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Preparation of FOX-7 Nanosheets via PVP Induced Crystallization

LIN Jia, LUO Qing-ping, YIN Ting, CAO Zhi-hong, WU Bo, DUAN Xiao-hui
(State Key Laboratory of Environment-friendly Energy Materials. Southwest University of Science and

Technology, Mianyang Sichuan 621010, China)

Abstract: In order to obtain a layered structure of 1, 1-diamino-2, 2-dinitroethylene (FOX-7), the FOX-7 nanosheets were
prepared by using polyvinylpyrrolidone (PVP) as crystallization inducer via a solvent-nonsolvent method. The morphology,
crystal structure, and thermal properties were characterized by scanning electron microscopy (SEM) , X-ray diffraction (XRD) ,
and differential scanning calorimetry (DSC), and the mechanical sensitivities were also tested. Results show that under the in-
duction of PVP with different mass fractions, the crystallization of FOX-7 molecule grows towards layered stacking direction
and recrystallizes into sheet-like crystals with different lateral sizes and thicknesses. When the mass fraction of PVP is 1.5% ,
the prepared crystals exhibit the largest lateral size. When the mass fraction of PVP is 3% , the thickness of crystals is between
200-—300nm. The adsorption of PVP on FOX-7 crystals and the formation of hydrogen bonds between FOX-7 and PVP have a
significant impact on the formation of FOX-7 nanosheets. The apparent decomposition enthalpy of the FOX-7 nanosheets gradu-
ally increases with the increasing of PVP content, and its thermal decomposition temperature range is narrower than that of the
raw material, resulting in improved heat release efficiency. Compared with the raw material, the friction sensitivity of the pre-
pared FOX-7 nanosheets significantly decreases, the desensitivity from slip effect of sheet-like FOX-7 crystals is obvious. When
the mass fraction of PVP is 1.5% . the layered FOX-7 particles are perfect, with the lowest friction sensitivity of 288 N.

Keywords: physical chemistry; PVP; FOX-7; induced crystallization; nanosheets; sensitivity; surface active agent

Y78 B #A : 2025-07-09; f& 2 A #:2025-11-13

EEWMAB - HKARB =G EITH (No. 22075230)

EE BN AREC999 —) Lo WL WF5E A4 . E-mail: 1135354960@qq. com

BEEE -ZRFE1974—), 5 48+, Bl Z#Z ., E-mail: luogingping@ swust. edu. cn

SRR MRAE . KT FHI 45 PVP i 545 bl 4 FOX-7 4K 1[0 J Kk 252 41 1202649 1) :36-44.

LIN Jia, LUO Qing-ping. YIN Ting, et al.Preparation of FOX-7 Nanosheets via PVP Induced Crystallization[ ) ]. Chinese Journal of Explosives & Propellants
(Huozhayao Xuebao) ,2026,49(1) :38-44.



FA9EF1H

MR FEE.PVPH S4B H & FOX-7 49 % K 39

51 &

TTREM B — 28 A A AR R R T B A A AL
FIFNRTHAY) B ST AT Ak 27 S I i L BE A Ak
BUEIR G Y 2 ZE IV 2 L K 58 25 R K HE 2 R
e 7y 1) S B AL R At . R T B R KO R 4
REZ 0] () 7 JE S I A R R G R Z —.

FE 20 10 1 M 8 R BE RN 5 ooy T 25 A
K38 55 HE 2 f AR 1) ) B M BB ORLBE ORLBE 43 A1 .
TRIE 1 BUE X ) m UM . 2R HEL,
w1 1-E -2, 2- RS A O (FOX-7) , =3 2 =
i HEOR (TATB) \2,6- 5 JE-3, 5- fi L b - 1-40 1k
Y1 (LLM-105) & — 28 V- T A AILKVE 245 73 3 i &5
- HEBR A5 73 - (A4 ] 0 08 LRy H AT J2 R AR
SRR S REMR . MAEZY BA o HEBUE U 2 IR 45
P BT DL By A< B 1) )2 1R 45 4 3 2o )22 9] 9 4% R %
TCKEZY 1 B 5 40 25 7 Hh 584 1 B R 520
Cui 27 38 o 75 7 -E 7 770 1k il 45 T RDX A9 Bk B
JR SR e BRAZ 2 5 A8 R T S R T e R B
i, LG IR RDX A 8 o o 32 10 1 JBE 458 Jk 32 10 (L )
WHREE T 33.3%.16.7% . {HHEA = HE UM A 4
2, SEBR A 3T 0 KEB A AR J2 AR 45 R 1 K 24
PRS0 AR HE I FF 2 A 24 1) )2 ) Vi % 3 L0 A SR
PUE, WF 52 B o HERRURE PR 19 1 25 1 J2 R 5 ) 1 1T
3 A R 0 245 7 e R G2 D AR BRI R A

