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Abstract : In this study, a Cu/hexaaluminate catalyst was prepared by a co-precipitation method, and then a binder was added to
form a pellet. A catalyst in which Ni and Ru promoters were added to a Cu/hexaaluminate pellet catalyst was prepared. This study
focused on examining the effect of the addition of Ni and Ru promoters on the properties of Cu/hexaaluminate catalysts and the
decomposition reaction of ADN-based liquid monopropellants. Cu/hexaaluminate catalysts had few micropores and
well-developed mesopores. When Ru was added as a promoter to the Cu/hexaaluminate pellet catalyst, the pore volume and pore
size increased significantly. In the thermal decomposition reaction of ADN-based liquid monopropellant, the decomposition onset
temperature was 170.2 ‘C. Meanwhile, the decomposition onset temperature was significantly reduced to 93.5 C when the
Cu/hexaaluminate pellet catalyst was employed. When 1% or 3% of Ru were added as a promoter, the decomposition onset
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temperatures of ADN-based liquid monopropellant were lowered to 91.0 C and 83.3 C, respectively. This means that the Ru
promoter is effective in lowering the decomposition onset temperature of the ADN-based liquid monopropellant because the Ru
metal has excellent activity in the decomposition reaction of ADN-based liquid monopropellant, simultaneously contributing to
the increase of the pore volume and pore size. After the thermal treatment at 1,200 C and decomposition of ADN-based liquid
monopropellant were repeatedly performed, it was confirmed that the addition of Ru could enhance the heat resistance of the

Cu/hexaaluminate pellet catalyst.
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Figure 1. Ammonium dinitramide (ADN).
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Figure 2. ADN-based liquid monopropellant.
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Figure 3. Manufacturing of Cu-metal/hexaaluminate pellet procedure.
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Figure 4. Manufacturing method of pellet (a: mixing of catalyst and binder, b: addition of water, c: kneading, d: extrusion, e: drying, f:

calcination).
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Table 1. BET surface area and total pore volume of the various catalysts

Catalysts Sger (m* g™ Vp (em® g) dp (nm)
Cu(M1)/hexaaluminate pellet 0.3 0.010 7.1
Cu(M1)-Ni(M3_ 1)/hexaaluminate pellet 0.4 0.004 6.2
Cu(M1)-Ni(M3_2)/hexaaluminate pellet 04 0.005 7.1
Cu(M1)-Ru(M3_1)/hexaaluminate pellet 0.3 0.068 28.6
Cu(M1)-Ru(M3_3)/hexaaluminate pellet 0.5 0.068 124.3




—e— Adsorption
-@ - Desorption

Cu(M1)-Ru(M3_3)/hexaaluminate pellet

Cu(Mv1)-Ru(M3 1)/hexaaluminate pellet

Volume adsorbed (cm3 g'l STP'l)

Cu(M1)-Ni(M3_1)/hexaaluminate pellet

Cu(M1)-Ni(M3_1)/hexaaluminate pellet

0.0 0.2 0.4 0.6 0.8
Relative pressure (P/P)

(@)

CWO—'—O—&—.—Q—OJ

Cu(v1)hexaaluminate pellet z
L

Cu(M1)-Ru(M3_3)/hexaaluminate pellet

Cu(M1)-Ru(M3_1)/hexaaluminate pellet

Cu(MI1)-Ni(M3_3)hexaaluminate pellet

Mmom“o—_.

Cu(MI1)-Ni(M3_1)/hexaaluminate pellet

Prbesssotonsssnssinsass

Cu(Ml)/hexaalumin ate pellet

P et

1 10 100 1000

-1
A‘P nm

(b)

Figure 7. (a) N,-adsorption isotherms, (b) pore size distribution of various catalysts.
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Table 2. Surface concentration of various catalysts
Catalysts Cu (Wt%) Ni (Wt%) Ru (wt%) Al (wt%) Sr (Wt%) La (Wt%)

Cu(M1)/hexaaluminate pellet 20.0 - 26.0 43.9 10.0
Cu(M1)-Ni(M3_1)/hexaaluminate pellet 12.3 4.5 - 54.2 22.6 6.4
Cu(M1)-Ni(M3_2)/hexaaluminate pellet 11.4 12.2 - 48.4 22.1 5.9
Cu(MI1)-Ru(M3_1)/hexaaluminate pellet 13.0 3.3 55.8 21.0 6.9
Cu(MI1)-Ru(M3_3)/hexaaluminate pellet 10.9 19.9 46.1 16.9 6.3




Cuhexaaluminate B %01 o] 83 0347 o4 3204 Hof whgo] v x| 23w)e] g 201

CuM1)-Ru(M3_3)/hexaaluminate pellet

*
% * Ru

Cu(M1)-Ru(M3_1)/hexaaluminate pellet
*Ru

Cu(M1)- Nl(M3 3)/hexaaluminate pellet

* Ni
L

Cu(M1)-Ni(M3_1)/hexaaluminate pellet
*Ni

Intensity (a.u.)

Cu(M1)/hexaaluminate pellet

40 60 80
20 (degree)

Figure 8. XRD patterns of various catalysts.
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Figure 9. Temperature and pressure during decomposition of
ADN-based liquid monopropellant over Cu(M1)-Ru
(M3_3)/hexaaluminate pellet catalyst.
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Figure 10. Decomposition onset temperature and pressure of
ADN-based liquid monopropellant over various catalysts
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Table 3. Results of catalytic decomposition of ADN-based liquid monopropellant

Catalysts Taee (C) Delta P (mbar)
Without catalyst 170.2 -
Cu(Ml1)/hexaaluminate pellet 93.5 114
Cu(M1)-Ni(M3_1)/hexaaluminate pellet 109.2 134
Cu(M1)-Ni(M3_2)/hexaaluminate pellet 111.3 99
Cu(M1)-Ru(M3_1)/hexaaluminate pellet 91.0 116
Cu(M1)-Ru(M3_3)/hexaaluminate pellet 83.3 153
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Figure 11. Thermal shock repetition reaction of catalytic

decomposition of ADN-based liquid mono propellant
over various catalysts (a: Cu(M1)/hexaaluminate
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