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2.1 EEEHP

TKX-50: 4l KT 99.5%, d,,=169.4 um, W LA
KA 2EFE RBFFE " GAP S (GAP/NG/BTTN) - 3 9
e 2.3, W b it K Ak 2= R BF 58 i ; CL-20: 2 B2 R T
98% , d;y=25.0 wm, iL 7° K Bk 2% Tk 2 & 5 45 8
(AD 48 (Dyy) 29 m, B 11K BB A B 5 o SR 4
(AP):130~450 pm, KA .

£1 TKX-505H A& fig bR Wtk ik fg o)

22 HEMERITE

i e/ B BB TR 0T [ A e a0 ) 8 Pk R
TR W 298.15 KRB E 51N 6.86 MPa, I
B ESR 0101 MPa, 75K £ 0 ©, 18 B[ 44 4t
FE i 76% , Hoh AL & 18% , TKX-50 5 HoAth %
RERT R PIEPERE N R 1 s . BB EON BB = T
M 3 790 1 7 R0 R BE (T BRSF 3 M % 43 it
(M) VRRAESE B (C) b e BE Honb (1,) K S LH A
Ab BB P W) 2H L R4S TKX-50 F2 CL-20 75 % 4 1 1
Al B PE BERRAE S 80 AR B 7= W 21 43 B Y Y
M R o

Table 1 Physicochemical properties of TKX-50 and other energetic materials
properties TKX-50 CL-20 HMX RDX AP
formula C,H,N,,0, C,H,N,,O,, C,H,O4N, C,H,ON, NH,CIO,
molecular mass / g-mol™ 236.15 438.19 296.16 222.12 117.49
density / g-cm™? 1.918 2.083 1.944 1.858 1.950
AH L/ kJ-mol™! 210.0 365.4 116.1 86.3 =290.5
gas vol / L-kg™ 846 666 729 734 -
oxygen balance -27.10 -10.95 -21.61 -21.61 34.04
explosion temperature / K 3954 4616 4185 4332 -
standard theoretical specific impulse use isobaric

261 251 258 258 -

(6 MPa) conditions /s

2.3 MWk F %

SR JFF A ] it 2t A5 g ol 365 A7 B 23 W) ) STA449F 3 7Y
6] 26 #443 HT AL (DSC-TG) , % %2 TKX-50 il CL-20 AH %¥
PE. TKX-50 A1 CL-20 & FRHL 3 mg, IR &5 ¥14), Bk
529 2 mg, FHE A 10 Ke-min™', FFl 1 [ Ry 40~
350 °C, /A M .

K AR 0 Rl e ik A A R A A
AQT100-050 Bjj 5 il 5 HE 46 , % %€ TKX-50/CL-20 & fic
M 25 R R AE A PR . BRI 25 g GAP IR R 18 g
AVRG 5], 53 B BOI A 28 g TKX-50.8 g CL-20
121 g AP, | H 1 [® SpeedMixer 24 7] ) DAC 150.1
FV ARG B0 IR G HL (R B ks ), il & IR & 510
TKX-50/CL-20 % e 4 i ) 25 3%, iR A7 R EE 50 °C,
FEAETE] 7 d, g s ARk .

I I A6 AT K Ak 2 B AR 58 BT (1 WM-1 LS 4
JRRE A WL-1 B o 8 R A (HT-201B B
F SRR T R, 25 %€ TKX-50/CL-20 42 Mt i ik 771 2 3 22
VR . W Oy BRI QJ2913-1977.QJ3039—
1998 i1 QJ1469-1988.
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B, 2 TKX-50 #E 7 55 2198 b o p T &% CL-20 #fE a7,
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Fig.1 [, vs. mass fraction of TKX-50 or CL-20 of GAP-based

solid propellant
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8B, B 56% TKX-50 #fi 2 5] (¥ M, %5 11 TE J7 1
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GAP-based solid propellant

