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PREPARATION AND CHARACTERIZATION OF NICKEL OXIDE
FILMS BY ANODIC OXIDATION IN AN AUTOCLAVE

Masakazu SUZUKI and Yutaka SAWADA*

Nickel thin films (thickness; ~1um) were oxidized by the method what Yoshimura et al

called hydrothermal electrochemical sYnthesis in an aqueous solution of LiOH (0-1N) at high

temperature (100-200°C) in an autoclave with the anodic current of 0-100 mA/cm? for 0-120

min. The reacted specimens were anélyzed by FE-SEM, Auger electron spectroscopy, XPS,
SIMS and thin-film X-ray diffraction analysis. NiO and Ni(OH), coexisted. Ni(OH), were

detected mainly near the exposed surface of the films.
temperature and high current density in the present experimental conditions.

NiO was remarkably formed at high
Lithium was

detected in the film although no definite conclusion for the formation of solid solution into NiO.
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Fig. 1: Reaction vessel for high-temperature anodic
oxidation under saturated water vapor.

; anode (a nickel film on a sapphire substrate),
; cathode (platinum plate, 40 X 15X 0.5mm),

; stainless wire,

: electrolyte (50 ml, LiOH solution)

; teflon beaker,

: spacers (alumina balls),

; autoclave,

; heater,
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; CA-thermocouple in a stainless tube, and

—
<

; pressure gauge.
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Fig. 2: SEM photographs of the specimen.

A : surface of the as-deposited Ni film (for reference)
B : surface of the specimen prepared in 1 N LiOH at 200°C at 100 mA/cm? for 120 min.
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Fig. 3: Auger spectra of the specimen after the high-temperature anodic oxidation.
The specimen was prepared in 1 N LiOH at 200°C at 100 mA/cm? for 120 min.

A: as-received (before sputtering)
B: after sputtering for 10 s, and
C: after sputtering for 150 min.
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Fig. 4 : XPS of the specimen.

The specimen was prepared in 1 N LiOH at 200°C at 100 mA/cm? for 120 min.
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Fig. 5: XPS depth profile of the specimen.

The specimen was prepared in 1 N LiOH at 200°C at 100 mA/cm? for 120 min.
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Fig. 6: SEM photograph of the fractured specimen.

The specimen was prepared in 1 N LiOH at 200°C
at 100 mA/cm? for 120 min.

A : unreacted metallic nickel, and

B: anodically-oxidized portion
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Fig. 7: Results of EDX of the fractured specimen.

A and B corresponds to those indicated
in Fig. 6, respectively.
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Fig. 8: SIMS depth profile of the specimen.
The specimen was prepared in 1 N LiOH at
200°C at 100 mA/cm? for 120 min.
Ni(60amu), Al(27amu), Li(7amu), NiLiO
(8lamu) and F (19amu) are indicated.
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Fig. 9: XRD spectra of the specimens.

The specimen was prepared in 1 N LiOH at 200°C
at 100 mA/cm? for 120 min.
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Table 1: Relative intensities for the diffraction
peaks Ni(OH), vs. NiO at various inci-
dent angles.

relative intensity
Ni(OH) 2001y/ NiOs00)

incident angle

0.5° 10.6%
0.3° 11.5%
0.1° 74.2%

The specimen was prepared in 1 N LiOH at 200°C at
100 mA/cm? for 120 min.
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Fig. 10 : XRD spectra of the specimens prepared
at various temperatures.

The specimen was prepared in 1 N LiOH at 100
mA/cm? for 120 min.

A 200°C, B: 150°C and C: 100°C.

@: Ni(OH),, v: NiO, B: Ni and ¥V : ALO,.
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Fig. 11: XRD spectra of the specimens prepared

at various current densities.

The specimen was prepared in 1 N LiOH

at 200°C for 120 min.

A: 0 mA/cm? B: 10 mA/cm? and C: 100 mA/cm?
@ : Ni(OH),, ¥: NiO and B : Ni.
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Fig. 12: XRD spectra of the specimens prepared
at various concentration of LiOH.

The specimen was prepared at 200°C at 100
mA/cm? for 120 min.

A: 10N, B: 0.IN and C: 0.05N.

@®: Ni(OH),, ¥V: NiO and B : Ni.
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