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Electrochemical Properties of Manganese Oxide coated onto

Carbon Nanotubes for Energy Storage Applications
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Abstract : Birnessite-type manganese dioxide(MnO») was coated uniformly onto carbon nanotubes
(CNTs) through a spontaneous direct redox reaction between CNTs and permanganate ions(MnQO; ). The
initial specific capacitance of the Mn(Oy/CNT nanocomposite in an organic electrolyte at a large
current density of 1 A/g was 250 F/g, which is equivalent to 139 mAh/g based on the total weight
of the electrode material including the electroactive material, conducting agent and binder. The
specific capacitance of the Mn(; in the MnOy/CNT nanocomposite was as high as 530 F/g (320 mAh/g),
indicating excellent electrochemical utilization of the Mn0:. The addition of CNTs as a
conducting agent can improve the high rate capability of MnO:/CNT nanocomposite considerably. An
analysis of the in-situ X-ray absorption near-edge structure (XANES) showed an improvement in the
structural and electrochemical reversibility of the Mn0O;/CNT nanocomposite by heat-treatment.
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Fig. 1 Electrode potential(E) and pH vs. Time
curves measured during the reduction of MnO
ions in the 200m! aqueous solution of 0.1 M
KMnQ, containing 1.0 g CNT at 70°C.
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Fig. 2 (a) E vs. Time curves and (b) pH vs.
time curves measured during the reduction of
MnOs ions by 1.0 g CNT in the 200ml aqueous
solution of 0.1 M KMnO, at 70°C under different
pH conditions of the initial solution.
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Fig. 3 SEM images of: (a) pristine CNT and
MnO,/CNT composite prepared in the 200 ml
aqueous solution of 0.1 M KMnOs containing 1.0
g ONT at 70°C under (b) pH 7; (c) pH 2.5; (d)
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Fig. 4 Raman spectra of Mn0./CNT nano-
composite synthesized by the reduction of MnOs
ions to MnO. in the 200ml aqueous solution of
0.1M KMnQOs containing 1.0g CNT at 70°C under
different pH conditions of the initial
solution.
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Fig. 5 Cyclability for Mn0./CNT composite
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Fig. 7 Discharge profile of the asymmetric
hybr id capacitor.
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