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CO Adsorption on Three-Dimensional and Multilayered Platinum Electrode Prepared
through Transfer Printing
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Abstract

Three-dimensional (3D) multilayered Pt electrodes were fabricated to develop a porous electrode using a pattern-transfer printing pro-

cess. The Pt thin films were deposited using a transferred sputtering pattern having a 250 nm line width on the substrate, and the uniform

line patterns were efficiently transferred using our proposed method. Temperature-programmed desorption (TPD) analyses were used
to evaluate the porosity of the electrodes. It was possible to distinguish between two resolved maxima at 168 and 227 °C, which could
be described in terms of desorption reactions on the Pt (111) planes. The results of the TPD analysis of the 3D and multilayered Pt elec-
trodes prepared through transfer printing were compared to those of an electrode fabricated through screen printing using a commercial
Pt-carbon paste commonly used as porous electrodes. It was confirmed that the 3D multilayered electrodes exhibited a desorption con-
centration approximately 100 times higher than that of the Pt-carbon composite electrode, and the desorption concentration increased
by approximately 0.02 mg/mol per layer. The 3D multilayered electrode effectively functions as a porous electrode and a catalyst.
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Fig. 1. Schematic illustration of (a) fabrication process flow for
porous electrode using pattern transfer method and (b) struc-
ture of 3d multilayered porous electrode.
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Fig. 2. Scanning electron micrographs. (a) The Pt film deposited on
protruding areas of the template by sputtering. (b) The trans-
ferred pattern on the substrate.

(a)

Fig. 3. Scanning electron micrographs of the 3D multilayered Pt
lines: (a) surface and (b) side view.
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Fig. 4. Scanning electron micrographs of the Pt-C composite elec-
trode: (a) surface and (b) side view.



CO Adsorption on Three-Dimensional and Multilayered Platinum Electrode Prepared through Transfer Printing

b
8

&
B

b
2

0845

0850

Temperature (°C)

Temperature (°C)

0855

TCD Concentration (mg/mol)
TCD Concentration (mg/mol)

880

o 10 20 30 40 80 0 10 20 30 40 80
Time (min) Time (min)

(@) (b)

Fig. 5. Comparison of TPD profiles for Pt-C composite electrode (a)
and 3D multilayered porous Pt electrode (b).
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Table 1. The temperature for the maximum TCD concentrations and
total amount of the desorbed CO gas.

Peak concentration
Electrode Temperature Volume (mg/mol)
Pec 231°C 2552910 0.28282
composite
3D 227°C 8.06<10™" 0.22132

Multi-layered Pt

Table 2. The concentration for the maximum TCD layers and total
amount of the desorbed CO gas..

Number of layers Desorption concentration (mg/mol)

1 0.05873
20 022132
30 0.51733
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Fig. 6. The TCD concentrations of 3d multilayered Pt electrode over
the number of layers.
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