3.2 TKX-505CL-20 EE AT 1T14

FIF DSC-TG .50 °C e i fiff A7 F1 AL A IR I3 %o
TKX-50 5 CL-20 #y #H %5 7F # 17 37, 46 1iE TKX-50/
CL-20 & Bt B 8 °T 47 9% o N, K4 TKX-50 5
CL-20 iy DSC fii £& i 1& 3 fiT 7% , TKX-50 Fl1 CL-20 43 fift
I 43591 Ky 243.1 °C I 240.2 °C, TKX-50/CL-20( Jfi &
B 1/1) 18 & R 5 40 i W T 238.1 CCI 25 AT, 43 541
H=5.0 CH=2.1 °C. HHlg DSC Jr ik PEAR A 250 i b
#e AT ==3~=5 CIif, TKX-50 5 CL-20 #H 28 14 % 2
N BLRA R R MR, HAr, AHEA R T 6 &1
TKX-50 Ff 5 75 40 B S R R0 48 00 A 55 7 0 AFTE 25 5%,
FHE CL-20 HAMIF M 45 A7 7 — 2 i 8 1 =
R 2SR A I ) A R R 0 R R A S B 0 o R
Al DL R T A 5 B 2 4 3 ifl

28

2381
24F exo l-r‘.
R
20} P
= 2402 g ©
E 45} ha 3-2431
= X
= 12F !
3
L CL20 \ \

0
100 150 200 250 300 350
temperature / °C

B3 TKX-50.CL-20.TKX-50/CL-20 ) DSC ik
Fig.3 DSC curves of TKX-50, CL-20 and TKX-50/CL-20

N XK 2021 4% $ 294 %9 (827-832)



830

EAR, B AR R B IR, 05, B

TKX-50/CL-20 & Fic #i i 771 245 3% 50°C 16 i it £ —
JEL R b AR AR S, B TG B AR A R & A R
MG, P EPEE R . X TKX-50/CL-20 & Bt #i 2 71 2
AT WU A, 7R 43 A0 45° K 77 2.5 MPa &
RGP RS R)E /9 36% ;7515 50.0 cm J#d:HE98.0 N
ST AR L, 25.3 )5 M HL Y 39003 pF, £
FE 0.5 mm &5, iR E E, 0 21.5 m), 1T 0L
TKX-50/CL-20 & B 4f i 7 2 30 1 R 47 1y 22 2 Pk .
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Bl A, JF i e/ A B RB RO T
TKX-50/CL-20 & T #fE #F 7] g & PERE . DL 18% Al
fE A B &  0%~56% I = BB [ M 9k 9F 57 o X 4,
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I, TKX-50/CL-20 % B 4k 3 77 G 4 Pk 58 78 b 7 Be p1 Rt
pSSem ) | WTTR:bI NS S S ol 4 £ e = o 5
Hi £ 25 o il T, A TR) B K P 08 C O 18 T E BB OK iR R
R I WS SR T S T R N A = 7 N i
Wk, 20t X0 R B e vh 274~275 s (1 & L HE
HEF W X AR 3 B L vh 260~261 s B & T HE F
21 DX ) 0 DX T A AR e R A

