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B A - R FOX-7/MoS, & RER & FRHR 7R 2 K
Fig. 1 Schematic diagram of the preparation process of
FOX-7/MoS, energetic composites by the solvent-nonsolvent
method
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B 2 FOX-7/M0S,-1% .FOX-7/M0S,-5% . FOX-7/M0S,-10% &
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Fig.2 SEM and EDS images of FOX-7/MoS,-1% ,FOX-7/MoS,-5%
and FOX-7/MoS,-10% composites
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b. XRD patterns

Fig.3 FT-IR spectra and XRD patterns of raw, composites materials and mixtures

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2024 % H 324 H 148 (31-37)



34

VRS T IR, X I, S 1

B XRD & 1% 5 J5ORETLF- 56 44 [A] 3 156 B il £ 00 7= 4
58K J& a-FOX-7, Wi — 2 UL 52 & b R b B A
R, BEHIZ TR AT . W E UL R,
1T-MoS, F5 IE 7T 5 W 78 24 1 5°45 E Ak X i FH (0 0 2)
I, AL E 5 FOX-7 (1 0 D IATR A Mk,
A 1 HE MoS, I FRAE I o 3 28 XPS I 5 JEURE A A
G R IE RS, SR 4 TR . FOX-7 JEURH
FHILE EEA C.N.,O, i FOX-7/M0S,-5% i It %
Fpp B T S Mo, 7T LA B, MoS, I8 24 5] T
FOX-7 ikl Z g

texo 51

raw FOX-7 N1s

I l C1s
O1s
_7-59 N1s
MoS,/FOX-7-5% Cls
Mo3d  s2p

1200

intensity / a.u.

600 400 200 0
BE./eV

1000 800

2.3 BOBIFESN

K HI )25 853 B AR BB .FOX-7/MoS, 5 45 1 K
B MR A 0 A6 A [ T T 8 18 3 40 it ol R R A
WFoE . Hof ,DSC & an & 5 fME 6 iran. K5
DSC {4 vl A1, 76K [] FH I 3 BT, FOX-7 J5R} Y 44
O3k el TR A B 2 A IO i 0 B A T TR R 4R
2 A T3 i VA 3R B X 1) VR T R AR o ik R B JEORL
(9 F 53 i o FE O3 S 2 A B B AT AR B B 32 B
FOX-7 43 F Hh fi S 5% A8 0 S fi 2k o A, X 3 SO e ik
ZR ORI SRR ) T IR, PRI Ol 36 7 28 A i — AR AL (NO)

—— 20 K-min" e e texo
—— 15 K-min’
—— 10 K-min’ ——2852°C

—— 5K-min’

——2869°C

heat flow / mW

200 250
temperature / °C

B4 FOX-7 JFUBHAT FOX-7/Mo0S,-5% & & ¥ BL Y XPS i B 5 FOX-7 JFUBHEA ] THiR 3 4 F (19 DSC it £k
Fig.4 XPS patterns of raw FOX-7 and FOX-7/M0S,-5% com- Fig.5 DSC curves of raw FOX-7 materials at different heat-
posite materials ing rates
L exo
0K 20 Kamin” ﬁ274.3 c 1
—15K-min’ — 15 K-min’ \ 270.1 °C
——10 K-min" — 10 K-min"
—5K-min' — 5 K-min"
z U .~ 2475°C ) =
£ = usac [J) |25 )
[ o - % =
o 2409 °C [ - ‘ = |
TN TEC. 2635 °C
242.3°C—
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
temperature / °C temperature / °C temperature / °C
a. FOX-7/M0S,-1% b. FOX-7/Mo0S,-5% c. FOX-7/MoS,-10%
exo
—— 20 K-min” 2580 ¢t —— 20 K-min’ soc 2t
—— 15 K-min” —— 15 K-min’ \
= nkemiy S 2515°C
2 [ oK gy T\ [\ 12T = =| SKMNo00c i '
S s, E € 2475 °C
2 = = 236.8°C
% 2308 °C —258.8 °C § é = ‘J 2443°C |
© © -—
Qo __ @ 3
2303 (J 2526 °C <= 2332°C—
B 241°C. 268°C
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
temperature / °C temperature / °C temperature / °C
d. FOX-7/M0S,-1% (mix) e. FOX-7/M0S,-5% (mix) f. FOX-7/M0S,-10% (mix)

