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Fig.1 Schematic diagram of preparation process
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Table 1 Correspondence table of the full name and abbreviation of the sample

full name abbreviation full name abbreviation
CL-20@PDA-3h CL/P3 FOX-7@PDA-3h F/P3
CL-20@PDA-6h CL/P6 FOX-7@PDA-6h F/P6
CL-20@PDA-9h CL/P9 FOX-7@PDA-9h F/P9
CL-20/EVA CL/E FOX-7/EVA F/E
CL-20@PDA-3h/EVA CL/P3/E FOX-7@PDA-3h/EVA F/P3E
CL-20@PDA-6h/EVA CL/P6/E FOX-7@PDA-6h/EVA F/P6/E
CL-20@PDA-9h/EVA CL/P9/E FOX-7@PDA-9h/EVA F/P9/E
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Fig.2 SEM images of CL-20 and FOX-7 particles coated by PDA with different coating time
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Fig.3 Distribution diagram of particle size for (a) CL-20 and (b) FOX-7 coated by PDA with different coating time
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Fig.4 PDA content change curve graph with coating time
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Fig.5 BAM collision histogram of CL-20 and FOX-7 before and after coating
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Fig.6 The surface contact angle of CL-20 (a) and FOX-7 (b) before and after the PDA coating
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Dl /N o[RBT R 1 R T 5k Tt SR B B PDA )
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Table 2 Contact angle and surface tension of CL-20 and
FOX-7 with different PDA coating time

contact angle / (°) surface energy / mN-m™

sample

water diiodomethane 75 7? bA
CL-20 76.2+0.2 27.9+0.0 3.70 45.07 48.77
CL/P3 73.2+0.0 30.7+0.5 5.00 43.93 48.93
CL/P6 67.8+0.2 30.0+£0.0 7.16 44.22 51.38
CL/P9 64.9+0.0 30.3+0.3 8.51 44.10 52.61
FOX-7 77.6+0.0 32.3+£0.5 3.58 43.24 46.82
F/P3 71.0£1.0 29.7+1.1 5.77 4435  50.12
F/P6 70.3+£0.7 28.5+£0.0 5.94 44.83 50.77
F/P9 64.1+0.0 25.5+£1.0 8.36 45.97 54.33
AR A 2021 & % 29% %11 (1049-1060)



1054

Ak, B O, IR B SO 1 K 8

J B CL-20 .FOX-7 N HA % PDAFE i 1Y FTIR 3%
B 7 fros o B 7a iR BE A XY W i g 05 R
C-H By 46 = 3l , & 7b w5 RE [T IX A6 W Ui i 05 IR T
N-H g4k sh . I 7 77 LLFE ), CL-20 . FOX-7 J&i
BRI PDA £ 78 J5 FE & 0 £ 0 6% & b R R A
JUF—30, Ui PDA 41k B 2R & 0 78 o 8 25 % 1
24 114 32 TH S5 A8 A R 5 e 5 FUR RO L 2 A A IR
SEAR S S Ve (X EER WANEE @i GNP

Kl 8 Jy CL-20@PDA Fl FOX-7@PDA 11, 78 A [ i
K 14 1 UK SEM Il . MBI 8 BT LU i, CL/E Hh 8 25 71
W I A ORI R A — RS, HL 26 45 R0 7E JRORE CL-20 A
FRHWE RS X T PDA M ALK (CL/P3/E.
CL/P6/E.CL/PI/E) , i 4557 7 PDA BB J5 19 CL-20 fis

2T CUPY
CH . cupy/

ﬁ

i/ CcLIP6
1cIPg

\/
i CLP3
L "CLIP3
[ CL-20
i -\‘

ﬁ

transmittance / %

transmittance / %

Reat's

3

:

500 1000 1500 2000 2500 3000 3500 3000
wavenumber / cm’

a. CL-20@PDA
E7 PDAGIER CL-20 F FOX-7 f ik FTIR K

Fig.7 FTIR spectra of CL-20 and FOX-7 particles coated by PDA
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Fig.8 SEM images of CL-20 and FOX-7 modeling powders coated with PDA

3.2 Baom@ashE

CL-20@PDA .FOX-7@PDA i ki 28 11+ TG/DSC il
R AR IR (T,) A2 I R (7)) WL 3. I
Kissinger 22 20" 1 S FE & A= #4053 ik SO 1) 1% A fig
AR T F .

