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PR AR SRR N, R HOXE FOX-7 A B w00 U R
(20 °C F ¥ fif B9 K F 32 g/100 mL) o A I, A HF
52 L LA DMAC \NMP 2l 3 51, R FH %5 770 -3F % 5510 2 il
WK FOX-7, IF X 52 i 440 >k FOX-7 I 5, W1 A, 4%
¥ R0 R R AE O B2 U R L 3T S R R AR ) HE 4T
WFoE

2 SLEERSY

21 RKFESER

DMAC NMP B2 FL 4L #] OP-10.Tween 20,41
Mrad , sl A AL T3 A=, FOX-7, P % ftfk
ELS R
2.2 tHFmElE

¥ FOX-7 J5 K42 0.4 g/2.5 mL kb 6 4 5 i F
DMAC . NMP Fll DMAC/NMP IR & (#% 1: 1 (KL I IR
B )V A L R — YR B VR T, 9T 43 5 1) DMAC/
NMP & A % W o A 2% 18 3% P 5 OP-10. Tween 20
2% 50 wl, o3 Ao B BRI WA o TEVKOKR I FE T,
FHRE AR 2.5 mLE R LA 10 o/if (13 29 50 wl) f
JE i ANE AR A 50 mL A b 3 a3 5] - v )
LV R FOX-7 ik . & dhuk v R T 15 8] 98 0K
FOX-7 B AR b o
2.3 MHERIE

K {5 E Carl Zeiss 22 7] ) Ultra-55 #4373 % 4 41
i FL T 0 10 (FE-SEM) X il 48 1 FOX-7 B i 1 TE 53
AT AT, 938 3 Nano measurer H 4 A T 158 FE-SEM
PG v X A i 1 R 8 ROk JBE A A 14T e (G it i
HEE M 200 4> ) 7E 40 kV Fl 40 mA B CuK, (A =
1.540598 A) 48 5 Fl B o 47 S AR PROC AT, 2R JH 75 22
Panalytical 2> &) i X' pert pro % X 5 £& A1 S (XRD)
XF il B9 40 K FOX-7 /9 ¥ Al ik 47 43 5 R 4
Bruker Tensor 27 R £T 7 6 15 40T il £ B9 4 >k FOX-7
1Y 45 K AT ZLA0 3 B 5 R FH 22 1 SDT Q600 AL 443y
X (DSC-TG) X il £ 19 41 K FOX-7 1Y #4 1 f8 i 17 43
B, M 2 F  THE R 10 Kemin™, RS FEM
f8 o5 R It 2 % GJB 5891.22-2006 J7 1, % M #%
TR (0T i 2 2 kg) 4 o 2R A (BFH PEX) i 47
WL FES 2N 10 mg, BRI R ECh 5 0K FE S Y
JBE 482 JR% B ) 4k 2 % GJB 5891.24—2006 J7 ¥, % JH %
JEE $82 )% B A (FSKM 10 L) HEAT I, BE i e 29
8 mg, LM HR 51K .
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it Nano Measurer 3 {4 %F JokL B KobL B 23 A1 47 48
Th, A R E 1R

