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Partially sulfurized oxides are expected to have
narrow band gap and high photocatalytic activity
comparison with oxides



Alkaline-earth titanates (BaTiO5 and SrTiOy)

B.G gari0, = 32 - 3.76V, B.G g 10, = 3.2V

Partial replacement
of “O” by “S”

Optical property —enhanced with increasing
the sulfurization temperature

1 !

Detailed study of photocatalytic activity of
partially sulfurized perovskites is required




Synthesis method of BaTiO,/SrTiO, fine particles

Ti[OCH(CH3)2]4 gel-sol method
N(CH2CH20)3 .
(solution-A) Ba/Sr(OH)2 - 8H20
«—— de-carbonated water —
Stock solution lution-C
(solution-B) (solution-C)
l H N
gel formation
stirring:10 min
aging: 1h
(solution-D)
!
Aging (250 °C for 3 hours) -~
}

BaTiO3/SrTiO3 fine particles Schematic drawing of

reaction vessel
(autoclave)



Partial sulfurization method of BaTiO5 and SrTi0;

Treatment temperature : 100-500°C

| Thermocouple CS,/N, mixed gas
| (flow rate: 5/50ml/min)

------------------------------------------ : gas inlet

gas outlet

Ba/SrTiO; fine particle



Characterization of CS,-treated BaTiO,

BaTiO | |
’ Partially sulfurized
1o UV-Vis. TEM
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Characterization of CS,-treated SrTiO,
SrTiO,

Partially sulfurized
UV-Vis. TEM
ST 3Ti8s (1367 (‘1' 100 syrio,

SFTiO; ) Mooc
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Photocatalytic activity measurement of CS,-treated BaTi1O4/SrTiO4

pump

%Evalve
N — CH,CHO + H,0
Sample dispersion CH,CHO + 20,
—— - 10mg CS2-treated Ba/SrTiO3 - 2C02 + HZO
/ 9ml 10vol.% EtOH
K C,H,OH

10X10mm window

— CH,;CHO + H,

Al film

C,H;OH +3/20,
— 2CO, + 3H,

stirring bar



Photocatalytic activities of CS,-treated BaTIiO,

BaTiO,

Formation of CH,CHO from EtOH solution

Partially sulfurized
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Evolved amount of CH3CHO

(10-4mol/g/watts)

S

Photocatalytic activities of CS,-treated SrTiO,

rTioO;

Formation of CH,CHO from EtOH

Partially sulfurized
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Evolved amount of H»

Photocatalytic activities of CS,-treated BaTIiO,
BaTiO,

Formation of H, from EtOH
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Photocatalytic activities of CS,-treated SrTiO,
SrTiO,

~~ -
z  Formation of H, from EtOH
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Stabilities of the CS,-treated BaTiO, and PS-SrTiO,
XRF analysis of sulfur content

X 5
< 1 00. [ Partially sulfurized BaTiO3 (300°C)
= B Sulfurized BaTiO3 (400°C)
*g‘ | @ Partially sulfurized SrTiO3 (300°C)
© *5' @ Sulfurized SrTiO3 (500°C)
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Photo-irradiation time (hours)



Schematic drawing of the perovskite crystal structure

BaTiO3
(ref. 1)

SrTiO3

n (ref. 2)
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(1) Miyake.S, Ueda.R., On Phase transformation of BaTiO3. J. Phys. Soc. Japan (1947)
(2) Hutton.J, Nelmes.R.J., J. Phys. C 14 (1981)



Conclusions

1. Partially sulfurized (PS) BaTiO,; and SrTiO; particles
adsorbed visible light efficiently and then showed
higher photocatalytic activity than the respective
sulfides and oxides.

Partial sulfurization method could be a good
"candidate for synthesis of photocatalyst with
high activities.

2.PS-SrTiO; seemed more stable to photocatalytic
reaction and consequently showed higher activity
than PS-BaTiO,.
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