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In-situ Observation of Zinc Electrodeposition on Iron Single Crystal Using Synchrotron Radiation X-ray Diffraction

Masao Kurosaki, Muneyuki IMAFUKU and Koichi KAWASAKI

Synopsis : Continuous in-situ observations of changes in crystal orientation during zinc electrodeposition were performed using novel electrolysis cell

that secure uniform current distribution through thin electrolyte layer.

It has been clarified that electrodeposition can be separated into the two regions. First one is epitaxial deposition region in which orienta-
tions of deposited zinc and substrate keep following relations; Fe(100)//Zn(10- 1) Fe(110)//Zn(00-2), Fe(111)//Zn(00- 2). This region contin-

ued until the thickness of the deposit became about 0.5 um.

Second one is bulk deposition region, in which the overpotential settled by electrolysis conditions determines the crystal orientation. Low

overpotential leads to promoting Zn(00-2) deposition, and higher overpotential Zn(10- 1) and Zn(11-0). Influences of the current density

changes on the crystal orientation were also clarified. The use of an adsorbing organic additive influences both on the epitaxial growth region

and on the bulk growth region and inhibits the deposition of the Zn basal plane.

Key words: crystal orientation of electrodeposited Zn; in-situ XRD measurement; synchrotron radiation; epitaxial growth; overpotential.
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Fig. 1. Schematic drawing of the in-situ XDR electro-
chemical cell.

i1 Electrolysis cell

Fig. 2. Photograph showing an overall view of the in-situ
XDR apparatus.

Driven by driving motor

SR beam

Electrolysis cell

Fig. 3. Schematic drawing of the whole in-situ XRD sys-

tem.
Table 1. Bath composition.
ZnS0, Na,S04 pH Temp
1k mol/m® 0.1 k nol/m’ 1.2 Roon Temp.
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Fig. 4. Imaging plate showing the changes of diffracted
peaks during Zn electrodeposition on Fe(110).
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Fig. 5. Intensity changes of deposited phases during zinc electrodeposition on Fe(110).

(a) 1 kA/m?, (b) SkA/m>.
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Table 2. Summery of the results about the orientation of
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Fig. 6. Intensity changes of deposited phases during zinc electrodeposition on Fe(111) and Fe(100).
(a) Fe(111) at 11kA/m?, (b) Fe(111) at 5kA/m?, (c) Fe(100) at 1 kA/m?, (d) Fe(100) at S kA/m’.

the deposited Zn.
Region Epitaxial Growth Bulk Growth
Thickness thickness ¢ 0.5um thickness > 0.5um
Relations

Fe(100) // Zn (10-1)

?I Low Overpotential : Zn (00-2)
Fe(110) // Zn (00 - 2)§

Fe(111) // Zn (00-2)

In (210-D

figh Overpotential :  and
In (11-0)

Table 3. Calculated misfits in % between Fe single crystals

and deposited zinc.

Zn(00 - 2) In(11-0) Zn (10- 1)
Fe(100) 24.4 12.4 7.0
Fe(110) 10. 4 3.2 16.5 -
Fe(11D) 13.9 22.0 34.3

Table 4. Electrode potential during Zn electrodeposition at

various current density.

Current density (kA/m®)

1 5 10

Electrode potential
(V:vs. S.C.E.)

-0. 98 -1.10 -1.15
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Table 5. Overpotential and preferred orientation of the de-
posited zine.

Overpotential Low Niddle High
Preferred orientation| (00-2) (10-1) a1-0 10-0
of deposited Zn. (11-2)
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Fig. 7. Intensity changes of deposxted phases by shlftlng the current den51ty during zinc electrodeposition on Fe(110).
(a) From 1 kA/m? to 10kA/m?, (b) from 10kA/m? to 1 kA/m>.
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Fig. 8. Intensity changes of deposnted phases using electrolyte with organic additive on Fe(110).

(a) 1kA/m?, (b) 5kA/m?.
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