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Chinese Journal of Energetic Materials, Vol.33, No.9, 2025 (961-980)

Sttt

www.energetic-materials.org.cn



KB} 2 5 B AE 3 RE A RHBIE 58 84 1

969

22 HHBRREAHR

PBX 24 M 7E FE %6 R il B R R Tad FE v,
B A A AR Y 55 RN 1 AR At SRR
e W BR AN T3 2% o 33X BN T S AN AR R B0 A 1 T
TEE R, 025 5 A0 BRATLAR A8 Aar 8 G VR T, 51 A AUk e
ZLCRLAE>200 wm B W R ABE 52 19 0 47 % ) | 5L 100
(R4 GEE T EE 0.8 kJ-mol™) kG 45 F 2 4 JF 24
(B R 235 0.15 mm-s™) & & 1R 3 45 4 =
S B R S AR R K 35% . & SR T B i I
Z PO W 2 A TR MR LA T R
AE 2 3 TR B2 35 50 mm , {5 32 GO0 L B (FL B % >2% B
7T AR 25 3K 8% ) FiI i S EC S e 0 R R R PR AR
+20 MPa f 9 ; X 5 L A7 5 1 58 T A h i Jr A8 AT 5K
M +£5 MPa (= K BE R AE B ZFE WL 10~35 wm,
e LLARTHE 142 07 7 43 A R AE 2R AR AR T BN & S TATB 2
PBX i1 2 4 i 77 (3.2 MPa) # H1 .0 X 45 (1.8 MPa) &
7 8% YRR ERHE , A Ok e e s RURE 1 ) A% s ML)

AT 5 R B SR N R R T R KR,
] R ) BRI 9T 5 T R B T g 0 A R e, A ]
TG R (6 mm TR B I3 <15%) Fl syl i 5o it
Db B4 (B 5 0 2 I 7] 45 45 2 30 040, S T 1 MPa gk
JE =20 S A 8 LR R 5 R SR, &
PR TATB 4 (002) 5 T8 78 29°07 5 F 1Y & A% B AR 5 4b

FIURE g 5 2P0 1Y (R?=0.96) , 153245 (#4120 10F
XM YR SR 140 MPalih , TATB &K (002) I Bt
I 4 T BE 4R 5 & 82% , JT 4 At B AH B A T 45% , 3 U
TS5 R AE 120 CCHE RS A A2 T 5 44 5 HE (St
GEARERINE 1.2 K)-mol™) . 53EE LANL L5 2= Y
XF FEBIE ST s RS TATB RS A 78 BV 34 v ks i ik 3
B (a=2.3x107/K) 5 & il £ i (a=1.7%107/K) f&
35% , WESE T R T 2% 8 A I ) i PR A L (181 7)

i FRUJEE 7 3 3 AR ASE A 1) 3 ST A 2 G T R AR 17
WO . PSS 5 b AT B R B
S 50 B E (0.8 MPa) 5 A WL A% R AR R AR
(0.75 MPa) = FEWI 4, B IE 17" S 0 B L B 3% 18 - 7
LT 24 i 5 45 AR B AR . oy T B T 2 R R
TATB JZ 8] A2 /E FHAE (0.25eV/A?) 78 JE I 11 F 44k
b S T A BE (R AL AR K 68% ) , 13X M TR 1 #E 1K
BOPBX $EHE T HLS MK . MW HAC LA T LS
B - b b LA - WL B Y A OGR4 A0 R R s )
HEIm 50 MPa, (002) [ ) £ 43 A 2F 85 5 8/ 120, %F
N R T 3.2% . ZWESE N TATB 3R & W HE 25 1
PR T AR AL T 28R 38 e 48 5
23 MEMBETHEAESEDE

