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FOX-7 5 25 19 fd AT S50 R0 R F, BT LAkl G JR 3 A 43
fiff 1 R R AT AR AR SR AF 5 K 2 AU X B — BT B/
K7 X FOX-7 FE 25 14 68 1) 52 W E 47 43 Br L 1 X1 2
T B R X6 HLPE BB 5% i ) ST 4R 0

7 R 2 ) FOX-7 K 25 8 45 i 4 T
17 R E AR T RNFEIE S R FOX-7 4k
2y o ARBIF ST TE B3R A 1, R R - 1 R
X FOX-7 ME 25 AT T il &, 38 i A8 T 20 4514015 5]
TR A 85 R AR B FOX-7 K 25 ks , SR FH 43 4 i 7
U (SEM) XA M (XRD) | 22 758 45 4 1 AR
(DSC) Rt il 8 B W34S 43 S0 0 FEOR 30 b 80 AP g
FZE 4 VE REIEAT T R AE AN, X 43 T 2 R AS TR
B KL EE FOX-7 K 25 X5 PR g (9 52, LLIBT o A
e Bl B el AT 7 BRI B %

2 LIGER 4

2.1 RKF S

DMSO JE/K L B35 g oy Hr i, 1 36 28 HURL B e 1y
A RT3 B M e B (PVP) |, i 22 50 Mo (LR
A R A FOX-7 JE B, 78 %2 3 48 1k 2% #F 58 B .
FOX-7 Sl , AT H A i, HAR T2 Wsck(11].

=1 B FOX-7 5AIR £ 4 Fr s FOX-7 £ 5 19 52 56 2 50U 51

HF K, HZK-FA2105, ff@ M 48 R 2= U A8 A B
N eGSR AR A B F 5 n Bk
Ve 16, CFAT, DL I AR A RS w5 i U8
LB PR L OS-40C, 77k 7 85 M B 2 5230 {48 A7 PR
N EEENFEIR B, BT100-2), {5 22 2 4% 185 7 % 4 bR
N R B A L BB Mira3, ST AR L A
] 5 228 B P AY , DSCQ20, TA 2 ) 5 X 5 28 A7 5t
1, DX-2700, P} 7= W Jo A & A BR A A 5 4 o 8RR A,
1280 v ] 2 88 TN A% s 245 1 B A I v s
2.2 KIiHEE

SR F W 700 R 5 70 48 T R TRDE 36 FOX-7 4E
2y, HAR T2 .

FREL 0.7 g FOX-7 Ji L, % fi# T 30 mL DMSO/
K 2R AR (Vowso! Vapem=1/2)H A — & &
(9 PVP, F5 il JLH00 $F 380 52 | 75 e 45 45 2 N A% I EE
50 CHZMET N — & 5 1) L BE, 50 °CF 4k 22 i #
3 h, Dh— 7 i B R 2 30 °C,30 C R #E 3 h,
it g VR TR S 15 B FOX-7 425 WUk, 43 BiF oA
Z H FOX-7-1 & FOX-7-4, & iR T2 %Ak L, n
RS A 1t FOX-7 f fl B Hidig 24 0 FOX-7-5,

BRI T2 WE R,

Table 1 Experimental parameters and morphologies of raw FOX-7 and FOX-7 samples prepared by different conditions
samples m(PVP) /g v(stirring rate) / r-min™"  V(drop ethanol) /mL ¢/ °C-min”' m(seed crystal) /g~ morphology
raw FOX-7 / / / / / lumpy
FOX-7-1 0.02 400 30 0.1 / sea urchin
FOX-7-2 0.02 200 50 0.2 / spherical
FOX-7-3 0.01 200 50 0.2 / flower-shaped
FOX-7-4 / 600 30 1 / lumpy
FOX-7-5 / 400 30 1 0.01 polyhedron

3 #RS5WiE

31 HRWE. RSN

K H SEM X JEURE FOX-7 Fil BT i £ FOX-7 B ff 19
U 35 FIORL BE E 4T T R AR 45 S &1 TR . FOX-7 4%
TR 2 iR .

