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Fig.1 Pressure vessel of detonation synthesis
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Fig.2 Behavior of detonation products under the action of

magnetic field
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Table 1 Elements of the explosives for synthesis of carbon

coated nano-permalloy-alloy (at%)

Sample No. C H (0] N Fe"  Ni’
1# 3.21 5.60 3.65 3.65 0.05 0.05
2 3.08 536 332 338 0.02 0.08
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JRFEAR 0.127 nm K TS 721428 0.124 nm [ SE4H
o =DM IR T IME S WS 21X 1F
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F1°0.1246 nm (=0.2X0.127+0.8 X 0.124), ZA{t K 0.722%,
LA d 52 0.976% 10 .
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Fig. 3 XRD pattern of detonation products
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Table 2 Related parameters of crystal lattice structure of detonation products

Sample No. 20/(°) d/nm a/nm B/(°) D/nm
(111) (200) (220) (111) (111) (111)
1# 43.400 50.499 74.001 0.207 0.359 0.635 24
2# 44.100 51.360 75.620 0.205 0.355 0.393 38
Fce-Ni 44.507 51.846 76.370 0.2034 0.35238
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Fig.4 Raman spectra of detonation products
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Fig.5 TEM analysis and EDS spectrum of detonation synthesis products: (a) TEM image, (b) grain size distribution (c, d) HRTEM images, and

(e) EDS spectrum
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Electromagnetic wave absorbing properties of carbon encapsulated permalloy coating: (a, ¢) Fe:Ni=1:1 and (b, d) Fe:Ni=1:4
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Formation Mechanism and Electromagnetic Microwave Absorbing Properties of
Carbon-encapsulated Permalloy Nanoparticles Prepared through Detonation

Li Xueqi, Li Xiaojie, Wang Xiaohong, Yan Honghao, Zeng Xiangyu
(State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China)

Abstract: Carbon-encapsulated Fe-Ni alloy nanoparticles were synthesized through detonation using safety composite explosive
precursors doped with Fe(NO;);9H,O and Ni(NOs),:6H,O. The morphology, components, and structure of the synthesized
carbon-encapsulated alloy nanoparticles were characterized through X-ray diffraction studies, Raman spectroscopy and Transmission
electron microscopy attached with energy dispersive X-ray spectroscopy (EDS). Results show that the carbon-encapsulated Fe-Ni
nanoparticles have a core-shell structure. The grains range from 40 to 60 nm in size and are distributed uniformly. The encapsulated metal
core is mainly composed of different proportions of Fe and Ni. The outer shell is composed of graphite and amorphous carbon, and there
are also onion carbon formed by the graphitization of diamond clusters in the vicinity of the nanoparticles. The electromagnetic
characteristics of Fe-Ni alloy nanoparticles composites were measured by Agilent microwave network analyzer in the band of 2~18 GHz.
The experimental results show that when the coating is 2 mm in thickness, the absorption layer whose atomic ratio of iron and nickel is 1:4
has double absorption peak, peak values are -14.6 dB (9.7 GHz) and -7.7 dB (14.3 GHz), and the absorption band ranges of =10 dB is from
8.5 to 11.8 GHz. The reflection loss R(dB) of the nanoparticles, whose atomic ratio of iron and nickel is 1:1, reaches to 30 dB at 12.88
GHz, and the absorption band of —10 dB is 9.7~14.4 GHz, which has wide absorption band and excellent absorbing property.

Key words: carbon coating; Fe-Ni alloy; electromagnetic wave absorption; detonation synthesis; characterization of nanomaterials
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