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Metal Dispersion Measurement of Precious Metal
Supported Catalysts on Carbon

Introduction

Catalysts with platinum group metals (Pt, Ru, etc.) supported on carbon substrates are
used in the fuel electrode (anode) and air electrode (cathode) of fuel cell MEAs
(Membrane/Electrode Assemblies), and research to improve efficiency and resistance to CO
poisoning is being actively conducted. The dispersion of these carbon-supported precious
metal catalysts can be evaluated by general CO pulses, but in some cases, no oxygen
pretreatment is chosen to avoid combustion of the carbon support, and the conditions for
the measurement vary among researchers.

This report details the effects of oxygen pretreatment and recommmended measurement
conditions for pulsed metal dispersion measurements using the catalyst analyzer [BELCAT].

1. CO pulse measurement at a pretreatment temperature of 100°C

When measuring the pulsed metal dispersion of precious metal supported catalysts
on carbon substrates, the pretreatment temperature was changed to 100°C because
the standard measurement conditions of the Catalyst Reference Committee were too
high, and the following conditions were used as the basic conditions.

Pretreatment conditions

STEP GAS Flow rate(sccm) Time(min) Temperature(°C)
1 He 50 10 100
2 02 50 15 100
3 He 50 10 100
4 H2 50 15 100
5 He 50 10 100
6 He 50 1 50
7 He 50 10 50
Measuring device : BELCATII
Sample : 40wt% Pt/C50 mg
Measurement temperature :50°C
Adsorption gas :100% CO
Results: 1st time, metal dispersion20.1%
1st time, metal dispersion 19.9%.

2. Examination of pretreatment temperature

The pre-treatment temperature conditions were changed to check the carbon
combustion.

Pretreatment conditions
STEP GAS Flow rate(sccm) Time(min) Temperature(°C)
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1 He 50 10 100-X
2 02 50 15 100 » X
3 He 50 10 100-X
4 H2 50 15 100-X
5 He 50 10 100 » X
6 He 50 1 50

7 He 50 10 50

Result: X=50 Metal dispersion 21.6 %. Weight loss 0.2 %
X=100 Metal dispersion 19.5 %. Weight loss 0.0%
X=120 Metal dispersion 20.7 %. Weight loss 0.0 %
X=200 Metal dispersion 12.1%. Weight loss 5.8%.
X=300 Metal dispersion 0.00 %. Weight loss 62.2%.
X=400 Metal dispersion 0.00 %. Weight loss 61.0%.
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Figure. Metal dispersion and sample weight loss due to pretreatment
temperature (top) and sample change after the end of measurement
(bottom)

At treatment temperatures of 50 to 120°C, weight loss was hardly observed, and the
degree of dispersion was close to the basic condition of 100°C pretreatment
temperature. However, at pretreatment temperatures of 200°C or higher, weight loss,
possibly due to combustion, was observed, and the degree of dispersion decreased
obviously.
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3. Measurement without oxygen pretreatment

In order to examine the effect of oxygen pretreatment, we performed measurements
without oxygen pretreatment.

Pretreatment conditions
STEP GAS Flow rate(sccm) Time(min) Temperature(°C)

1 He 50 10 100
2 02»H2 50 15 100
3 He 50 10 100
4 H2 50 15 100
5 He 50 10 100
9 He 50 1 50
7 He 50 10 50
Results: Ist time Metal Dispersion 20.0%.

2nd time Metal Dispersion 6.8%.

As mentioned in the introduction, the activity of precious metal supported catalysts
on carbon substrates decreases due to CO poisoning; the first measurement shows the
same degree of dispersion without oxygen treatment as with oxygen treatment, but
the second measurement after CO adsorption shows a significant decrease in
dispersion.

Since the degree of dispersion did not decrease even after the second measurement
in the case of oxygen treatment in the experiment described in 2.1, we can conclude
that CO poisoning the precious metal surface can be removed by oxygen treatment.

1. Conclusion.

The effect of oxygen pretreatment on the CO pulse metal dispersion of noble metal
supported carbon catalysts and the recommended measurement conditions were
investigated.

The oxygen pretreatment did not cause any combustion of the support at
temperatures below 120°C. Therefore, 120°C is recommended as the pretreatment
temperature. Therefore, a pretreatment temperature of 120°C is recommended. CO
adsorbed on the surface of precious metals cannot be removed by heating and
hydrogen reduction alone, which greatly affects the measurement results. Oxygen
pretreatment is effective not only for removing CO from the metal surface but also for
removing contaminants such as organic matter, and we believe that oxygen
pretreatment is necessary for this measurement.

In view of the above, the following conditions are recommended for the
measurement of CO pulse metal dispersion of precious metal supported catalysts
using carbon as a substrate.

Pretreatment conditions
STEP GAS Flow rate(sccm) Time(min) Temperature(°C)

1 He 50 10 120
2 02 50 15 120
3 He 50 10 120
4 H2 50 15 120
5 He 50 10 120
6 He 50 1 50
7 He 50 10 50
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Sample weight :50 mg
Measurement temperature :50°C
Adsorption gas :100% CO
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