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to vacuum line

to GC circulation
pump
reaction cell It | Lcooling water

mained. The evolved gas was accumulated and was analvzed by
&' gas chromatography (TCD. Ar carner. MS 5A column). When
£\ 38 mm

A -

&mm magnetic stirrer

stirring rod

Fig. 1 A schematic view of apparatus. The reaction was carried out
in a flat-bottomed reaction cell made of Pyrex glass with 0.1 g of
oxide powder and 200 cm® of distilled water which was magnetically
stirred (F-203, Tokyo Garasu Kikai, stirring rate 1500 rpm, triangular
prism-type stirring rod (87 % 34 mm) sealed by PTFE [Teflon@]]) in
most of the experiments. A closed gas circulation and evacuation
svstern made of Pyrex glass was connected to the reaction cell and
evolved gases were accumulated in it (470 cm?) for gas chromatog-

raphy analysis without any contamination from air.
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Fig. 1 Time course of Hz (open circles) and Oz (filled circles) evelution on
Ni10 1 the dark. The gas phase was evacuated at a reaction tume of 22 h.
Catalyst (N10): 0.1 g, H,O: 200 em?.
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Table 1  Activity of various oxides to overall water splitting (umol h™— 1)

Oxide H, O, Oxide H, 0, Oxide H, 0,
Cr,0, 1.0 0.001 TiO, 0 0 Si0, 0 0
MnO 0 0 Zr0, 0 0 Sn0, 0 0
Mn, 0O, 0 0.01 V.0, 0.06 0 Sn0 0.006 0
MnC), 0 0 Nb, O 0 0 PbO 0 0
FeO 0.5 0 Ta,0; 0 0 Pb, O, 0 0.1
Fe. O, 0.02 0 Mo, 0 0 PbO, 0 0.3
Fe,0, .68 0.97 WO, 0 0 Bi,0, 0 0.007
CoO 0.3 0 RuO), 0.1 .05 La 'D 0.1 0
Co 0, 44.2 225 Rh,0O, 0 0 Ce0, 0 0
NiO 46.0) 227 IO, 0.22 0.07 Pr.O,, 0 0
Cul) 0 1] PdO 0 0.2 Nd, O, 0 0
Cu, 0 5.7 3.7 Ag.0O 0 0 Sm, 0, 0 0
Zmor fr t CdO 0.05 0 Dy,0, 0 0
Sc, 0, 0 0 Al O, 0 0 Ho, 0O, 0 0
MgO 0 0 Ga,0, 0.04 0 Er,0, 0 0
Y.0, 0 0 In,0, 0 0 Tm,0, 0 0

* BEach reaction was continued for 24 h, and the total amounts of ev nlted H, and O, were divided by 24. All the reactions were carried out using
a flat-bottomed reaction vessel with 0.1 g of oxide powder and 200 cm? of distilled water whlch was magnetically stirred. A triangular prism-type
stirring rod (8* x 34 mm) sealed by PTFE was used (see Fig. 1) Catalyst 0.1 g, H,O 200 cm?, stirring rate 1500 rpm. Bold type indicates catalytic
water decomposition.
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} MNiD powder (ca, 0.01 g)

a b
Fig. & Time course of H, and O, evolution in the reaction per- { } {
formed under a free-of-magnetic-field condition. Schematic view of
motor-drive type reaction cell is shown in the inset. 0.01 g of NIiO

powder was stuck onto the flat bottom of the stirring rod made of
alumina. Simultaneous H, and O, evolution was observed. H,O: 200
cm?, stirring rate: 1500 rpm.

Fig. 7 Change by stirring manner of the rate of H, (open circles) and
O, (filled circles) evolution. (a) Stirring NiO (0.1 g)-suspended distilled

o Pl R FiﬂgHz\ 02@_@%@_@@% water with a floating type stirring rod, the stirring rod was rotated

without contact with the bottom of the reaction vessel There was no
N\ . evolution of H, and O, . (b) Double-sided adhesive tape was stuck on
Ezzifﬁﬁfi}ﬁ%/% ”ﬁl the flat bottom of the stirring rod and ca. 0.01 g of NiO powder was
stuck onto the other side of the tape. Stirring the NiQ {ca. 001 g)-

&@% mﬁfﬂé%%&ﬁj%ﬁ@%ﬁﬁéfﬁﬁﬁ%ﬁﬁ glued flat-bottomed rod in suspension-free water. Similar to the sus-

/ s 2o i pension system shown in Fig. 2, a simultaneous H, and O, evolution
*% Eﬁ*ﬂjﬂ HE 111 K ) 1) was observed. H,O: 200 cm?, stirring rate: 1500 rpfn.
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E{kJ h™') = 21 x [revolution rate (rpm)/60{s)]
% torgque (N m) x 3600(s)

n %) = EJE, x 100

E_: the chemical energy accumulated by water decomposition
e E: the total mechanical energy provided into the system for
stirring

«E. the mechanical energy consumed at the interface between
the rotating rod and the bottom of the reaction vessel

« 1 :conversion efficiency from E; to E_
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E. =46 ymol h™'=0011 kT h~1,
E,=083kJh™ 1,
n=(0.011/0.83) x 100 = 1.3 (%).

