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Abstract : Hydroxylammonium nitrate (HAN)-based liquid propellants are attracting attention as environmentally friendly
propellants because they are not carcinogens and the combustion gases have little toxicity. The catalyst used to decompose the
HAN-based liquid propellant in a thruster must have both low temperature activity and high heat resistance. The objective of this
study is to prepare an Ru/alumina/metal foam catalyst by supporting alumina slurry on the surface of NiCrAl metal foam using a
washing coating method and then to support a ruthenium precursor thereon. The decomposition activity of a HAN aqueous
solution of the Ru/alumina/metal foam catalyst was evaluated. The effect of the number of repetitive coatings of alumina slurry
on the physical properties of the alumina/metal foam was analyzed. As the number of alumina wash coatings increased,
mesopores with a diameter of about 7 nm were well-developed, thereby increasing the surface area and pore volume. It was
optimal to repeat the wash coating alumina on the metal foam 12 times to maximize the surface area and pore volume of the
alumina/metal foam. Mesopores were also well developed on the surface of the Ru/alumina/metal foam catalyst. It was found that
the metal form itself without the active metal and alumina can promote the decomposition reaction of the HAN aqueous solution.
In the case of the Ru/alumina/metal foam-550 catalyst, the decomposition onset temperature was significantly lowered compared
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with that of the thermal decomposition reaction, and AP could be greatly increased in the decomposition of the HAN aqueous
solution. However, when the catalyst was calcined at 1,200 C, the catalytic activity was lowered inevitably because the surface
area and pore volume of the catalyst were drastically reduced and Ru was sintered. Further research is needed to improve the

heat resistance of Ru/alumina/metal foam catalysts.
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Figure 1. Pictures of metal foam before (left) and after (right) wash
coating.
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Figure 2. (a) Schematic diagram of apparatus and (b) reactor for
decomposition of HAN solution.
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Figure 3. Effect of washing coating times on nitrogen
absorption-desorption isotherms of alumina/metal
foam samples.
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Figure 4. Pore size distribution of alumina coating of metal foam.
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Table 1. Effect of washing coating times on BET surface area and
total pore volume of alumina/metal foam samples

Number of wash coating | See (m* g) Vv, (em®g") D, (nm)
1 0.8 0.03 -
4 16.5 0.06 4.78
7 17.9 0.06 5.11
10 29.1 0.11 5.46
12 39.1 0.16 5.46
13 40.2 0.15 5.46
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Figure 5. Ny-absorption isotherms of various catalysts.
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Figure 6. Pore size distribution of various catalysts.
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Table 2. Effect of calcination temperature on BET surface area and total pore volume

Catalysts Spe (m?g") Vv, (em® g") D, (nm)
alumina/metal foam-550 76.0 0.20 7.05
alumina/metal foam-1200 39.1 0.16 5.46
Ru/alumina/metal foam-550 71.0 0.50 7.01
Ru/alumina/metal foam-1200 29.1 0.11 5.46
140 - 1000
temperature
120 { ——— pressure

Intensity (a.u.)

20 40 60 80
20 (degree)

Figure 7. XRD patterns of (a) metal foam, (b) Ru/alumina/metal
foam-550, and (c) Ru/alumina/metal foam-1200.
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Figure 8. Ty and AP in decomposition of HAN solution over
Ru/alumina/metal foam-550 catalyst.
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Table 3. Catalytic decomposition of HAN-based liquid propellant

Catalysts Taee (C) AP (mbar)
thermal 124, 115
metal foam 109.7 106.3
alumina/metal foam-550 99.1 256.7
alumina/metal foam-1200 125.0 172.5
Ru/alumina/metal foam-550 95.5 336.8
Ru/alumina/metal foam-1200 110.9 127,2
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