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Table 1 CL-20/FOX-7 polymer bonded explosive formulations
%

mass fraction

sample
CL-20 FOX-7
1% 45 50
2# 55 40
3# 65 30
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Fig.1 Schematic diagram of the experimental arrangement
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a. refine CL-20 b.

SEM MAG: 45 x

WD: 19.31 mm
SM: WIDE FIELD Det: SE T mm
BI:10.00  Date(m/diy): 06/10/18

MIRA3 TESCAN
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e. CL-20/FOX-7 (3%)

Fig.2 SEM images of CL-20, FOX-7 and CL-20/FOX-7 molding powders
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d. CL-20/FOX-7(2")
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Fig.4 DSC curves of CL-20, FOX-7 and CL-20/FOX-7 PBX
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B3R 2 "], =R AN [A] D LG Y CL-20/FOX-7 4
PBX 5401k CL-20 A bt 2 Wi fL R 43 B4 = 17 17.12,
32.87 kJ-mol™ Fl 40.24 kJ-mol™, CL-20/FOX-7 %
PBX 7E 43 i B L CL-20 75 22 05 5 fg it 0, if — 2P 4
mTHEA R A
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Table 2 Activation energy and critical temperature of thermal explosion for different samples

sample £ [dmol E, Too Ty
Kissinger Ozawa Starink /k)-mol™! /K /K

refine CL-20 186.16 194.88 187.03 189.36 503.45 515.10

raw FOX-7 220.02 228.33 220.89 223.07 487.45 496.64

1# 203.42 211.76 204.25 206.48 495.55 505.85

2# 219.16 227.54 220.00 222.23 498.05 507.69

3# 226.52 234.92 227.36 229.60 498.25 507.58
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Al DL A B A SRR 76 fL RE AH IR AR RS AS N
Gibbs HHfEAG, &5 1% 3 Fin .

AH = E, - RT, (3)
KBTp

AS=R|InA = In p (4)

AG = AH - T,AS (5)

o, Ky A 530 DA 35 2 28 S BRI 5 B e R, K=
1.381x107 J-K™', h=6.626X107* J-s7'; T jilt #4 W%
UL K, I A BB 3 3 G T O R 1 3 ik e T DA AR
W

®3 ARSI S H

Table 3 Thermodynamic parameters for different samples

sample AG/kJ-mol™"  AH/kJ-mol™"  AS/)-mol'-K™'
refine CL-20 162.68 181.97 38.33
raw Fox-7 126.66 215.97 183.21
1# 125.74 199.30 148.44
2#* 126.18 215.02 178.38
3#* 126.42 222.38 192.60

Note: AG is the free energy of activation; AH is the enthalpy of activation;

AS is the entropy of activation.

&3 LRI, TAHEGNAGH KT 0, ulH
BT AR i 00 36 AR BB ¥ JE YR B R AT TR E R A T
FEmm AL TR E IR . CL-20/FOX-7 3 PBX i AH
KT CL-20 Js R, A I T HE 25 1Y 2 4 it A7 Al
ASFfiZ CL-20/FOX-7 Fu 4l it 3% i T , v BH CL-20
B T PBX BN A AR i A3 e £
3.4 HIHBEST

W3 75 ) CL-20. CL-20/FOX-7 %k PBX K iR & H
mi AL JER R, 25 AN 36 4 TR .

i % 4 7] L& BE CL-20/FOX-7 3£ PBX Ay 1%, 2% . 3*
T 5 5 P V% 5 5 4l Ak CL-20 43 5142 55 30.8,29.0 cm

# 4 CL-20.CL-20/Estane.CL-20/FOX-7 3 PBX & CL-20/
FOX-7 1 & Kl B DU

Table 4 Impact and friction sensitivity of CL-20, CL-20/Es-
tane, CL-20/FOX-7 PBXs and CL-20/FOX-7 mixture

drop height H., friction sensitivity

sample Jem /%
refine CL-20 27.5 96
CL-20/Estane*] 35.8 68
1# 58.3 28
2# 56.5 32
3# 54.2 36
CL-20/FOX-7 mixture 42.1 56
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F126.7 cm, FBE I 0 i 2 Ik . CL-20/FOX-7 &
PBX 5 ikt CL-20/Estane (95/5) & 58 1y K 45 4 245+
A R PR V& R T 51.4%~62.9% , B 45 J8 3 i Y]
W REAR, R FOX-7 MBI R 8 . X &l T
FOX-7 BA & L2 T W4 7 8 &80 5> 1 HE & 25
¥ A 2 B W) 5 iR R 1 CL-20/FOX-7 %& PBX
HOER I FOX-7 42 85 1 1 25 0K 38 2 op &0 50 95 1 g
1o 5 UL AR AL HE 25 PBXN-5 45 ME Y5 5 (36.5 cm)
L2 DT T 48.5%, [A B, CL-20/FOX-7 (1") i
AUy 14 $i o SO R EE 45 R B B TW) 1L 48] CL-20/FOX-7
HUAE A5 FF B S AR, X2 i1 T Estane £ 7 B R AE
K 245 JURE 22 8] A7 3503k K 24 J0RE 22 18] B2 i, 9 9 2 A
205 Uk A 4R RN SBUIE R B 28 v AR AR T L TR e A Ak
WD T A ZR 9 RS T B, R K 25 LA ER
3.5 BESW

