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Abstract : The objective of this study is to develop a platinum/hexaaluminate pellet catalyst for the decomposition of
eco-friendly liquid propellant. Pellet catalysts using hexaaluminate prepared by ultrasonic spray pyrolysis as a support and
platinum as an active metal were prepared by two methods. In the case of the pellet catalyst formed by loading the platinum
precursor onto the hexaaluminate powder and then adding the binder (M1 method catalyst), the mesopores were well developed
in the catalyst after calcination at 550 “C. However, when this catalyst was calcined at 1,200 C, the mesopores almost collapsed
and only a few macropores existed. On the other hand, in the case of a catalyst in which platinum was supported on pellets
after the pellet was produced by extrusion of hexaaluminate (M2 method catalyst), the surface area and the mesopores
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were well maintained even after calcination at 1,200 C. Also, the catalyst prepared by the M2 method showed better heat
resistance in terms of platinum dispersion. The effects of preparation method and calcination temperature of Pt/hexaaluminate
pellet catalysts on the decomposition of liquid propellant composed mainly of ammonium dinitramide (ADN) or hydroxyl
ammonium nitrate (HAN) were investigated. It was confirmed that the decomposition onset temperature during the
decomposition of ADN- or HAN- based liquid propellant could be reduced significantly by using Pt/hexaaluminate pellet
catalysts. Especially, in the case of the catalyst prepared by the M2 method, the decomposition onset temperature did not show a
large change even when the calcination temperature was raised at 1,200 C. Therefore, it was confirmed that Pt/ hexaaluminate
pellet catalyst prepared by M2 method has heat resistance and potential as a catalyst for the decomposition of the eco-friendly
liquid propellants.

Keywords : Liquid propellant, Pt/hexaaluminate pellet catalyst, Ultrasonic spray pyrolysis, Ammonium dinitramide, Hydroxyl
ammonium nitrate
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Figure 1. Catalyst manufacturing procedure (a) Method 1: (D hexaaluminate powder, (2) impregnation of platinum precursor, 3 extrusion; (b)
Method 2: D hexaaluminate powder, (2 extrusion, (3) impregnation of platinum precursor.
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Figure 2. Reaction system for catalytic decomposition of liquid monopropellant.

S3tith. 5 WA, HAN 7|3 0| 3414) &= HAN 70% 58
g x4 A|zsto] ALgsHoct
Rl vk AT A AR S5 ukg A Auo)A 2l

Bk shekFigure 2). Sof A3l 0.08 g W7 Wil A%
Sejol AT vpolaz BRS o §oko] AFAA 50 p
LE F/lstant A SH9 2R8 10 Cmin'e] SEe
200 C7HA %-23te g agstsnt. of o, 714
Aol skl Yzt 2w

—e— Adsorption
—O— Desorption

Hexaaluminate pellet

‘Volume absorbed(V, a(cm3(STP)g‘])

Pt/hexaaluminate-M2-550

Relative pressure(p/p,)

Ae] ol o) Folzl wal A L= 8 wAsHs ol
ol o3 WAL Hrhshart

3. Zn Y nat
3150 SN 24 7

Hojgo) Ao
eyt Pt/hexaaluminate-M1-550=ufj ] 72

Figure 3(a)]l & HAtoflA Al 23t

el e)
A=

5 2=

R
o A
- =

]_

L
T ‘o

(b)

Hexaaluminate pellet

Pt/hexaaluminate-M1-550

€D,

P

dV /dlo;

Pt/hexaaluminate-M1-1200

Pt/hexaaluminate-M2-550

Pt/hexaaluminate-M2-1200

100

Figure 3. (a) N2-adsorption isotherms and (b) pore size distribution of various catalysts.
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Figure 4. XRD patterns of various catalysts.

She V, D,
Catalysts meh) | @) | om
Pt/hexaaluminate-M1-550 20.0 0.123 124.3
Pt/hexaaluminate-M1-1200 2.5 0.027 145.6
Pt/hexaaluminate-M2-550 2.3 0.048 93.7
Pt/hexaaluminate-M2-1200 1.7 0.048 107.6
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AR HYo|E 25 7HAAL Gl A EIskeITH22,23].
XRD €19] 20 =46.2°0]|A] Scherrer?] Z4]-& o|&-3}o] PtO

Table 2. Surface concentration and Pt particle size of various

catalysts
Pt
Catalvsts Sr La | Mn | Al Pt |particle
Y (Wt%) | (Wt%) | (Wt%) | (Wt%) | (Wt%) | size
(nm)”
Pt/hexaaluminate-
M1-550 16.1 | 2.6 7.1 10.5 | 17.3 24
Pt/hexaaluminate-
M1-1200 162 | 24 7.3 | 10.6 | 16.5 30
Pt/hexaaluminate-
M2-550 18.1 | 2.5 7.8 | 113 | 123 28
Pt/hexaaluminate-
M2-1200 185 | 2.5 80 | 112 | 124 27

* Determined by Scherrer equation
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(a) Hexaaluminate pellet

(d) Pt/hexaaluminate-M2-550
Figure 5. SEM images of various catalysts.
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Figure 6. Thermal decomposition (a) and catalytic decomposition
(b) of ADN-based liquid propellant.
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Table 3. Catalytic decomposition of ADN-based liquid propellant

Table 4. Catalytic decomposition of HAN-based liquid propellant

Pt Pt o
Thermal 170.2 Thermal 124.7
Hexaaluminate pellet 1232 Hexaaluminate pellet 100.5
Pt/hexaaluminate-M1-550 100.7 Pt/hexaaluminate-M1-550 75.9
Pt/hexaaluminate-M1-1200 105.3 Pt/hexaaluminate-M1-1200 87.7
Pt/hexaaluminate-M2-550 102.3 Pt/hexaaluminate-M2-550 87.5
Pt/hexaaluminate-M2-1200 102.4 Pt/hexaaluminate-M2-1200 87.5
gheh S 2ol A 71A BAEES 42 34T O S 7F100.7 T2 yebgth Z2u o] & 1,200 ToA &4
S itk ol u), w3 whg HAe) e A e sk Bl A REAF 1053 TAX Aol AL B @
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Figure 7. Thermal decomposition (a) and catalytic decomposition
(b) of HAN-based liquid propellant.
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