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Abstract: Mutli-walled carbon nanotubes (MWCNTSs) were surface-modified by a hydrofluoric acid solution to remove
impurities and improve interfacial bonding and dispersion of nanotubes in an epoxy matrix. The crystallinity on the sur-
face of treated MWCNTSs was investigated by X-ray photoelectron spectroscopy and Raman spectroscopy. The mechan-
ical properties were characterized by tensile test, and the enhancement of mechanical properties of the modified
MWCNTs/epoxy composites was indicated by a 33% increase in tensile strength. The electromagnetic interference
shielding effectiveness (EMI-SE) of modified MWCNTs/epoxy composites was improved with an increase in con-
centration of hydrofluoric solution, and EMI-SE showed the maximum increase with 25% HF. However, mechanical and
EMI-SE properties didn’t show further increase with over 50% HF concentration because the properties of MWCNTSs
were influenced by degradation of crystallinity and intrinsic properties of MWCNTs. The mechanical and electrical prop-
erty enhancements of the polymer composites are attributed to the modification of MWCNTs which improve crystallinity
of MWCNTs and dispersion in the epoxy resin.

Keywords: mutli-walled carbon nanotubes (MWCNTSs), epoxy, surface treatment, mechanical properties, electromagnetic
interference shielding effectiveness.
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ME. 2 AFolA = diglycidyl ether of bisphenol A
(DGEBA) (YDI128, viscosity: 11500-13500 cps, Kukdo
Chemical Co Ltd., Korea)S o] ZA] TA|Z ARSI o}
A 7 3FA)(G-640, viscosity:  11500-13500 cps, Kukdo
Chemical Co Ltd., Korea)S AR&-3lo] 82} njE A7 o]
#3199t A= FEMWCNT;, H7: 2-150m, Zo]: 1-
10 mm, Hanhwa chemical Co.y= A=A H7HA|, AsHA|Z o]
4= A3 E4FHHydrofluoric acid, 49~51%, JT Baker Co.,
USA)E Al5e] 3H 243} A& 8 AR-EATH
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ZF &< 100 °CollA ZAZA1A FAeh A2EA] & vt
ERBE AFoA gt vEE Ad HAUERES
‘RCNTs, HF6.25, HF12.5, HF25, HF50°2 W9 slSith.
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Figure 1. Structure analysis of MWCNTs: RCNTs, HF6.25,
HF12.5, HF25, and HF50.

Table 1. Defect Ratio (Id/Ig) of MWCNTs

Sample 1d/1g
RCNTs 1.00
HF6.25 0.96
HF12.5 0.96
HF25 0.97
HF50 1.20
~~Cls
Ols
HF 50 / I
HF 25 |
2
§ HF 12.5
=
HF 6.25 l
A A
Raw-MWCNTs l
1200 ' IOIOO ' 8(I)0 ' 6(I)0 ' 460 ' 2(I]0 ' 0

Binding Energy (eV)

Figure 2. Elemental analysis of XPS survey peaks.
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Table 2. XPS Surface Elemental Analysis Parameters
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Figure 3. C1 core level spectra of fluorinated MWCNTs and raw-MWCNTs; (a) RCNTs; (b) HF6.25; (¢) HF12.5; (d) HF25; (e) HF50.
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Table 3. Cls Peak Parameters of Raw-MWCNTs and Fluorinated MWCNTs

Peak position

Concentration (%)

Component

(eV) RCNTs HF6.25 HF12.5 HF25 HF50
C(1) C-C(sp?) 284.5 49.8 49.7 54.3 55.3 54.8
C(2) C—C(sp’) 285.4 40.8 40.1 36.8 35.3 34.9
C(3) CO-0 289.3 9.4 10.2 8.9 9.4 10.2
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Figure 4. SEM images of fracture surfaces of fluorinated MWCNTs/epoxy composites: (a) neat epoxy; (b) RCNTs; (c) HF6.25; (d) HF12.5;

(e) HF25; (f) HF50.
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Figure 6. Comparison of stress-strain curves from tensile test of flu-
orinated MWCNTs/epoxy composites.
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Figure 5. UHR-SEM images of surfaces of fluorinated MWCNTs: (a) HF6.25; (b) HF12.5; (c) HF25; (d) HF50.
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Table 4. Tensile Test Results of Fluorinated MWCNTs/Epoxy Composites

Neat epoxy Raw CNT HF 6.25 HF 12.5 HF 25 HF 50
Tensile stress at max. load 258.7 261.6 261.9 3154 2702 253.9
(kgd/em®)
Tensile stress atzmax. load 0.55 0.46 0.46 0.50 0.55 0.52
(kgdem?)
Tensile modulus (kg/mm?) 470.4 5674 569.3 630.8 491.3 488.3
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Figure 7. EMI-SE of fluorinated MWCNTs/epoxy composites.
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