6 RG] FOX-7/MoS, & & 4 BRI R A 97 1) DSC Il £k

Fig.6 DSC curves of FOX-7/MoS, composites and mechanical mixtures at different heating rates
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Fig.7 TG-MS curves of FOX-7 and FOX-7/MoS,-5% composites
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Table 1 TG-MS results of FOX-7,FOX-7/MoS,-5% composites

content of the products / %

m/z assignment

raw FOX-7 FOX-7/Mo0S,-5%
18 H,O 213 23.7
28 co 22.8 17.3
30 NO 19.7 18.9
44 co 7.3 16.8

2

H & 7 F16 1 7] LB HY, FOX-7 JEURHRT FOX-7/MoS,-5%
A MR E SR B AR NO L H,0 . CO 1 CO,
S R A R A 00 6 A R R R I Y B
) i 25 T 24 e B R T A BEER A, Nl 7a it
7, FOX-7 1 i i 43 fiff 2K 35 R 29 7€ 200 °C, = i B Bt
SR R R R S [ OR 29 7E 280~300 °C, M
FOX-7/M0S,-5% B if 53 il 2% B 29 7E 225 °C, i By
B Wit 4Rt AE 250~275 C(E 7b) o KRtz 4,
T R B BE FOX-7/M0S,-5% 7= 9 h CO (1 He 491 75 2 A
22.8% F#EAKEI 17.3% ,CO, M 7.3% H N %) 16.8% . iX
SE 25 R B MoS, 15 28 AN U] LU 58 FOX-7 J5URHE
R AR E T L i RR AR B R B B T B A3 i i i
B M F S o
2.4 FHBHHAFESH

K H Kissinger i1 5 J5URE R BT i 25 169 52 4 4 At
BEAT G 2l 1205 o R Jr RO In(B/T,)
51000/, L2k P OC 2 L8 A 5] il 303 N /Y SR A
JIT 25 52 G M ORE X R B R B AR A T R U, R
H /N ARG A5 B 7 AR 0 RSO B 2 AR
2 ot 1) TE AL RE AR W T PR R R 2 iR .

M 2 AT HT, FOX-7 J5URE 25 4 fift B0 25 UL 15 1k i
A 59K 241.1 k)emol™ #1 573.7 k)-mol™, 1 24 % 2
MoS, B, 1% T B Be (4 43 i 1 16 BB 275 2 $2 71, 50 B A
st 8 AR TR S P A 30 B T 5 e R I B I A A 1 AR B R
W ARG, R 0 i M B AR RN A 0 o AR 5 EURHA
o, 2448 24 B 5% B, FOX-7/M0S,-5% 1A i . & 16
I3 s AL BE 4> oM 319.7 k)-mol™ F1233.3 kJ-mol ™',
A3 590 54 0 AR T 78.6 k)-mol™ F 340.4 k)-mol ™',
Ik s 2k B L MoS, X FOX-7 Y45 4 ik 1k BA Wl
YEHT, BB AT LA e AR IR 43 A o B i A2 1, ST LU AL
o ek B B 114 43 i B, v R] R B BL B 3 B Mo,
Xt FOX-7 3 fif i 9 189 708 43 ~F W B 3 AN TR) 5 380 0 i
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2 FOX-7.FOX-7/MoS, & & W RHBARIE G W11 8 ) =S8

