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cycling. The stability of Mn-Ru oxide/CF composites was sharply improved due to the
introdu on of Ru.

A few types of hybrid supercapacitors were tested by cyclic voltammetry and
constant current discharging. The opt¢ ing voltages for hybrid supercapacitors of Ru
oxide/CF or Mn oxide/CF with the CF reached 2.0 V in 2 M KNOj3 electrolyte, and the
maximum energy density was ca. 18 W h/kg. A Ru oxide//Pd/C supercapacitor exhibited
a maximum energy density of 41.3 W h/kg. A hybrid supercapacitor with anthraquinone
modifie CF (the negative electrode) and Ru oxide (the positive electrode) electrodes
requires 76.3% less Ru oxide relative to a symmetric Ru oxide supercapacitor to provide
a similar energy

An approach for quickly pred :ing the energy and power from impedance
spectroscopy is proposed. The usable energy (E=%Cre(f)V2) is related to the real

capacitance (Cr(f)) and operating voltage (V), while power (P=2/E) depends on E and the
frequency (f). The predicte results at low frequencies greatly agreed with those from

constant current discharging.
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Fig. 1.5 Nyquist plot of a Ru oxide supercacitor with 10.72 mg (5.36 mg + 5.36 mg) Ru

oxide and a NRE211 separator.

1.9 Objectives and outline of this thesis

1.9.1 Objectives

Based on literature work, ruthenium oxide-based composite materials for

supercapacitors were selec | for investigation. The following research objectives were

set:

(1) Synthesis of hydro 1 oxides and characterization of their properties by
electrochemical m “ods d other instrumental techniques. Performances
comparable with lit ture  1lts were targeted and optimized;

(2) Synthesis and 1ar erization of carbon-based Ru oxide composites to

improve the utilization of Ru oxide;
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(3) Synthesis and characterization of nanostructured Ru oxide/carbon nanotube

composites to further improve the utilization of Ru oxide;

(4) Synthesis and characterization of thin film Ru oxide/carbon fabric (CF), thin

film Mn oxide/CF, and binary Mn-Ru oxide /CF composites.

In order to meet t e targets, a series of methods were used for synthesizing
these electrode materials, including sol-gel, physical mixing, and spontaneous reduction
methods. The properties « these materials were characterized by scanning electron
microscopy (SEM), transmission  :tron microscopy (TEM), X-ray diffraction (XRD)
and the ogravimetric analysis (TGA) techniques. Their electrochemical properties were
characterized by cyclic vol ry, constant current discharging, and impedance

spectroscopy.

1.9.2 Outline of this thesis

This thesis consists of 8 chapters. A brief outline for each chapter is as follows.

Chapter | introduces the background, mechanisms, definitions and equations of
supercapacitors, and reviey mater s for supercapacitors.

Chapter 2 mainly focu  on Ru oxide supercapacitors. Hydrous Ru oxide was
synthesized by a modified sol. ~  method, then annealed at various temperatures, and the
effects of annealing temperature on capacitive behavior were investigated. Syr 1etric Ru
oxide supercapacitors wi  constructed to model a real supercapacitor. Electrode

preparation techniques, separator and loading effects on specific capacitance, low
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the Ru oxide component in Ru oxide/carbon nanofiber composites also improved to 1017
F/g.® Although these composites enhanced the utilization of ruthenium, the reasons were
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prepared by an impre ation method. Their electrochemical properties were
characterized by cyclic voll me _, impedance spectroscopy and constant current
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3.2 Experimental
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8.2 Future work

Ru-based composites are  ellent materials for supercapacitors. The Ru oxide
and Ru oxide/carbon co | sites have been investigated in detail. These materials
demonstrated high quality capacitive behavior and good performance. The following
future work is proposed.

1) Optimization of the synthesis of binary Ru-Mn oxide films and full

characterization;

2) Synthesis and - ara ‘rization of composites of Ru oxide with other metal

oxides, which include ..0,;, SnO,, vanadium oxide and tungsten oxide.
Further improve the utilization of Ru oxide;
3) Further optimize ~ : preparation methods of Ru-based composites for

obtaining elect ler s with high performance.