M1 AT, BB FOX-7 R0 A2 8 Rk (B K Al ik
140 wm) , H ORI IE 55k A K00 f) B R R0 Rtk i £ 23
BRAh A, I ELRE RS & B0 I & A 2R 4 4, X 5 Sk [ 1]
JIT R B 25 R — B, A e i - U R0 A N
K FOX-7 JE 3 Mok B2 5 J5RE FOX-7 #H HL A 38R 25 51
M DMAC % ¥ 45 & 19 FOX-7 W TE 538l 28 BRTE
J2 BT WORLIR | e /NVRE AR A 0.04 wm R AR 2 B3 A S
Bl #£ 0.10~0.40 um, A #2358 1.00 pm 19 KR 1 30
(FE1b) o A NMP 3 W 25 i 19 FOX-7 SO0 I 35k 1
BRI ANz J7 TE Jokr , e /NRLAE S 0.06 pom R AR 3= FE 43
AFE 0.10~0.40 pm, i KPR 3 0.80 pm (&l 1¢) .
il 2 DMAC/NMP R G 570 il % 19 FOX-7 # O E
S R EROE AR ERARTE | i /NRLAR R 0.07 um B4R 3
By A5 FE 0.15~0.35 wm, i K KL $2 3T 0.65 pm
(Fl1d) . 7 DMAC/NMP & A % 577 v s i 26 1 15 1k
F OP-10 1 £ 1Y) FOX-7 B i, FAOUIE 55k 1 BRI A
IR TE , S /D REAR N 0.06 wm, ki AR T B4 A A
0.15~0.35 pm (&l 1e), 5 R 4 i 2% 18 36 P 7 AH e, 3
KL RE AR /N ORLBE A3 A S35 OF B BAF 1 Ay k. TR
Jin 2 1S PE R Tween 20 il £ 19 402K FOX-7 TOWIE 51
S Btk s R Y R 28 BROE ORL (B R /NRL R R
0.04 wm, Fi 18 EE A 7E 0.10~0.40 pm, 5 KGN
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G TR (R AT /D e A A R B
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K FOX-7 KL A2 43 A7 10 Bl B i AR 28, b7 J 4y A B354,
B AT BRIORL B, X 5 7 R 7E FOX-7 4 1 45 fh i 7
I FOX-7 43 F W AH B AE I A7 &7, 24 7E DMAC/
NMP I8 £ 4 50 o 7 i 38 18 35 P 57 OP-10. Tween 20
B, T ) 4 1) 499 oK FOX-7 R0 BE AR /I R BE 43 A 51345
IFELA B0 0 A IOPE o 3R TRy Al S 28 3 T A 7
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Fig.1 FE-SEM images and particle size distribution of RAW FOX-7 and nano-FOX-7 prepared under different conditions
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DMAC/NMP(Tween-20)
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NMP Moo

DMAC A

RAW FOX-7
M
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201(°)
B2 5B FOX-7 AT Z5 8 T il # 19 94K FOX-7 1 XRD 13
Fig.2 XRD patterns of RAW FOX-7 and nano-FOX-7 pre-

pared under different conditions

1 OAFEMTH &K FOX-7 3 Sk KN
Table 1

different conditions

Average grain sizes of nano-FOX-7 prepared under

DMAC/NMP DMAC/NMP
DMAC NMP DMAC/NMP
(OP-10) (Tween 20)

AGS/nm 28.5 22.8 27.0 22.5 24.4

solvent

AR AT, T A8 1 4H oK FOX-7 17 34 ok R
SPH/NT 30 nmy TR AR IR TS MR B9 T L R
JH NMP 2k 55 50 i) e i % 19 448 2K FOX-7 1Y ~F- 245 ki
RoFfc /(22,8 nm) , Kk DMAC/NMP R & ¥ 5
(27.0 nm) o HAEIR A B b a2 w3 v R S =
s L RS — 25 sl )s |, HC s in = TS 4 ) OP-10 il
il 2 1 FOX-7 1 df b ROSF e /N (22.5 nm) |, 53X 5 117 1
FE-SEM & FIRL B2 53 B e 45 21 (1 25 R LA — 3, @it
VRS 3R A i R0 3k AT A P 2 R RS /N T 30 nm Y
4K FOX-7.

3.3 FT-IR&#h

X [F] 25 A7 45 B A8 oK FOX-7 #EAT 205053 H

FLZERL LA 3,

DMAC/NMP(Tween-20)

DMAC/NMP(OP-10)

DMAC/NMP
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wavenumber / cm’

B3 5k FOX-7 MR Z& 1 T il 5 iU 94K FOX-7 9 FT-IR 3%
Fig.3 FT-IR spectra of RAW FOX-7 and nano-FOX-7 pre-

pared under different conditions
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M3 AT LLE R R FOX-7 048 L, 7
3220.00~3406.00 cm™" &k —NH, B 8 A1 19 ff 47 4% 2
g, 1522.80 cm™ 4b S —NH, B AE 1Y 25 ih 3% 3h g |
1638.35 cm™ b —C—C—I¥ k8%, 1395.70 cm™
K 1352.20 cm™ &b 5 —NO, ‘B fiE A 8y 5 Bk A 45 3% 3
I, 1240.83 cm™ 2 1027.54 cm™ &by C—N & 1 fif
PR sh i o i 4% 00 40K FOX-7 (1 21 40 W i i 5 5 )
FOX-7 By £1 A1 W Wi e Je AR Wy &, 3 3% WY ) 45 1 94 ok
FOX-7 73 T 45 I R K R84k .