FOX-7 J&—Fh HA BB = HE BS54 R v 10 4
2, HRE R 5 RDX A 24 . 290 HMX 1) 85% ~95% »
HE 5 TNT.RDX 2510 2 MR M 2 e 40 B
R 1 FH I 5. LG, AR 2 A0F 98 AR & &) FOX-7
YEZG R Y BEVE BEUEAT T Btk . Huang %85 i) F 8§ 25
BF TR 5 T FOX-7 4K i = 4k M A% 254 . &
L FOX-7 K& 45 1 1) 7 5 R0 A% 0l /DN 2 52 3505 45 i
TELRE TG, o0 M R . AR R RS o v -
AR FNE T 2 T 9Kk FOX-7 JUkL, &k L4 K FOX-7
1) B F TR TS A3 S ik K A e R i vy i i J
L5 R R, USRSk AR IR
Sk T K FOX-7, & B FOX-7 94 KAk A Bl
T AR B R B Y . X S ) Bl AR 2
i LA A B IBTE L BRTE L A6 R Btk 254 )
FESH FOX-7 KE 25 ki, B AR X B8 fiff 58 X FOX-7
PERERY A IS T — & M RCR  HXT FOX-7 2R 45
P AIF 5% 45 2, S48 P I 20 5 ok 5 RE VR Jin 771 1) 45
i il A T FOX-7 40K i B 413 2544 o R I R 0
FRBE AT — 2 T . B UL, BF5E FOX-7 2R

S5 R 1 1 1 0 R AT R GEVR A 6 A KA
240 0 LR AR TR AR B A5 8 24 T T A L R

Y02 AT LV TR Fp A5 AR I EAE R T 3
PEREZAR 2 IR 2% A 0] il J3E L =6 T 5 1 1) 26D 32
Wi o T 22 TR 35 P4 ) DR ) o 8 42 0 2 18 el AT 0 5
s T A KT B2 T SR L0 i i b T
(PVP) J& — B H A I8 57t ¥ i 1k BE B A= Wy Al 2 1k W)
I S 7K S P (/N ) — 2 R PR . AR A
PERP R OB AR R ARG A R
FE 25 LLM-105 T2 Rk @ 45 07 11 BUAT T 80 19 2
Ao PRI AR BT 5T R R T 1R 77 PVP Sk 9 #55 FOX-
7 TEAT HLIE 0 ) 45 R TR B R0 T AR IS X
HASRAEREREAT T AT

1 £ 5§

1.1 #et5NE

T 1-Z 3 -2, 2- i 3 £ 0 (FOX-7) , P9 42 ik
A=W 5E T 5 5 04 Nk 1 %ot 1 (PVP k30, AR 25 ,
N N- - FT 3 T 5 Jiie (DM, AR 2%) o BHB 17 R e 1k 2%
a4 BR 2

MAIA3LMU Y &5 4% 7T A8 B 25 37 & 5 45 41 v 45
TESCAN Brno. s. r. o (¥ 55) /A 7] s X pert pro % X 5} &
A K AT B, fip 2% Pannlytical 23 7 5 JupiterSTA449C
T[] 25 443 B A%, 48 [ Netzsch 23 7] 5 BAM JE I 1] 3
AR s 6 [ 2% it 28 BB (b 50O B A BR 2 A .
1.2 HRE&E

