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Preparation and Narrow Pulse Performance of Micro-nano CL-20
SHI Song-chao, LI Min-jie, LI Wen-qing, YE Bao-yun, AN Chong-wei, WANG Jing-yu
(School of Environmental and Safety Engineering, North University of China, Taiyuan, 030051)

Abstract: Aims to develop an explosive foil initiator charge with narrow-pulse sensitivity and hign safety , nanoscale CL-20
(Dso = 157.55 nm) was prepared via mechanical ball milling, and its chemical structure, thermal properties, mechanical sensitivity,
and energy release characteristics under narrow pulse loading were systematically investigated. SEM, XRD, and FT-IR
characterization reveal that nanoscale CL-20 exhibits a spherical morphology with a normal particle size distribution. After
mechanical ball milling, CL-20 retains its e-crystal form, with no alteration in its chemical structure. Thermal analysis indicates
that the thermal decomposition peak of nanoscale CL-20 occurs 7.04°C earlier than that of raw CL-20. Additionally, its apparent
activation energy decreases by 14.66 kJ - mol, suggesting enhanced reactivity. Mechanical sensitivity analysis demonstrates that,
compared with raw CL-20, nanoscale CL-20 exhibits an increase of 0.8 J in critical impact energy and 24 N in critical friction
force, significantly enhancing its mechanical safety. Narrow pulse sensitivity analysis indicates that the detonation energy of
nano-CL-20 is 0.039 8 J lower than that of raw CL-20, reflecting improved safety under narrow pulse conditions.
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Fig.1 SEM images of raw and nano CL-20
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Fig.2 Particle size distribution of raw and nano CL-20
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Fig.3 XRD and FT-IR spectra of raw and nano CL-20
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Fig.5 TG diagram of raw and nano CL-20
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Fig.6 Mechanical sensitivity diagram of raw and nano CL-20
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Fig.7 Narrow pulse sensitivity diagram of raw and nano CL-20

MERZE R SR, R CL-20 7S fkie i ey
1.21 kV, 4K CL-20 78k npek s =8 1.05kV.

W (2) , AR CL-20 7 pkmri At
W= %czﬂ (2)

K (2) Hr: wohZERk iR RE i
DR HLES s U 7 ki i T

TR, OB CL-20 7S Bk it it AE B>
0.16101J, gk CL-20 7 Pk nfitaER "N 0.121 2
Jo BT IER CL-20, 49K CL-20 BY7E Bk kgt ie
WK T 24.72% X —IG ] LUHET40K CL-20
LA BRI . B, SRR CL-20 AL, 90K
CL-20 EAH/INFPRIAR . ST ST RE 43 A1 L SR 1y
) =TT AV €Y =T R a8 ey P23 o 11110
1o ) R TR S N R AR SRR E T CL-20 BB AL
WAL S N R BT, AITTINER TR i iR
R BEAR, 9K CL-20 BRMTEILRE thifas T H%
P, R T AR KR

TEAATR IS, HNS-IVAGZE ik it g
JER 120 kV, ZFEPknpiZigaERE R 0.158 4 181, &5
HNS-IVAFE, J5URE CL-20 (978 ik i g RE Hk s T
HNS-IV, 442K CL-20 B ki RE 2 Il T- HNS-IV,
FHIYGPK CL-20 AYZE ks = HNS-IV,

C (022nF)

3 45

(1) RATHUMERE 6 25 R 90K CL-20 9Tk,
HICAEIIRIE | RS A BAE E A3 AT AT,
AN CL-20 ffk2 A4 R 5

(2) $PEREMIAZEI, 40k CL-20 (IGfLAELL
JERE CL-20 11§ 14.66 kI - mol!, FHIAK CL-20 $4
AT B R o AEATUBRIERBE I A 1T, 402K CL-20 il
S Re A Im SRR ) 53 3 Fe Rk CL-20 4871 1
0.8J F124 N, MU etEI] Begs .

