
MK0400062

RAMAN SPECTROSCOPY USED FOR STRUCTURAL INVESTIGATIONS OF ..

RAMAN SPECTROSCOPY USED FOR STRUCTURAL
INVESTIGATIONS OF ANODICALLY FORMED ZrO2

Zagorka Koneska, Irena Arsova

Faculty of Technology and Metallurgy - St. Cyril and Methodius University,
Rudjer Boskovic 16, 1000 Skopje, R. Macedonia

Abstract- The structure of the oxide formed on Zr (99% + Hf) with anodic oxidation at different potentials in 1
mol/dm3 H3PO4 and 2 mol/dm3 KOH solutions were investigated using Raman spectroscopy Normally the
anodic oxides of Zr form only crystals. Under certain circumstances, amorphous anodic ZK>2 can be observed.
Amorphous phase is observed for the anodically formed zirconium oxides in H3PO4. The oxide formed in KOH
at potential of 80 V, where sparks appears on the Zr electrode showed crystalline structure.

INTRODUCTION
Most engineering metals and allows oxidize under ambient conditions to form a very thin passive
oxide layer, the stability of which in aqueous conditions varies with pH and electrode potential [1].
Because they are so thin, passive films are difficult to study but thicker films of a similar character
may be grown by artificially maintaining the high electric field associated with the formation of thin
films, so producing anodically formed or anodic films [2]. These thicker films are of commercial
importance as well as scientific interest. Anodic oxide films have considerable commercial importance
both for corrosion protection and such applications as capacitors and thin windows for electronic
devices, radiation counters and radiation sources. Generally the anodic oxides are not crystalline. The
anodic oxides of valve metals Ta, Nb, Al and Ti can all form glasses and crystals, but normally the
anodic oxides of Zr and Hf form only crystals. Under certain circumstances, glassy or microcrystalline
anodic XxOi can be observed [3]. The ZrO2 amorphous phase is observed by C. Urlacher [4] when it is
prepared by sol-gel process.

Highly sensitive and non-destructive techniques are increasingly required in order to understand the
microstructure of the oxide films. Raman spectroscopy is one of the most useful characterization tools
because of its non-destructive nature.

EXPERIMENT
Polycrystalline zirconium (99%+Hf) rod (1.2 cm2) purchased from Alfa was used as working
electrode. The electrode surface were wet-ground to 1200 grit using SiC paper and were polished on

metallurgical clots with diamond paste of 9 and 3 μm. The polishing with 3 μm diamond paste left a
mirror-like surface. Among the different polishing sessions, the electrode was subjected to ultrasonic
cleaning. After polishing the electrode was 30 seconds anodically oxidized at different potentials
(50 - 150 V) in 1 M H3PO4 and 2 M KOH solutions.
The solutions were made from A.R quality chemicals and twice distilled water. The solutions were
purged with high-purity argon during the anodic oxidation.
Renishaw Ramascope with red laser 632.8 nm with power 1 MW was used in the investigations.

RESULTS AND DISCUSSION
In these work the anodic oxides formed on Zr in H3PO4 and KOH are investigated using Raman
spectroscopy. It is well know that zirconium oxide has three well defined polymorphs: the monoclinic
baddeleyite phase, which is stable up to about 1100 °C, the tetragonal phase, which appears during
annealing treatment up to 1200 °C, and the cubic phase which the compounds adopt at about 2370 °C
[5]. Under certain circumstances, amorphous ZrO2 can be observed, but zirconium oxides obtained by
heat-treatment are crystalline. The Raman spectrum of heat-treated Zr at 1200 °C is shown in Fig.l.
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The bands appear at around: 179, 192, 224, 304, 335, 347,384, 434, 477, 504, 538, 560, 616 and 638
cm*1 which are characteristic for the monoclinic phase. These positions of the bands are in good
agreement with the assignation with C.Urlacher [4]. In monoclinic ZrO2 (space group P2i/c), all atoms
lie in general positions. Eighteen modes are expected to be Raman active [6]. Most of expected bands
are identified in our investigations.
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Fig.l Raman spectra of heat-treated Zr at 1200 °C

Anodic oxide films on Zr were formed in 1 M H3PO4 at potentials of 50, 70 and 150 V. Formed films
were investigated using Raman spectroscopy. The Raman spectra for the anodic zirconium oxide
formed at different potentials in 1 M H3PO4 are presented in Fig: 2, 3 and 4. Normally the anodic films
on Zr are crystalline. These spectrums are characteristic for the amorphous films. It is well known that
the phosphorus can be incorporated in oxide film during the anodization. Crystallization is slower in
the presence of impurities. This may be because impurities are more easily tolerated by glassy
materials than by crystals and consequently, to obtain crystals, longer range diffusion is required rather
than a simple local rearrangement. In anodic films, impurities from the electrolyte present in the outer
layers have been associated with the slower crystallization.
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Fig.2 Raman spectra of ZrO2 formed in H3PO4 at 50 V
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Fig.3 Raman spectra of ZrO2 formed in H3PO4 at 70 V
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Fig. 4 Raman spectra of ZrO2 formed in H3PO4 at 150 V
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The oxide formed on Zr electrode in KOH solution at potential of 80 V showed crystalline structure.
At this potential sparks appears on the electrode surface. Because the potential at which the emission
of sparks and/or local gas evolutions commenced is breakdown potential , we can say that the
potential of 80 V is breakdown potential for the oxide formation in the 2 M KOH. The Raman spectra
for this oxide are shown in Fig.5 (Raman spectra recorded at the part of the electrode without spark)
and Fig.6 (Raman spectra recorded at the spark point), picture 1. On this spectrum, Fig.6 six low-
intensity bands appear at around: 178, 190, 334, 381, 478 and 641 cm"1.
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Fig.5 Raman spectra of ZrO2 formed in KOH at 80 V

The spectrum recorded at the spark point where white powder appears on the electrode surface Fig.7,
showed well defined band at around: 179, 192, 223, 308, 334, 348, 383, 477, 504, 537, 560, 615 and
638 cm"1, some as the bands appears at the heat-treated Zr at 1200 °C. Formation of crystalline
materials at the point of their breakdown is the result of localized high temperatures occurring at
breakdown when large currents flow in limited areas.
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Picture 1. Microstructure of Zr after anodizatoin at 80 V in 2 M KOH (xlOOO)
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Fig.6 Raman spectra of Z1O2 formed in KOH at 80 V (spark point)

CONCLUSION
The structure of the anodic oxide films formed on Zr in H3PO4 and KOH solutions were investigated
used Raman spectroscopy. The oxides formed in H3PO4 are amorphous because the impurities are
incorporated in the oxide.
Raman spectrum of the oxides formed in the KOH is characteristic for the monoclinic phase.
Formation of crystalline materials at the spark point, same as the formation on the heat-treated Zr is
the result of localized high temperatures occurring at spark point when large currents flow in limited
areas.
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