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The toxicity of pure hydrazine has prompted the research of possible “green propellants” to replace this mono-
propellant for small thruster use. To ful� ll this objective, a constant volume computerized batch reactor has been
developed, which permits study of different monopropellants and their associated catalysts. This reactor can be
used as a screening reactor, and its main advantagesare easy use, fast change of catalyst or propellant, very limited
consumption of propellant or catalyst, and simultaneous recording of reactor pressure, catalyst, and gas-phase
temperatures. The catalyst can be preheated, and the working pressure is between vacuum and 2 bars. The main
parameters that can be obtained for the catalyst evaluation are the catalytic decomposition rate, the ignition de-
lay, and the onset decomposition temperature. Three propellants have been checked: pure hydrazine, hydrogen
peroxide, and a hydroxylammoniumnitrate–(HAN–)triethanolammoniumnitrate–(TEAN– ) water mixture; they
display similar rates and ignition delays but the HAN-based propellant needs higher initial temperature and leads
to the simultaneous formation of condensed products at low temperature. For a speci� c propellant, the results lead
to a classi� cation of different catalytic beds before further investigations in dynamic reactors using real working
conditions.

Introduction

H YDRAZINE is the most common propellantused in chemical
propulsion for small thrusters, and the catalytic decomposi-

tion is obtained by � owing the propellant through a catalytic bed
made of alumina-supported iridium pellets.1 Recently, several pa-
pers focused on the possibility to replace hydrazineby other mono-
propellant options2¡4 to avoid the disadvantages due to the known
toxicity of hydrazine associated with its high vapor pressure at
20±C (14 mbar). Among differentpossibilities,hydroxylammonium
nitrate- (HAN-) basedaqueousmixturesappear the most promising,
and different reductants have been checked with favorable results,
such as triethanolammoniumnitrate (TEAN),5;6 glycine, methanol,
and ethanol.6¡8 Concentrated hydrogen peroxide solutions could
be another choice, alone9;10 or associated with polyethylene in a
hybrid thruster.11¡14 Each monopropellant composition has to be
associated with the best catalytic material, which has to be active
and maintain stability under operating conditions.The temperature
onset of the catalytic decomposition must be as low as possible to
avoid preheating of the catalyst bed at high temperatures.

Most of the experimental work has been performed by using
performance evaluation tools working in real conditions (thruster
or dynamic reactor); the drawbacks of these experiments are the
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consumption of large quantities of propellant (of the order of one
to several liters) and the amount of the catalyst sample used for
the catalytic bed (a few grams to tens of grams). The testing of
new propellant formulations, as well as the screening of numerous
different catalysts,needs the developmentof reactorsworking at the
laboratorylevel, to reducethecostof the trial runs.Such reactorswill
be used at conditionsless representativethan the thrusterconditions,
but with limited amounts of reactants. A recent paper describedone
of these possible tools for catalyst evaluation.15

In this paper, we present the design and realization of a com-
puterized laboratory batch reactor that can be used as a screening
reactor formonopropellantformulationsand catalystevaluationand
development.The advantagesare 1) easy use, 2) fast change of cat-
alyst or propellant, and 3) very limited consumption of propellant
(10–100 ¹l for one trial) or catalyst (50–200 mg). The � rst results
presented here, concern the decompositionof hydrazine, hydrogen
peroxide, and HAN–TEAN–H2O mixtures.

Experimental Part
Design of the Reactor

This reactorhasbeenbuild to acquiredata on the catalyticignition
reaction of different monopropellants and catalysts at low temper-
ature. The catalyst can be preheated in the 20–250±C range, and
two operation modes are achieved: constant temperature mode and
temperature increase mode. However, this reactor cannot be used to
obtain data relating to real conditions in a satellite thruster.

