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Fig.1 Sample preparation flow chart of interfering agent
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Table 1 Factors and levels table
factor
level
Alpm B/°C C/% D
1 4.2 0 5 water
2 7.8 400 15 ethanol
3 15.6 800 25 dry mixing

Note: A is the nanotubes/ grapheme /carbon composite materials with differ-
ent particle sizes. B is the temperature of carbon fiber at which the
glue is removed. C is the carbon fiber mass ratio. D is the different

mixed solutions.
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Table 2 Orthogonal experimental design

factor
experimental No.

A B C D
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
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Table 3 The average transmittance of each sample at differ-

ent wavebands %

average transmittance

No- 0.4-0.76 pm 1-3 pm 3=5 pum 8-14 pm 3 mm 8 mm
1 4.40 4.73 5.27 5.56 31.62 19.95
2 2.41 2.65 3.09 3.21 7.41  5.62
3 4.17 4.48 1.68 5.26 14.13 12.02
4 8.87 9.48 1.36 11.01 10.00 7.41
5 11.56 12.12 1.28 13.96 18.20 14.45
6 7.30 7.69 1.43 8.97 22.39 17.38
7 13.97 14.83 1.22 16.71 15.14 12.30
8 12.62 13.42 1.25 15.17 25.12 18.20
9 10.21 10.88 1.33 12.56 6.62 5.27
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Table 4 The mass extinction coefficients of each sample at

different wavebands m-g™

mass extinction coefficient

No- 0.4-0.76 um 1-3 pm 3-5pum 8-14pm 3 mm 8mm
1173 1.69 1.63 1.60 0.64  0.89
2 1.95 1.90 1.82 1.80 136 1.51
3 1.78 1.74 1.68 1.65 110 1.19
4 146 1.42 1.36 1.33 139 157
5 1.37 1.34 1.28 1.25 1.08 1.3
6 1.52 1.49 1.43 1.40 0.87  1.02
7 1.31 1.27 1.21 1.19 127 1.41
8 133 1.29 1.23 1.21 0.90 1.1
9 1.41 1.37 1.31 1.28 143 1.54

F5 IEE LR

Table 5 The results of orthogonal experiment

factor
No. evaluation index
A B C D
1 1 1 1 1 8.16
2 1 2 2 2 10.32
3 1 3 3 3 9.12
4 2 1 2 3 8.52
5 2 2 3 1 7.56
6 2 3 1 2 7.74
7 3 1 3 2 7.66
8 3 2 1 3 7.07
9 3 3 2 1 8.43
k, 9.20 8.11 7.66 8.05
k, 7.94 8.31 9.09 8.57
k, 7.72 8.43 8.11 8.24
range 1.48 0.32 1.43 0.52

Note: k,, k, and k, represent the mean value of evaluation indexes at differ-
ent levels of each factor; range represents the difference between the

maximum and the minimum of mean value.
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Table 6

composite interfering agent at different wavebands

Mass extinction coefficients of the multi-spectral

m?.g”'

waveband/pm 0.4-0.7 1-3 3-5 8-14 3 8

mass extinction coefficient 2.19 1.97 2.08 1.94 1.81 2.02
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Fig.4 The attenuation curve of the composite interfering agent on varying wavebands
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Preparation and Shielding Performance of Multi-spectral Composite Interfering Agent

CHEN Hao', GAO Xin-bao', ZHANG Qian', LI Tian-peng', YANG Yang*
(1. Shijiazhuang Campus of Army University of Engineering » Shijiazhuang 050003, China; 2. Army Equipment of Beijing Military Delegation Office, Beijing
100166, China)

Abstract: In order to explore the optimal formulation of multi-spectral composite interfering agents and improve their interfer-
ence performance in multiple wavelengths such as visible light, infrared and millimeter wave, carbon nanotube/ grapheme /car-
bon lightweight composites were prepared by the combination of material modification technology. The compound dispensing
technology is used to prepare the multi-spectral composite interfering agents of “carbon nanotube/graphene/carbon composite
material+carbon fiber”. Taking the sum of mass extinction coefficients of each band as the evaluation indicator, the different parti-
cle sizes of nanotubes/ grapheme /carbon composite materials (A), different states of carbon fiber(B) , different mass ratios of
carbon fiber(C), and the different mixed solutions( D) as factors, the effects of various factors on the performance of the interfer-
ing agents were analyzed by the orthogonal experiment method. Based on the smoke box experiment, the mass extinction coeffi-
cient of the smoke screen was calculated according to the "Lambert-Beer" law. Results show that the extreme differences of factor
A and factor C are 1.48 and 1.43, respectively, which are the main influencing factors on the overall shielding performance of
composite interfering agents. The extreme differences of factor B and factor D are 0.32 and 0.52, respectively, which are the sec-
ondary influencing factors. The optimal preparation conditions are as follows: a carbon nanotube/graphene/carbon composite
material having a particle diameter D,, of 4.2 pm and a carbon fiber calcined at 800 °C, which are mixed at a mass ratio of
85:15 in an ethanol solution. The multi-spectral composite interfering agent prepared under those conditions has a transmittance
of visible, near-infrared, mid-infrared and far-infrared light of less than 5% with an effective shielding time being more than
300 s, and an attenuation value of up to =14 dB and -15.65 dB on 3 mm and 8 mm wavebands with an effective masking time
being greater than 30 s. The composite interfering agent prepared under those conditions has a better multi-spectral shielding per-
formance.

Key words: carbon nanotubes;graphene;carbon fiber;composite interfering agent; multi-spectral shielding performance
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