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A polymerized compleXPC) technique was utilized to prepare high-purity barium tetratitanate
(BaTi,Og) fine powders at a low temperatufe00 °Q. BaTi,Oq via the PC route, combined with

RuG,, exhibited 2.4 times larger photocatalytic activities for the decomposition of water compared
to those for a sample prepared by a solid-state reaction method. A considerably large surface area
(~30 nt/g) of the BaTjOy/RuO, powdervia the PC route, when compared withs m?/g for the
solid-state reaction powder, was supposed to be one of the key factors responsible for the high
photocatalytic activity observed. @996 American Institute of Physi¢§0003-695(96)04740-1

Apart from the suitable utilization of BaJOg as a mi-  always produced strongly multiphase samples with impuri-
crowave dielectric resonator filteP in the electronic ce- ties such as BafD;;, Ba,Ti;s0s9, and BaTjOg after the
ramic industry, the compound B0y has recently received heat treatment at temperatures below 903%&. The
considerable attention as a new host catalytic material iBaTi,Oy phase did not crystallize from these gels until
combination with Ru@ for stoichiometrically complete pho- ~900 °C, and complete formation of BaQly could be
todecomposition of watét’ The crystal structure of the host achieved only at 1100 °C or 1300 “€The primary problem
BaTi,Os compound was reported by several grofipd,and  in processing BaT,0, by these previously reported routes is
it was shown to be isostructrual with orthorhombic the strong tendency to produce coarse and inhomogeneous
KTisNbOy.'! The BaTjOs compound is then characterized powders with large grain sizes owing to the high-temperature
by the presence of the pentagonal-prism tunnel structuréheat treatments. This would in turn result in a host catalytic
which seems to play an important role in the emergence ofnaterial with a relatively low activity due to the low surface
the photocatalysis in BajOg/RuQ, as has been explained area of the dense oxide powders. It is, therefore, necessary to
by Inoueet al®’ The significance of such photocatalytic ac- develop a methodology for preparing fine powders of pure
tivities in this new class of materials was discussed by thé8aTi,Og with high surface areas.
same authofs’ from the following two standpoints(i) the The principal aim of this letter is to report on a simple
tunnel structure brings about a significantly large distortionpolymerized complexPC) route, based on polyesterification
of TiOg octahedra, possibly leading to efficient production of between citric acid and ethylene glyc¢df®that was success-
photoexcited charges, an(i) it prevents Ru@ particles  fully used to synthesize pure BaQ,g at 700 °C suitable for
from aggregating and growing into large particles. a host catalytic material with a high active surface. The pho-

One of the serious obstacles that blocks further substanecatalytic activity for the decomposition of water in a
tial developments in the application of Baly/RuO, mate-  BaTi,Oo/RUO, material preparedia the PC route is com-
rials as photocatalysts with higher activities is the great difpared with that in a sample prepared by the conventional
ficulty in preparing a powder of the host BaDg compound  solid-state reaction technique in order to demonstrate the po-
with high surface areas. To obtain such active powders, pratential advantage of the PC method in fabricating photocata-
cessing temperatures must be set beteW00 °C so that the lysts with higher activities.
grain growth may not be very significant. Bgly has been The BaTiyO, powders were synthesized by the PC
synthesized by heat treatment of a mixture of BgGdd method as outlined in Fig. 1. A 0.1 mol of titanium tetraiso-
TiO, at high temperature$900—-1300 °¢ with repeated propoxide(TifOCH(CHjs),],) was first dissolved into 4 mol
cycles of grinding and firing for the completion of the solid- of ethylene glycolOHCH,CH,OH), and subsequently 1 mol
state reaction®!? Alternatively, attempts to synthesize of citric acid [(HOOCCH,C(OH)(COOHCH,COOH)] was
BaTi,Oq at lower temperatures have been carried out by soladded in this solution. After achieving complete dissolution,
gel techniques using metal—alkoxidés However, gels de- 0.025 mol of BaC@ was added and the mixture was stirred
rived from barium and titanium alkoxide precursors havefor 2 h at 50 °Cuntil it became transparent. The colorless
clear solution thus obtained was heated atA30 C to pro-
3Author to whom all correspondence should be addressed. Electronic mailOte polymerization and remove excess solvents. On contin-

kakihan1@rlem.titech.ac.jp ued heating at- 130 °C over several hours, the solution be-
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FIG. 1. Flow chart for preparing Baj®q by the polymerized complex Weight_loss up t0~320°C an_d anOt_her Iarge_r Weight loss
method. extending up te=680 °C. The first weight loss is mostly due

