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2. ALK EIREE 5% 2 TR AR, IS KB 030051)

WE: N THTATRREELAFOX-TH oo T A KR, RAAHEFEHE E4
RENFEHMAERENEMNKETE NGERGEREM MG ENAEFDHART aop AL
BHRENETAER KR TAREER READEMREGHELREZN ML, &8
KW FEoopMERARY, MERENGENE —SRBATHEST HEEMNRE; KR T A
REEMGEGHE A EALRRENTH, GERTHEA FREFHRE . HEIITE TR
MAEZTAEME, BEZRATUE, GRAAEMETEEEE S AR BB FZHEEKE
RN, XALZEHREMLREEEFOX-TRETUNE - ERE L Z aopHEWERE .

X#IF:FOX-7; & a—p HE; U 8 Ki; S EHEE

FE S5 S:TI55; 05212 HERARIRAS: A

1,1- & F-2,2- " fil 5 244 (1,1-diamino-2,2-dinitroethylene, DADNE, FOX-7) F* 1998 4 i #ij #iL R} 24
ZK Latypov ST B WA B, HARE 14> T &5 M FE R A 25 A P RE DL K I 04 7 i S 5 B 5 1 T 4%
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J, 78 S B R 3 A b 2 T O 2T A 2k e AR 8, DT R A 2 2 AR 48 Y 2 A PR RN AT A kb
FOX-7 [ A R 5% d5c $H0 A1 56 7 A [l 8, i K BRI T FOX-7 YN L Bl . H AT ¢ F FOX-7 1
FAAS AR 5T 32 B4 R FE AN IR T Se 2R A5 9 iy BCIR S, X6 T4 A2 1 Ak aod A2 AL DA B 5% g PR 267 1D
B ST IBAR D, T it FOX-7 A AH AR 1ok A5 X g DA A% ) B HL A B A0 48 578

TR ARAR B HAIT R | RS SE  AH AR 1 AH DG B R T R A A A T vk, AT S 38 HE % w4
AR | 3 24 2 1 D9 P B T 5 BOE A AR AR B 98 e B Y o b B TR BRAE 5 e Ak TR RHE 5% i
i) Gong %1% 3R FH 22 L e JRL A, 3R G 76 HMIX JUURE 28 T B33 1 a0 8 2, AT HMIX 11 B—o AH A8 iR &
M 192.0~196.0 C $2F+ 5] 218.4~219.5 C, AHASREESE = T 25 C 2247, A e tE 23, st 8 T
H2E Iy T A RN S R AP S 2 B IR 2 R R - N 0 R T R A R (AN SRR R T
AN 7 32.3 °C B IV AL TR AHAE, SRR NIGIRER . RR OIS 2R AW T4 %05 1k AN 7£ 84 °C
BF Ay T — T A AR, FLA AR AR A A Sz 52w o Tz 07 36 T e H BT — 2 R RCR, J2 H i il 48
AR FH R 73R AR SORE S A A T AR L AR I ASORT i S SR A = A T, A AT
o—p AR RGO E . AR R A RGE N R . T2 B R A R E . T AR (=R T
BRI HEAT ), [FES 2 B e 3R 5 T8 2R 22 B2 e 1) 56 R e LA DT RR 3 T8 1, 7 468 58 DU 9 2 0 5 4 1 A e
B ATURL, A 5 R A 22 B R TR SR A L B FOX-7 fh A, LASYIGk B 4E 2 B = A0 a—p HHAE 1Y
HE .

1 SEHE

1.1 R F SR

SLHGHE KA : FOX-7 BE BB R, 4l B KT 99%, [ TR 30 5% B Ak T b REIE 52 T A
il s Zo B0 e 6 R £ 1 8 H 38 ) 2 28 F 6 (Tris) ) Y, o3 Br &, BT T 3580 ) A= 77 3£ (DMSO) |
VAR, A 2, AR e A2 0] ) A 77 SE 6 /K o 25 8K

S AN >R AR E Carl Zeiss 23 F] %) Ultra-55 %137 & 5F 494 ¥ 5 0% (FE-SEM) WA FOX-7 #
it 1) JE %5 2K FH Horiba Evolution 23 7] A4 7 ) & 33 3R AR R 2 I R Ge b A7 i & 03, SO a8 ik K
k1 785 nm, TE K 100%, J6HE K 516l 30~3 600 cm™, 43 FEE S 1 om™; 78 F il /A &) STA449C 7 [7]
3 DSC-TG #4312 45, FHEH 2 10 °C-min ', BS54 % H Linkam 23 7 42 7 i THMSG600 %5 4
BAXLL Bz ZIESS T M
1.2 XWdig