A5 GIB772A-1997 il ik = Ff A [A] BL kb CL-20/
FOX-7 5& PBX 24 A 4 3 |, A5 50 52 0 9% 3, AR Urizar 24
5 R [ I B CL-20/FOX-7 3% PBX 1Y f K BE
W N AR 5 R LR 5.

#£5 CL-20/FOX-7 JE PBX J5 i#
Table 5
bonded explosive

Detonation velocities of CL-20 / FOX-7 polymer

density theoretical velocity  actual velocity
sample - - B
/g-cm™  /m-s”! /m-s7!
1% 1.767 8858 8474
2# 1.778 8917 8503
3# 1.806 8977 8577
PBXN-534] 1.896 - 8525

i 2% 5 0] DU&Z B, Bt 7 S PR b 5 PBXIN-5 1 i3 A
24 3K % 8500 m-sT S Ay, M ) 2% BE B fa Y, CL-20/
FOX-7 3EE 2y e vhfet fn & W &4 5.

4 i

(1) R KB IR N4 T CL-20/FOX-7 % PBX i
Ry K42 o0 800 wm~2 mm, Uk 40 7 A R B, B
CL-20 Fll FOX-7 fi 0 25 R 2 AF

(2) CL-20/FOX-7 (1%) | CL-20/FOX-7 (2%) F
CL-20/FOX-7(3") % ML 1% 1k 8 Hb 40 b CL-20 43 51 45 &
T 17.12,32.87 kJ-mol™ 1 40.24 kJ-mol™, 44 5 P
BCL-20 A — & & i 5 47 fiff 0 R 8 FOX-7 43 il 42 &
1.4,3.9,5.6 K, X i1 PBX Hh CL-20 1 SR W A T
FOX-7 453 i 32 SE 2% 1 Ho O ik il 72
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Preparation and Property Characterization of CL-20/FOX-7 Polymer Bonded Explosive

LI Xiao-dong, ZHANG Xi-ming, YANG Wu, SUN Hong-yan, SONG Chang-gui, WANG Jing-yu
(School of Environment and Safety Engineering , North University of China, Taiyuan 030051, China)

Abstract: To improve the safety performance of hexanitrohexaazaisowurtzitane (CL-20) and maintain its higher energy, three
kinds of CL-20/FOX-7 polymer bonded explosives(PBXs) with different formulation proportions were prepared by water suspen-
sion coating method using polyurethane polymer Estane as coating agent and 1, 1-diamino-2, 2-dinitroethene (FOX-7) as energet-
ic sensitivity-reducing component. The morphology structure, crystal form, thermal decomposition characteristic and impact and
friction sensitivity of samples were tested and analyzed by scanning electron microscopy (SEM), X-ray diffractometer (XRD) ,
differential scanning calorimeter (DSC) , impact sensitivity tester and friction sensitivity tester. The detonation velocity of three
kinds of PBXs was tested by an electrical measurement method. The results show that the explosive particles based on CL-20/
FOX-7 have better coating effect, and neither CL-20 nor FOX-7 has crystal transformation. The apparent activation energy of
three kinds of PBXs are increased by 17.12, 32.87 and 40.24 kJ-mol™ compared with refined CL-20. The enthalpies of activation
(AH) of PBX samples are also significantly improved compared with CL-20. The characteristic drop height increases from
27.5 cm of refine CL-20 to 58.3, 56.5 cm and 54.2 cm, respectively, compared with CL-20. The actual detonation velocities of
three kinds of PBXs with different formulation proportions are 8474, 8503 m-s™' and 8577 m-s™' ,respectively, which is equiva-
lent to the detonation velocity of PBXN-5, but the characteristic drop height increases by more than 48.5% compared with
PBXN-5, the safety performance of explosives is significantly improved.

Key words: hexanitrohexaazaisowurtzitane (CL-20) ; 1, 1-diamino-2, 2-dinitroethylene (FOX-7) ; composite energetic materials;
polymer bonded explosive(PBX) ;thermal decomposition;insensitive high energy
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