to dehydration and evaporation of volatile organic compo-
) ) . . nents. The second large weight loss between 320 and
came highly viscous with a change in color from colorless toggg °c can be ascribed to decomposition of organics in-
deep yellow, and finally it gelled into a transparent brownyg|yed in the precursor. The DTA scan of the precursor at a
glassy resin. It is noteworthy that no visible formation of peating rate of 10 °C/min in static air shows a large exotherm
precipitation or turbidity was observed during the polymer-featyre corresponding to the large weight loss observed by
ization and gelation. Charring the resin at 350 °€2ch in TG petween 320 and 680 °C, which can be attributed to
an electric furnace resulted in a black powder, which is herepymout of most of organics involved in the precursor. A
after referred to as a “precursor.” The precursor was heate|atively weak exotherm feature starting at730 °C
treated at 650—-800 °C f@ h in static air on an AIO; boat  (marked with an arroyin the DTA curve can probably be
followed by natural furnace cooling to room temperature.attributed to the onset of crystallization into Ba®}, accord-
Thermogravimetry-differential thermal analysi§G-DTA)  ing to the XRD dataFig. 3.
was carried out to follow the decomposition of precursors — The XRD patterns of powders obtained after calcining
with a heating rate of 10 °C/min. For the purpose of com-the precursor in air at three different temperaturefb are
parison, BaTjO, was also prepared by the conventional depicted in Fig. 3 in 2 range of 10°-55°. The precursor
solid state reaction at 900 °C for 20 h using an intimate miX-heat treated up to 650 °C was primar”y amorphous in struc-
ture of BaCQ and TiG, achieved by mechanical grinding ture, as shown by the broad continuum in the XRD in Fig.
for 2 h. The products were characterized by x-ray diffraction3(a). Drastic crystallization has occurred during the heat
(XRD) using CuKa radiation to identify various possible treatment of the precursor in air at 700 °C for 2 h. All the
phases formed. XRD patterns of the powders heat treated above 700 °C ex-
Both powders of BaTjOq synthesized by the PC and the
solid-state reaction route were combined with a fixed amount
of RuG, (1 wt % of Ru relative to BaT,iOg) in exactly the
same manner as followsi) Powders of BaTjOy were sus-
pended into aqueous solutions containing RWEId the sus-
pension was stirred fal h at~70 °C until most of the water
was evaporatedAfter this procedure water was added and
the solution was again evaporated to dryne@s.The result-
ing mass was dried at 100 °C for 12(fii) The impregnated
BaTi,O9 was heat treated at 500 °Crf@ h under flowing
H,/N, gas (H, 2%+N, 98%), followed by oxidation at
475 °C in air for 7 h. The powdered photocatalysts thus ob-
tained were suspended into pure water. The photodecompo-
sition of water by BaTiOy/RuG, was then carried out at
60 °C in a closed gas-circulation reaction vessels under irra- a) A
diation of light from a high-pressure Hg lamp operated at 1; 20 30 40 50
500 W. H,/O, gases evolved were analyzed by a gas chro- 20/ deg CuKar
matograph. The specific surface area of the samples was
measured by the conventional three-point BET method usmgIG. 3. X-ray diffraction patterns of products obtained by heating the Ba/
nitrogen gas as absorbent. Ti=1/4 composition precursor in static airf2 h at 650 °C(a), 700 °C(b),
Figure 2 shows typical TG-DTA curves of a Ba—Ti pre- and 800 °C(c).

FIG. 2. TG-DTA curves of the Ba/Fi1/4 composition precursor.
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50 . . . ‘ . g -, respectively. It is quite obvious that the BaOy/
—O— Polymerized complex method RuO, samplevia the PC route has shown 2.4 times higher
—@— Solid-state reaction method photocatalytic activities compared to those for the sample
prepared by the solid-state reaction method. The remarkable
acceleration of the photocatalytic reaction is at least partly
attributable to the fact that the Bg0y/RuG, powdervia the

PC route has a considerably large surface are8Q nt/g)
when compared with~5 n?/g for the solid-state reaction
powder. These results would indicate that the PC route is a
promising methodology for preparing the host Badj com-
pound with a large surface area that increases the,RuO
deposition sites developed on the surface of B@fithus
substantially improving the photocatalytic activity of
BaTi,Oy/RuG,. It should, however, be noticed that the pho-
tocatalytic process can be influenced not only by the particle
size of BaTjOq but also by how evenly the RyQs distrib-
0 05 1 1.5 2 2.5 3 uted over the surface of Bajdy. To clarify the latter issue,

Time / h transmission electron microscopic analysis is ongoing.
This work was supported by Iketani Science and Tech-

nology Foundation and NEDO International Joint Research
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FIG. 4. Photoassisted water decomposition on Rinpregrated BaT,Oy.
The BaTjOy powders were prepared by polymerized complex metho
(O) or solid state reaction metho®(). The amount of Ru@is the same
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