(3) ZERKREENRY], 9K CL-20 Ik
PR BRI FLJFURE CL-20 BEAIR T 0.039 8 T, 78 fikigk
FEW RS, FEAFEINEZEIT , 995K CL-20 B97%ERk
RS R T HNS-IV.,

ZE L RTIR, EHURERES L H & 4K CL-20



112

AR . Ak CL-20 (T4 S 28 Dk ik REBIF 9T

2025 455 5 1

TEPRAF I A AT RE BRI, B HE B R R S G |

BETETHIH UL PR R o, A EAR AT
AR O SR T TR Sy

P

]

(10]

FISER, VR, i, 5. EAIRET s K AR
FEHEIE[T]. TREAPEL 2022, 30(4): 396-411.

HvitE, I, W, & SETRERPE MRS EA A
di R EHORIPRN 2 SRR R G 51 KRB
TET 4R, 2020, 41(S2): 102-110.

V)

Xue P, Xiong P, Hu H, et al. Integration of the exploding foil
initiator with capacitor discharge unit and its performance
characterization[J]. Measurement, Part C,2025(242): 116 069.
TR KRR, B, A5 LT MCT SERdsPReny i s
VeI R GBS O PERERTFE[JOL]. K 1. link.
cnki.net/urlid/61.1179.t1.20250319.002.

Gouzman I, Grossman E, Verker R, et al. Advances in
polyimide-based materials for space applications[J]. Advanced
Materials, 2019, 31(18): 1 807 738.

Jl, AEPY, BRE, AR PTG SRR IR
WHFE]. KL, 2011(5): 33-35.

XL, ARG, X022, A5 LTy bl AR o AR
FPSBARBIFEREIELT). S RERPEL, 2023, 31(6): 606-634.
FHG, RARLL, KA, S s HNS RLEEG ek ol
JEBEIIESIRL]. K T 5, 2011(4): 29-31.

HanR S, LuF P, Zhang F, et al. Thermal and ignition properties of
hexanitrostilbene (HNS) microspheres prepared by droplet
microfluidics[J]. Defence Technology, 2023, 25: 166-173.

Simpson R L, Urtiew P A, Omellas D L, et al. CL-20

performance exceeds that of HMX and its sensitivity is

(19]

moderate[J]. Propellants, Explosives, Pyrotechnics, 1997, 22(5):
249-255.

1o . CL-20 HEAZ A5 55 RETORAO AT Hh R BRI il 2 bt
RERFFED]. KI5 bRy, 2024,

FIHE, B WK, G5 DORESTE RERR A L
FHERRII]. KEZh2Al, 2021, 44(6): 705-734.

Te¥l, XA, A % 90K RDX JE PBX IR GHELIHHAST
SRR, HRAERRHE, 2016, 45(3): 17-21.
HORTR, M EPAE, 55 UKk HMX RN PBX
PERBRISZIRT]. SRERDEL 2017, 25(11): 913-919.

FXEE, SR POEE, B CL-20 Ayl ShI].
LA, 2009(1): 19-21.

FAIR—, RIS, BRI 45, H40 CL-18 il Sz kb
AERRERERITTE)]. JCHEZY~FAR, 2013, 36(6): 47-50.

FHE, T, KPR, 45 alifdl ANBDF ROl &5k
AE[T). KT, 2021(4): 35-37.

Feng C, Ye B, Ma Y, et al. Electrospray fabrication of CL-20
composite microspheres for high-energy EFIs: microstructure
modulation and performance optimization[J]. Powder
Technology, 2024, 437: 119563.

Ozawa T. A new method of analyzing thermogravimetric
data[J]. Bulletin of the Chemical Society of Japan, 1965,
38(11): 1 881-1 886.

Starink M J. Analysis of hydrogen desorption from linear
heating experiments: accuracy of activation energy determi-
nations[J]. International Journal of Hydrogen Energy, 2018,
43(13): 6 632-6 641.

Kissinger H E. Reaction kinetics in differential thermal
analysis[J]. Analytical Chemistry, 1957, 29(11): 1 702-1 706.
Bowden F P, Yoffe A D. Initiation and growth of explosion in

liquids and solids[M]. UK: Cambridge University Press, 1952.



	1  实验
	2  结果与讨论
	2.2  化学结构分析
	2.3  热性能分析
	从图4可知，随着升温速率的增加，两种样品的热分解温度均呈现出上升趋势。然而，与原料CL-20相比，纳
	由图5 可见，原料CL-20和纳米CL-20的分解过程相似，但纳米CL-20的热分解更为彻底，其在热
	2.4  机械感度分析
	2.5  窄脉冲感度分析
	3  结论