(1) SR A28 FREL— 5 fE Y FOX-7 JFURME — i i B T 58 4 15 fif T DMSO. PR R 45 5 711) v, 648 3l i
P AR, 1 A BN, SRS FE R R R R A AR Bk L BRR AR TRDIE S Y FOX-7 ik

(2) fb 1A 1 4 A8 3 - 7 2 AR ASORD 8 o 3 R A 2 Y 4k 2R S K, O T 5 S I R A B Bk
FOX-7 @R E T e ARG AL %1 11 e, 2351 R T 1. 10 #1120 °Comin™" AN AR GHR X A m #4, 0
SEANF THR R T AR AR 22 5 0 BEBCKBRIR L HUIR o R BRORER IR S8 AN RIS 55 104 i 44 i 3% 1 ik
B 1) P A, LR [] — TR R (1 °Comin") T AR A S50 X6 AF A8 B4 5% 1 LA B S8 o6 7 A A8 2o i o (R 1L

(3) FR R B — i B 45 R 1 FOX-7 JEURHEE A Tris 22 vhige v, 875 2% vh i (% pH {2 8.5 &£ 47,
SV 6 h, Zead g YEUk . TG 3RS B £ U AL (1) FOX-7 KEdh o SR DSC I3 M A3k A 410 7 40 7
Je e R RRPERE 22 5, MR Sl BT 5 2 1.5 mg, IR0 Ny, WA 25 mLmin™', FHEE# R K 10 C-min”,

2 KEERMSH

21 RENENHEELRE
PR LR B4 13 (305 0 B 3 0 8 0 R 5 0 WA 788 6 FOX-7 Ak ) B A . AT 1)
R LA HY AR, @ 1 A R 2R S BB e, R B s R 116 C A, AT L
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B AR BT U] R AR SR BRE, f AR RA , E AG B 2 i AR R . A 1(b) T LR
L AR PAOE SRR K A B R AR AR 59 FOX-7 20 o A, 24 AR R T R A0S, A AR AS S p A . AT
s L PR 5 HEA T O TR], ARZE J5 3L 0 6 A AR s B oGl & A A A2 A, 140 476 em™ Ak N—H X FRFE 42
PRBWEFN 1340 cm ' Ab C—NO, YRR 45 41k 2l e 70 AR 7 I o iR A B 2 Ofg oL 228 5k 22 U o 42 5
B e B i A B, A I AR AN B3t E 5 SR [25] 10 2R A S AR R R AR I TR W), TS
e RN G SR b R R O B A A A o R R R AR RS IR 2 — o AT T TR, FOX-T
TE116 C LA RIE T a—p VAL, MR IS R A BT AR 22, MR 00 HL 22 A PR A g 2 P
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1 FEAHASHT ., J5 FOX-7 SRRITESAEAL (a) FIHLZOGIE (b)
Fig. 1 Morphology changes (a) and Raman spectra (b) of the FOX-7 crystal before and after phase transition
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— MG OL T, FOX-7 JUBHE 2 il 45 @0 5 1 S IR AR <58 287, & 32 2R | 2% A LAt PR 22 1) 5%
Mo, 745 A R v e RS — e ar | FLIA ARG, I H A AR ERFE 2 X) R AR RE N2 e R A
U, DY I AN 5 B R X FOX-7 AR 9 S 6 T 1

SR T 251 B B X R AR 145 i, R FH i A SR AR T = 3 2R G A L BB (S A S 56 T vk
Mo FFEFJZ M PEAT TIE5E . FRATTENGE FOX-7 43 F & A AR AL B9 T DR AR -1 0 A il 36k A 4L 566 A AN )
T S SR N 2 E AL, BVES A BAE AR . A 116 CIRJESMET, 3l T ik 4. B, C i &
BPE 2 ETE, Wik 2 fran . ME 2(b) AT LAFR Y, 116 °C SR A F A B 8 O% e I AS 52 M R, Sk
A BB TF a M1, T C {084 O A 775 Jy p IR, 58 FL IR A AT B 2 35 A1 AR ) 91 % 2 A5 (L S
P2 HEiE T 35 em™ A BTG LA )L 154 em ™ AR E I TE R, DL T C—NO, XFRPL IR s A =11
AR I 1 338 om ™ Ab RLIGE A B AR SRy WU ) A B, 3 B UE AR % BH S A A AR AN S R TR) 52 R, TR A
A AR 1 e SR U T R, AT AT R A AR, 17 kS IR A0 T BB A A AR R T 1 R
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A
JUH B-phase f'\ e
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Fig.2 Test points (a) and Raman spectra (b) of the FOX-7 crystal at 116 °C
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R TS E IR, PRk T — P R A I A A A T A 0 SRR AT RN . ARG W
T, IEHFCRAS ) FOX-7 fb 4 52 B 52 i 35 €0, Tt R 04 R 350 20 7 A% b B M B Z X, 76 1 °Comin™!
FHEHE R T, SRR A R 3 pis, HpE 3(a) . B 3(b) | K 3(c) fE 3(d) 53k 22, 117,
118 Fl 119 °C FAYMMCIRA . TLAE W, 78 117 C ZE AR, SR & A T 018 A8 Mk, Bk i (T 159k 5
s VR R B 52 XS T AR — 25 K, 12 I G U8 A A8 J2 ISR Ak 238 0 R R, T A R R AR