The reactor is a constant volume batch reactor (168-ml, stainless
steel AISI-316L, AFNOR-Z2CND1712) with operating pressure
betweenvacuumand 2 bar. Figure 1 shows the scheme of the reactor
facility with the different gauges, and Fig. 2 shows a side and top
views with dimensions in millimeters. Three temperature gauges
for heating elements, catalyst (item 3, Fig. 1) and inside atmosphere
(item2, Fig. 1), andone pressuregauge (item1, Fig. 1) are connected
to the computer througha Netdaq2645Ainterface(Fluke Company,
Canada), with three acquisition frequencies, 1 kHz, 400 Hz, and
40 Hz. The temperaturegaugesarenonprotected,laboratory-welded
K thermocouples (chromel–alumel) with low time constant (less
than0.1 s).The pressuregauge (Keller, typePAA-23)displaysa time
responseof less than 1 ms in the range0–2 bar. The evacuationof the
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Fig. 1 Scheme of the reactor with the different gauges: 1) pressure
gauge; 2) K thermocouple; 3) K thermocouple; 4) needle or syringe;
5) microburette; 6) digital indicator; 7) heat regulator; 8) connection
box; 9) interface; and 10) personal computer.

a)

b)

Fig. 2 Reactor: a) side view, where Tgas and Tcat are thermocouples
for the gas-phase temperature and the catalyst temperature, Inj is the
injection needle through the septum, and P is the pressure gauge and
b) top view.

reactorandargon� ll areobtainedthrougha vacuumline (Fig. 1), and
a second pressure gauge (Pirani type, Edwards Company) controls
the quality of the vacuum.

The catalyst (50–200 mg) can be heated with a � xed heating
rate or preheated at a de� ned temperature. It is placed inside a
speci� c sample holder (Fig. 2), which prevents the loss of sam-
ple after possible ejections during the exothermic decomposition.
The monopropellant is added through a microsyringe (Hamilton,
10 or 100 ¹l) or by using an automatic burette (Metrohm 765,
total volume 1 ml). Between successive monopropellant injections,
the decomposition products can be quickly evacuated through the
vacuum line up to 10¡2 mbar. This reactor can be used to simulate
cold starts or pulsed injections, but not stationary monopropellant
� ow (steady-state studies).

Blank experiments without catalyst were performed with hy-
drogen peroxide and aqueous HAN–TEAN mixture to verify that

the sample holder displays no catalytic activity. In the case of the
HAN–TEAN–water mixture, the thermaldecompositionhas shown
an ignition temperature in agreement with the literature (shown
later). Therefore, no special surface treatment of the sample holder
was carried out. No blank experiment has been performed with hy-
drazine for security reasons.

The mode of operationof this reactor is near isobaric, the pressure
increase being a fraction (a few tenths) of the initial pressure. If the
catalyst is not preheated, the mode of operation is isothermal due
to the high heat capacity of the reactor. The order of magnitude of
the heat capacity ratio between reactor and catalyst is about 5000
(2-kg steel, 200-mg catalyst). As an example, the decompositionof
30 ¹l of hydrazineleads to a � nal temperatureincreasefor the whole
reactor of 0.12±C. The reactor itself is not heated;when the catalyst
is preheated at the bottom central part (Fig. 2), the reactor displays
a temperature gradient, with the top being near room temperature.
The average gas temperature as measured by the thermocouple is
lower than the catalyst temperatureand is taken into account for the
calculations.

For very fast decompositionof the monopropellant, the pressure
gauge displays a pressure spike before reaching a plateau corre-
sponding to the equilibrium pressure (Fig. 3). For slow decomposi-
tion, the pressure rises smoothly to the plateauvalue (Figs. 3 and 4).
The percentageof propellantdecompositioncanbedeterminedfrom
the pressure increase.

The temperature pro� le corresponds always to a peak (Figs. 5
and 6). The strongly exothermic decomposition leads to a rapid
temperatureincreaseof the catalystand gas phase.Then, the thermal
transfer to the walls of the reactor associated with the large heat
capacity decreases the temperature slowly up to the initial value.
This temperature decrease extends about 200 s.

