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[ABSTRACT] The minimum free energy method was used to study the effects of ammonium dinitramide (ADN) and
dihydroxylammonium 5 ,5’-bistetrazole-1,1’-diolate ( TKX-50) , when serve as solid fillers, on energy characteristics of gly-
cidyl azide polymer (GAP) , 3,3-bis( azidomethyl) oxybutylene-tetrahydrofuran ( PBT) , or 3-azidomethyl-3- methyloxetane
homopolymer (PAMMO) based propellants. Calculated results indicate that the specific impulses are evidently enhanced
due to the decreasing in average relative molecular mass of combustion products, in the case of the substitution of ADN for
ammonium perchlorate (AP) in high solid content propellant. Energy characteristics order of azide-based propellants is
GAP > PBT > PAMMO. Theoretical specific impulse for azide-based propellants containing TKX-50 present an optimal
value of energy due to the negative oxygen balance in the formula. The impulse of ADN/TKX-50/Al formula propellant is
2790.6 N - s/kg, 30.7 N - s/kg greater than that of the ADN/HMX/Al formula propellant.

[ KEYWORDS] azide-based energetic binder; high energy propellant; energy characteristics; high energy density com-
pound ( HEDM)
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Fig.1  Molecular structure of energetic binder
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Tab.1 Physical properties of propellant component
2R GAP PBT PAMMO  TKX-50 Bu-NENA AP HMX Al ADN
4yF5 Mn ~3000 ~5500 ~3860  236.2 207.2 117.5 296.0 27.0 124.0
p/(g+cm™) 1.300%0 1270 106! 1,880 122080 .95t 1 91t o gfel g2l
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Fig.2  Effect of HMX mass fraction on energy

performance under different Al content

Hi P 2 mT0 HEE MR R AL & i — i) B
HMX 75 f5 (58, #EE 0] 1 1, 8 3538 5 A
kS, KRB OB B AR, i Al ) OB &
-89.00% ,HMX 1J OB & -21.61% , AP 4 OB Wy
34.04% ,4 Al FRER AT, WA HMX & a8 i,

KRR OB 2l F [ BN KFE, S8R REAR
REFEITMARE, 0 AL 35 s S I, HE SR 1 3K 3 e K
i, HMX 7 & AR, Al BT 73 808 14% ~ 16% |
HMX 0N 40% ~55% 1 dek, &1 ]
H,HMX B AE BRSO AP, {H HMX ) OB
( =21.61% KT AP( +34.04% ) , [ HMX &+
3NN, SRR OB TR, 3300k R = HE
TR, FERNEI HMX & T BE AL &= n,
FESEFI OB BORBRAIE , (A AN RESE S ABE B 1)
Bl Al 2 2 B3 N S B KR i N R

5 Al R 80N 16% , HMX i & 43 50k
39% ,AP 80N 25% , I, GAP & EHE 1 7
1,592 724.9 N + s/kg, HI ADN #5ra e #EY
AP HEVEFI B RE PR REAR LN 2 FiR

eI 1,5 T, EHISE  SMOARKE, T,
DRI/ N 25 (Sl R SRR R 10 1, 1 T, A
JEC B . ADN # OB ( +26. 00% ) I AP
( +34.04% ) ZEWEAK, B4 ADN & &t i3, A~
KZN OB T, F8 T, M 3613. 76 K T ¥ £
3590.93 K, {H T B & B N K [ B, ADN 4 F
[NH,N(NO,), | FPAE KT RmINATER, b
YIF-31 5 TR A, WO TR 34 P 0% 485 R0 v g 4
HERIR R ADN &g, 1, 17,

PBT /& 3,3- WS A H 3 T E 3 (BAMO) 5UEA
W (THF ) () JC R0 3G B Bk, BAMO 1) &4 Bk ip f
PIAS—N, LT, J& H A AR & 5 10 A S R AR,
1M THF BBk T 48 200, n] A 3ok i 3 4 a0k 571
PRI ) 2= e, T S IR s AT 45, {H PBT M &
A (35% ) . GAP (42% ) A%, [RIFELL PBT
ZHATR 0 v BE A E SR BC Ty, [ AR 3 E R
80% ML A 1.5, Al Jiid /3 80h 16% \HMX Ji
HITECN 39% (AP FiE 34K 25% i, PBT [H g
PRHEERIN 1,0 2 724.2 N - s/kg, 15 GAP HEi 7
24, F ADN #4354 # B 48 AP, PBT/Bu/
NENA/AP/Al/HMX #fEd g e pe 22 b W3 3,
PBT [AE kS 5 MR SN 1 A R, ELBR A ™ )
¥Ry CO N, SRy F =K, BAEA [R5 1%
T, PBT JEHEUEFIE T, b GAP FEHEVERI A ZAL, 3
HPBT BEAfEAEFIAY 1 1%,