Table 2 Kinetic parameters of FOX-7,FOX-7/MoS, composites and mechanical mixtures obtained from DSC curves
samples E,,/k)-mol™ InA R? E/k)-mol™ InA R*

raw FOX-7 2411 44.0 0.9993 573.7 130.8 0.8725
FOX-7/M0S,-1% 248.2 45.3 0.9972 417.7 78.4 0.9839
FOX-7/M0S,-5% 319.7 61.2 0.9664 233.3 38.7 0.8699
FOX-7/M0S,-10% 250.9 45.6 0.9963 2241 36.5 0.9873
FOX-7/Mo0S,-1% (mix) 280.5 50.6 0.9718 104.9 10.7 0.7851
FOX-7/MoS,-5% (mix) 282.3 54.0 0.9860 240.7 41.7 0.9148
FOX-7/M0S,-10% (mix) 217.7 38.6 0.9994 379.9 74.5 0.9610

Note: E

al

pre-exponential factor. R is the linear correlation coefficients.

3 4 i
i g R AR R R k& T B A M
FOX-7/MoS, & RES AR RL . FE X BE B (9 fOWTE 5,
PR LE R WA AL B A R R M O3 i B T kAT
AW, B8 EEBWMT
(1) B -AE 3 500 ) 7 24 FOX-7 7 T 45 & o 72

G R

(2) B4 M) FOX-7/MoS, & fig & 4 kB 7T
DA v A0 I B B A A 1 R, SUAT DA Ak s IR T B 4
A . FOX-7/M0S,-5% & & W) i A% I By Bt 1) 43 i 1
J&E RN 2 g TG AL BE 0 B 5 T 6.8 °CHI1 78.6 k)-mol™';
T TR B B A3 f R RE RN > A 5 AL RE o B R AK T
23.4 °CH1340.4 kJ-mol™.

(3) FOX-7 I L i i 45 43 ik < 85 R 2978 200 °C,
e i B B AAH 7 A g I B LK 29 7E 280~300 °C,
M FOX-7/M0S,-5% & & ¥ 0y & U 7 fi% 2k & 29 78
225 °C, = i By Bo i A AR 250~275 °CL, B
By Bt FOX-7/M0S,-5% 7= 4 11 CO, 1 il A 7.3 % 34
NE] 16.8%. 2 B MoS, 145 7% ot M A AL AT L) 3 5
FOX-7 J5UBHEAR IR T 1Y A2 1 | i BB A iF w1 B Be 19
Baw L T B o 1 Vo

£ % Uk -
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Thermal Decomposition Properties of MoS,-doped FOX-7 Energetic Composites

XU Zi-lan, YU Ming-hui, ZHAO Xu, NIE Fu-de
(Institute of Chemical Materials, China Academy of Engineering Physics (CAEP) , Mianyang 621999, China)

Abstract: The achievement of rapid energy release at a low activation energy is vital for the improvement of the thermal decom -
position characteristics of 1, 1-diamino-2, 2-dinitroethylene (FOX-7). Herein, MoS, doped FOX-7 (FOX-7/MoS,) energetic com-
posites were prepared by the solvent-antisolvent method. Scanning electron microscopy (SEM), energy dispersive spectrometer
(EDS), X-ray powder diffraction (XRD), X-ray photoelectron spectroscopy (XPS), thermogravimetric-differential scanning calo-
rimeter (TG-DSC) were employed to investigate the morphology, phase composition, thermal decomposition characteristics,
and decomposition activation energy of composites. The doped FOX-7/MoS, energetic composites displayed improved decompo-
sition temperature at low temperatures and fastened decomposition heat release at high temperatures. Compared with the raw
material FOX-7, the decomposition temperature and activation energy of FOX-7/M0S,-5% during the low-temperature stage in-
creased by 6.8 °C and 78.6 kJ-mol™, respectively. The decomposition temperature and activation energy at the high temperature
decreased by 23.4 °C and 340.4 kJ-mol™, respectively. The TG-MS results showed that the proportion of CO, in the
FOX-7/M0S,-5% increased from 7.3% to 16.8% at the high-temperature stage, indicating a promoted and completed decomposi-
tion of FOX-7 using the MoS, dopant.

Key words: 1,1-diamino-2, 2-dinitroethylene (FOX-7);molybdenum disulfide (MoS,) ;thermal reactivity properties;decomposi-
tion kinetics;catalytic decomposition
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