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B Ao 2210 A& 3712 ammonium dinitramide (ADN) 715+ 9] 3714 Hal g Smj24 cwrl gx9
honeycomb F1|¢] 48 7Fs/d-& 3183k 10|t} honeycomb AR A ol 7], dhehg 2 SFnv} £35S wash
coating "' O F TA|5}0] Cu-La-Al/honeycomb F1lE A|Z=3F3itE F< EX|&0] Cu-La-Al/honeycomb 2] &
2]-g}eh4] BA4ol ns YIS 4150 M, ADN 7 A F=xA|e] A2 28l el vRlE IS 1EEe]
T}h. Wash coating®] 31577} 57175 54:9] @R%o] S7HIlem, &dT41Cus] BAES 4.1 w7k F7HA
Z) 4= 330t} Cu-La-Al/honeycomb Zvl|2] BET X482 3.1~4.1 m¥Yg B el qlgl o, vA7|3-& A2 A5}
2] koA ©F 20~200 nm 12| WIZ7 T Ad)7|Fo] WSt 7% FEE 7L Al ERISHITE. Cu (2.7 wi%)-
La-Al/honeycomb 17} ADN 7|5t A =714)|9] #3l] vEg-olA] &Ao] 71 Holwhorm, 1 o]f= 4y 7]+
FI7F 7R 33 w2733 AdzlEe] 7R & wdgly] vt siAE 4 Sk

Abstract — The objective of this study is to investigate the applicability of a Cu-supported honeycomb catalyst as a
catalyst for decomposition of a low toxic liquid propellant based on ammonium dinitramide (ADN). A mixture of
copper, lanthanum, and alumina was supported on the honeycomb support by wash coating to prepare a Cu-La-Al/
honeycomb catalyst. We elucidated that the effect of metal loading on the physicochemical properties of Cu-La-Al/
honeycomb catalyst and catalytic performance in decomposition of the ADN-based liquid propellant. As the number of
wash coatings increased, the amount of active metal Cu was increased to 4.1 wt%. The BET surface area of the Cu-La-
Al/honeycomb catalyst was in the range of 3.1~4.1 m?/g. The micropores were hardly present in Cu-La-Al/honeycomb
catalysts, however, the mesopores and macropores were well developed. The Cu (2.7 wt%)-La-Al/honeycomb catalyst
exhibited the highest activity in the decomposition of the ADN-based liquid propellant, which is attributed to the largest
surface area, the largest pore volume, and the well-developed mesopores and macropores.
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Fig. 1. Conceptual diagram of ADN-based propellant decomposition reaction in the catalyst bed of the thruster.

Korean Chem. Eng. Res., Vol. 59, No. 2, May, 2021



298 A - At
SHIEH(Samchun, 98%) 1 M -4l honeycombs B 11 15%

7t 2295 71elsith. olojA GAk(Samchun, 35%~37%) 0.5 M
Hefl honeycombs B 13 1543t 2535 718FA T 900 °C

F7EA71NA 12413 B 22333 42/ F honeycomb
Sl 9§13 259 7HEE § 100 °C8] QoA Azt
of THTE AHTATE 100°C 2EelA 15 A=A U,
hexadecyltrimethylammoniumbromide (Sigma, >98%)°ll 5A1%F &<+
A8t

i o 1o ofo

2-2. Cu-La-Alhoneycomb Z0lf H[Z=

ZAAE2](Cu(NO,),-3H,0, Aldrich), A AHERE (La(NO;); 6H,0,
Aldrich), pseudoboehmite (AIO(OH), Sasol)E =<5 AT-A = AR
slal, A ZA] methylcellulose & <33 &&{2] & #3513 ).
Hlo]A ] &22] 250 mLE ¥ 11 honeycombA| A A E- F 10 %7+
7t sl ARt £3E)7F TR honeycombs 7Ulo] 371
& ©]8-3F°] honeycombell B2 )] &8E]E Ui, 2
oA 6A17F FF A XS ©]2] 3t wash coating = 4= 2]
HE=E3510] honeycombell T4-2 FRSISIT). o] ], wash coating 3!
TE b2 to] 55 GRAHE HSAIZTE Wash coatings P
o], 1200 °CAlA 422311 Cu-La-Al/honeycomb 1| & 43}
St} Zr o] HAS <Cu(No.)-La-Al/honeycomb’ ©. & T3} S
], B3 Qbol| EE4A Cul] BAHE E7]skIT).

