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ABSTRACT

This study aims to develop eco-friendly propellant that reduce the generation of harmful gases
such as HCl gas and increase the emmision of nitrogen gas emissions. For this purpose,
GUDN(N-Guanylurea dinitramide) and BTATz(3,6-bis(1H-1,2,3,4-tetrazol — 5-ylamino)-1,2,4,5-
tetrazine), which are low carbon high nitrogen materials, were used instead of AP(Ammonium
Perchlorate) and Al(Aluminium), which are gernerally used in solid propellant. The prepared
propellants were analyzed for mechanical properties and combustion characteristics, performance
and AGARD smoke classification. Compared with AP/Al propellant, GUDN/BTATz propellant
tended to decrease mechanical and combustion rate. Also, as a result of the static test after the
production of the 4-inch motor, the performance of combustion of the GUDN/BTATz propellant
decreased, but it was confirmed that the secondary smoke was improved by reducing harmful

gases such as HCl gas.
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Table 1. Composition of Propellant.

. AP/Al | GUDN/BTATz | Contents
Function propellant propellant (Wt%)
Binder HIPB HTPB 100
Hardener IPDI IPDI ’
Bonding | 1py 75y HX-752
agent
Plasticizer DOs DOS 50
Bl reo, | Feo
Cure catalyst 1PB TPB
Al Al
Solid fuel 20.0
- BTATz
AP-
400 pm AP-400 pm
AP-200 ym -
Oxidizer 65.0
B GUDN-
200 um
AP-6 pm AP-6 pm
D T\ R127 Ve ki
5.4
P B 1
el | 265 74.4 I -

127 | 127 J

Fig. 1 JANNAF specimen for tensile test (unit:mm).
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8 Table 3. Burning rate of Propellant.
.: —=&— AP/Al propallant
A, 7 —® GUDN/BTATZ propellant 6.6 AP / Al GUDN /BTATZ
g 6 6 - I Burning rate
O 6- o . propellant propellant
N g Burning rate
w 5] P
= 4§/ (mm/sec, 7.35 5.15
Lo 44 . 0
S 1000psi 20°C)
; 3 Exponent 0.02671 0.01349
2.2
z | 2 2 2 2 Pressure
A . = . 0.3449 0.3924
.s 1 T T T T T exponen
1 2 3 4 5
Time after Curative Addition (hours) 32 GUDN/BTATz 28] me 774 54
Fig. 2 Viscosity at the end of mix. AP/A13¥} GUDN/BTATzE Z &3 F7A <
71A% 54< Table 20 YERAS. 71# =4
o] ®lal Sm, Em 183 Hs’} 25 Z4ss=
AEFE ez Utk 1A ZAH EAS
Eol7] A% A7t FrkHoz Fysolok @
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3.3 GUDN/BTATz # &l @& A4 54
AP/Al3+ GUDN/BTATzE 243 F24 9
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dEAFE stk APAl GUDNS 24
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Table 4. Result of 4-inch motors.

Table 5. CEA results of propellant.

o, AaARt wE g¥ F9

o AdALs A 23 AP/AL FZ1A0 vle)
GUDN/BTATz F3A= F#49sd +9, 39
Z aela WEy Aspgie] BEF st
GUDN/BTATzFX A& 452 SHANME &
FoHA] AN vFo] w2 Jpamgrle] 3

/s Belstg

u

35 71w EAAY
AGARD <7l T3 #4& 938t CEA
(Chemical Equilibrium Analysis program)& %
3l FxA Fdex B AXYPES BN
A#AE Table 50 YA AP/Al FX
H|3] GUDN/BTATz FX A+ 32571 wo}
A, HC19 mole fraction®] ZAasl= AE &
AT CEAY ZAHE E83ld AGARD ¢
7l 9 Axtste Ar]e] FFE Table 67
Fig. 4° JeElNSTE AP/Al 3142 GUDN/
BTATz A= 1& d7] §85& CE vEd
th ol &FuFEH 22 1A YA FFo=
s 22k dr1e] A

K
N

&+ + AP/Al FHAE C
54H, GUDN/BTATz X A& Besw= YEH
At 23 AVlE UREE B gah B2k 5
9] 4+ 9 KOHS® 22 84 F5¢d 9std
PAgo] At ol 2aF A7t FAYTE AL
HZEE 4 7ty E9 o] AISS 9

AP/Al GUDN/BTATz AP/Al GUDN/BTATz
propellant propellant propellant propellant
Burning time Flame
2.2 35 3193.2 2279.5
(sec) Temp. (K)
Average Al 0.00015 0.00002
) 1541 1370
pressure (psia) HCI (mole
0.11890 0.03117
Average thrust fraction)
342 175
(Ibf) H,O (mole
0.05971 0.00033
Total impulse fraction)
728 572
(Ibf.sec) N, (mole
— . 0.07213 0.13771
specific fraction)
235 185
impulse (sec)

Table 6. AGARD Smoke Clasiffication of Propellant.

Primary | Secondary Smoke
smoke smoke | classification
AP/ Al
C(0.99) C(47.1) CC
propellant
GUDN/
BTATz C(0.99) C(57.5) CB
propellant

Fig. 4 Test motor plumes with AP/Al propellant (a)
GUDN/BTATz propellant (b).
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