Fig. 3 Comparison of pressure increase vs time for two Ir/Al2O3 cata-
lysts after successive hydrazine pulses; enlargement of the � rst pressure
peak (different x-axis scale) in inset.

a) b)

Fig. 4 Decomposition of H2O2 vs time on silver catalysts: a) initial
temperature 25±C, injection 100-¹l H2O2 30-wt% in evacuated reactor
and b) enlargement of reaction onset.
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Table 1 Results of the decomposition of hydrazine at 20±C on two Ir/Al2O3 catalysts
(200 mg) after successive injections

Ir-Snecma sample Ir-lab sample

N2H4 pulse, Pressure increase, Slope, Ignition Pressure increase, Slope, Ignition
¹l mbar mbar ¢ s¡1 delay, s mbar mbar ¢ s¡1 delay, s

20a 88 57 0.3 104 8 1.0
20 90 60 0.3 106 5 0.6
30b 151 92 0.3 162 18 0.7
30 136 110 0.2 168 27 0.6
30 153 119 0.2 163 22 0.7
20 103 159 0.3 105 23 0.7
20 100 154 0.3 (no injection)

aCalculated pressure increase 98 mbar (formation of ammonia only).
bCalculated pressure increase 147 mbar.

Fig. 5 Decomposition of 50% H2O2 on Ag/Al2O3 catalyst; variation
of pressure and temperature of the catalyst for three successive 100-¹l
injections from 1-bar argon pressure.

Fig. 6 Decomposition of 50% H2O2 on MnOx/Al2O3 catalyst; varia-
tion of the catalyst for three successive 100 ¹L injections from 1 bar
argon pressure: ——, pressure and . . . . , temperature.

Monopropellants

Three monopropellantshave been used: 1) hydrazineN2H4 , high
purity, supplied by the SNECMA Company, density at 20±C D
1.01 g ¢ cm¡3; 2) hydrogen peroxide H2O2 , 30-wt%, density at
20±C D 1.11 g ¢ cm¡3 , and 50-wt%, density at 20±CD1.19 g ¢ cm¡3

(Prolabo,France);and3)HAN–TEAN–H2O stoichiometricmixture
(7/1 HAN/TEAN), 20-wt% water, equivalent to liquid gun propel-
lant (LGP) 1846 (Ref. 16) (prepared by Cohen-Adad, University of
Lyon, France), densityD 1.43 g ¢ cm¡3 .

The HAN [D (NH3OH)(NO3/] was prepared from hydrox-
ylamine and nitric acid, both of high purity. The TEAN
[D [HN(C2H4OH)3](NO3/] was prepared from the corresponding
amine and nitric acid, both of high purity.

Catalysts

For N2H4 decomposition, the 36-wt% Ir/Al2O3 catalysts were
supplied by the SNECMA Company (sample Ir-Snecma) and
prepared in the laboratory by three successive impregnation and
reduction steps (sample Ir-lab).17

For H2O2 decomposition, the silver or manganese oxide cat-
alysts were Ag (Alfa-Johnson Matthey, 99.99% purity, 10–20
mesh), Ag/®–Al2O3 (Strem Chemical, 2-mm-diam spheres, 3.5–
4% Ag, Brunauer, Emmett, and Teller isotherm (BET) surface area
SBET D 8 m2 ¢ g¡1/, and MnOx =°–Al2O3 powder, prepared by im-
pregnation of the support with HMnO4 followed by calcination
at 150±C for 5 h, with no x-ray detectable manganese oxide bulk
phase,18 1.6-wt% Mn, SBET D 54 m2 ¢ g¡1 .

For the HAN–TEAN–H2O redox decomposition reaction, there
were platinum-, rhodium-, or palladium-supportedcatalysts.