2-3. F0f £ 24

Znje] vl A 2 7]e 2715 S48 8 dA F&
A& Zsl o, AR Al @duol & TR E ] QIEA]
7] $18}9 Xray 3|4 %-2H (X-ray diffiaction, XRD)E- ©]-8-3F
APt Aaga 524> BEL JAPANS] BELSORP-mini II
ARRslo] SA ek on, Sufl |22 200 °CollA 6 hr B¢t X1 lol
AAE e vy 743 th S92 -196 °C2] M)A A4 oA

=

el

A
~

N
ol
O o

S

o_C;L'r}o

o

=

+ Oven Control System
P @ &
/'__-----_\\
~,
Touch Pannel /’ GAuGE S
y A Y
\
'A =D\
’: TEs “
1 | e :xd H
1 v S R
i ]
\ ] ~
\ ,l "
I Keyboard \N o / -
N n.a'.‘-". l’
~, ’
~,
See———— ¢
o~
~
o
~|
)
)

1100

- 0]

s o

A - AF)
A28 FHAR FoA FAFS AN 54 298
BETA)S o]-g:3jo] v 2-& ANeha, BIH 218 ol 83o] 713

[o

AR 319} 7189 Bit 4L

XRD #4418 RigakuA}2] MiniFlex6002 ARg-slo] 21aa1gd o m,
Z47H 3~90°, M5 5°/min?] 2o A& A asigle),
o], Cu tube?} graphite-monochromator”} -2+ Rigaku D/tex
ultra diffractometerS AF2-6}3 XRD patterns datas 55| 3FAt}

Zn)| 2] e ZHE 7542 morphologyE &13}17] 9]3}o]
scanning electron microscope (SEM)= =7 591 t}. Honeycomb
=7 1.0 em x 320 1.0 em) o] TS Aslo] 27 1em
x 301 0.5 cm =17]9] A&+ FH]8taL SEM A& S ol 234
Ak 220 TS RS mels FARARAT A HR
FE-SEM)S! TESCAN A}S] MIRA3-LM¥} VEGA3 SBHE A-4-3}
o, 20 kve] 75 ARSIt

2-4. ADN 7|8} M| F=ZIH| 2ol 2

ADN 714+ 3] =214 2 LMP-103S (Ecological Advanced Propulsion
System, Sweden)2} T U3t A S ZHe ETES ARSI 0,
ADN 65%, %57 10%, MIEH&20%, S5 U o} 5%2] 248 zH=t},
ADN 7|4k A =704 25f Wk-§- A3 Fig. 29} -2 AHA] 212k
34 WEg71E ol 88t T3 EFATH6,25,29]. Fig. 10 ek
honeycomb (A7 1 cm x %°] 1 em) 1 7}E HES7] Vo] A& =
el W& 5 mjo] = 3]3S o]-8310] LMP-103S F31A4] 100 wiE
A7FeSITE. 71 v W8] 215 F 1 °C/ming] S SR 200 °C
7] 2 A1718A RS ARS8 et om, Hhg7] -2 71A
e 4 REE 2T 10314 7|5Egit) o], 25 A W
7o ADN 7]RE A F=x1A4)] AR EE S5 oH,
AR =T S Ful|o] AR Do) ersivhal we
33T

l

Analyzer

. i -==Catalyst
L
/

Thermocouple

Fig. 2. Schematic diagram of reactor system for decomposition of liquid propellant.
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Fig. 4. Images of Cu-La-Al/honeycomb catalysts: (a) honeycomb, (b) Cu 1.2 wt%, (c) Cu 1.4 wt%, (d) Cu 2.7 wt%, (e) Cu 4.1 wt%.

No. of wash coating Catalyst Weight” (g) Cu (Wt%) La (wt%) Al (Wt%)
- honeycomb 0.336
1 Cu(1.2 wt%)-La-Al/honeycomb 0.382 12 0.3 10.6
2 Cu(1.4 wt%)-La-Al/honeycomb 0.393 1.4 04 12.9
3 Cu(2.7 wt%)-La-Al/honeycomb 0.459 2.7 0.8 24.4
4 Cu(4.1 wt%)-La-Al/honeycomb 0.570 4.1 1.2 33.8

Weight of a honeycomb catalyst (diameter 10 mm x length 10 mm)
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Table 2. Textural properties of various catalysts
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Fig. 6. N,-adsorption isotherms of Cu-La-Al/honeycomb catalysts
(filled symbol: adsorption branch, empty symbol: desorption
branch).
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Hth3A e A7 5& ETF@ aA ] 7% 58S HolaL, v]
Al71E0] 718] whdshA] Rgtths 21 omghtt, ek d A
Tl A A3, S5 AR Y] gARe] SUkst A A FE
oA F3E TA FEAA S-S & UTE S, Cu-Le-
Al/honeycomb FH1E52] 7|5 T35 F49] EX 7ol A7) o|&s)
A S & = Stk Table 20 YERH vEe} 220] honeycomb A
Z|Ae] BET A 0] 0.1 m¥gz vl§- 23k7] whiof] niths/d Al
S22 FAHY o] +9stek. 18U wash coatingS HHESE
Cu-La-Alhoneycomb %7 2] BET 842 3.1~4.1 m¥g ¢ ol

Catalyst Sper (m%g)? Vv, (cm’/g)° d, (nm)°
Honeycomb 0.1 0.001 79
Cu(1.2 wt%)-La-Al/honeycomb 33 0.046 68
Cu(1.4 wt%)-La-Al/honeycomb 3.0 0.036 93
Cu(2.7 wt%)-La-Al/honeycomb 4.1 0.052 60
Cu(4.1 wt%)-La-Al/honeycomb 3.1 0.040 68

Surface area calculated by the BET method
"Total pore volume estimated from the isotherm at P/P, = 0.99
“Average pore size as determined by the BJH method
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Fig. 7. Pores size distributions of Cu-La-Al/honeycomb catalysts.
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