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Table 1 Physicochemical properties of

. os . [15~21]
some insensitive energetic compounds

chemical relative p IiK H P
name molecular 3
formula /gem /K] e mol ™! /em /%
mass

DIANP  C,HgNgO, 200.16 1.32
plasticizer TEGDN CgHj,N,0g 240.17 1.34
TMETN CsHy 00Ny  255.14 1.63

+592.50 2%" 26
-631.79 100¥ 0%
-408.23 47 100

+176.13 25 0
—-355.30 50 8
—133.80 89.1 10

DNPZ C,HgN,0, 176.13
FOX-12 C,H,N,05 209.12  1.80
FOX-7 C,N,H,0, 148.08  1.89

energetic | -RDX C3HgNgOg 222.12 1.81 +61.55
additives LIM-105 C,H,N,O; 216.11  1.91 -54.22 117
. 1779
N CH,N,0, 104.06 1.72  -80.51 °
Q A >320"

TINZ C4HoNgOg 32220  1.80  +115.80 25 100

Note: 1) Expressed by explosion percentage; 2) Falling weight, 2 kg;
the total weight of testing propellant, 20 mg; 3) Apparatus model is
number 12; 4) Apparatus model is number 12B; 5) The paper
subscribe that the samples don’t explode with steel shoe and cellu-
lose shoe; 6) The paper subscribe that the samples explode with

steel shoe and cellulose shoe.
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Table 2 Energy characteristics for monopropellants of

several insensitive energetic additives

I, c* T, W Q,
/Nes-kg™' /m-+s™! /K /kJ - kg™!
DNPZ 0.333 2165.46 1348.24 1712.48 18.156 3625.15
FOX-12 0.667 2101.53 1334.74 2135.87 23.240 3984.48
FOX-7 0.667 2351.19 1489.62 2794.77 24.680 5024.85
I[-RDX 0.667  2609.04 1644.50 3281.48 24.680 5941.63
LLM-105 0.500 2174.41 1396.71 2454.84 24.189 4041.42
NQ 0.500 2250.11 1444.38 2262.61 20.999 4449.57
TTNZ 0.471 2347.93 1504.56 2548.75 21.572 4776.21

name ]

Note: 1) There are no relations between pressure and @ in Table 2

2) @ is oxygen coefficient.
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Fig. 1 Effect of the content of several insensitive energetic additives on energy properties of composite modified double base propellant
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Table 3 Energy properties of several propellants
plasticized by DIANP

name D Ly » ¢ » T M, 0, .
/Nes-kg™ /m-s /K /k) - kg
DNPZ 0.462 2154.54  1373.27 2011.09 20.849 3901.29
FOX-12 0.550 2171.61 1385.80 2207.73 22.425 4173.45
FOX-7 0.553 2248.19  1433.56 2401.43 22.613 4502.31
I-RDX 0.553 2336.91 1487.30 2584.77 22.571 4871.48
LLM-105 0.516 2177.36 1393.49  2262.82 22.731 4124.29
NQ 0.517 2134.63  1382.11 2134.63 21.963 4076.99
TINZ 0.508 2263.54  1447.66 2366.62 21.863 4481.76
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Table 4 The difference of energy properties of several

propellants plasticized by TEGDN and DIANP respectively

name AD AL, o Acil AT, AM, Ac, »
/N-+s-kg™ /m-s /K /kJ - kg
DNPZ -0.012 9.54 7.17 12.90 -0.154 14.71
FOX-12 -0.014  9.00 7.39 13.14  -0.117 10.27
FOX-7 -0.013 9.11 7.54 13.69 -0.139 7.88
I-RDX -0.013 9.41 7.72 14.14 -0.148 5.92
LLM-105 -0.014  8.89 7.48 13.73 -0.109 9.27
NQ -0.014 9.07 7.37 13.20 -0.099 12.29
TTNZ -0.013 9.02 7.54 13.95 -0.111 9.52
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Table 5 Effects of several insensitivity and energetic

additives on energy properties of GAP propellant

name D Lo 1 ¢ -1 L. M 4 1
/Nes-kg™' /m-+s /K /k]J - kg
DNPZ 0.317 2099.53  1299.30 1604.75 17.989 3369.74
FOX-12 0.505 2034.90  1293.81 1855.81 22.151 3505.14
FOX-7 0.517 2227.84 1425.55  2339.02 22.240 4355.23
I-RDX 0.517 2449.62 1563.86 2792.83 21.933 5245.81
LLM-105 0.420 2060.47  1308.94 1968.36 21.937 3413.54
NQ 0.426  2047.94 1294.48 1754.27 20.823 3407.48
TTNZ 0.407  2271.69 1461.67 2260.69 20.418 4317.24
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Energy Characteristics of Several Propellants

With Insensitive and Minimum Signature Properties

XU Si-yu,ZHAO Feng-qi, LI Shang-wen,GAO Hong-xu, Yl Jian-hua,GAO Yin
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract; The energy characteristics of monopropellants and propellants with insensitive and minimum signature properties contai-
ning seven kinds of insensitivity materials, such as N, N'-dinitropiperazine (DNPZ) , N-guanylureadinitramide (FOX-12), 1,1-dia-
mino-2 ,2-dinitroethylene (FOX-7) , insensitivity RDX (I-RDX), 2,6-diamino-3,5-dinitropyrazine-1-oxide ( LLM-105) , nitrogua-
nidine (NQ) and 1,4,5,8-tetranitro-1,4,5,8-tetraazadecalin (TTNZ) , are calculated by propellant energy calculation program.
The calculation results show that the integrated energy characteristics of monopropellant, composite modified double base propellant
and glycidyl azide polymer ( GAP) base propellant containing I-RDX, FOX-7 and TTNZ respectively are excellent among seven ma-
terials above. The energetic properties of composite modified double base propellant containing I-RDX, FOX-7 and TTNZ, such as
specific impulse, characteristic velocity, combustion temperature and heat of explosion at constant volume, increase with the mass
fraction of the energetic additives increasing, while the oxygen coefficient and the relative molecular mass of products decrease with
the mass fraction of three energetic additives increasing.

Key words: physical chemistry; solid propellant; insensitivity; minimum signature; energy characteristics; reaction capability;

theoretical calculation