Different supports have been prepared using slow jelli� cation
of a colloidal solution processes to improve the thermal stability
at very high temperatures through the addition of different dop-
ing elements.19 The precursorsof the active phase (H2PtCl6 ¢ nH2O,
RhCl3 ¢ nH2O, and PdCl2/ are introduced in the porosity of the
support through classical impregnation procedures using aqueous
solutions.

Results
Decomposition of N2H4

The decomposition of hydrazine has been followed to obtain
reference values. On supported Ir/Al2O3 catalysts, the decompo-
sition of hydrazine at low temperature leads only to the formation
of nitrogen and ammonia20:

3N2H4.g/ ! 4NH3.g/ C N2.g/

Two seriesof pulses,correspondingto the injectionof 20or 30 ¹l,
were carried out at 20±C on both catalysts Ir-lab and Ir-Snecma
(200 mg). The � rst series of hydrazine injections leads to similar
results of pressure increase and pressure slope for each injection
(not given). The results of the second series of successiveinjections
are listed in Table 1 and presented in Fig. 3 for both catalysts.Dras-
tic differences can be observed: the industrial sample, Ir-Snecma,
demonstratesgood catalytic activity with very sharp pressurepeaks
accompanyingeach step, whereas the laboratory sample, Ir-lab, ex-
hibitsa lossof activityas shownby the bad steppro� les (Fig. 3); nev-
ertheless, the � nal pressure increasesare the same for both catalysts
and depend only on the volume of the injection. The experimental
values are in agreement with the values calculated on the basis of
the preceding equation (Table 1).

For the Ir-Snecma sample, the ignition delay is of the order 0.2–
0.3 s (� rst injection, inset in Fig. 3) and is related to the time needed
for the liquid to be adsorbed into the porosityof the catalystsupport.
The pressure slope ranges from 50 to 160 mbar ¢ s¡1 and increases
with the number of pulses (Table 1), which means that the surface
of the catalyst is reactivated under the reductive atmosphere of the
reaction products. The pressure maximum is reached in less than
1 s. For a 30-¹l pulse, the molar ratio (N2H4//(surface Ir) is 13,
when a metal dispersionof 20% is assumed; therefore, each surface
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Table 2 Decomposition of 30-wt% H2O2 on two silver
catalysts (200 mg)a

Initial Initial Final
temperature, pressure, pressure, 1Pexp , 1Pcalc ,

Trial ±C mbar mbar mbar mbar

Ag
A 25 <10¡2 >100 >100 104b

Ag/Al2O3

B 25 <10¡2 >100 >100 104b

C 25 1020 1088 68 72
D 50 <10¡2 >180 >180 201b

aInjection of 100 ¹l in evacuated reactor or at atmospheric pressure.
b Including the vapor pressure of water, 32 mbar at 25±C and 123 mbar at 50±C.

iridium atom has to participate in the decomposition of an average
value of 13 hydrazine molecules.

The Ir-lab catalyst shows stepped pressure increases followed by
rounded pressure pro� les. For the step parts, the slopes are much
lower than for the Ir-Snecma sample (between 5 and 27 mbar s¡1/,
and the ignition delays are more pronounced (0.6–1.0 s, Table 1).
This lower activity can be explained by a poisonous effect of
ammonia on this sample.

In conclusion,the difference in catalytic activity between the two
supported iridium catalysts is clearly evidenced through the use
of the batch reactor. Further studies concerning the variation of the
catalyticactivity,thepoisonousrole of ammonia,and the relationsto
structural and textural parameters are currently under investigation.