PRI 0. 5g FOX-7 ¥ fig 76 5mL DMF ¥ %1 1 L JF
RCELA — 2 VR BE T TR T4 BR PVP g FOX-7 B JiT
B 0.5% .1.0% .1.5% .3 % B BC b4 51 i) H o
I 115 PEFR] PVPYS L A8 25°C 1 K T8 4R P B
Thy, I8 75 fi 2 08 35 AH 7 TR PR 3R 4R )5 1
T ST R TR A VS DR A S 3 Al v R R K (L
HR GAEER B ARBEL N 110, i FOX-7 &
Wb b o A L RSO AE R T  EAT ORL T
UE B AR UR T S5 4R A8 FOX-7 #E S . 1R Xt e,
TR0 2 1 35 R ) PVP Y 2 R AR A A AR
il
1.3 fEagmik

JIr ] 45 1 FOX-7 &5 S A% di 19 2 35 iy 494l vl 1
WAUEE HEAT RAE, RS 10kV, AR 1.95 X
1077 Pa; ¥y AH HY X 5 2 A7 56 A0k A7 D0 3o D 2% A
i : Cu-Ka (A = 1. 540598 A) , Il i By JE 40KV, HL i
40mA, I 3°~80"; B AR Hy 7] 26 $4 43 # {02



40 K HF R

EECE S A

A3, s A% R IR B 25 ~ 500°C L TR R
TOK/min, Ar 40 B MURE it Dy 0. 7 mgs i
JRRE BRI L 4 i BFH 12 J5 3 i FSKM 10 J5 12
HEAT IR Bk e o Smg, DLIESE 6 1K
32 H4) A B KR B 0 i 1t 5 R 4 T AR Oy 4R o U
PRI .

2 #R5iTR

2.1 EHRHW

AL SEM X JURE FOX-7 Jok FAS [F] & & PVP
Y55 FOX-7 &5 &t It il 46 B #F & 64798 50 40 A 45
W T R .

(e) 1.5% PVP A
1 E#FOX-7 SRRAEEPVP BFELERFTHEMN
FOX-7 ¥ fm iy SEM E
Fig. T SEM images of raw FOX-7 and FOX-7 samples prepared by

inducing crystallization with different contents of PVP

ML T AL JE0RE FOX-7 g B AR AN HL I A etk
UKL T AT D B LB BORL RO 7 3~20 pm Z 1]
— S SGURL N ThT [ 249 T L R V2 S AR 5 R S 0 2 T
E VAR PVP 25 & B ] 45 1) FOX-7 BER 20y 3~
10 oo PR T HEPR BORE 35 17 ' 9« UKL MU 17 A5 %52 W
R EHERRAR B0 T ES I PVP A7 S 45 T A
() FOX-7 Bt dh B9 JE 55 J50ORE FOX-7 Je =8 B %) A
A BRI A 8005 &> 80 0.5 % Ky PVP
I BT 25 19 FOX-7 A il Dy 1< L 9 BE A [R] 19 7 )2 e
TR R ITAEARE . il W B M ERR G R R S R

22 [] 1 4 B 0 s R 43 o A TR R] DAOULZR B R 2 1Y
JERELY 1~2 pm , Jy 2 ARBORL b AT D A A R 5
SBT3 HCh 1.0% 1 PVP I, fir il £ 19 FOX-7
FE O 2R W A R IR OB RO AR B R
ASEEGL L /NBURLE ] RS 0.5 ~2 pm, KAORL 4~
12 pm o /NFUREA 1Y A SR TE — 2 A 1 23 B KAW0RL
ST JFE P AE 200~700 nm 2 ], JURE 2 11 I 2 Al
W A R IR s X S N BT i AR B 1.5 % 1Y PVP I,
STl 25 B FOX-7 A b hy 3% 181 6 1 19 75 T8 [ R
B RN S) B RSE 29 15~ 30 um , JE B 24 4
350~700nm 2 [A] ; 24 %S 00 5T & 4 B0 3% 1 PVP
BF T 28 1 FOX-7 FE A5 o 7 RO, | )2 V88 B
297 200~ 300 nm, {H AR [a] K| 28 A0 85 R RO R
BIGE .

