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Abstract- Anodization of zircaloy-4 in 0.1M ammonium oxalate
has been carried out. Kinetics of anodic oxidation of zircaloy-4
has been studied at a constant current density of 8mA.cm-2 and
at room temperature. Thickness estimates were made from
capacitance data. The plots of formation voltage vs. time,
reciprocal capacitance vs. time, reciprocal capacitance vs.
formation voltage and thickness vs. formation voltage were
drawn. From these plots rate of formation; current efficiency and
differential field were calculated. The addition of solvent
(methanol) showed better kinetics results. For 25%, 50% and
75% aquo-methanolic media, the dielectric constant values are
low leading to a marked improvement in the kinetics. In 80%
methanol, though the dielectric constant value of solution is less,
the kinetics was slow which may be attributed to the fact that the
electrolyte becomes highly non-polar.
Index Terms- Zircaloy-4, Anodization, Formation rate, Current
efficiency, Differential field, Aquo-methanolic media.

I. INTRODUCTION

Z

ircaloy-4, which is a zirconium alloy containing Sn, Fe, Cr
and O is mainly used in the Nuclear industry, especially in
pressurized water reactors1,2 as fuel cladding integrity has to be
ensured for its entire working life in the reactor core.
Electrochemical oxidations of Zr-4 have been studied in
electrolytes3, 4.
In this work, we focus on the oxidation of Zr-4 from an
electrochemical stand point. The electrochemical experiments
were performed at room temperature.
We have studied the electrochemical behavior of Zr-4
through constant current density i.e. 8mA.cm-2 and at room
temperature.
Thus specified experiments were performed and
calculated to investigate the role of Zr-4 in 0.1M ammonium
oxalate and the effect of solvent (methanol), formation rate,
reciprocal capacitance vs. time, reciprocal capacitance vs.
formation voltage and thickness vs. formation voltage were
drawn. They were found to be optimum conditions for better
kinetics and for better kinetic studies.

II.

EXPERIMENTAL

Zr-4 was of 98% nominal purity supplied in the form of
annealed sheet by NUCLEAR FUEL COMPLEX,
HYDERABAD, as a gift sample was used. Thinning of this
annealed sheet was done by DEFENCE METALLERGICAL

RESEARCH LAB, HYDERABAD. The chemical composition
of Zr-4 was described in Table 1.
From the initial sheet, the foil samples used were cut with
the aid of a punch into a flag shaped specimen of 1cm2 working
area on both side and 1 ½ cm long tag.
They were chemically polished. The chemical polishing
mixture consisted of acids such as HF, HNO3 and H2O in a
definite volume ratio 3: 3:1.
The samples were thoroughly cleaned in distilled H2O,
wiped with tissue papers, and exposed to dry before the
experiment.
TABLE 1 Composition of the studied material.
Material
Weight
Composition (ppm)
Zircaloy-4
Cr
1100
Fe
2200
O
1200
Sn
14400
Electrochemical Conditions : The counter electrode was
a sheet of Platinum5 (2х3 cm, weight 3.000 gm). The working
electrode was the Zr-46 sample. For anodizing, a double walled
glass cell 100mL capacity was used. The experiments were
performed in aqueous media in an electrolyte, 0.1 M ammonium
oxalate and 25%, 50%, 75% aquo-methanolic media .All the
experiments were carried out at constant current density range
8mA.cm-2.The experimental procedure for the anodization is
given elsewhere7. The kinetic results calculated are formation
rate in Vs-1, current efficiency (η) % and differential field (FD) in
MV cm-1 from the conventional plots from the V vs. t, 1/C vs. t
and 1/C vs. V.