Decomposition of H2O2

30% H2O2

Two commercial silver catalysts were compared at 25±C: grain
silver (low metallic surface area) and alumina-supported silver
Ag/Al2O3 (high metallic surface area). Table 2 gives a part of the
results obtained, and Fig. 4 shows a comparison of both catalysts.
As expected,the decompositionreactionstarts at room temperature:

H2O2.aq/ ! H2O.g/ C 1
2
O2.g/

The activity of the supported catalyst is much higher by com-
parison with pure silver, and this can be obviously related to the
higher speci� c surface area. The decomposition rate, as measured
by the pressure increase, is rapid at the onset of the reaction. In
the range 0–6 s, the average slopes are 9.6 and 6.5 mbar ¢ s¡1 and
the decompositiondelay is less than 1 and 2 s, respectively, for the
supported and the unsupported catalysts (Fig. 4b). After 10 s, the
activity decreases strongly, which leads to an approximately con-
stant rate: 0.24 mbar ¢ s¡1 for Ag/Al2O3 and 0.07 mbar ¢ s¡1 for Ag
in the range 10–20 s.

The pressure increase due to the evolved oxygen after 100 s is
three time higher for the supported catalyst, approachingthe calcu-
lated value for a whole decomposition (91 vs 102 mbar, Fig. 4a).
Note that this � nal pressurevalue includesthe vaporpressureof wa-
ter. After suf� cient time (2000 s for supported catalyst vs 20,000 s
for unsupportedsilver), the pressure increase reaches the calculated
value in an asymptotic way (Table 2).

50% H2O2

Figures 5 and 6 show the results obtained on two alumina-
supported catalysts containing silver or manganese oxide as the
active phase. The initial pressure is about 1-bar argon, and the cat-
alyst mass is 200 mg. Three successive injections (100 ¹l) are per-
formedon thecatalystpreheatedat about30±C. The reactorpressure,
the temperature of the catalyst, and the temperature of the gaseous
atmosphere (not shown) have been simultaneously recorded, and
the correspondingdata are given on Table 3.

For both catalysts, the pressure steps correspond exactly to the
temperaturepeaks, and the expandedviewpresentedin Fig. 7 shows
that the temperature variations of the catalyst and the gas phase
follow very well the pressure changes at the time level of 0.1 s, in

Table 3 Decomposition of 50% H2O2
a

Pressure Pressure
Injection increase, slope, Initial T , Tmax Tmax gas
number mbar mbar ¢ s¡1 ±C catalyst, ±C phase, ±C

Ag/Al2O3

1 138b 47 28 91 29
2 117 36 28 85 29
3 108 24 28 70 29

MnOx /Al2O3

1 152b 170 30 101 50
2 121 196 30 102 50
3 118 212 30 103 48

aSuccessive pulses of 100 ¹l on two catalyst samples (200 mg).
b Including the vapor pressure of water (38 mbar at 28±C and 42 mbar at 30±C).

Fig. 7 Expanded view of the � rst pulse of Fig. 6; data frequency is
10 s¡1 for each gauge.

accordancewith the shortresponsetime of the thermocouplegauges;
therefore they display the same decomposition delay (about 0.3 s
for this case).

Comparisonof Figs. 5 and 6 shows differentpressurepro� les; the
manganese oxide-based sample displays better activity with sharp
pressure peaks before the pressure steps and thinner temperature
peaks. The � rst pressure increase is higher than the following ones
because it includes the water vapor pressure corresponding to the
liquid–vapor equilibrium. For the three injections, the temperature
maximumcorrespondsto a small plateauat101–103±C lastingabout
0.5 s in full agreement with the vaporization of a part of the water.
(See the catalysttemperaturein Fig. 6 or 7 and Table 3.)The pressure
slope is of the order of 200 mbar ¢ s¡1 and increases slightly with
the injection number.

The supported silver sample is less active and shows a slight loss
of activity evidenced by the decrease of the pressure slope from 47
to 24 mbar ¢ s¡1 , the decrease of the maximal temperature of the
catalysts from 91 to 70±C, and the lower maximum temperature
reached by the gas (29 vs 50±C for the manganese oxide catalyst,
Table 3). Therefore, it is possible to discriminate easily between
various types of catalysts. In our case, the difference in activity can
be related to the different surface area (8 and 54 m2 ¢ g¡1/ and to the
catalyst shape (spheres and powder).