3.4 TG -DSCH#f

K FH 22 78 F il B Gk (DSC) M 25 (TG) X
F YK FOX-7 My RE SE 47 17038 9 B, 45 2 43
SN E 4 FE S5 B R .
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g exo]
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B4 JFRFOX-7 AR Z A T il # 49K FOX-7 By DSC i 2k
Fig.4 DSC curves of RAW FOX-7 and nano-FOX-7 prepared

under different conditions
120
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5 JFBHFOX-7 RN [R) 2% 04 T il 4 1 94K FOX-7 [ TG i £k
Fig.5 TG curves of RAW FOX-7 and nano-FOX-7 prepared

under different conditions

M 4 w5, JEURE FOX-7 F1RT il 4% (19 40 >k FOX-7
(19 DSC i £ 35 Hh B0 A 43 fife il e | 3 3 ] G 43 Mgt ik
PRI AP B Bei AT o 55— B BRI 43 1 B
Bt(210~250 °C), FE & FOX-7 Y43 T M A 4> 1 18] &
SEAE I BAE LN KAWL A 4B FOX-7 4+ i L A~
G I SR — A 1 4, T UK 435 [ R 348 £ Bt ik
B SURE (0 40 A N 5 5 A By B Ol i IR 40 i B B
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(260~300 °C), EF i F FOX-7 431 ik B 28 1) b 4
FEA L TR FOX-7 (40 b6 o fif W L Ol 223.7 °C,
B AN IR B R 290.4 °C . W TR L 2 R I, R
Ji DMAC .DMAC/NMP % 5 il % () 94 K FOX-7 1943
fife 0 32 5 DR A B R B T TSR FH NMP 355 5 10R
AV R0 S o 2 T I 1 ) B, 43 i O RE R Gk 238 °C,
FE JFURE FOX-7 1 43 fiff e R 42 85 17423 15 °C, X Fp 3
Zen] DU F P Ak 24 SO0 BRSOk A RO L AR
ANCANK) 1 FOX-7 PR 5 258 1 1 0 M T 3, TR O 3
FLAT 30 ) ks B R A PRI ) o TR v i
O3 ik W A5 1 A0 K FOX-7 TR UG T MR 5 T ORI TR
PRI T 4.7,0.1,4.7,4.9,2.5 °C, 3% Al fig & i F ) 5 19
Y1k FOX-7 FUki Rk /N, 2% 1 J5F I o b 461 K K 3
i, 5 R FOX-7 A0 1L, 99Kk FOX-7 B B & i & i
fil, T BOHL o i BB AT, X 5 Z TR A g A0 B
BN 25 2 — B0 . S A0, 5 Dk A1 I o i AR
TR E G (223.7~290.4 °C) M H , 9 K FOX-7 B P4~
O MR A I R A R A A A I LB Y TR X R R ] A
H 4K FOX-7 ELA B 5 19 B8 0 B RI0R o v, i3
G TER OP-10 Fl Tween 20 il 45 B9 40 Kk FOX-7 19
PR A T ER U 3R R BBl e 8, 43 ol 238.6~285.5 °C,
238.8~287.9 °C, iX 7% B S & 1A 395 4 7] o] & 0 40 oK
FOX-7 HA T 4 1 $A R i o 0 2 B IOSS0%

H 115 mT L, TSRk T A5 0 48 oK FOX-7 JoT it 43t
KL BRI AT o b RO R R AE 213 °C
LA UG L TE 293 °CAE A7 58 ML, B MR 0T B 0 R 24 R
91% ;i 2 DMAC il # B FE Bt B 8 2R 7E 220 CA S
UG, 7E 285 CAEAT 58 WL, i i 40 2K R 292 95% 5 i i+
NMP il & 0 FE 5 BT & 1 28 76 225 CA A 6 L 78
293 CHEA M, BTt i R F 29K 93% ;3 &f DMAC/
NMP il & 09 FE 5 BT & R 76 217 CAE L IR L 1
286 C/eAq 58 ML, Jot & 451 2K 24 93% 5 ¥ i OP-10
il 25 B R S B A A AR 227 )CAE A TR L 1 288 °C /2
A e, TR R L R 95% ;5 I il Tween 20 il £ 19
FESRAE 291 °CZE A7 58 UK i 40 2 | ot il 2k R 24 2
93% . X5l 41 DSC it 40 X N .