(a) 22 °C (b) 117 °C (c) 118 °C (d) 119°C
B3 FOX-7 fiA b eAn s R v it £k
Fig. 3 Evolution process of the defects during the phase transition of the FOX-7 crystal

2.3 FHEIERZEX FOX-7 225 BY 82

W 4 fiw, R TR THEE RN FOX-7 a— B AHAE TR /Y52 0, 28 P98 SR L 0 Befk & 44, 4351
MEIHAE 1, 10 F1 20 Comin™' AN [FIFHERHE R T ARG L. FTRVE Y, B R Lo, SISk
AT AR, BORE THE BOR T f R & AR ARG IR IS AR . 7E 1 Comin”! THEBUORT, S IRTE
115~ 117 °C BFAS AL B S, ot A 3 1 AN [R) 5007 1 BT SR €5 152, /iy A FF 9 405 SR il 60, & 7 L st FF 463 A
AR5 AE 117~ 120 C JEE N, Bl % I B AR 82t R IR R T8 AS PR A2 B 0 A2 4k, R a—p MHAZTE 117 C
FEARGEH . TIAE 10 A1 20 Comin™' PIRPFHREZ TN, SIATE 117~120 C iRV B84, 5 1 C-min™
THR R A e, S % AR AR IR HE T T 2~ 3 ¢, BIEE ST $ AR — B o0 R, T R A
18 0 AR R A AR A R BTN B0k — 25 57 109 IR 2 T T R A e i i R 22 A AR L — 2
R

(a) 1 °C/min

(b) 10 °C/min

(c) 20 °C/min
K4 3 FCRFEFHEEAET FOX-7 fiEnTES Ak
Fig.4 Changes of the FOX-7 crystal morphology under three different heating rates
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24 RIAEFRAMR T3 FOX-7 HHZE R 22

N T BRI AAIE ST TR FOX-7 AHAS ™ A 520, Bkt 1Bk Btk Aotk 3 R RIE S L
B /NP R ST B PO A AR, SR AE 1 °Comin”' THERER T S AOE SR ARG 00, W sl 5 s .

(a) Rhabdolith

(d) Crystals of different sizes
K5 ARFETREER T AR RF FOX-7 kR 221k
Fig. 5 Morphology changes of the FOX-7 crystals with different sizes and shapes under the same heating rate

MIEL 5 Ca) faf A, IS 117 C Z R/ AR U LP BEA A2 46 78 117~ 118 CJEH N, #tk
PRAT AR R B R 2 FAY 5 B (L O R, SRR S AR 52 80K AR AR B E A 117~ 118 °C Z [,
ZIRATE R A RS, AR AR RO . MIET 5(0) AT LA H, 7R 114~ 115 °C I, Btk F ki)
TESTF G KA A Ak, HBIR SR I AR AR IR BEAIK 3 °C 24T, BLJR 76 115~ 118 C THRE R b, fhiIE 5 4s
AEATIER A, B2 XA AR R0, SRR e AR L, Rt AR A R 22 3 88 ARG, D DA T B S Bt
AT Z 60, BRSSP 212 . AL SCe) af LIFE Y, R AR [ JROR 2860, H A2 B 4
BRI, 76 114~ 115 °C 3 Bl IT G AL, (E 1 4R R PR A AR 8 o B AR TG, 116 °C REA 5 A
AR A, ANTR] T HROR FIRER A, S A AR AR I RODR AR A SR TR B SR, R B TR 2
o0, R AR R R A AR R . TR TR S FOX-7 fiA, H a—p AR i B A7 A8 IX 1), LA R B0 A A
A8 ) A i R ARIIAR 78 R 52 6 1]
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B & 5(d) AT RAE ), et F v ROSTAS [F] A Btk S A48 30 & AR AR A R iR B2 3 o 116~117 €. AR
55 717 TR gt AR 300 A A A 5 A A TR — SO 458 TN, AR RS [ 9 A ol ke o i e 3R = A B
522 5, RIS G A AR A B A 25 . i A A S SOk [25] HRAE 1 HMX AH AR 25 B[R], AE R
HMX KAz p—AHAB I, RT3 K B df A e A il B Tt Ak, RO 380/ IN Y b AR 5 & 2B R T Ak o SCHR [26]
AR, AR A R ST A, R4 A R 1 Bt 23 3 22, BRI R ST R ) AR 2 0t e A BB T AL
25 ZEBROENSAEAETHEI

