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Test research on far-infrared extinction performance of graphene

Li Huiying', Wang Xuanyu', Liu Zhilong', Sun Shubao’, Dong Wenjie'

(1. Institute of NBC Defence, Beijing 102205, China;
2.32238 Army, Nanjing 210000, China)

Abstract: In order to investigate the infrared extinction properties of graphene, graphene was prepared by redox
method. The structure of graphene was also confirmed by scanning electron microscope images and X-ray
diffraction mapping. The infrared extinction properties of graphene were tested using the smoke box test and
potassium bromide compression method, and compared with those of graphite and carbon fibres under the same
conditions. The results show that the infrared extinction performance of graphene in the far infrared band is
excellent. For the 8-14 um far infrared band, its average mass extinction coefficient is approximately 2.10 m%g,
which is 2.39 times of that of the the average mass extinction coefficient of graphite and 3.56 times that of carbon
fiber under the same conditions, providing better infrared interference than conventional carbon material smoke
screens. Potassium bromide press tests also show that graphene exhibits very good infrared extinction in both mid
and far infrared bands, outperforming traditional carbon material smoke screens.
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Tab.1 Experimental reagents and manufacturers

Name of reagent Purity Manufacturer
Flake graphite AR Aladdin
98% H,SO, AR Beijing Chemical Works
NaNO, AR Xiya Reagent
KMnO, AR Beijing Chemical Works
30% H,0, AR Beijing Chemical Works
HCI AR Beijing Chemical Works
CH;CH,0OH AR Aladdin

®2 TBMER K

Tab.2 Experimental instruments and manufacturers

Name of instrument Model Manufacturer
. Denver
Analytical balance SI1-234
Instrument
Electrothermal thermostatic water HH Kewei Yongxing

bath

Electric thermostaticdrying oven 101-2BS Lichen Bonsi
Vacuum tube furnace SK-B08123K Tianjin
Zhonghuan
Benchtop centrifuge LC-LX-L60D  Lichen Bonsi
Freeze drier FD-1A-80 BIOCOOL
QUANTA
SEM FEGA450 FEI Company
X-Ray diffractometer Bruker D8 Bruker

ZLAME A BRI i i v BT ol FH A PR AR
S, HEY-206B, 424t 180 °C (+ 0.01 °C) Y £T 4RI,
R IO BOR A BR 2 B LA RS 4L, DL700,
TAEWE B 8~14 pm, WL K BHE B A BR A w5
H- 28 e 2T S G5, WQF-530, Jb 5t Hi Fl 0 HrAX 25 A
R
12 AEEHERHF

] 25 mL 98% H,SO, H AT A 1 g KRB Jv 7 25
1 g NaNOs, VK HEFE 2 h, 128 /1A 4 g KMnO,,
i A R AR R AE 20 °C LA, $EHE 1 h R B
A 35 °C K, Bk 2 h BIE WO IEE 6. 0
50 mL A LB F KN A B, 4k2e R 2 95 °C,
FETE IR N PE 15 min, SR PE 1R IN# . A 150 mL
LB T IK M 10 mL 30 % H,0,, ¥ 28 Wik 2 {4, F
5 % HCl PERIF 8.0, TR B K. JoK Qs 52 Bk
U, EE W E P, SR JE R L R R TTTE AT R
W AR, 15 3 b A BRI AR,
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Fig.1 SEM patterns of samples at different magnifications
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Fig.2 XRD pattern of samples
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Fig.3 (a) Original target image; (b) Graphite masked target image; (c) Carbon fibre masked target image; (d) Graphene masked target image
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Fig.4 (a) Graphite settling image; (b) Carbon fiber settling image; (c) Graphene settling image
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Tab.3 Mass extinction coefficient and their ratio of materials at 8-14 pm

Materials my/g mlg Clg'm? T a/m?-g’! k
0.25 0.14 1.0 59.5% 0.87 225
0.40 0.26 1.3 50.6% 0.88 2.17
Graphite 0.50 0.31 1.8 41.5% 0.85 2.39
0.60 0.35 2.4 30.6% 0.87 2.57
0.75 0.48 2.6 26.8% 0.89 222
0.25 0.10 1.4 62.3% 0.58 3.33
0.40 0.20 1.8 53.8% 0.58 3.29
Carbon fiber 0.50 0.26 2.3 48.7% 0.55 3.69
0.60 0.30 2.9 37.0% 0.60 3.72
0.75 0.39 34 32.3% 0.58 3.39

0.25 0.12 1.3 24.0% 1.95 -

0.40 0.17 22 11.0% 1.90 -

Graphene 0.50 0.21 2.7 4.2% 2.03 -

0.60 0.28 3.0 2.1% 223 -

0.75 0.35 3.8 1.4% 1.97 -
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Fig.5 Linear fitting curves of material mass extinction coefficient at 8-

14 um
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Fig.6 Infrared transmission spectra of materials at 3-5 pm
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Fig.7 Infrared transmission spectra of materials at 8-14 pm
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Tab.4 Results of potassium bromide compression test

3-5 um 8-14 um
Materials
T 4 T 9
Graphite 6.85% 93.15% 7.16% 92.84%
Carbon fiber 25.95% 74.05% 26.06% 73.94%
Graphene 1.12% 98.87% 1.17% 98.82%

HY 2% 4 B T, TRARSR R i D, A SR A
3~5 um HZL AN FIT 8~14 pm E 21 F1 B 1) 5 080 43 il
h 98.87 % i 98.82 %, MR T A1 25 Tl Bk £F 4 .
CIRTURPEY: 3 i AP TEAR ] /22 S I= WS QSR SR BB
e 1, UL F A SRR 2T 4, 3% 5 00 354 52 56 i 15 45
—3,

3 4 &

R HVRAIE L S i 2 1 A0 8806, P AR A
SRR AL A, W T LD AN TERE, [
PAAT 85 RIBRZT 4 2 BRAT R, FE [R] 55 25 18 T X = Fif
BB RHLLAME CPEREREAT T LR . 1/ N B A 354
MBI B 2R E R, 3T 8~14 pm m ZLAME B, 1
SR K1 4 R T O BB 2,10 mPg, [ 4 I A%
T A1 SRR ET 4 (197 2 T T 6 R 2L 200 0.88 m/g
F110.59 m*/g, AT UL, 7 55 H Ho A% 8 A B BRI AR B AT
WUFRLLANTINRE Ty o IRALEN R A S ], £ 8
W AE T 21 S BER R B L S 2L MFDOERE T, A
TALGERRARIERE . B L, A7 880 2 — R AR A AR 1Y
G IRt EAR i o7/ | N S RSO A Sl b B o W L B DO 7
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