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Abstract: Ultra—high molecular weight polyethylene (UHMWPE) /functionalized—MWNT hybrid films
were prepared by the solution intercalation method, using 4—cumylphenol-MWNT (CP-MWNT) as the
functionalized—MWNT. The variation of the thermomechanical properties, morphology, gas permeability,
and optical transparency of the hybrid films with CP—MWNT content in the range of 0~2.00 wt% were
examined. The newly synthesized UHMWPE/functionalized—MWNT hybrid films were characterized by
using differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), scanning electron
microscopy (SEM), and a universal tensile machine (UTM). It was found that the addition of only a
small amount of functionalized—MWNT was sufficient to improve the thermomechanical properties of
the UHMWPE hybrid films, with maximum enhancement being observed in the CP—MWNT loading in
the range 0.50 to 1.00 wt%. The maximum enhancement in the oxygen gas barrier was also found at
the functionalized MWNT content of 1.00 wt%. In this work, the thermomechanical properties and gas
permeability of the hybrid films were found to be better than those of pure UHMWPE.
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Scheme 1. Synthetic route for functionalized—MWNT.
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Figure 1. Raman spectra of pristine MWNT, MWNT—COOH,
and CP—MWNT.
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Figure 2. Morphology of UHMWPE hybrid films with various CP-MWNT contents: () 0 wt% (pure PE}; (b) 0.25 wt%; (o) 0.50

wit%; (d) 1.00 wt%; {e) 2.00 wt%.

Table 1. Thermal Properties of UHMWPE/Functionalized-MWNT
Hybrid Films

CP-MWNT Ta T The Wi’
(wt%) () () (T) (%)
0(pure PE) 7 138 335 0
0.25 11 136 340 0
0.50 11 138 342 1
1.00 13 135 363 1
2.00 9 135 338 2

“Initial weight—loss onset temperature. *Weight percent of residue at
600 T.
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Figure 3. DSC thermograms of UHMWPE hybrid films with
various CP—MWNT contents.
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Figure 4. DSC thermograms of UHMWPE hybrid films with
various CP—MWNT contents.
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Figure 5. TGA thermograms of UHMWPE hybrid films with
various CP—MWNT contents.

Table 2. Tensile Properties of UHMWPE/Functionalized-MWNT
Hybrid Films

CP-MWNT (wt%) Ult. str.(MPa) Ini. mod. (MPa)

0 (pure PE) 19 647
0.25 21 655
0.50 22 857
1.00 19 767
2.00 19 665
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Figure 6. Ultimate strength and initial modulus of UHMWPE
hybrid films with various CP—MWNT contents.

Table 3. Gas Permeabilities and Electrical Conductivities of
UHMWPE/Functionalized-MWNT Hybrid Films

CP-MWNT  Thickness 0, TR P./B}  Conductivity
(wt%) (m)  (g/Im°—day)) (S/em)
0(pure PE) 53 3707 1 3x107°
0.25 53 2944 0.79 1%107°
0.50 57 2008 0.54 3x107°
1.00 51 1450 0.39 5x107"
2.00 49 1615 0.44 5x107°

“Oxygen transmission rate. “Relative permeability rate.
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