B RE MR G 25 F (R AT GPa R AT K)
NI R A A AR AR AR A RO RS SR

30
25 L2 |-10 1p2
.20 /
< s — 05
£ NS
3 10 -30 0 j '; IT| YT
05
0.0 10
9 \ XT
() (€ ‘ . 600
400~ 400 4000 —s— dmmx4mmx8mm
o 20 —=— 2mmx2mmx4mm | 500
s O 300 3000
< 200 . z 400
‘s 400 % 200 § 2000 data of 10mmx10mm sample g
@ 600 g E / in compression test 3003
£ 800 £ 1000 | =
5 -1000 100F
1200 o1
1400 ok
1600 i ;
0 2 4 6 8 10 12 68 70 72 74 76 78 80 82 84 2 4 6 8 10 12
points 261(°) depth/ mm
7 (a) SRS 45 o 28k /30 48 5 30 ok A v Ay g g - AR R 5 (b ) v —F A S U B S 38 5 (o) D Ao e 440 o 280 /960 26 52 3 o R v ) v 1 A7 A3

7 7RG I Y SRS AR 45 SR 5 (d) 300 sHFEUSE R REEAFUN 4 mmx4 mmx8 mm I A ] 28 38 R B A RT 55 5 5 (e) AN R R EEIR LT
T S 0% 38 it T SR B A 7 Ak A o0
Fig.7

tice strain results of neutron diffraction stress test in in-situ compression loading /unloading test process; (d) Diffraction intensi-

(a) Stress-strain curves in in-situ compression loading /unloading test process; (b) Neutron diffraction depth test; (c¢) Lat-

ties of different diffraction penetration depth at the sampling volume of 4 mmX4 mmx8 mm under the condition of 300 s count-

ing; (e) The change situation of diffraction intensity with diffraction depth under different sampling volume'®~"’
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sparse dictionary learning methods (The left one shows the

Results of progress in CXDI reconstruction through

raw Gabor holograms of the PETN samples with an 80 wm
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pm void. (c) shows the shocked image. The right column
shows the phase retrieved images of the static (b) and
shocked images (d), where brightness is the amplitude of the
wave (proportional to transmission) and the color is the

phase delay of the wave™”)
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Fig. 21

direction (top) and parallel to the current direction (bottom)

Flyer images acquired perpendicular to the current

at 153.4 ns intervals using 80 ps X-ray pulses'®’
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Fig.22 Interior shock wave characteristics of slapper impact
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Fig.23 Imaging of the flyer inside (a)plastic barrel, (b)plastic

barrel and (c)Al alloy barrel captured at various intervals®”
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Diffraction line of denonation product

(a) Flat and (b) stereographic projection images for the XRD of detonated HNS from CAEP"*"’
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Application of Large Scientific Devices in the Research of Energetic Materials

HUANG Hui', TIAN Jun-jun’
(1. China Academy of Engineering Physics, Mianyang 621999, China; 2. Institute of Chemical Materials, CAEP, Mianyang 621999, China)

Abstract: The research on the multi-scale structure and stimulation dynamic response mechanism of energetic materials has ex-
perimental diagnosis problems due to their heterogeneous characteristics and cross-spatiotemporal evolution, which restricts the
in-depth scientific understanding of their safety and energy release characteristics. Large scientific devices represented by neutron
sources, synchrotron radiation sources and large-scale lasers provide key means to solve the above problems by virtue of deep
penetration, extreme loading conditions and high spatiotemporal resolution. The research progress of large scientific devices at
home and abroad was reviewed in respect of the multi-scale microstructure, grain residual stress, impact loading physical prop-
erties, mesostructure evolution, detonation reaction characteristics, and etc. of energetic materials. The neutron scattering tech-
nology has realized the non-destructive quantitative characterization of the micro-nano structure and residual stress in the interior
of explosives through its deep penetration characteristics and light element sensitivity. High-brilliance X-ray phase contrast imag-
ing and dynamic X-ray diffraction technology revealed the dynamic evolution process of defects under shock loading with
sub-micron resolution, and captured the detonation wave front structure and the dynamic characteristic of nano-carbon products
in situ. By combining high-intensity laser loading with ultrafast spectroscopy technology, the Hugoniot data under high pressure
and initiation reaction mechanism of explosives were obtained. In the future, it is necessary to develop multi-field coupled load-
ing diagnosis platforms, to further improve the spatiotemporal resolutions of the devices, and to penetrate the data fusion analy-
sis of multiple devices, which provide technical support for the understanding of dynamic-static safety and reaction characteris-
tics of explosives, and for the structural design and performance improvement of explosives.
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