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Abstract

To investigate the effect of the oxyfluorination of carbon nanotubes (OF-CNTs) on electroless Ni deposition and electro-
magnetic interference shielding efficiency (EMI SE), CNTs were treated with a mixture of oxygen and fluorine gases and
sequentially deposited with nickel. These samples were then manufactured into thin films on a polyimide film to evaluate
their EMI SE. The surface chemical property of OF-CNTs was investigated by X-ray photoelectron spectroscopy. From the
results of thermogravimetric and scanning electron microscopic analyses, it was found that both the amount of deposited Ni
and the surface morphology changed depending on oxyfluorination. Moreover, the Ni-deposited CNTs pretreated with O, :
F» =1 :9 vol% exhibited the maximum EMI SE as approximately 19.4 dB at 1 GHz. These results were attributed to the
formation of oxygen and fluorine functional groups on the surface of CNTs due to the oxyfluorination, and the functional
groups enabled to deposit a suitable amount of Ni and improve the dispersion in the deposited solution.
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Table 1. XPS Surface Elemental Analysis Parameters of RCNTs and

Oxyfluorinated CNT's

Elemental content (at. %)

Sample O/F
C (6] F
RCNT 97.63 2.37 - -
O1/F9 88.39 3.20 8.41 0.38
02/F8 89.42 3.06 7.52 0.41
O3/F7 90.49 2.85 6.66 0.43
F1
O3/F7 a» ) 0\15 L
02/F8
g A : L
|7}
5
‘_E 01/F9 | . L
RCNT . '
800 600 400 200

Binding energy (eV)
Figure 1. XPS spectra of oxyfluorinated CNTs and RCNTs.
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Table 2. Cls Peak Parameters of RCNTs and Oxyfluorinated CNTs

Peak position Concentration (%)

Component

(eV) RCNT OI/F9 O2/F8 O3/F7
c(1)  C-C(sp?) 284.5 8259 73.02 73.84 7776
C@2)  C-C(spd) 285.4 1414 1321 13.89 13.58
C(3) O-C (carboxyl) 286.4 2.14 2.97 2.65 2.02
C(4) Cc=0 287.4 1.13 1.66 1.67 1.07
C(5) Semi-ionic C-F  289.3 - 6.07 531 3.68
C(6) Covalent C-F 290.5 - 3.07 264 1.89

Intensity (cps)
Intensity (cps)

294 292 290 288 286 284 282 280 294 292 290 288 286 284 282 280
Binding energy (eV) Binding energy (eV)
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Figure 2. C1 core level spectra of RCNTs and oxyfluorinated CNTs:
(a) RCNT, (b) O1/F9, (c) O2/F8, and (d) O3/F7.
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Figure 3. TGA of the Ni-deposited CNTs pretreated with oxyfluorination.
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Figure 4. Schematic diagram of the effect of the oxyfluorination of
CNTs on electroless Ni deposition.
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Figure 5. SEM images of the Ni-deposited CNTs, both raw and
pretreated with oxyfluorination: (a) RCNT, (b) Ni-CNT, (c) Ni-O1/F9,
(d) Ni-O2/F8, and (e) Ni-O3/F7.
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Table 3. Sheet Resistance of Ni-Deposited CNTs, both Raw and Pretreated with Oxyfluorination

RCNT Ni-CNT

Ni-O1/F9 Ni-O2/F8 Ni-O3/F7

Sheet resistance ((¥m?) 4131 (£ 2.26)

50.05 (& 4.53)

4170 (= 3.30) 44.17 (& 2.18) 4827 (£ 3.40)

209 ——Ni-CNT

—Ni-O3/F7

Shielding Efficiency (dB)

0.0 SOOTﬂNl 1 .('TG 1 .g(‘,
Frequency (Hz)

Figure 6. EMI shielding efficiency of Ni-deposited CNT pretreated
with oxyfluorination.
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Figure 7. Comparison of the average EMI shielding effciency and the
amount of CNT.
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Table 4. Comparison of EMI SE among the Ni-deposited CNTs Pretreated as Oxyfluorination and Several Previous EMI Shielding Materials Using

Carbon Nanotubes

Sample Thickness (mm) Frequency (GHz) Shielding efficiency (dB) Reference

Ni-OF-CNT (O1/F9) 0.25 0~1.5 19.4 This work
Ni-CNT (Ni plated during 7 min) 0.21 0~1.5 16.0 [5]
Ni30-CNT/HDPE (Ni plated during 30 min) 3.00 0.5~1.5 16.0 [16]
PVA/MWCNTSs/GNs 0.50 0~1.0 18.8 [38]
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