YR 6, 11 T e 359 A 3 4 0 R0 B8 L v BRI 1 s, KB
1~3 FR BB bR T 272 s FiR TG . X
3HXH AWM AL BRI WET 272 s 1
TKX-50/CL-20 & B #fE #F 1), Horpa g CEP a B2 77 ) X g
4l CL-20 HfEE 700 41 43 2 &, 1 42 T8 b (b it 5 ) 1 22 i)
Yl c(c it 77 ) 40 5 6 R 272 s B Lt oh & 4 F
TKX-50 & A 2 19 b KA AR /A, HAR G o 2 o etk
RERYFIR TS RANK 2 Fron . R 20101, a lic Jr 2
N4l CL-20 #E BEF] H CL-20 & & F IR M 38.5%. Tib
Bt 77 5 7R TKX-50/CL-20 & Be 4 it 51 vh TKX-50 i) 5 K
TN 30.4% , TKX-50 AR5 CL-20 J5 #E 5] T_FEAIK
300.7 K, M_F#&{% 3.03 g-mol™, L C42 F+ % 1641.0
mes™, T, 5 M, XFC 5 58 Bt BE (4 52 i AR L W41
e 75 $8 be vhoRE 2 o fF S B = AR S e RL, CL-20
A R i T 4 a2 ) e R R BB L R AZ CL-20 BUAS J A
Y RZ A, CL-20 % 5 B [ A 2 50 A HE TN T
P> . 5 CL-20 M 1L, TKX-50 B9 & i T. 2. 5 S 9,
HR W B 5% 4 Ja 40 45 i A JEORE it i Ak 5 19 A 7 AR
AN ALK T CL-20"7 . b L il i3 30.4% I TKX-50
BBC K CL-20 55 8 FFAK 22.9% , A Ky 4 CL-20 7 5]
CL-20 % 1 11 40% , 75 4 5 At 1t 7K - 19 [7] B A3 22 K
JE AR AR CL-20 & &, 2 o5 B [ 44 4 2 70) 1% e A<
i T4 T R L

ME 280 LLE W, c Bl & BEA B 7.3%
TKX-50 #130.8% CL-20 41 il , 76 PR 5 212 bbb AH >4 19
BT, SR e A &I T afic 7 M bR, =T,
M, B CH-F alit Jy M b e 7 2Z 1] o BN 4 1 X 30 3~5
H TKX-50/CL-20 & fic 4k 1 7] fig 1 M e 28 fb ML AL T 240,
i 5 308 7 B K P BRI BRI, SR FH TKX-50 & L i
FHEZBE CL-20 & &5 A5 AR A REEL B ik B AT A R0 R
F L d i (UL 4) s #E b ol F 270 s HERE R B
fie A BB A B R BR N 28.1%, & T 4l CL-20 =% 4l
TKX-50 #E 27 19 30.2% . M 7] & BE 4 RF B & & 41
T, TKX-50/CL-20 & e #f& i 5 17 7% g = Pk se I T 46
CL-20 5l &l TKX-50 #f i 71 (1% X [A] , 2 B &2 0k 1 751 52

F2 HLE Ll 272 s TKX-50/CL-20 5 HE i ik 5] 32 % 20 43 7% 4 Fe kg
Table 2 The main ingredients and performance of TKX-50 and CL-20 mixtues based solid propellants with I, 272 s

No. TKX-50/%  CL-20/ % AP/ % T./K /\71g / g-mol! C/m-s™! reduction of CL-20 / %
a 0 38.5 37.5 3995.7 31.15 1627.6 -

b 30.4 15.6 30 3695.0 28.12 1641.0 =229

C 7.3 30.8 37.9 3937.7 30.55 1630.3 =7.7

Note: T_is balance combustion temperature of propellant in combustion chamber; M, is combustion gas average relative molecular mass; C* is specific speed.
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BT TKX-50 F1 CL-20 BY 2L VE AL o R IE b 2 v 3
KB A B, TKX-50/CL-20 & fi $f 328 1) 9 4 51 [ A0 3% ¥
W/, AR AT LR SE I CL-20 & &, {H TKX-50 5] A
X Fb B 25 0 55 L 2 B AE TKX-50/CL-20 % Bt 4 F 71 52
R o FH 38 2 v TKX-50 A7 78 S A3 3 o, g AR 40 41 4 551 52
bR T 50 R 5 R 595 9 .