Chinese Journal of Energetic Materials, Vo0l.29, No.11, 2021 (1049-1060)

In(%) = —RE; + In(%

P P a
o, T oA R i JA 20 AR K AL FE T IR s B, 3R
WG AEBE k) - mol ™ R, FHAR SR H41,8.314 J-mol ™ - K™";
B, THEHER K min™',

) (2)

S

www.energetic-materials.org.cn



B L e s v () CL-20 I FOX-7 ¥ 25 Jy 2% 1 fiE R #h ka2 1k

1055

HRAE(2), BhIn(B/T,) X5 1/ T AEL MG 15 5
2R M (0] 05 TR A R R R T AA R B i 5 Y
TALRE ERFE RN T ARSI 3.

N 3 AT LLFE Y BRI 1) 2 b T R A
O VTR S5 THIR R 2 OE A G, X CL-20 f Ak,
AFE175.1 °C(10 K-min™") &4 e —y M 5545 . PDA

%3 CL-20@PDA Fl FOX-7@PDA Ff i 45 3l 1 2 5 5%

7 X A T R A B A O 5 TR B 2 A [ A O
KT (B<10 K-min™) , 7 fh i B fe s 4R 7124 4 °C,
FEEHTEETHET A TR 048, e T
PDA 5T JZ B4 % AR . FOX-7 fRTE 116.0 C K
A a—B A B AE T 5] A PDA 522X FOX-7 1 §%
s Vb B AT TS 3

Table 3 Thermal decomposition kinetic parameters of CL-20@PDA and FOX-7@PDA samples

T,/ C T,/C ) )
sample - - E,/ kJ-mol™ In(A/s)™

5K-min”" 102°7K:min™" 15 K-min" 20 K-min' 5K-min™" 10'2/K-min™" 15 K-min™" 20 K-min~'
CL-20 173.77 175.07 179.17 179.83 235.15 249.65 247.67 251.23 183.03 42.46
CL/P3 177.73 179.31 178.86 178.43 245.25 252.84 252.75 253.17 359.34 81.15
CL/P6 177.40 179.68 179.08 179.44 245.15 251.06 254.04 253.10 269.76 62.09
CL/P9 176.79 178.76 179.64 179.81 244.67 252.96 250.76 254.83 309.45 71.58
FOX-7 114.67 115.95 116.90 116.86 226.80 233.42 237.09 239.54 222.32 52.85
F/P3 115.44 116.17 117.44 117.23 226.69 234.05 238.66 241.12 193.75 45.85
F/P6 115.44 116.50 117.38 117.23 226.34 234.07 237.07 241.36 193.35 45.79
F/P9 115.73 116.68 117.81 117.84 226.49 233.61 238.75 241.29 187.92 44.45

Note: The data of FOX-7 in the table is the peak temperature of the first stage of thermal decomposition.
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FOX-7@PDA 1) %5 /iy 0 3 01 48 4> i e 38 359 v D )
CL-20 F1 FOX-7, & W] PDA {3 % J& B A3 42 7+ 1 25 i 4
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T PDAGLE J5 , TG AL RE E, R 3 (1 36 n , 4.7 3h i
HmMT 2176 k)-mol”, Al —E BIERE. |
XFF FOX-7 S i, 658 J5 106 fh RE AT — A B 1)
%, 3X T Rl 5 AR 3R TR B A OGS
3.3 BAZSHITE

R T2 T iR PDA LN T Rl S B A A B
A 152 M, SR B A 20 (3) 6 B0 Rl 35 RE AR AR I 3 ) 22 5
Bk E

k,T AS* AH*

E
Aexp(—ﬁ)— h exp( R Jexp( RT) .

