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Development of Long-Life Performance Test Equipment
& Evaluation Plan for Hydrazine Decomposition Catalyst
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ABSTRACT

Most of the monopropellant thrusters use catalyst for decomposing hydrazine. The thruster lifetime is
determined mainly by catalyst lifetime, which can be investigated by firing tests. For the development
of hydrazine decomposition catalyst, Hot-fire test to verify long-life performance of catalyst is required.
This study describes the development of test equipment for long duration hot-firing and test/evaluation
plan.
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Table 1. Multiple Impregnations
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Chemical Composition PIXE, EDX, ICP-AES

Surface Area BET

Crushing Strength Instron
Specific Pore Volume BET
Pore Size Distribution BET

Supports Structure XRD, TEM, SEM

Amount of Active Material | Hz Chemisorption

Total Surface Area BET
Active Material Area BET
Thermal Shrinkage TEM
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Table 3. Comparison of catalyst properties
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Table 5. 7|84 sAE H

A= Test Matrix

o e e S

1 350 2350 | S/S 1 2350.0

2 200 1965 | S/S 1 1965.0

3 85 4265 | S/S 1 4265.0

4 350 2350 | S/S 1 2350.0

5 200 1965 | S/S 1 1965.0

6 85 4265 | S/S 1 4265.0
Total 17160(4.8hr)

Fig. 2 Set-Up of Catalyst Long—Life Test Equipment

Table 6. 7|8 EA8 BEAZE Test Matrix

Seq. Presr?ure EPW | Period No. of | Test Time
4. X7|Ms HASAE A& No. | [psia] Pulse ~(sec)
1 350 0.25 1.00 565 565.20
2 350 0.05 2.50 4920 12300.00
41 B5%7 =AY 3 ] 200 [o025 ] 100 | 1295 | 1294.90
uZ TRWALS] MT4-1D FAo| A Zuj 4 | 200 [ 005 | 167 | 11275 | 18829.25
9 72dAAAE AAAIAANZ, AR, A 5 85 025 | 1.00 2120 2119.90
6 85 0.05 0.83 18480 15338.40
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1A 3 olE AT AxMT 2TEAL TS 8 | 350 | 005 | 250 | 4920 | 12300.00
s %LEH6] 9 200 0.25 1.00 1295 1294.90
10 200 0.05 | 167 | 11275 18829.25
Table 4. Firing Performance Requirements | 8 025 100 | 2120 | 211990
s = 12 85 005 | 083 | 18480 15338.40
Condition Requirement 1008953
Max. Ignition Delay(ms) 80 Total 77310 (28.0hr)
Max. Loss+Fines(%wt/min) 3.0
Bed Wall Temp.(C) 600~750
Bed Volume(cc) 14 + 2
Feed Rate(g/sec) 6:8 £ 0.2 5. AV|AMS ABEY oS
Throat ID(in.) 0.116
No. of Shots 2
Firing Period(sec) 60 + 10 AEE 7] 2do] AT Mol Zujjg
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Table 7. Shell-405 & S-405 Confidence Test

Shell-405 S-405
Pulse Count 133,651 134,054
Cumulative Total
Impulse (Ibf-sec) 23,177 22182
L .
ongest Continuous g 4o i | ghy 10min
Burn
Min. Pulse Width(sec) 0.016 0.016
I
nlet Presst.lre Range 100-350 100-350
(psia)

Fig. 3 Test Conditions and Flow for the Confidence
Test (Part 2)
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Fig. 4 Remaining catalyst granules of 4N thruster

Table 8. Requirements & Results of 4N firing tests

Thrust(Beginning of life) 157 ~ 432N @241MPa
> 214 @ 241MPa
282,884 Shell-405-1
346,674 Shell-405-11
369,689 KC12GA-1
368,786 KC12GA-II
783,435 Shell-405-1
785,382 Shell-405-1
802,224 KCI12GA-1
802,224 KC12GA-1I

0.015 sec ~ 3600 sec
0.1 sec ~ 3600 sec

Isp(Beginning of life)

Total Impulse[Ns}]

Total No. of Pulse

On time
Pulse width

Firing Mode
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