& 2 R JEORERITT i #% 19 98 K FOX-7 B9 A1k BE %
P, Hod o f# K%t TA Universal Analysis #1443 #7115
o F 20T, AL IR A R AR A 0 i
TN PEF OP-10 . Tween 20 il 4 By 40 K FOX-7 #Y
I 43 fife 0 AH AT JEORE Ay N R T 0.2, 14.9,0.2,
14.9 CHI 14.9 °C, H 7 fift 5% 01 2 &5 T B B o i 5
(1289 J-g™) , I VR A5 VA% 700 VA8 Jon = T 4 4 ) 1 85 1) 4 oK
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FOX-7 73 fif% K& £ w8 5 O W S, G20 it 6 650 JsURHAH L
IR T 4.97% ,4.65% , 3% 3% W VR in 2 181 M 7 ]
# RN K FOX-7 KA oA B g ¥ 50, LR 1 B 280K
B, I HLEA B ) O A

&2 OB FOX-7 BN [l A6 A T il 4 1 44 K FOX-7 - Xy kr
BV & Tz

Table 2 Average grain sizes and thermal properties of RAW
FOX-7 and nano-FOX-7 prepared under different conditions

preparation conditions AGS/nm T,/°C T,/°C AH/J-g"
RAW FOX-7 - 223.7 290.4 1289
DMAC 28.5 2239 285.7 1304
NMP 22.8 238.6 290.3 1319
DMAC/NMP 27.0 2239 285.7 1324
DMAC/NMP(OP-10) 22.5 238.6 285.5 1353
DMAC/NMP(Tween 20) 24.4 238.6 287.9 1349

Note: T, is the first exothermic peak, T, is the second exothermic peak, AH

is the enthalpy of decomposition.

3.5 RESH

3 ) R FH T v e 4 o JR 00 34 T JAE R
A XS OB FOX-7 B AN [\ 45 14 8 BT il 4% 19 40 oK
FOX-7 Iy i o BB | JBE 488 B B ik A7 7 3 Aoy #r . I
R NE3,

F3 B FOX-7 BT Z 40 F il £ 14 94 Kk FOX-7 11 fi i Jak

JE 5 P AR IR
Table3 Impact sensitivities and friction sensitivities of RAW

FOX-7 and nano-FOX-7 prepared under different conditions

. » impact friction
preparation conditions . o
sensitivity /) sensitivity / N
RAW FOX-7 =20 216
DMAC >20 252
DMAC/NMP(OP-10) >20 360
DMAC/NMP(Tween 20) =20 324

M3 LLAE W, 5 R LG, T A 1 g0 oK
FOX-7 45 ol Ja% B A1, T 8 488 J8 32 DU) ROt oo 2

T HELE 5z = A0 (100 ecm) V% T B, J5R FOX-7 A 2>
S, BT LA LA o R 23T 20, 38 A i R -
VAV I T A5 B A0 K FOX-7 78 I S5 1 T 3 K & 2B 4y
i, W o B KT 20 ). BRORE FOX-7 BE SRR
216 N, ifif B il 4 19 40 >k FOX-7 JBE 8 R B ¥ A7 — 58 Fe
BE R R B, v iR A U R I 3R T M R OP-10,
Tween 20 ffill £ (R i B2 48 8% 3E T B de o B B o AH AR
F R, H B TR T 66.7% 1 50% . 1 Hox — M4
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MR, W R AR M IR, 2R JR 6L, B A, BRI AE

(9 2 2 A) REJE i T 2 JEURE FOX-7 S50 A ALEE 0t
LR R b A JORE [ 478 18] BE L 76 32 2 A8 7 B )
P P s 225 2 A UL N Jg 8 DX 380 A R R B, K
Az BB T A A K, DT S B0 IR R A 7 5 i ek
VA AR 5 700 1 2% 1 8K FOX-7 S5 R 85 kg #L3E  J0kE
JESE /N A 52 B AN 7 8 RS T kAN 5 5 A8 Jm B 1X
B R TR R AR . XA B G b T DL i
ARG AT UL, A DMAC 25 i i 1 FOX-7 727
— SO ORIURE , T R A V¢ 7 45 0 2 THT 9% 1 790 45t 114 Y
FOX-7 WURL RS WS AZ /N L B2 73 A 585 50, DR IHg R 42
SRR T R W R T AN DMAC 45 & i (9 449k FOX-7
JEE IR T AR AN

