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Table 1

Comparison of kinetic parameters of raw CL-20 and four types of rGO/CL-20 fiber propellants by DSC experiments

7,/ °C Kissinger method Ozawa method
sample AH/)-g7
2 K-min™' 5Kemin™" 8 Kemin™" 10 K-min" E,/kJ-mol™" In(A/min™") r E,/kj-mol™ r
CL-20 232.18 242.62 247.92 250.64 183.7 31.97 0.9998 182.8 0.9999 1790.8
0* 227.32 237.60 242.05 244.30 183.0 32.28 0.9999 179.5 0.9911 1803.1
1# 229.63 239.95 - 248.14 181.0 31.55 0.9999 180.0 0.9999 1890.7
2* 227.66 238.57 243.43 246.24 179.6 31.39 0.9981 178.8 0.9983 1823.2
3#* 226.50 236.67 242.77 244.89 177.4 30.99 0.9984 176.8 0.9985 1440.4

AH X} F CL-20 i ki , rGO/CL-20 £F 4k 114 3% 1L BE W& A
VRN

Xof T #R U AT R A3 AT A RE A 1 A R (A H)
Kl 6., CL-20 BURLHY iy 1790.8 J- g™, O"FE il (1)
SR AT B, A 18031 Je g™t THRE S Y S A
KA 1890.7 ). g7, #E—20H K KOH ¥ AL i 1Y
AL HCER DU D o X DSC Ol £k A B 0 HE A7 o
I 845 AT LAAS 2 rGO F1 CL-20 X il 4 4 52k X L
1 6 T %1, rGO 14 i B i Bl KOH e B % 338 Jin i £k 7

M6
— 12}
I
= I
£ 108}
104 1
10.0 . .
0.00190 0.00195 0.00200
(1IT) 1K
B 5  Kissinger & 1T 5 HE &I A it sh 1124 S 800 LA 45
Fig.5 Fitting results of thermal decomposition kinetic param-

eters of the samples by Kissinger method
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Fig.6 Comparison of the total exothermic enthalpies (AH)
of CL-20 raw materials and four types of rGO/CL-20 based
fiber propellants

Chinese Journal of Energetic Materials, Vol.26, No.12, 2018 (1003-1008)

B, i CL-20 Ay ik 24 0 PR sk s/ o BT CL-20 B
DT MR ) AR R U N B R 5 SR A B KOH
JEE ) B 00T U /N o R AR R B U 2 BT E KOH Ab
i FE b CL-20 0 i S B & Bl D k.
3.3 rGO/CL-20 B ZE A% B IF R MHERE

N T HESE rGO/CL-20 [ 37 £ £F 4 11 1k be S ik e
FERRVERE , BT HL 4 2k (29 400 °C) X} 0"~ 3*FE i 64T 5
W TR s FH 4 52 L s R b sk A L B 40 S an 181 7 Jore
Ao B 7am] W, 20 FE S 7R SRR JE B0 R P B
AR S B 5 I o TR) B T O 2 58 HLR B 1 25 41 ki
an GHE AL 1 L 7E 0.96 s B RRBEAS T . AE T L, 0" B i
FE SRR S AT R R U B RE S AT B A Zh B 1R
(FE7b) o ANIFMETEDBIBRE 29 0.2 s HER B4 1k, %
e TCTE AL 1E o B X IZAE S AT SRR IS R R AT 4R T
PR (E 70),

P27 i i R R AT A L (1 72) BT L, R be I
ity FIVR 5% 17 A LU W A8 2R ELATD SR P 1 S 43 4F A 2
¥, Ui rGO #E 34~ rGO/CL-20 - 4 B B T = 4 N
PN R K T ) 45 4 F B A R T A A N G B
S, W B rGO #E KOH M AE R R TR A i, i # i 11
o1 R bR BE B T R rGO = 4E M 45 1 R
Be LT MIAE A CL-20 (Y B fE 5 51 & Ho o0 i Bk b IF
Bt R, CL-20m TRHAEmfEREE, W
PR TR B T 508 4 T S A5t , DT S B T4 A 41 4k 1 8 be
4k . R % 2 rGO M KOH 3 & X CL-20 (1915 1k
e %5 2 12 S 80 AR, B, rGO JE B = 48
2 25 K M KOH /E I F rGO By Jilt #0832 52 9t
rGO/CL-20 ZF 44 i 7 BR b A4 7 1 SR 2

AN BT TR SR ORE S AL, TG R
beo 3MRER IR AR E R BE A S B . X S 2 R
Ui B KOH B He 3 X 5 A £F 4 19 4850 it 3 7 28 Rk e
PERE ELA B EH . % T KOH A B 4> T CL-20 76
R4 cp S R R AR T rGO S R R,
At

www.energetic-materials.org.cn



rGO/CL-20 [ 37 5 £ 4 [ {4 Hfi 3 5710 ) 98 e 45 1

1007

rGO [ 45 (1 38 b JBC AT CL-20 fif 48 K UKL 1 8 e st 34
PR BB ) 2000 07 e S5 R A 4 0 TR 49K 058 ) G B

a. self-sustaining combustion of 2* fiber propellant
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Fig.7 The video screenshots of rGO/CL-20 fiber shaped pro-
pellant with (2*) and without KOH(0*) treatment
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bustion of 2* fiber propellant as a function of time
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Combustion Characteristic of rGO/CL-20 Self-supporting Fiber-shaped Solid Propellant

LI Xiao-dong, HUANG Bing, QIAO Zhi-giang, CHEN Jin, YANG Guang-cheng
(Institute of Chemical Materials, CAEP ; Mianyang 621999, China)

Abstract: Replacing traditional solid propellants with high-energy explosives (such as hexanitrohexaazaisowurtzitane (CL-20))
is an important way to achieve microthrusters with small size and large specific impulse. In order to realize the self-sustaining
combustion of CL-20, a composite propellant system with CL-20 nano-microparticles hosted in the rGO three-dimensional net-
work is designed. Ultrafine CL-20 spherical particles (diameter 300 nm-2 pm) have been prepared by a solvent-nonsolvent
method firstly, then self-supporting rGO/CL-20 fiber propellant was prepared by a dimensionally confined hydrothermal strategy.
Based on the analysis of thermal analysis kinetics and combustion characteristics, it is concluded that the positive feedback
mechanism of the combustion heat release of rGO/CL-20 fiber propellant plays a key role in its combustion propagation. Due to
the construction of rGO three-dimensional network, the thermal conductivity of the fiber propellant is improved, and the exo-
thermic effect of rGO/KOH can serve as the initial ignition energy for rGO itself and CL-20 microparticles. Once ignited, the
combustion of high-energy CL-20 releases more heat energy than rGO, thereby forming the positive feedback mechanism. The
combustion propagation speed of the prepared self-supporting rGO/CL-20 fiber propellant is 20.66 mm -s™', moreover, the fi-
brous structure facilitates the rapid modular charge of the microthrusters.

Key words: microthrusters; hexanitrohexaazaisowurtzitane(CL-20) ; graphene oxide; combustion characteristic; positive feedback
mechanism
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