FE 1a i) LLE 5B FOX-7 S HUR R B0 & 14
RARTE 50~100 wm Z[H] 5 H 8 1b AT DL Y, FOX-7-1
FE i S T | A S ORIR  FLBR R 2 R AR TE 40~
70 wm Z [H), 77 AR XCRPOR A0 R N R BT
FOX-7-1 il & i #& o A1 2 0 3% ¥ 7] PVP, FOX-7
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Fig.1 SEM images of raw FOX-7 and FOX-7 samples prepared by different conditions

Hydrogen bond
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Fig.2 Molecular structure of FOX-7
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Fig.3 XRD patterns of raw FOX-7 and FOX-7 samples pre-
pared by different conditions
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Fig.4 DSC curves of raw FOX-7 and FOX-7 samples prepared by different conditions
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], B FOX-7-1 [FOX-7-2 Fl FOX-7-3 55— A 43 fiff g
&4 5 263.99.263.36 °C il 265.15 °C, A e 5
FOX-7 19 240.60 °C,#&m | 23~25 °C. XJ&h T 3Fh
i R R 3500 B BRI K AR L/, 32 30T BN B U
GRS R IR AR T B B de~4f RTRLE
PL 20 K-min™ F+ i i 2 K i, FOX-7-4 Fil FOX-7-5 ¥
st (4 55 — > 53 il D UL 43 301 Ol 246.86 °C I 243.76 °C,
A E R FOX-7 # 7+ T 3~6 °C. X J& i T 76T S A
LRI BT RLAR AR I, P07 i IR 32w , HE Bk B 22
T A 1) 2 350 Aol HE A2 0T AR, 23 2 B WIS — i
T AR O T BKOE FE R RE AR, U BTORLE FIE B X
FOX-7 43 PN 05 1) W7 24 0 B0 44 3R 19 10 I 52 ) 4
K BRI I S0 A ) T4 o B b ) 800 il 1R 2

K Kissinger %% . Ozawa 3% fil Starink &'
T T R FOX-7 FUAS [6) 25 141 BT 753 FOX-7 B i i %
WA RE s R (D) M (2) 38 T R # R G T
0 Kemin™ B 1% 23 fiff W I R A8 it 5300 B, 45 2R WL
F 25 R A (3) AN (4) 315507 RE b 1 35 AL % A Ak
HA T A BRI SR SR LR 3,

F2 SR FOX-7 AN 5 RT3 FOX-7 Ff it A SCHR b i 19
Table 2 Thermal decomposition kinetic parameters of raw
FOX-7, the FOX-7 samples prepared by different conditions

and samples in references

E /k)-mol™ T T
z L InCas™) P >

samples :
P Kissinger Ozawa Starink /kJ-mol /°C /C

raw FOX-7 270.69 265.45 270.54 268.89 64.34 224.88 232.79

FOX-7-1 137.59 139.17 137.96 138.24 30.84 229.31 245.49
FOX-7-2
FOX-7-3
FOX-7-4

FOX-7-5

436.95 42393 436.22 432.37 99.23  245.80 251.08

241.62 238.20 241.61 240.48 54.79 261.43 271.69
224.86 221.95 224.88 22390 52.74

304.75 297.89 304.47 30237 71.96

228.00 237.69
228.40 235.60
240.18 241.88
220.34 221.77
209.4 217.93

sample1''1206.67  215.50 207.56 209.91 /
sample2 121114 219.60 211.99 214.24 /

sample3['2)/ / / 237.88  63.47

Note: E , apparent activaton energy; Tpo, decomposition peak temperature
when heating rate reaching 0 kJ-mol™; T, . critical temperature of ther-

mal explosion.

T, = T, + bB,+ B + dp’ (1)
E,— JEl = 4RE,T, (2)

T, = 2

b 2R
AH = E, - RT,, (3)
-E KyT -AG

A )= =5 4
exp ( T ) ™ exp ( T ) (4)

pO
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Table 3
FOX-7 samples prepared by different conditions and samples

Thermodynamic parameters of raw FOX-7, the

in references

samples AH /kJ-mol™ AG /k)-mol™
raw FOX-7 266.55 128.36
FOX-7-1 133.42 134.01
FOX-7-2 432.63 138.32
FOX-7-3 237.18 131.64
FOX-7-4 220.69 123.00
FOX-7-5 296.93 129.65
sample3!'?! 233.85 102.57

Note: AH, activation enthalpy; AG, activation Gibbs free energy.

