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Design of highly active crystal photocatalysts for photocatalytic steam reforming
of methane to produce hydrogen

Yoshida, Hisao

14,000,000

In order to develop highly active photocatalysts for photocatalytic steam
reforming of methane at low temperature, we examined to prepare some kinds of photocatalysts consisting
of crystals such as titanates and tantalates. We employed a molten salt method, which is known as a good
method to synthesize crystals, to prepare the photocatalysts with crystals and evaluate the
photocatalytic activitﬁ and discuss the relationship between them. As a result, we successfully prepared
photocatalysts having higher activity. In addition, we clarified a clear relationship between the
crystallites size and the photocatalytic activity, which will widely contribute to the development of
photocatalysis preparation in many reactions.
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Fig. 1 Semiconductor crystal photocatalyst.
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Table 1. Physical and optical properties of the NaTaO;:La samples prepared by the flux method and the
photocatalytic activity.

Solute

La dopin,

Pt

a ; d D h i
Entry conc., Yol (XRD)® (SEM)’ Sr’  BG loading, z r/
/K (mol%) aHHCeE{ Xl}F / nm /nm /m’g! /eV (Wt%)  pmol min™!
1 1073 70 1 - —] - - - 0.2 0.12
2 1173 70 1 - 72 - 4.7 - 0.2 1.2
3 1273 70 1 - 69 - 3.5 - 0.2 1.4
4 1323 70 1 - 80 - 3.5 - 0.2 1.2
5 1373 70 1 - 77 - 2.0 - 0.2 13
6 1473 70 1 - 76 - 2.0 - 0.2 1.0
7 1273 5 2 1.9 54 195 5.2 - 0.03 0.60
8 1273 30 2 2.1 56 210 4.6 4.16 0.03 0.56
9 1273 50 2 22 62 160 5.0 4.16 0.03 0.78
10 1273 70 2 22 71 210 3.5 4.14 0.03 1.2
11 1273 90 2 2.0 68 216 2.4 4.13 0.03 1.1
12 1273 100 2 2.1 76 315 2.1 4.12 0.03 0.85
13 1273 70 0 - 84 733 0.92 4.10 0.03 0.22
14 1273 70 2 22k 71 210% 35k 4.14% 0 0.26
15 1273 30 0 - 88 - 0.5 4.06 0.03 0.02
16 1273 30 1 1.1 65 - 49 4.14 0.03 1.2
17 1273 30 5 4.6 50 - 5.5 4.15 0.03 0.55

2 Hold temperature during the preparation in the flux method, ® Solute concentration in the flux. ¢ Introduced

amount in preparation.

Doping amount of La measured with XRF. ® Average crystallite size of NaTaO;:La

calculated from a line width in the XRD patterns. ' Average particle size of NaTaOj;:La estimated from the SEM
images. Relative standard deviations were ca. 60 %. 9 Specific surface area calculated from the BET method. h
Band gap determined by UV-vis adsorption spectra. ' The hydrogen production rate was evaluated at 4 h later
from the start of photoirradiation. ' NaTaO; was not formed. “The same data as those in the entry 10.
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Fig. 2 X-ray diffraction (XRD) patterns of the
Pt(0.2)/NaTaOs:La(70, T, 1) samples prepared by the
flux method at various hold temperatures of (a) 1073,
(b) 1173, (c) 1273, (d) 1373, and (e) 1473 K.
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Fig. 3 SEM images of the NaTaOj;:La samples prepared
by the flux method at various solute concentrations of
(a) 5, (b) 30, (c) 70, (d) 90, and (¢) 100 mol%, and (f)
the NaTaO; sample without La doping.
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Fig. 4 Time course of the production rate of H,
(closed circles) and CO, (open triangles) on the
Pt(0.2)/NaTaOs:La(70, 1273, 1) sample.
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Fig. 5 Effect of (A) the hold temperature, (B) La
content, (C) Pt loading and (D) solute concentration
on the hydrogen production rate in the photocatalytic
steam reforming of methane.



(€)

SEM
XRD
(Fig. 6 o) La (»)
(@
()

SEM

15
TE

0 T T T T

0 20 40 60 80

Crystallite size / nm

Fig. 6 Correlation between the hydrogen production
rate and the crystallite size. Open circles:
Pt(0.03)/NaTaO;:La (x, 1273, 2), x = 5-90 mol%,
open squares: Pt(0.2)/NaTaOs:La (70, T, 1), T =
1173-1473 K, open triangles: Pt(0.03)/NaTaOs:La
(30, 1273, y), y = 1 and 5, and a closed diamond:
Pt(0.03)/NaTaO;:La (100, 1273, 2) photocatalysts
prepared without the flux.
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