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A polymer fuel cell (PEFC) is a type of fuel cells that generate electricity from hydrogen and
oxygen by emitting only water. In the current PEFC, the reaction rate of the oxygen reduction
reaction (ORR) which is the cathode electrode reaction is low, and a large amount of platinum is
required as a catalyst to compensate for the slow rate. Since the practical applications of PEFC such
as stationary power supply and fuel cell vehicles are impeded by this drawback, reducing the
amount of platinum catalyst used in the cathode electrode has become a major problem of the
practical applications. This thesis aims to understand the relationship between the structures,
activities, durability of the platinum catalysts and the properties of the carbon supports. The
knowledge obtained through this study should provide ideas to improve the performance of the
platinum catalyst, which would lead to the spread of PEFC. The thesis consists of five chapters
including the background and the objectives of the study (Chapter 1), the selection of the suitable
platinum complex for this study (Chapter 2), the influences of the heat-treatment temperature of
carbon supports on the ORR activities of the platinum catalysts supported thereon (Chapter 3), the
detailed studies on the interactions between the platinum catalysts and the carbon supports to
understand the essentials of the variations of the ORR activity (Chapter 4) and finally the
conclusion and the prospects obtained through this study (Chapter 5).

The background of this study is given in Chapter 1, which suggested the importance of
hydrogen to achieve the zero-emission society. There, PEFC is a key device for that purpose;
however, it is still behind the schedule due to some practical issues. The requirement of a large
amount of platinum in the cathode is the major issue due to the slow kinetics of ORR, and the
reduction of the amount of platinum is critically important. The main idea of this thesis is to
enhance the specific ORR activity of platinum through metal-support interactions. The objective of
the thesis is to understand the influences of the carbon supports heat-treated at different

temperatures on the catalytic properties of the platinum catalysts loaded thereon.

The results of the studies on the catalyst loading techniques are described in Chapter 2. Four

types of platinum complexes were selected and their reduction as the candidates for platinum



loading. The adsorption study and the wettability test selected Pt(NH3)2(NO2)2 as the most suitable
complex, because it enabled the largest platinum loading. By taking account of the industrial
feasibility, the combination of Pt(NH3)2(NOz)2 and ethanol solvent was concluded to be employed

in this thesis.

The influences of the heat-treatment of the carbon support (Ketjen black EC300J) on the ORR
activity were studied in Chapter 3. The ORR activities of the 40 % platinum catalysts supported on
the carbons varied depending on the heat-treatment temperature; the highest specific ORR activity
was attained when 1500°C-heat-treated carbon was used as the support. A good correlation was
obtained between the specific ORR activity and the development of the hydrogen adsorption peak at
0.12 V vs. RHE in the cyclic voltammograms.

In Chapter 4, the efforts to understand the essence of the ORR enhancement observed for the
platinum catalyst loaded on the 1500°C heat-treated carbon support and to evaluate the durability of
the catalyst. The platinum loading was reduced to 20 wt% in order to observe the interactions
between the ORR activity and the carbon surface. Even for the catalysts with reduced platinum
loading showed higher specific ORR activity when the 1500°C heat-treated carbon support was
used. Detailed morphological observation with STEM-HAADF images of the platinum catalysts
loaded on the 1500°C heat-treated carbon support revealed the presence of atomically dispersed
platinum particles on it; the population of such species was very low for the platinum catalysts
loaded on the untreated carbon support. Different types of characterization techniques were applied
to differentiate the ORR activities between the untreated and the 1500°C heat-treated carbon
supports. The characterization using temperature-programmed desorption (TPD) technique implied
the presence of defects in the graphitic planes, which was transiently produced by the two opposite
effects, i.e. the desorption of oxygen surface functionality and the growth of the graphitic layer,
should be responsible for the formation of the atomically dispersed platinum particles. An excellent
durability of the platinum catalysts loaded on the 1500°C heat-treated carbon support was also
confirmed by the potential cycling test.

The summary of the study and the prospects through this study are given in Chapter 5.



