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Abstract

Bi was galvanostatically electrodeposited in a hydrochloric acid solution in the presence and absence of a 0.5 T field. The effects of mag-
netohydrodynamics (MHD) convection were focused on the concentration overpotential as well as the current efficiency. The morphological
and microstructural variation of electrodeposited Bi thin film was also investigated. Dendritic growth enhanced at higher current density was
considerably suppressed by superimposition of a 0.5 T field, while the effect on the crystal microstructure was not confirmed.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction of electrodeposited metal was determined by the direction of
MHD convection.
The introduction of magnetic field into the electrochem- The characteristic morphological variation of electrode-

ical processing may open the large potential applications. posited metal was often observed in a magnetic field. The
Enhanced mass transfir,2], better electrodeposit quality macroscopic dendrite shape of metals like Cu, Zn, Co, and Fe
[3-5] and control of corrosiof6,7] are just some of effects.  was significantly influenced by a magnetic field at the higher
In addition, the magnetic field may offer a powerful scientific current density3,4,17,18] Under the mass transfer-limited
tool in the research field on electrochemical reaction kinetics condition, MHD convection must reduce the contribution of
[8]. concentration overpotential to the morphological variations.
A number of studies have been reported on metal elec- Fe dendrites electrodeposited in a magnetic field sometimes
trodepositionin a magnetic fieJd—5,9-19] They focusedon  show the extraordinary macroscopic shape variafior].
the morphologyf3,4,16]and crystal microstructure of elec- When the thin film was electrodeposited, not only the size
trodeposited thin filnj9—15], and kineticg19], for example. but also the shape of crystallite was modified by the super-
Devos et al. studied the preferred orientation of electrode- imposition of a magnetic field, for example, B, 16] and
posited Ni thin film[12]. They concluded that magnetohydro- ZnO [20]. Although the stirring effect of MHD convection
dynamics (MHD) convection influenced the concentration was surely confirmed in the many studies, the interest is still
of competitive adsorption of various species (e.g. hydrogen remained on the macroscopic shape evolution.
adatom), which determined the texture axis of electrode- We have examined the morphological and microstructual
posited Ni. Kyoto university team engaged in the pole figure variations of electrodeposited Cu and Ag films by discussing
measurement to find out the biaxial texture evolution of elec- the important contribution of concentration overpotential
trodeposited Niand Fe thin films in amagnetic field parallelto measured with the interferometry technigi2d,22]. It is
the substratfl4,15] They deduced that the texture evolution an interesting subject in the field of shape evolution to
investigate systematically the characteristic morphological
* Corresponding author. Tel.: +81 75 753 5415: fax: +81 75 753 4719.  variations induced by the complicated interaction between
E-mail address: fukunaka@energy.kyoto-u.ac.jp (Y. Fukunaka). electric and magnetic fields near the cathode surface.
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This paper deals with Bi electrodeposition in the pres-
ence and absence of a magnetic field. Bi is a semimetal
and has the most diamagnetic property among all elements.
The unique electronic properties like enormous magnetore-
sistance (MR) effects in thin film23] and nanowire arrays
[24,25] have been demonstrated. Bi is the most promising
candidate to examine the evidence of magnetic field effect
on diamagnetism during electrodeposition as contrasted with
the ferromagnetic elements, Fe, Co, and Ni. The present work
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vertically and fixed to the inner wall of 3cm long duct
type of cell as well as a Bi counter electrode. They were

Fig. 2. Transient variation of electrode potential during Bi electrodeposition

faced to each other with 1cm distance at the center of at 75mAcnt? in the presence and absence of a 0.5T field. (a) Transient

duct cell [26]. Electrodeposition was carried out galvano-
statically in the range of 1.0-150mActh The anode

stripping method measured current efficiency. The mag-

netic field of 0.5T was applied to the electrolysis with
a permanent magnet of Nd—Fe-B alloy. All experiments

were performed at room temperature. Electrodeposited Bi

thin film was rinsed carefully by ethanol and dried out.
The crystal microstructure of electrodeposited Bi thin film
was determined by X-ray diffraction using CaxKadiation
(A=1.78897 nm).
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Fig. 1. Schematic illustration of the duct type of electrolytic cell. (A 0.5T
field was applied perpendicularly).

variation over 600 s and (b) over initial 30 s.

3. Results and discussion

Transient variation of electrode potential during Bi elec-
trodeposition at 75 mA ci? is shown inFig. 2 When the
electrolysis started without magnetic field, the electrode
potential suddenly jumped up by 0.1V frofi=—-0.3V
around several seconds after starting the electrolysis as
clearly demonstrated iRig. 2(b). This duration period; (s),
was significantly influenced by the applied current density.
The potential then started gradually shifting to more negative
direction to attain—0.4V aroundr=150s (sedrig. 2(a)).
Maintaining a constant potential 6f0.4 VV over 100 s, it was
gradually recovered te-0.3V atr =600 s.

The superimposition of magnetic field, on the other hand,
introduced a remarkable fluctuation of potential. It varied
between-0.2 and-0.3 Vwith afrequency of 3 Hz. Itwas dif-
ficultto reduce such a significant fluctuation evenif lead wires
were completely sealed with Al foil. Kim and Fahidy found
the current oscillation phenomenon during the magnetoelec-
trolysis[27]. They investigated the effect of the migration on
it when C#* was electrodeposited in Cug&H>SOy solu-
tion. The smaller ratio of the supporting electrolyte to the
metallic ion tended to induce the oscillation. The current
oscillation was observed at the ratio <40. In the present work,
the electrode potential oscillation are noticed in the galvano-
static condition when [HCIJ/[Bi*] is 15. Another possibility
is described ippendix A although this value is within their
criterion.
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