FH O T AL 2 0 TS M A PVP A S i B L )
O FOX-7 HE 25 1 45 B 3 SO0k R~ B B %
SN, PVP IS AT FOX-7 45 i JE L4 oK F IR i
AL 3K S T PVP RS A K BE 45 F X FOX-7 iy 14 11
B2 T A K AR E ] 1 B B DA ) FOX-7 At
s TR A A A D e 0 2 e — 5 0 TR 1) A
K T8 ) Btk iy FOX-7., Bl PVP & i3 .
JIE il #5 1 FOX-7 402K 7 9 A 1) RO 3B i A8 KL 3R )5
FEAR. 4 PVP Y J5T & 43 800 1. 5% B, FOX-7 45 &
AR BT 2 MRCR e BT ifil 4 19 FOX-7 4k F
A ) RS S K
2.2 S5

i XRD X%t J5okE FOX-7 K i fin A [\] & & PVP
545 i i i 4 19 FOX-7 A% i 347 W) A AN 45 44 43
Br. g5 A& 2 s

t & 2 A g, BB FOX-7 (5 XRD & 3 25 &
a-FOX-7#5 i PDF & A (PDF # 97-019-4532) , i iUk}
FOX-7 N o fm B, H = 5R 0§ 73 B2 T 20 = 26. 81",
27.94° 31.12°kk . X I o-FOX-7 f47¢0 2 0),(0 2 1),(0
2 2)FhTE . JEE PVP i S 45 5 T A5 i FOX-7 B
X 5 207 S e or B 5 J5ORE FOX-7 [ A7 S e e A
— BRI AR AT A o-FOX-7 o {H — SE 477 55f
U B R BE R A T R KRB A, Bl PVP B i A3
B il 4 FOX-7 RE 5L (10 1) T % B A7 & (20 =
T4.85%) [ A7 S5 W i B B S 188 o 1T 2% & 1T S5 4 1 )2
PR HE AR YA 56 5 [R) B (0 2 0) (O 2 1) &, 1o X
V7 B A S 5 B2 O 55 O A B A SE AL B4 L i R W)
PVP (TR INEC A T FOX-7 145 fb 35 3 o 1 o {1 45 9%
WA SRR AR T A B T8 502 0k HE R 45
A e A 7RG 5 R B, — At 2 i TR
59 S EHEAEG S B o T 245 0.



FA9EF1H

M. F KT F &, % PVPIF B 4 Hl 4 FOX-7 4k K 41

_______________

A m—mm—— - — =

o

3.0% PVP
1.5% PVP

1.0% PVP

3 /\
B _0.5%PVP| ' AL A
= I
__none PVP é A | \
z /\ /I 1\
e/ o~/ \
raw FOX-7 /\ /

PlDF#97J-OI 7—4?32

1 1

1 1

1 ' 1 i

1 1 :r. |':

' ' T T

1 ! H (HE

1 1 0 1

1 - M ,“I

' 13 H ik

x 1 & HHh——i

'S P T il

[y [N h '

V= . V2 i, 1

1 2 N\ 1 2 T 1L
o \ c M

- "o 0;' il

'E - \\f —{! e ! i

1= \ (= 1 |

' 2\ il B |

=N it

i
: : 1\: |!|l
Ly L inlu

1 . 1 v =

: — = .10 - 20 20

i 5.0 i 10 20 30

.
! 268/degree 1 -
L fdeg -

TP~

26/degree T T ~o _ 26/degree

50 0 70
Y GU U

2 JERFOX-7 MABEEPVP HERERATH &K FOX-7 HMmH XRD B R EMAE
Fig.2 XRD patterns and enlarged images of raw FOX-7 and FOX-7 prepared by inducing
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Table 1 Thermal performance parameters of raw FOX-7 and FOX-7
prepared by inducing crystallization with different contents of PVP
preparation conditions T, /C T,/C  AH/J-g»
raw FOX-7 232.5 291.1 1144
none PVP 228.2 294.8 1154
0.5% PVP 228.3 290.2 1165
1.0% PVP 232.3 289.2 1191
1.5% PVP 233.2 288.6 1212
3.0% PVP 241.8 278.8 1253
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Table 2 Mechanical sensitivities of raw FOX-7 and FOX-7 prepared

by inducing crystallization with different contents of PVP

preparation conditions friction sensitivity/N impact sensitivity/)

raw FOX-7 212 =>60
none PVP 192 =>60
0.5% PVP 216 =60
1.0% PVP 248 =60
1.5% PVP 288 =60
3.0% PVP 280 =60
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Fig.4 Schematic diagram of the growth process of FOX-7 nanosheets through inducing crystallization of PVP
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