LRI R, ARTE S T R R AR BN FOX-7 a—p MR IR A AR i B P24 T — 2 /Y
SEMAE TN 58 2, DR skt DA A0 o A TR 00 0 0T 55 A R R AIE oK I8 2 s MV i) a— B AR AR 1 7 TR ROR AR 5
FR . Rk, % R FH 2 0 R 6 3R A5 A 7 i b e PR R AT G 7, SIS o A 2 T 138 - SR, DT 25 )
FELZ AN K] a—p FHAER H Y. 2 BB E /15 1 R E 6 s, B 6(a) ~ &l 6(d) 4 % EL R IR AL
L7 J5 1 SR RRE S, T LB B B, M L TR 6(e) ~ & 6(h) AL 78 19 b (AR i T 5, L B S 19 i Ak
R T Z .

20_pm

K6 ZMMAER. J5M FOX-7 MiAxtH

Fig. 6 Comparisons of FOX-7 crystals before and after dopamine coating

o TR M 1 G B, R R s ————y

B 1 L B RE 8 EAT DSC HAMH7 92 0, 1 i ik N —

M 10 Comin™!, SHAEFANE 7 FrR . W7 AT ? —
DRI, 55 R 0 o WSRO morc |
%}%ﬁﬁ:ﬁﬂ/ﬂ a—fﬁ *HQEE%%T 3.0~6.3 C, ## E—Z -g:igg 15.97°C | 1\20.69 .

S 5 B 5 T R A e, R L DAL 2 3L I N
L, AP 6 () PP 6(d) BT, i b 5 08 & 1 % = | Fies@ g
AL 52 4, VAR TR MDA . R S T -l . . 12227 °C
B B0 Ty 0 AR A T R T et
3 & @ K7 ZUMAHE FOX-7 Mk a—p AHAEM DSC ik

Fig. 7 DSC curves of dopamine-coated FOX-7 crystal
(1)FOX-7 —fEfE 116 C £ K E a—p FH transition from a phase to 8 phase

AR, RS A T BRI AL TF U6, SRR AL 5 2 Hh B RB0 R A B, R A 25
(2) FARTEAR . KN B K T iR 3R 2 23 %5 FOX-7 1Y a— B FHZE 7= A= 5200, AR b 1A 1) A 22 0 B 02 T
BROPRAN bR AR o I3 3 S it A ) R A IR AR, X TR R R A O . AR IR S
RRGEIE R o AR AL S — R i i B, FE P SRR BE 7 o p AHAS IS AR O 21 T H B AP
(3) Z LM BLR 1) FOX-7 S A (Y a—p ARSI AT LU T 5 °C Zedy, SRS THIR L i A LI, (3
IR SEAR SR AR TR 7 1
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a—f Phase Transition Characteristics of High-Energy and
Low-Sensitivity Explosive FOX-7

GU Xiaofei'?, FAN Siqi', LI Rujiang’, LI Hongzhen'

(1. Institute of Chemical Materials, CAEP, Mianyang 621999, Sichuan, China,
2. School of Environmental and Safety Engineering, North University of China, Taiyuan 030051, Shanxi, China)

Abstract: In order to understand the specific process of a—/f phase transition in FOX-7, some experimental
methods are used to analyze the a—f phase transition, such as scanning electron microscope, THMSG600
heating stage instrument, and micro-confocal Raman spectrum. The changes of the crystal morphology
during the a—f phase transition in FOX-7 are studied at the overall and individual levels of the crystal in
detail. At the same time, the effects of different factors such as heating rate, crystal morphology, and crystal
defects of a—/f phase transition are explored. The results show that during the a—p phase transition, cracks
and breakages appear in the crystals, and the crystals become opaque. Meanwhile, it was found that the
crystal size, heating rate, and crystal morphologies have effects on the phase transition in different degrees. It
is relatively more prone to phase change in the case of larger massive crystals under a slower heating rate.
Besides, the phase transition of a—f is a continuous process, and it gradually diffuses from a certain defect
to the entire crystal. For this reason, in-situ polymerization of dopamine can be used to coat FOX-7 crystals
to achieve the purpose of inhibiting the o—/ phase transition.

Keywords: FOX-7; crystal; a—f phase transition; Raman spectra; dopamine-coated
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