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Table 1 Orthogonal test results of chemical Ni plating
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Fig.1 IR transmittance of nickel-plated graphene samples in

1415 16

Factor
No. @

A B C
1 24 10 60 68.94%
2 24 15 65 67.25%
3 24 20 70 69.22%
4 27 10 60 69.01%
5 27 15 65 63.65%
6 27 20 70 52.30%
7 30 10 60 55.88%
8 30 15 65 53.05%
9 30 20 70 61.32%
K, 205.41% 193.83% 174.29%
K, 184.96% 183.95% 197.58%
K, 170.25% 182.84% 188.75%
k, 68.47% 64.61% 58.10%
k, 61.65% 61.32% 65.86%
k, 56.75% 60.95% 62.92%
R 11.72% 3.66% 7.76%
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Note: A is the concentration of NaH,PO,-H,0O; B is the concentration of
C,H,Na,0,-2H,0; Cis the temperature; ¢ is infrared decay rate at 3~
14 pm; K is the sum of the decay rates produced by each factor at the
corresponding level; k is the average decay rate corresponding to
each factor level; R is the extreme difference, which indicates the

magnitude of the effect of each factor level on the decay rate.
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b. EDS image of graphene/Ni

2 BB AR O AR
Fig.2 Microscopic morphology of nickel-plated graphene
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Elem | Weight/% | Atom/%
C 61.33 85.52
Ni 31.61 9.02
P 3.70 2.00
3.29 3.44
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Fig.3 XRD patterns of graphene and nickel-plated graphene
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Table 2 Fitting results for mass extinction coefficient of

smoke screen materials

C CL
/g-m™ Jgem T/%  ~=InT T/% -InT

3-5 pm 8—14 um

material

1.13 0.18 71.81 0.331 74.22  0.298
2.33 0.37 49.51 0.703 54.76  0.602
graphene 3.27 0.52 37.60 0.978 43.30 0.837
4.20 0.67 30.62 1.184 32.76 1.116
5.00 0.80 22.23 1.504 27.59 1.288

1.00 0.16 68.02 0.385 70.42  0.351
2.07 0.33 43.40 0.835 48.23 0.729
graphene/Ni  2.93 0.47 30.54 1.186  36.42 1.010
3.47 0.55 25.72 1.358 29.00 1.238
4.60 0.74 1717 1.762 19.92 1.614

Note: C is the mass concentration of the smoke screen; CL is the surface
density; T is IR transmittance; —InT is the negative natural logarithm

of IR transmittance.
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Fig.4 Results of the linear fitting
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Preparation and Infrared Interference Performance of Nickel-plated Graphene

LI Hui-ying', WANG Xuan-yu', SUN Shu-bao’, LIU Zhi-long', DONG Wen-jie'
(1. Laboratory of Pyrotechnical Technology , Institute of NBC Defence, Beijing 102205, Chinas 2. 32238 Army, Nanjing 210000, China)

Abstract: In order to investigate the infrared extinction performance of nickel-plated graphene and explore the best formulation,
nickel-plated graphene was prepared by the redox and chemical plating methods. The influence of various factors on the extinc-
tion performance of nickel-plated graphene was analyzed by designed orthogonal experiments with the infrared decay rate as the
evaluation index, and the optimal formulation was determined. The infrared transmittance of nickel-plated graphene was mea-
sured in a smoke-screen chamber test. The average mass extinction coefficient of nickel-plated graphene was calculated by linear
fitting according to the “Lambert-Beer” law. The results showed that the optimal process parameters for the preparation of
nickel-plated graphene were: ¢ (NiSO,-6H,0) =20 g-L™', ¢ (NaH,PO,-H,0) =24 g-L™", ¢ (CH,Na,0,-2H,0) =10 g-L,
c¢(NH,CI)=30 g-L™", pH=8-9, and plating temperature of 65 °C. The nickel-plated graphene prepared under the optimal condi-
tions exhibited good infrared extinction in both mid- and far-infrared wavelengths. The average mass extinction coefficients of the
nickel-plated graphene in the infrared bands of 3—=5 pm and 8-14 um were 2.38 m’-g™ and 2.19 m*-g™', respectively. Com-
pared with the modified graphene, the average mass extinction coefficients of nickel-plated graphene in the mid-infrared bands
were improved by 30% and 35%, respectively, which have broader application prospects.
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