Aof, T o TR R T 0 B A 40 I 3R K boc o d ok
BB T, O PR KR I SR B K E, R 3 R S AL RE
kJ-mol™ 5 Ky Filh 43 53 2 3% R 2% = 8 ORI 35 B v o 4,
Ky=1.381x10" )+ K™, h=6.626Xx107" J-s7'; T,y i £k
Hh T 3R R A T T 0 K- min™! A S0 IR L K TN
A TH R () R IR KG A TR RTIR 7, s 5 AH R
ALK k)-mol™ s AG R id 4k AT A BB L k) -mol ™,

JEBE FOX-7 AN ) 5 14 BT 4% FOX-7 B i Fll 2 25 SC
BRL10,12 4 IE 19 FOX-7 4 5 1 #4535 3l ) 2% 2 80
I 2SO I L3R 2 F 3k 3.

M2 3T LLE H FE R SCHk[ 10, 12 J4R3E 1Y FOX-7
FE A H R, FOX-7-2 FF b 1 RS 8 Pk e i, L E R
432.37 kJ-mol™  Fh il 3 2 T 0 W Y 43 il 06 I R
245.8 °C . T,°4 251.08 °C \AG }138.32 kJ-mol™', iX
JEN FOX-7-2 3KE B i, BLARAE 120 pm 247, 3H
i i DR PR B s BEARFE 100 um Z P A AE
o, R YR FOX-7-4 FE A 88 F 1 IR JE (19 FOX-7-1
FE i AR AR B FOX-7-3 #F i, THIR 3608 T 0 1 /9 43
i A T 23 IR T 1.31 °CFI17.8 °C, F48 46 Il S 1L
3K T 7.8 °CHI13.39 °C, 1% Ak 75 A5 3 [ BE 23
X 7 11 kJ-mol™ i1 8.64 k)-mol™, A Fa & Mg e 2% .
X e T HORIE SR X T BRI 2 it BLUK B 5 40 5
] b Btk () FOX-7-5 K i Fil FOX-7-4 5 A8 Lo, b 42
KB FOX-7-5 1tk Resem 1 78.47 kJ-mol ™, #fa e 1
BEN TG, XRW TR —IEHE FOX-7 B & R AR
FR, PR M AT
3.4 ELERESW

I GIB 772A-1997 (XE 25 52 5 J7 i) 601.3
(i a7 R 12 B T EL ), o o o A o U
FE A (35+1) mg, ¥ 5k 2.5 kg 15 o J8O% 4 M 7%
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i Hyo 2, MRS R W3k 4.

R4 JFUR FOX-7 5[ 51 B i FOX-7 K il A9 48 of Jg B2 0 3.8
Table 4
prepared by different conditions

Impact sensitivity of raw FOX-7 and FOX-7 samples

samples H, /cm
raw FOX-7 126.9
FOX-7-1 125.2
FOX-7-2 133.1
FOX-7-3 127.6
FOX-7-4 115.5
FOX-7-5 136.3

H1 2 4 R, 7E 2.5 kg B v AR o T, S B AR
AN HL U A B9 FOX-7 JEURH A 45 1% 7 5 O 126.9 cm.
FOX-7-1 i (R 15 3 ol 41 TR AH HC OB BT 8088, 25 5 B
il JE S50 R B A T AT, B R T IR fY
FOX-7-1 & AT 30 EE TSR B AN R0, 26 T ke s B /> 7
i E T 3 5y 7 A R FOX-7-2 7 fii o 7 F T A
FE OB B0 /R 3 AT fE Fh O S B BROE A TR B
R AR BRI D HLERTE S ABAT O A, N BE BN TE 3%
F i 5 A 5 T8 AR 5 B R AE R FOX-7-3 R A
5 IEURA 22 AR K5 2 3 HUIR 9 FOX-7-4 f I L JEURE
SRR, AT RE N Oy HAR R M 2 fe e fE TR
BT AR, R A MR M s FOX-7-5 S AR (1 HOR TE 5 A
BT RURHE L, R BE L SO, B RGRR