4 4

(1) 2R B - AR B RNE ZEAS [ S5 400 s B il 45 1
YUK FOX-7 . 70l #8 1b F vh 5 700 K 3 T 3% 2 750 %) Jor
il £ 48K FOX-7 Y MERE B AT F 252 . il 45 i 40
K FOX-7 fb B R SF ¥/ F 30 nm, & 43 0ks RsF/hF
100 nm. ¥ 0 2 36 570 G B T BE K48 K FOX-7 1)
s R ST B ORE RUST 1 8 9 il A JBE 43 A1 1 81 50 Pk | el
L FE Ao

(2) # a3 B 45 LR WY . ] 45 19 40 Kk FOX-7 %) i
O3 il TRV B AT — o R B b G e I IR 43 7
PR 2 0] U B2 S AR BE JRORE S A8 L ORI A T AT Y
PR E M L RE R RO N ks . MR
DMAC/NMP & & % 7 % Jn 2= 1 3% 58 OP-10 1
Tween 20 i, ¥ & ] 16 53 f i B2 35 %) 238°C, 5 7 8}
AHEC R R TR 15 Cs RS R R T 4.97%,
4.65%.,

(3) 5 JFUREAA He , T i 45 0 49 K FOX-7 48 7 JE B
JEE AR R BE A — e AR AR, 24 SR AR & W R s i =%
I 7% £ 771 OP-10 1 Tween 20 i, H: B8 8 & 43 51 F
B 1 66.7%,50.0% . =K HITE G % 5770 U n = 1w 37 4 57
OP-10 i % 94 K FOX-7 , PE g e

5% 30k :
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Preparation of Nano-FOX-7 by Solvent-non-solvent Method and Its Properties

Ql Dong-liang', LUO Qing-ping', CUl Peng-teng’, LI Zhao-qian', DUAN Xiao-hui', PEI Chong-hua'

(1. State Key Laboratory of Environment-friendly Energy Materials , Southwest University of Science and Technology, Mianyang 621010, China; 2. Xi'an
Modern Chemistry Research Institute, Xi"an 710065, China)

Abstract: Nano-1,1-diamino-2,2-dinitroethylene(FOX-7) was prepared by the solvent-non-solvent method using N, N-dimethyl-
acetamide (DMAC) , N-methylpyrrolidone (NMP) and a mixture of the two as solvents. The morphology, phase, structure and
thermal performances of the prepared nano-FOX-7 were characterized by field emission scanning electron microscope
(FE-SEM), X-ray diffraction(XRD), Fourier transform infrared spectroscopy(FT-IR), differential scanning calorimetry(DSC) and
thermogravimetric analysis(TG) method and its sensitivities were tested. On this basis, the effects of solvents and surfactants on
the performances of nano-FOX-7 were investigated. The results show that the average grain size of the prepared nano-FOX-7 is
less than 30 nm. The addition of surfactant is helpful to reduce the grain size and particle size of the prepared nano-FOX-7, en-
hance its uniformity of particle size distribution and improve its dispersity. Compared with the raw material, the initial decompo-
sition temperatures of the prepared nano-FOX-7 increase, the temperature ranges between their two decomposition exothermic
peaks become narrow, their energy release efficiency and decomposition enthalpy greatly increase and the impact and friction
sensitivities significantly reduce. When using the mixed solvents and adding the surfactants OP-10 and Tween 20, the initial de-
composition temperatures of the prepared nano-FOX-7 increase nearly by 15 °C, the enthalpies of decomposition increase by
4.97% and 4.65% respectively. And the friction sensitivities decrease by 66.7% and 50.0% respectively.

Key words: solvent-non-solvent method; nano-1, 1-diamino-2, 2-dinitroethylene (FOX-7) ; preparation; thermal performances;
sensitivity
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