Decomposition of HAN–TEAN–H2O mixture (LGP 1846)

Different parameters can be analyzed by using the batch reactor,
such as the initial pressure (vacuum or atmospheric pressure), the
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Table 4 Decomposition of HAN–TEAN–H2O mixtures (LGP 1846)a

Trial Volume, 1Pexp , 1Pcalc , Tini;
b Tmax ;c 1T ;d

number ¹l mbar mbar ±C ±C ±C

Thermal decomposition
1 50 72 146 117 173 56
2 50 85 142 106 164 58
3 50 82 141 97 147 50

Catalytic decomposition (catalyst B4151)
4 30 62 87 74 124 50
5 50 108 146 66 158 92
6 40 85 117 74 121 47
7 50 98 146 75 124 49

aReactor evacuated after each injection.
bOnset temperature of decomposition.
cMaximal temperature.
d.Tmax ¡ Tini/.

a)

b)

Fig. 8 Thermal decomposition (trial 1, Table 4) and catalytic decom-
position (trial 5, Table 4) of HAN–TEAN–H2O monopropellantmixture
(50 ¹l of LGP 1846); variation of a) sample temperature and b) reactor
pressure vs time during temperature increase.

amount of injected monopropellant, and the nature and amount of
catalyst sample.

The batch reactor can be used in two modes: 1) temperature in-
crease mode (1–5±C ¢ min¡1) mainly to determine the onset tem-
perature of decomposition and 2) the constant temperature mode
(between room temperature and 250±C). When the second mode is
used, it is possible to make successive monopropellant injections
with or without intermediate gas evacuation, to simulate the cold
start conditions.

Temperature Increase Mode

Figure 8 shows typical curves of the variation of sample temper-
ature (Fig. 8a) and reactor pressure (Fig. 8b) during heating in the
case of the thermaldecomposition(no catalyst in the sample holder)
or catalytic decomposition.Table 4 gives a part of the results.

The thermal decomposition begins at 117±C for the � rst trial
(Fig. 8a), in agreement with literature data (122±C in Ref. 21). The
full decomposition of LGP 1846 into water, carbon dioxide, and
nitrogen corresponds to the following equation:

7NH3OHNO3.aq/ C NH.C2H4OH/3NO3.aq/

! 22H2O.g/ C 8N2.g/ C 6 CO2.g/

This leads to a calculatedpressure increasehigher than the observed
value in our conditions(Table 4). Therefore, the decompositioninto
gaseous products is not complete, and in fact a yellow brownish

carbonaceous residue was present in the reactor, probably due to
a polymerization reaction of the C2H4 fragments of TEAN. Curi-
ously, this residue, once obtained seems to affect the subsequent
trials because we can observe a decrease of the onset temperature
decomposition (Table 4) and a slight pressure increase. Therefore,
without the presence of a catalyst, the thermal decomposition re-
action can lead to thermodynamic gaseous products, as expected
by the preceding equation, and to more condensedkinetic products
resulting from polymerization reactions. An elemental analysis of
these products is presently under study.

In the presence of a supported noble metal catalyst (catalyst
B4151), the onset of the decomposition is much lower (about 70±C
in Table4 for severaltrials;66±C for trial5 shownin Fig. 8a) thusdis-
closing the real catalyticeffect.The correspondingpressureincrease
is higher than the value obtained during the thermal decomposition
(Fig. 8b), which showed that the formation of polymerized prod-
ucts remains more limited in the case of the catalyticdecomposition
(Table 4).

After numerous trials, we observed that the decomposition of
LGP1846 is very sensitive to the rate of temperature increase, the
nature of the crucible, and the amount of reactant. The different
experiments performed by means of the batch reactor raise the fol-
lowing points.

1) All samples display a catalytic effect on LGP 1846 decompo-
sition by decreasing the onset temperature.