[ R 0 TR AR AR 5 2 T8 Mk R Bk b ) = AR
0 55 RN 21 AR A A5 AR 5 SRR B W R ALO, (HCI,
H,O.CO H, 4 7 1 it 522, FEARFRFLE H
WRTF 272 sEYRTHE R, 2 2R a.b.c = 41 #E UE 5 i
J7 WA AR RGE P B B TR 45 R L 3

&3 TKX-50/CL-20 ZRCHELEF] 5 CL-20 HE LR ARALE = P35 L
Table 3 Comparison of combustion products of TKX-50 and
CL-20 mixture based solid propellant and CL-20 based pro-

pellants

No. ALO,(L)/% HCI/% CO/% Hy/% N,/% H,0/% CO,/%

a 9.96 4.51 28.89 17.93 24.67 8.88 2.13
b 8.91 2.66 2596 30.13 30.02 1.54 0.24
¢ 9.75 4.64 27.35 20.37 25.63 8.31 1.71

HY 28 3 AT, B R R o TKX-50 & s iy 35, b
B 7 WA E AR R R ) T ALO, L a BiE U7 BE I
1.05%, ALOE ]y & R 2 A ek — IRIH 25 N i) 2
[ AR SR, o B 1 B AT a2 kR A s HLHE SR I
B — UM o R R HE IR 5 R A B 45
2 AR TR S A R 55 A BE T ) HC LR HF Jip
o X TR FICE M BRI R AP BB £ 1 HCI
ROl R R EER R, TKX-50 5 CL-20 A&
A FOCE, S MRBE Y JC HCUR HF, & e 0 ol
— 25 B AIK A 2E R0 b AP R 0 DR R B 7 A R
HCI & o b g7 e HY E1 AR B ) vh HC LR B2 4y
mi F G a Bt )7 FRAR T 1.85% , B AR I 7 3k 41%. Bl
TKX-50 & BEHE I, 4 i ) BB Wb H,0 i el
T 7.34%, S48 H,O 78 [ A 506 1) JE Rl F 4 BE
B R M P R A AR . HECP I CO H, AR T
SR R B A b R A TR S 1
i, T UK S HESOR A TR K, 20 M R S s . ]
A2 I A BE A KR CO H, I HEUE R AR BE & A2 — Ik
BRE M R IA 5 T B RN SR (A 56 . b B A BE T4
HA R AR CO H, B S H B AR T LT a, (B3 T, Lo i
J5 afik 300.7 KRR A AH B FEAK , — 0 kO & kg
RWAX AL, LA AN, TKX-50/CL-20 & Bt #E i 5]
FEARFRFIE A 5 J7 T LA 4 I v 0 .
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Estimation of the Application Efficiency of TKX-50 and CL-20 Mixture in Solid Propellant

WANG Wei', WANG Jian’, FU Xiao-meng', SHI Yu', LI Chun-tao', XU Guo-shu', WANG Fang', LI Wei'
(1. Science and Technology on Aerospace Chemical Powder Laboratory, Hubei Institute of Aerospace Chemical Technology, Xiang yang 441003, China;

2. Beijing Institute of System engineering » Bingjing 100101, China)

Abstract: In order to realize the efficient application of TKX-50 in field of solid propellants, the energy performance of poly(glyc-
idylaminopropyl ether) (GAP)-based solid propellants containing TKX-50, CL-20, and TKX-50/CL-20 was calculated using the
minimum free energy method, and the feasibility of TKX-50 and CL-20 combination application was analyzed. The application
efficiency of TKX-50/CL-20/GAP-based solid propellant was also estimated. The results show that when TKX-50 content increas-
es, balance combustion temperature of propellant in combustion chamber(T,) and combustion gas average relative molecular
mass(Mg) of propellant decrease at the same time, and the theoretical ratio of impulse was first increased and then decreased.
The compatibility of TKX-50 and CL-20 was moderate compatibility. It has good thermal stability and safety performance of the
TKX-50/CL-20 mixture propellant. It can significantly broaden the choice of the content of each component of the formulation
with TKX-50/CL-20 mixture propellant. The lower limit of CL-20 content in the compound propellant with theoretical specific im-
pulse greater than 272 s was only 40% of pure CL-20 propellant. At the same energy level, TKX-50/CL-20 mixture has the charac-
teristics of low cost and low characteristic signal, and has the potential of engineering application.

Key words: solid propellant; Dihydroxylammonium 5, 5'-Bistetrazole-1, 1’-diolate (TKX-50) ; hexanitrohexaazaisowurtzitane
(CL-20) ;energetic characteristics
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