4 %

CU) R A -AR v 0 28 T IRJE (308 4B IR
FHOR S5 Z B0 T 5 M [GREBE (1) FOX-7 KE 25, X AE
B TE A i B R0 A G i Pk R AT T SRAE R I A 5 .
FEE LS fhat o, PVP AT LA FOX-7 43 F I HES 5
W AT N STL IS RE2 IR IR INCIN DR E X2 N A
FE ) FOX-7 JUkL . A BE AP 354 FOX-7 43+ N & B
F14) DAIT 2 AR A A R 2R ) 0 IR e A K BROE E 3 A A
P v B ot 1 A3 i U

()T ARG BT B K, FOX-7 JEZ 1)
FL Y S OTER G o S T o € W 1 7 S S S N
FOX-7 B i rf, BRIE JE S0 1) FOX-7 B b 1) #A R M B
e F A6 IR I A FOX-7 BEfh , G b RE 2 7+ T
79.8% s AL ARIE B0 A AF AR T 1 IR B i, L0 fh R 4
T+ T 74.0%.

(3)ERIE B B FOX-7-2 B 5 A5 T JERE FOX-7
B ER PRI = HL, 325 T 6.2 em, [a] S Bk B9 FOX-7-5
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FE S A3 T JER FOX-7 #2878 7 9.4 cm.,

(4) 16 REJE 1Y 45 0 HF H R ok, 2% Se koD B 1 17 3%
A VR BT B 2 R iR B T R R KT A 2 ) Y AL
Bt B oA K 3K o 5 AR A R T KR 24 R B R AR e
PESIERFE S I R A B s bR, HOR 5 KR,
FLA B0 (0 43 TP | () Bk AR e i 5 BE v L AT TR
JEKE 24 5 BROE R HCRAE 5t D4 Ry BA R4 9 RS 43 A
XFAE A AR SR B Ty E R R E R L AT TR
B T AHE 57
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Preparation and Characterization of FOX-7 Explosives with Different Shapes

LIU Chang', YE Bao-yun'*?, LIU Qian*, AN Chong-wei'*, WANG Jing-yu'*, ZHAO Feng-qi’, ZHAO lJia-jing’

(1. School of Environment and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Shanxi Engineering Technology Research Centre
Sfor Ultrafine Powder, Taiyuan 030051, China; 3. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China:4. Yichang Testing Technique R&D
Institute , Yichang 443003, China)

Abstract: The particle size and morphology of energetic material crystal have a great influence on its performance. In order to
study the relationship between crystal morphology, particle size and thermal decomposition performance of 1,1-diamino-2, 2-di-
nitroethylene (FOX-7) explosive, FOX-7 explosive particles with different morphologies and particle sizes were prepared accord-
ing to solvent/non-solvent method. Scanning electron microscope (SEM), X-ray diffractometer (XRD), differential scanning calo-
rimeter (DSC) and impact sensitivity tester were used to investigate the crystal morphology and particle size, crystal form, ther-
mal decomposition property and safety property of FOX-7 explosives, respectively. The results show that by changing the cooling
rate, stirring rate and other process conditions, FOX-7 explosive particles with different morphologies such as sea urchin shape,
spherical shape, flower shape and block shape can be obtained. The crystal form of prepared FOX-7 explosive is consistent with
that of raw material as a-form. The crystal morphology and particle size of FOX-7 have a great influence on the breaking of intra-
molecular hydrogen bonds and the destruction of the conjugated system, and the spherical shape is beneficial to increase the
thermal decomposition temperature. For the FOX-7 sample with a same shape, the larger the particle size, the better the thermal
stability. Among the FOX-7 samples with diameters of tens of microns, the sample with spherical morphology has the best safety
performance.

Key words: 1,1-diamino-2, 2-dinitroethylene (FOX-7) ; solvent/non-solvent method; crystal morphology; thermal decomposition
performance;safety performance
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