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ABSTRACT: Non-equilibrium electrochemical processing of ZnO nanowire arrays is engaged
in Kyoto University. The gravitational level effect has been recognized in the uniformity of PL
characteristics of electrodeposited ZnO nanowire arrays. Amorphous Si thin film has been also
electrodeposited in ionic liquid(TMHATFSI-0.1MSiCl4) as well as PC organic electrolyte.
Based on these achievements, the electrodeposition of Si nanowire is now challenging.
Amorphous SiO2 powder refined from diatomaceous earth (DE-SiO2, 5N in purity) are pressed
into pellets, and the electrolytic reduction of them is investigated in molten CaCl2 at 1123 K.
DE-SiO2 pellets are successfully reduced to Si at 1.00 and 1.20 V vs. Ca2+/Ca. Rod-like
nanostructure is observed in SEM of reduced Si sample. Furthermore, the reduction rate of
DE-SiO2 pellet is higher than that for fumed-SiO2 pellet. DE-SiO2 will be one of the most
promising Si sources in the industrial-scale electrolytic reduction in both aspects of the
reduction rate and the abundance of the resources.
Key words: Direct electrolytic reduction, Amorphous SiO2 powder, Diatomaceous earth,
Molten salts, Low-cost Si production
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SiO2 resource. Other important features on the
SiO2 powder refined from diatomaceous earth
(DE-SiO2) are that it is amorphous, which may
invoke the high reduction rate of SiO2.

3. RESULTS AND DISCUSSION
Fig.1 shows XRD patterns of a pellet made
of DE-SiO2 (a) before and (b) after the
electrolysis at 1.00 V for 60 minutes. The

2. EXPERIMENTAL

reference pattern of crystalline Si is also

CaCl2 (300 g, 99.9%, Kojundo Chemical

indicated in this figure as pattern (A). DE-SiO2
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after the electrolysis at 1.00 V for 10 minutes.
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was sufficiently dried before installing the
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working electrode was made of a SiO2 pellet and
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interface as far as electrons are successfully
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improving the reduction rate and tailoring the

supplied to the interface. As seen in Fig.2 (a)

microstructure of the produced Si for the

and (b), the DE-SiO2 pellet has larger and more

electrolytic reduction of SiO2 powders.

definite pores than the fumed-SiO2 pellet. In fact,
the porosity [= 1 − (filling rate)] was higher for
the DE-SiO2 pellet than the fumed-SiO2 pellet.

4. CONCLUSIONS
Direct

electrolytic reduction has been

As a result, the more porous SiO2 pellet

successfully accomplished for pellets made of

produces the more porous and lower density Si.

amorphous

Then, the reduction rate is expected to be higher

diatomaceous earth in molten CaCl2 at 1123 K.

for the DE-SiO2 pellet due to the more favorable

XRD

diffusion paths of O2− anions. The combination

DE-SiO2 is electrochemically reduced to form

of the higher reduction rate and the lower Si

crystalline Si having rod-like nanostructure. The

density suppresses the aggregation of the

reduction rate for the DE-SiO2 pellet is

produced Si, which results in the formation of

accelerated by changing the electrode potential

rod-like nanostructure.

more negative. Furthermore, the reduction rate

and

SiO2
SEM

powders
analyses

refined
confirmed

from
that

From the above discussion, it is considered

for the DE-SiO2 pellet is higher than that for the

that the porosity of a SiO2 pellet and the

fumed-SiO2 pellet. The high reactivity of

microstructure of SiO2 powder are key factors in

DE-SiO2 and the evolution of rod-like structure
are considered to be derived from its unique
porous structure. DE-SiO2 is regarded as a
promising SiO2 source in both aspects of the
high reduction rate and the abundance of the
resources when the industrial-scale electrolytic
reduction is realized.
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