the different possibilities for platinum species mobil

under strong oxidizing conditions (Fig. 10). The surface of
supported platinum on silicon-doped alumina catalysts con-
sist of a theta alumina structure and silica and platinum
HAN79%at 40◦C (Pt-Lα at 9.441 keV; Al-Kα at 1.486 keV; Si-Kα at 1.739 keV).

-

Fig. 10. Scheme displaying the transformation of platinum particles du
the reaction of HAN79% decomposition on catalysts.

particles. The platinum active phase is divided into th
groups: (i) small particles fixed on alumina; (ii) small pa
ticles bonded to silica; and (iii) large aggregates on alum
During the catalytic decomposition of the ionic liquid, t
metallic species can react according to three possibil
(Fig. 10): (1) migration of platinum from silica to alumina
leading to the formation of nanosized platinum agglomer
deposited on the alumina surface; (2) migration of platin
from silica to another platinum particle, leading to grow
and (3) redispersion of the large platinum aggregates. T
mechanisms are the results of strong reaction exother
ity, acidic and drastic oxidizing conditions, and energe
decomposition.

These mechanisms enable us to understand the cat
results. Furthermore, the presence of platinum agglome
may be related to the good activity of the catalysts. This
gument can be correlated with the slope results. Indeed
have shown that, up to the sixth or seventh injections, the
alyst is able to achieve an excellent performance. During
step, the formation of nanosized platinum agglomerates

occur. The metal species weakly linked to silica migrate into
the aqueous solution, and the agglomerates are responsible
for the reaction rate being maintained. In the case of metal-
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lic aggregate dislocation (catalyst 5r+ 5rx), the amount of
small particles increases with the reaction rate and confi
that the agglomerates of very small crystallites are resp
sible for the good activity. It is important to remember th
the best catalyst (5r+ 5rx; Fig. 4) is a material that presen
a value for the pressure slope higher than 500 mbar s−1. But
regarding the homogeneity, the reproducibility, the prese
of nanometric platinum crystallites, and, more importa
the decomposition behavior of HAN on these catalysts
shown inTable 1(25◦C, 129 mbar, 120 mbar s−1 for (5 +
5)rx), the best catalyst to consider is then the (5+ 5)rx sam-
ple.

4. Conclusions

This work shows that supported platinum on silico
doped alumina catalyst is active and stable after 15 inject
of a HAN-water mixture at 40◦C. The X-ray diffraction re-
sults confirm the presence of theta alumina structure with
change after the catalytic reaction. Transmission elec
microscopy images and size distribution confirm the h
erogeneous distribution of silica and platinum particles.
activity is mainly due to the formation of nanosized platinu
agglomerates responsible for the efficient decompositio
ionic liquid. During the catalytic decomposition, the lo
metal–silica interactions lead to a migration of the meta
particles, which are responsible for sintering of the sma
crystallites and dislocation of the aggregates. The sugge
model relates to the surface change in the catalyst before
after the reaction. Two possibilities are discussed, one
cerning the loss of platinum linked to silica particles and
other concerning a redistribution of platinum species.
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