PAMMO )& R 5040k 33% , 5 PBT A1,
PAMMO/Bu-NENA/AP/Al/HMX #E B 5 78 Al 5 &
I8N 16% \HMX J5i 5 53 80Ch 39% | AP Jit £ 53 5
4 25% I, PAMMO (& R AR BERIY 1,282 722.7
N - s/kg, H ADN #53s 2RI AP, 3 4 et
A REEPEREAE L



2019 4£ 10 H T ADN 5§ TKX-50 12 A s fe ARt Hl gt £ re kot o8, % <15 -

#2 4 ADN #) GAP & 34t B IR 2L A4 T2 4
Tab.2 Energy performance of GAP-based solid propellant containing ADN

w(AP)/ w(ADN) / 1,/ Cc/ T./

AcJs % % (N-s-kg™") (m-s™) K " ’
¥ 25 0 2724.9 1670.2 3613.76 24.95 -0.3635
2f 20 5 2731.8 1675.3 3 608. 81 24.75 -0.367 6
3* 15 10 2 738.7 1 680.3 3604.02 24.56 -0.3717
4* 10 15 2745.5 1685.4 3599.42 24.37 -0.3759
5% 5 20 2752.1 1690.4 3 595.04 24.18 -0.380 0
6* 0 25 2758.8 1695.6 3590.93 24.00 -0.384 1
&3 4 ADN #9 PBT & & fit Bl Ak afe 2 7 4 B 1Ak
Tab.3 Energy performance of PBT-based solid propellant containing ADN
w(AP)/ w(ADN) / 1,/ c/ T./ —
fCJs (%) ( %) (N-sp-kg*’) (m-s™) K " ’
7* 25 0 2724.2 1670.7 3505.3 24.20 -0.409 3
8" 20 5 2 730.5 1675.5 3499.5 24.01 -0.413 4
9* 15 10 2736.8 1 680.3 3493.8 23.83 -0.417 5
10* 10 15 2743.0 1685.4 3488.3 23.65 -0.4216
1* 5 20 2749.3 1690.4 3482.9 23.47 -0.425 8
12* 0 25 2755.5 1695.6 3477.3 23.29 -0.4299
&4 4 ADN # PAMMO & A B 7k He 2t ] 4t 2 M4k
Tab.4  Energy performance of PAMMO-based solid propellant containing ADN
w(AP)/ w(ADN) / 1,/ c/ T./ —

fCJs (%) ( %) (N-slikg*’) (m-s™) K " ’
13* 25 0 2722.7 1 670.0 3520.2 24.31 -0.402 5
14* 20 5 2729.1 1674.8 3514.6 24.12 -0.406 6
15* 15 10 2735.5 1679.6 3509.3 23.93 -0.4107
16* 10 15 2741.7 1684.5 3504.2 23.75 -0.414 9
17* 5 20 2 748.0 1 689.5 3499.2 23.57 -0.4190
18* 0 25 2754.2 1694.5 3494.4 23.39 -0.423 1
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Tab.5 Energetic performance of GAP/AP propellant containing TKX-50

w(AP)/ w(TKX-50) / 1,/

Cc/

T/

g % % (N-s-kg™) (m-+s™) K M 0

19* 29 0 2719.8 1 666.1 3643.5 25.27 -0.341 2
20" 25 4 2728.8 1672.7 3603.2 24.82 -0.3657
21* 20 9 2737.2 1678.5 3542.3 24.27 -0.396 2
22% 15 14 2737.3 1 678.6 3 460.6 23.76 —-0.426 8
23* 10 19 2704.6 1 664.5 3334.7 23.28 -0.457 4
24" 5 24 2675.5 1624.2 3133.2 22.86 -0.4880
25* 0 29 2661.3 1611.1 2 931.6 22.52 -0.518 5
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Tab.6 Energetic performance of GAP/ADN propellant containing TKX-50
- 1_/ T/ —
fii 5 w({ZN)/ W(TK;fO)/ N .;ﬁkg”) ?24) ﬁ M 6(0B)
26" 29 2759.9 1695.6 3617.6 24.15 -0.3651
27* 25 2762.4 1698.0 3579.9 23.87 -0.386 3
28" 20 2 763.4 1 698.2 3518.1 23.54 -0.4127
29* 15 14 2747.4 1 687.5 3422.3 23.23 -0.4392
30* 10 19 2711.1 1657.3 3274.7 22.95 -0.465 6
31* 5 24 2 682.5 1616.7 3087.3 22.72 -0.492 1
32* 0 29 2 661.3 1611.1 2931.6 22.52 -0.518 5

4388 ADN N 29% TKX-50 4 35% Al }16% ) 1Y
1,792790.6 N - s/kg, $&# T 30.7 N - s/kg
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