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In recent years, carbon materials (CMs) with different microstructures have been reported
for which outstanding EMR shielding characteristics have been achieved. Such materials include
hollow carbon nanospheres, reduced graphene oxide, and carbon acrogels. Also, CMs have great
potential as protective materials due to numerous features including low density, natural origin,
low cost, excellent conductivity, and excellent mechanical properties [1]. Despite the widespread
use of CMs and their composites as shielding and protective materials in the literature, there are
virtually no studies aimed at elucidating the effect of chemical surface modification on their
shielding properties [2].

This work aimed to study the effect of chemical surface modification, namely bromination
of PAN carbon fibers (CFs) in a low-temperature gas discharge and liquid-phase method.
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FIGURE 1. SEM microphotographs of the initial carbon fiber (a), brominated in a low-
temperature gas discharge (b) and brominated in brominated

Table. Bromine concentration (c(Br)), total weight loss (Am¢,) temperature range (A¢), and
temperature at the peak of desorption of HBr (tui, tm2) found by TPD MS and TGA.

. l ¢(Br), TPD MS TGA in the liquid phase (c¢).
ampie mmol g | 4, °C | Tmy, Tm,, °C | Am,, g/e “At, °C “Tm;, Tms, °C
METHODS:
PAN CFs/Bry/5 0.11 155-720 | 325,540  0.19 190-330 260, 58
PAN CFs/Br,/10 0.58 155-750 | 325,560 0.22 230-370 290, 620 e Scanning electron microscopy (SEM)
PAN CFs/Bry/15 | 0.90 | 210-725 | 370,530 | 026 | 220-390 | 285,660 e Chemical Analysis (C.A.)
PAN Cfs/Br,/030| 030 | 70-650 | 165,340 | 020 | 190-350 = 220, 530 o ¥ gﬁemofz’?a“miglfRanal.ysf t(.TGAf) ducts (TPD IR)
e crmoprogramme csorption wi registration o1 proaucts
PAN Cfs/Bry/1,37| 1,37 80-600 | 160,330 @ 0,24 170-340 | 215,520 e Thermoprogrammed desorption mass-spectrometry (TPD MS)

“Temperature range for low-temperature HBr desorption e Vector network analysis method (VNA)
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l . . . mass loss difference 10, g/°C-g (b) mass loss difference 10°, g/°C-g
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FIGURE 2. TPD MS (a) and TGA (b) profiles of initial carbon fiber. FIGURE 3. TPD MS (a) and TGA (b) profiles of carbon fiber, brominated in a low-

temperature gas discharge.
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FIGURE 4. TPD MS (a) and TGA (b) profiles of carbon fiber, brominated FIGURE 5. (a) S, and (b) VSWR for the brominated and pristine PAN CFs.
in the liquid phase.
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Conclusions : - 4 ‘W i
1. Carbon fiber samples were brominated in gas and liquid phases and samples with a bromine concentration of -14 < _/J’/Ml— 16 5
0.11-1.37 mmol/g were obtained. 1 — A./v/w i
2. The thermal stability of modified samples was investigated. It is shown that the desorption of bromine-containing o 61— B m -18 - -
groups from the surface of the samples occurs in the temperature range of 80-800°C. -u': 18 1 i v':
3. Typically, the magnitude of losses for the samples of PAN CFs treated with bromine in a low-temperature gas dis- 2 ] 2 o ] i
charge at a duration of 5 and 10 minutes increased 3 to 6 times (in different bands) relative to the amount of loss for 2 .20 - - 2 59 _ 5
the pristine PAN CFs. a - !
4. The S,; losses for the sample with 0.31 mmol g' of Br increased 2.5 times in the X-range and decreased by 10% -22 - _::: g,':,KB,S, 031 [ -24 _s:: S.E,KB,,, 031 |
in the Ka-band relative to the reference PAN CFs. For the bromine amount of 1.37 mmol g, the shielding studies ——PAN CF/KBr/1.37 [ - ——PAN CF/KBr/1.37 |
were registered the opposite effect. The VSWR analysis showed a positive effect of added bromine at a concentra- -4 N LA LR R R N RN -26 — T T T T 1
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tion greater than 1.37 mmol of bromine per g of PAN CFs. This positive effect is observed in a wide range of fre-
quencies of EMR.
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