When a larger stirring rod with triangular prism-shape
(137 x 54 mm) was used for the NiO catalyst, higher efficiency
was obtained as follows:

E .= 200 pmol h™' = 0,047 kJ h~!
E=110kITh™!
n = (0.047/1.10) x 100 = 4.3 (%).
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Mechano-catalytic overall water splitting (II) nafion-deposited Cu,O

Applied Catalysis A- General 190 (2000) 3542

BB )E 3Ean(Aew)s

VT CUu,OfE AN S T B, ) B $ s AL A 1

VAL SER A, IR AR . AT

Rf]annnship between reaction efficiency on nafion/Cu 0 and the shape of stiuring rod

Stimng rod Evolution rates® {pumolh—1) E." (kIh 1) E*S {(kIh ) Ed (kInh n® (%)
H; Oy

A
" 17 8 403 1077 1.65 0.22 1.8

n i
ﬂ-'_'_'_'_'.'_.-'-‘ 55 29 1.3 % 102 2.92 0.82 1.6

C
A —h.:__'_-"' . - - 7} ’

[ 39 3 142 10— 331 0.43 33

-.-ﬂ A

* Reaction was performed under light irradiation at A > 550 nm.

® Chemical energy accumulated during reaction.

" Total mechanical energy provided mtfo the system for stunng.

4 Mechanical energy consumed at the interface between stirring rod and the bottom of the reaction vessel.
#n=(E./Ej) » 100.
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Mechano-catalytic overall water splitting on some oxides (II)
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Mechano-catalytic overall water splitting on some mixed oxides

AL TR R

T U AR SCE 370 41 8] S B SR Al m), - i
AN EEHEEABO, (A= Fe, Co, Niand Cu, etc., B
=W, Mo) 5 & 2 A I HLIMAE A4 73 fiff 7K il 2 AR 3 12k

BRate of Hx and On evolution on various ABOz (A = Mn, Fe, Co, etc, and B = W and Mo) compounds

AWO:s or AMaOy Transition metal fungstates and molybdates Rate of gas evolution (pmeolh™!)
Hy [0
AW Mo WO Tiace 0
FeW0y 28 13
CoWiy 40 19
MWy 54 23
CuWy 36 17
L].I.\.'\'-U.{. i w
MgWO, 0 0
CaWi0y 0 0
SrW0s 0 0
BaW0y 2 1
AMoOy MohMoO. 0 0
FeMoO: 16 1
ColdoOy 13 7 .
NiMoO4 39 36 O M =Mn, Fe, Co, Ni, Cu, Zn,etc.
A
}uu.fl:;sg: ér - 51 7ig. 1. Schematical structure of ABO4 (A = Fe. Co, Ni and Cu.
MzMoO: Trace 0 #e. B =W, Mo) compounds.
CaMoOy Trace 0
SeiioOy Trace Trace
BaMoQy Trace a
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Mechano-catalytic overall water-splitting into
hydrogen and oxygen on some metal oxides
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@ %’ Comment on “A Study of Mechano-Catalysis foy Prefﬁir;t for the Americas;
Overall Water Splitting” EH FrE et (IAHE)

David S. Ross®
J. Phys. Chem. B 2004, 108, 19076— 19077
Demon%: A 7£J. Phys. Chem. B. 30 k)5,
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Reply to “Comment on ‘A Study of J. Phys. Chem. B 2004, 108, 19078
Mechano-Catalysts for Overall Water Splitting”*
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*A note on the gas-evolution of mechano-catalytic water-splitting system,
T. Ohta, International Journal of Hydrogen Energy, 26(4), 2001, 401.

o Efficiency of mechano-catalytic water-splitting system,T. Ohta
International Journal of Hydrogen Energy, 25(12), 2000, 1151.

*On the theory of mechano-catalytic water-splitting system, T. Ohta,
International Journal of Hydrogen Energy,25(10), 2000, 911 .

Preliminary theory of mechano-catalytic water-splitting, T. Ohta,
International Journal of Hydrogen Energy, 25(4), 2000, 287

*Mechano-catalytic water-splitting, T. Ohta, Applied Energy, 67(1-2),
2000, 181

*Energy systems and adaptive complexity, T. Ohta, Applied
Energy, 67(1-2), 2000, 3.
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Fig. 1. Bottom friction type (BFT ) mechanolysis. G, R, 5, W and «

represent the glass bottom, the stirrer, the semiconductor powder,
the slurry and angular velocity, respectively.

side wall \ R /

Fig. 4. SFT — a view from the top. Fig. 3. Side friction type (SFT) mechanolysis. a is the radius.
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Fig. 5. Energy flow diagram for the mechanolysis system.

w1
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Ly = 4”5?;'
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This formula is useful to design an efficient cell for

mechanolvsis.

Fig. 6. Charge conveying system by the stirrer R. Cg and Cy; are
the loading and the unloading contacting places, respectively.

charge conveying
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(2.3) hopping °
R+ frictional conduction ’
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Fig. 7. Charge transfer systems in the mechanolysis.
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Water Splitting fanie

A Titanium Disilicide Derived Semiconducting Catalyst for Water
Splitting under Solar Radiation—Reversible Storage of Oxygen and
Hydrogen™*

FPeter Ritterskamp, Andriv Kuklva, Marc-André Wiistkamp, Klaus Kerpen, Claudia Weidenthaler,
and Martin Demuth*®

72 ‘Conduction band .
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Angew. Chem. int. Ed 2007, 46,1-6 HO /1 O3-4--- J
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Figure 1. Band-gap range of the TiSi-based semiconducting catalyst
employed in this work. h* = hole with positive charge.
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