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Table 1 Physicochemical properties of TKX-50 and other energetic addtives
oxidizer condensed formula relative rrj]olecular mass oxygen balance  heat of forrwation nitrogen content density )
/g - mol /% /k) - mol /% /g - cm
TKX-50 C,HyN,,0, 236.15 -27.10 446.6 59.30 1.877
RDX C,H N, O, 222.12 ~21.61 70.7 37.84 1.818
HMX C,HgNg Oy 296.16 -21.61 75.02 37.83 1.905
CL-20 CyH N, O, 438.2 -3.65 416.0 38.36 2.040
AP NH,CIO, 117.49 34.04 -290.45 11.04 1.950
ONC CyN, Oy, 464 0 339.13 24.20 2.100
2 TKX-50 5 HAh & B B0 50) A9 BE & 45 4
Table 2 Energy characteristics of TKX-50 and other energetic addtives
oxidizer TKX-50 RDX HMX CL-20 AP ONC
O/F 0.500 0.667 0.667 0.800 2.250 1.000
I, /N kg™ 2623.7 2617.2 2604.1 2673.6 1556.0 2577.7
energy characteristic  C* /m « s 1674.9 1648.7 1641.4 1638.4 990.9 1560.5
parameter Te/K 3072 3292 3271 3589 1434 3804
M 21.32 24.25 24.28 27.37 27.90 32.10
H, 0.02 0.01 0.01 / / /
N, 0.59 0.38 0.38 0.37 0.12 0.22
mass fraction of Cl, / / / / 0-05 /
o, / / / 0.02 0.33 0.11
main combustion
HCI / / / / 0.26 /
products H,O 0.13 0.17 0.17 0.09 0.24 /
cO 0.21 0.29 0.28 0.24 / 0.26
CcO, 0.04 0.15 0.15 0.22 / 0.35
e BB S ISR 0T 4 E R BE 2 9 SR EREBOR T B9 RDX, %% CMDB Hi i 77 (19 fE 28 (L ML AR, 45 2R WL
AL R A A PO S R R . R T % 3. Sbr CMDB gt 55 e 7 (B ik or 200 - AR AR AR
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Table 3 Energy characteristics of TKX-50-based CMDB propellant

4 TKX-50 ) CMDB #f 3 7

RDX TKX-50 I, cr Tc

p
/% /% s-kg™ /m-sT /K Me /g - cm™

27.7 0 2517.2 1572.5 3185 25.72 1.694
24.7 3 2517.9 1573.5 3177  25.61 1.695
21.7 6 2518.6 1574.5 3169 25.49 1.697
18.7 9 2519.3 1575.4 3162 25.38 1.698
15.7 12 2519.9 1576.4 3154  25.27 1.700
12.7 15 2520.6 1577.3 3146 25.16 1.701
9.7 18 2521.2 1578.2 3139 25.05 1.703
6.7 21 2521.8 1579.1 3131 24.94 1.704
3.7 24 2522.4 1580.0 3123 24.83 1.706
o 27.7 2523.1 1581.1 3113 24.70 1.707

M 3 IJ0, B TKX-50 & fEAg B, RDX & &
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M5, TKX-50 /& RDX fR47 B &84 -
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Table 4 Energy characteristics of TKX-50-based HTPB propellant

AP TKX-50 1y, Cc” Te
/% /% /N-s-kg™ /m-s" /K

Mc  p/g-cm™

71 0 2597.1 1587.0 3471 28.35 1.778
66 5 2608.4 1596.1 3428  27.61 1.775
61 10 2617.7 1603.9 3381 26.91 1.772
56 15 2624.9 1610.3 3328 26.22 1.769
51 20 2629.9 1614.7 3267  25.56 1.766
48 23 2631.3 1615.5 3224 25.17 1.764
47 24 2631.4 1615.2 3208  25.03 1.763
46 25 2631.0 1614.6 3191 24.91 1.763
45 26 2630.0 1613.5 3173 24.78 1.762
41 30 2607.4 1603.8 3086  24.25 1.760
36 35 2574.2 1578.1 2941 23.59 1.757
31 40 2551.9 1544.3 2766  23.01 1.754
26 45 2542.1 1544.4 2684  22.81 1.751
1" 60 2517.8 1527.2 2627 22.52 1.741

6 65 2510.2 1517.7 2613 22.52 1.738

0 71 2507.8 1527.4 2621 22.88 1.735

H1 2% 4 A1, 2 TKX-50 & /N T 24% 1) IR R 11
o SO LU R AIE R A 2 R e, R e T
FR ST ¥R X 43 o 6 0 1) St R I Rl /N B 3, >
TKX-50 # 5 h 24 % I, AR EL S o of (B 3 3045 A5, H
Xt 5 il P 7 b o B BG (B 34,3 N - s - kg™,
AL 3.5 s AR &, Y TKX-50 & KT 24%
B A B L v R AR AT S 94 S k) A e IR e ek
FVR SO B A X o 7 o it 2 g b HL R R

Chinese Journal of Energetic Materials, Vol.22, No.3, 2014 (286-290)