AH* = E = RT

AG* = AH* — TAS*

A, TRHIHEHE AR B=10 K- min™' i 168 K E,
WHALRE k) -mol ;A FEETIH ¥ ,s ' (ELA BR3P E L
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%4 CL-20@PDAHIFOX-7@PDAFE i 4 J1 22 B4
Table 4 Thermodynamic parameters of CL-20@PDA and FOX-7@PDA samples

sample E/ k) mol™! InCA/s™") Tp/°CLZUJ (B=10 K-min™") AS*/J-mol™"-K™! AH*/ k)-mol™! AG*/ kJ-mol™!
CL-20 183.03 42.46 249.65 95.12 178.68 128.95
CL/P3 359.34 81.15 252.84 416.74 354.97 135.77
CL/P6 269.76 62.09 251.06 258.30 265.40 130.00
CL/P9 309.45 71.58 252.96 337.17 305.08 127.70
FOX-7 222.32 52.85 233.42 181.76 218.11 126.04
F/P3 193.75 45.85 234.05 123.56 189.53 126.86
F/P6 193.35 45.79 234.07 123.06 189.13 126.71
F/P9 187.92 44.45 233.61 111.92 183.71 127.00
——CLE = 21%
2.0{ ——CLIP3E 109 ——CL/P3/E :
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c. creep curves of CL-20 based PBX

Fig. 9 Brazil, compression and creep curves for CL-20 based PBX
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a. Brazil curves of CL-20 based PBX
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b. compression curves of CL-20 based PBX
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Fig.10 Brazil, compression and creep curves for FOX-7 based PBX
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Mechanical Properties and Thermal Stabilities of CL-20 and FOX-7 Explosives Modified by Polydopamine

YANG Xue-lin'?, ZENG Cheng-cheng', GONG Fei-yan', YANG Wen-bin*, YANG Zhi-jian'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. School of Materials Science and Engineering , Southwest University of Science and
Technology, Mianyang 621010, China)

Abstract: The thermal stabilities and mechanical properties of explosives are important factors affecting the safety of weapons. In
order to improve the thermal stability of hexanitrohexaazaisowurtzitane(CL-20) and1, 1-diamino-2, 2-dinitroethylene(FOX-7) ex-
plosives and the mechanical properties of the CL-20 and FOX-7 based PBXs, modified CL-20 and FOX-7 crystals were prepared
based on the oxidative self-polymerization reaction of dopamine (DA). Scanning electron microscope (SEM), thermal analysis
(TG), dynamic mechanical analysis (DMA), static contact angle, laser particle size analyzer, high performance liquid chroma-
tography (HPLC), BMA impact sensitivity, infrared absorption spectrometer and universal material testing machine were used to
test the morphology and structure of modified particles, and also the particle size, coating content, sensitivity, thermal decom-
position and the mechanical performance of prepared PBX. Results show that DA forms a good polydopamine(PDA) coating lay-
er on the surface of energetic crystals, and different surface coating morphologies can be obtained by adjusting the polymeriza-
tion time. At the same time, PDA can also improve the interface properties of explosives crystals, which is beneficial to the uni-
formity of the binder’s distribution. PDA coating inhibits the crystal transformation and increases the activation energy of CL-20,
resulting in improved thermal stabilities. The mechanical properties tests showed that the Brazilian strength and compression
strength of CL-20 based PBX had been improved by 34.27% and 10.21%, respectively, and the Brazilian strength and compres-
sion strength of FOX-7 based PBX had also been improved by 40.44% and 11.92%, respectively. After coating with PDA, the
strain of the samples had all increased. In addition, the creep strains of the two explosives were obviously suppressed, leading to
enhance creep resistance.

Key words: polydopamine;hexanitrohexaazaisowurtzitane (CL-20) ; 1, 1-diamino-2, 2-dinitroethylene (FOX-7) ; polymer bonded
explosive(PBX) ;thermal decomposition;mechanical properties
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