2) The yield never reaches 100%.
3) The resulting carbonaceous residue has a catalytic effect.

Constant Temperature Mode

Two typical results are presented in Figs. 9 and 10. In Fig. 9, the
catalyst sample (A1151) was preheated at 92±C. The injection of
50 ¹L of LGP (at 20±C) leads � rst to a 10±C decreaseof the catalyst
temperature due to the temperature differencebetween catalyst and
monopropellant. Then the temperature slowly rises up to the start
of the decomposition.During the same time, the pressure increases
slowly at a rate of 0.29 mbar ¢ s¡1 due to the vaporizationof the water
part of the monopropellant.After a rather long ignitiondelay (49 s),

Table 5 Pressure increase in mbar after an injection of 50 ¹l of LGP
at 90 and 130±C for different catalysts

1Pexp , mbar
Catalysts Calculated,a

Tcata ,b ±C A1151 F1151 B4151 A4151oxid C4151 4151 mbar

90 154 147 175 151 162 134 268
130 223 269 290 260 266 192 299

aCalculated values take into account the formation of CO2(g), N2(g) and H2O(g) cor-
responding to the liquid–vapor equilibrium.
bTemperature of the catalyst.

Fig. 9 Pressure and temperature variations vs time after a pulse of
50 ¹l of LGP at 92±C on 200 mg of catalyst A1151.
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Table 6 Best values obtained

Propellant (associated catalyst)

N2H4 H2O2 LGP 1846
Parameter (Ir/Al2O3) (MnOx /Al2O3) (A1151)

Initial temperature, ±C 20 30 130
Rate, mbar ¢ s¡1 159 212 152
Ignition delay, s 0.2 0.3 0.6

Fig. 10a Pressure and temperature variations vs time after a pulse of
50 ¹l of LGP at 130±C on 200 mg of catalyst A1151 (same time scale as
Fig. 9).

Fig. 10b Expanded view of the pressure and temperature peaks (note
expanded x scale).

we can observe the simultaneous step increases of temperature (up
to 143±C) and pressure with a rate of 85 mbar ¢ s¡1 (Fig. 9).

Figure 10a shows the results obtained with the same catalyst but
for a higher initial temperature (130±C); Fig. 10b is an expanded
viewof Fig. 10a. The pressureand temperaturepro� les are the same,
and the main difference is the much shorter ignition delay (0.6 s,
Fig. 10b). The rate is about twice the earlier value (152 mbar ¢ s¡1),
and the pressure increase is higher (223 mbar vs 154 mbar at 90±C).
The results of pressure increase for different catalyst samples are
gatheredin Table5. A supportwithoutan activephase(sample4151)
presents an intrinsic catalytic activity, but with a lower pressure
increase (and generally a higher onset temperature), by comparison
with the samples includingan activephase.The differencesare more
pronounced at 130±C than at 90±C (Table 5).

Table 6 compares the best values obtained for the three propel-
lants under study and their associated catalysts. The activities as
measured by the rate of pressure increase and the ignition delay are
of the same orderof magnitude.Other catalystsand monopropellant
compositions are currently under investigation.

Conclusions
The batch reactor has ful� lled our objectives and will be able

to be used as a screening reactor for different catalysts, as well as
for different monopropellantcompositions.The catalysts are easily
evaluated and compared with the same propellant, and the sam-
ples can be ordered from their catalytic activity. In the case of the
HAN-based propellant, the presence of CH2–CH2 fragments in the
fuel component of the propellant could be a drawback for a full
decomposition into gaseous products.

This laboratoryreactor is an ef� cient tool to evaluate the catalytic
activity related to the ignition of the monopropellant (cold starts
or pulse injections). Once the reaction is started, the role of the
catalytic bed is to assume good combustion without degradation of
the support or active phase at the very high temperature obtained.
However, in the end, this evaluationhas to be performed by using a
dynamic reactor.
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