AR, R TKX-50 1Y 85 A B #R A 45 s v BRI L i 1
)| E R n DA TR i | b A I
TKX-50 5 5 i i — 25 B8, Bd J5 4 2R 460 i B IR AR
Z B LUBRE SRS b of B 3R A5 AP SR HCI
A CL & BN, 45 88 0F SR X 23 o R R 1
i, Rt E TKX-50 B~ AP & s 38 m, 7K & 198 <
SRS 43 BT R RN R R R )
P, FEIEH T TKX-50 [ AP fy% /N, Rk, HTPB
R R TKX-50 B AP £E7E e & 1 S A o
3.3 & TKX-50 Y GAP 35
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Table 5 Energy characteristics of TKX-50-based GAP propellant
AP HMX TKX-50 I c’ Te pmop

1% 1% 1% IN-s-kg” /m-sT /K ¢ /g-cm”
17.2 40 0 2680.6 1634.9 3790 29.32 1.870
17.2 35 5 2685.9 1638.8 3778 29.08 1.869
17.2 30 10 2691.0 1642.6 3765 28.84 1.868
17.2 25 15 2696.0 1646.2 3752 28.60 1.867
17.2 20 20 2700.9 1649.8 3739 28.37 1.865
17.2 15 25 2705.8 1653.2 3724 28.14 1.864
17.2 10 30 2710.5 1656.4 3710 27.91 1.863
17.2 5 35 2715.2 1659.5 3695 27.69 1.862
17.2 0 40 2719.7 1662.4 3679 27.47 1.860
13.2 0 44 2724.5 1665.4 3618 26.88 1.858

9.2 0 48 2715.7 1662.1 3536 26.30 1.855

5.2 0 52 2686.6 1646.0 3415 25.69 1.852

0 0 57.2 2659.2 1602.8 3186 24.88 1.848

5 Al A, AP S EREFAL BEE TKX-50 & &
FR 3N, HMX 5 5 1800 1R 2R A E BEAE L b R R AR
B S R i e A R PR R S ARG A R 1
FEAF 43 I o I 2% B B L i/ N 3 . B TKX-50 i —
B 7 iy AP, 2 TKX-50 & 35 31| 44% B 5
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AP 3535 BUR HMX, 25 2 NEPE #E#E 57 1) fig 1 728 16 1L
AR 6, PR NEPE HE7F 7 e 77 (J 32 40 %0
2. " WE(PEG) N 7% ,AP 42% ,HMX 28% ,Al 5% ,H
(NG 1 BTTN)18% .,

F6 & TKX-50 #Y NEPE Hf 3 55 () RE 4t o5 1k
Table 6 Energy characteristics of TKX-50-based NEPE propellant

AP HMX TKX50 I, c* ey P
/% /% /% /IN-s-kg” /m-s" /K c /g - cm™
42 28 0 2585.0 1581.4 3363 27.70 1.788
37 28 5 2594.5 1594.9 3361 27.11 1.785
32 28 10 2600.6 1605.8 3348 26.51 1.782
27 28 15 2604.1 1614.4 3325 25.91 1.778
22 28 20 2605.4 1621.0 3294 25.32 1.775
17 28 25 2605.0 1625.7 3256 24.74 1.772
12 28 30 2603.0 1629.0 3212 24.17 1.769
7 28 35 2599.6 1631.0 3163 23.62 1.766
0 28 42 2592.7 1631.9 3090 22.87 1.762
0 24 46 2593.8 1633.3 3081 22.75 1.761
0 20 50 2595.0 1634.6 3072 22.63 1.760
0 16 54 2596.1 1636.0 3064 22.51 1.759
0 12 58 2597.2 1637.3 3055 22.39 1.758
0 8 62 2598.2 1638.6 3046 22.27 1.757
0 4 66 2599.3 1639.9 3037 22.16 1.756
0 70 2600.3 1641.2 3028 22.04 1.755
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Energetic Characteristics Computation of Propellants Containing Dihydroxylammonium 5 ,5'-Bistetrazole-1,1’-
diolate ( TKX-50)

LI Meng, ZHAO Feng-qi, LUO Yang, XU Si-yu, YAO Er-gang
( Science and Technology on Combustion and Explosion Laboratory, Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Energy characteristics of the composite modified double-base (CMDB) propellant, hydroxy terminated polybutadiene
(HTPB) propellant, nitrate ester plasticized polyether ( NEPE) propellant and glycidyl azide polymer ( GAP) propellant containing
dihydroxylammonium 5, 5'-bistetrazole-1, 1'-diolate ( TKX-50 ) were calculated by CAD system software according to military
standard GJB/Z84-1996 under the standard condition (p_./p, =70 : 1). Results show that theoretical specific impulse of the
TKX-50 monopropellant is 2623.7 N + s - kg™'and 6.5 N - s - kg™ higher than that of the RDX monopropellant. TKX-50 is a better
replacement of RDX in CMDB propellant. When the substitution of TKX-50 for AP in HTPB propellant and AP and HMX in GAP pro-
pellant, theoretical specific impulses for TKX-50-based HTPB propellant and TKX-50-based GAP propellant exist a optimal value of
energy. When the substitution of TKX-50 for AP and HMX in NEPE propellant, theoretical specific impulse of TKX-50-based NEPE
propellant increases at first, then decreases, and then increases, and the maximum increase can reach 20.4 N - s - kg™'.

Key words: physical chemistry; dihydroxylammonium 5,5’-bistetrazole-1,1'-diolate(TKX-50) ; solid propellant; energy character-
istics; numerical calculation
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