III. RESULTS AND DISCUSSION
Effect of Substitution:
Anodization of Zr-4 was done in 0.1M ammonium
oxalate. The formation rate, current efficiency and differential
field were calculated. The effect of solvent i.e. Methanol on
zircaloy-4 was studied in 0.1M ammonium oxalate to check
whether there was enhancement of film formation 8, 9.
Effect of Solvent:
Anodization of zircaloy-4 was performed in 0.1M
ammonium oxalate and in aquo-methanolic media in 25%, 50%,
75%.there was an improvement in the kinetics as given in table
2.
The relevant plots are shown in figures 1 & 2. They were
aid in the formation of good oxide films and acts as better
www.ijsrp.org
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Figure: 2 Plot of reciprocal capacitance as a function of time
in aquo-methanolic solution
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electrolytic capacitors 10. These facts support the current results
obtained in 0.1M ammonium oxalate. It can be explained on the
basis of decrease in the dielectric constant of the medium (Table
3)
In solutions of low dielectric constant there is less chance
of ion- dipole interactions (solvent-ion interactions), which do
not interfere in the oxide film formation. However, the ions in
the high dielectric constant solutions interact with oxide ions
responsible for oxide film formation due to high salvation with
water molecules. In such solutions, the kinetics is poor. The
kinetics are better in low dielectric constant solutions for 25% ,
50% , and 75% aquo-methanolic media, the dielectric constant
values are low leading to a marked improvement in the kinetics.
The oxide film formed on the zircaloy-4 consists of two discrete
layers in 0.1M ammonium oxalate were disappeared and made to
a single layer in presence of methanol.
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Figure 1: Plot of formation voltage as a function of time in
aquo-methanolic solution
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Table 2 Anodic films formed on Zircaloy-4 in 0.1M
ammonium oxalate both aqueous and aquo-methanolic
media.

0% Methanol
25% Methanol
50% Methanol
75% Methanol

180
160
140

Percentage
of
methanol

120
100

Formation
rate dV/dt
(V.s-1)

Current
efficiency
Η, (%)

Differential
field
FD(MV.cm1
)

BDV
(V)
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0
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0.1M AO
0.66
26
5.68
0.1M
0.93
40
5.22
AO+25%
M
0.1M
0.99
42
5.29
AO+50%
M
0.1M
1.05
44
5.33
AO+75%
M
AO = ammonium oxalate, M = methanol

84
170

183

213

Table 3 Variation of dielectric constant as a function of
solution composition
Methanol,%
0
25
50
75
100

Dielectric constant,ε
80
67.7
56.2
44.8
32.6

Vermilyea studied the formation of anodic films on
tantalium in aqueous11 and non-aqueous12 solutions. He
suggested that the composition of film depends on the solution in
which it is formed.
www.ijsrp.org

International Journal of Scientific and Research Publications, Volume 3, Issue 2, February 2013
ISSN 2250-3153

Seregina et al13 studied the anodization of aluminium alloys in
the solution of sulpho-salicylic acid (90/cc) and found that thick
films are possible during anodization at room temperature.
Nageshwar rao et al14 observed a change in the dielectric
constant of oxide films by changing the medium from aqueous to
glycolic.
D.Rama devi15 reported that anodization of niobium in
non-aqueous electrolytes in 50% glycerol increasing kinetic
results with increase in glycerol content in 0.1M K2CrO4.
Aparna16 observed the same trend of increasing kinetic
results with increase in glycol content in 0.1Mpicolinic acid and
sodium methoxide for Zr-2 and Ti.
Schmidt et al17 observed that the layers of TiO2 obtained
in non-aqueous electrolytes are much adherent and uniform than
those realized in aqueous media.
Climent Montoliu et al18 studied the anodization of
titanium in acids, alkali and neutral baths (aqueous and aquoglycolic) and suggested from the structure and dielectric
properties, that the anodic coatings formed in non-aqueous media
acts as better dielectric capacitors.
Panasa Reddy et al19 and Lavanya et al20 also studied in
tri sodium Citrate, 0.1M KOH (aquo-glycolic) respectively and
found that the breakdown voltage was higher when anodized in
ethylene glycol medium. This was also supported by other
workers 21.
V Jeevana Jyothi22 observed anodization of Zr-4 in 0.1M
sodium methoxide the addition of solvent (ethylene glycol)
showed better kinetic results.
Shukla23 carried out the study of effect of aquo-glycolic
media on Anodization of zircaloy-4 in 0.1M sulphamic acid and
found that the addition of solvent improved the kinetic results

HYDERABAD for generous help in providing Zr-4 annealed
sheet & thinning of annealed sheet.
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