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Abstract: Nano studies of added halide ions in 0.1M ammonium oxalate to 

zircaloy-4 have been investigated by faraday 1st law through anodic polarization 

technique (galvanostatic technique). Kinetics of anodic polarization of zircaloy-4 

have been studied at a constant current density of 8 mA.cm-2 at room temperature. 

Thickness estimates were made from capacitance data and faradaic data in 

nanometers. The anodization voltage; Thickness of Capacitance,Thickness of 

Faradaic; anodization rate, faradaic efficiency and field strength were calculated 

based on the plots. Kinetics of anodic polarized zirconia oxide coloured films was 

observed by the addition of millimolar concentration of anions (Cl-, Br-, I-). By the 

incorporation of halide ions on the zirconia samples was better improved by the 

investigatation of research sqamples. The anodization rate, faradaic efficiency and 

field strength investigated. Zirconium based alloys are used as structural material in 
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water-cooled thermal reactors. Zirconia as one of the important oxide materials, 

exhibits excellent properties including low thermal conductivity, high thermal 

expansion, good thermal stability, fine mechanical strength, good fracture toughness 

and high thermal shock resistance. In the last decade, the whole scientific 

community achieving great advances in nano technology of research progress 

[nanomaterials] in different research fields of nanoscience which has [zirconia 

nanomaterials] numerous applications as Nano catalysts, Nano sensors, adsorbents, 

oxygen sensors, fuel cells, biological materials, automobile parts and thermal barrier 

coatings on metal components. Zirconia materials have also been employed in 

medical and orthopedic. ZrO2 nanoparticles have found uses in solid oxide fuel cell. 

Keywords: Anodic polarization technique, Zircaloy-4, zirconia, faraday 1st law, 

Faradaic efficiency, field strength, incorporation of halide anions and its 

applications. 

1.INTRODUCTION 

Zirconium based alloys are used as structural material in water-cooled thermal reactors [1, 2]. Zirconia 

as one of the important oxide materials, exhibits excellent properties including low thermal 

conductivity, high thermal expansion, good thermal stability, fine mechanical strength, good fracture 

toughness and high thermal shock resistance [3]. Thus, zirconia has been used in abroad range of 

applications as catalysts / catalyst support [4], oxygen sensors [5], fuel cells [6], biological materials [7], 

automobile parts and thermal barrier coatings on metal components [8]. ZrO2 (zirconia) is a material 

of great technological importance having good natural color, high strength, transformation 

toughness, high chemical stability, excellent corrosion resisting material, and chemical and 

microbial resistance [9,10].  

ZrO2 nanoparticles have found uses in solid oxide fuel cells [11]. Zirconium has an atomic number of 

40 and has distinctive physical and chemical properties like titanium [12]. Zirconium alloys are used 

in nuclear power plants for example as fuel cladding [13]. Sastry and Draper [14] studied the effect of 

chloride ions on the kinetics of anodization of zirconium in 0.1M KOH and observed that there is a 

consistent ratio of 10: 1 of [OH¯]: [Cl¯], above which the voltage sustained by any film already 

formed fell almost to zero and further anodization was not found to be possible. 

 The effect of halide ions, mainly fluoride and iodide ions, upon the kinetics of anodic oxide films 

formed on zircaloy-4 and niobium in 0.1M sulphamic acid, 0.1M ferrous ammonium sulphate, 0.1M 

LiOH were examined and it was known [15] that the presence of relatively small concentration of 

halide ions in the electrolyte change the efficiencies of the film growth.  

Archibald and Leach [16] observed that fluoride ions in the surface preparation or in subsequent 

anodizing of zirconium have a profound effect upon the stresses in the zirconium oxide anodic layer. 

They found that by a suitable choice of surface preparation, anodizing electrolytes and growth rate, 

anodic oxide film could be grown on the surface of zirconium, having tensile, compressive or 

effectively zero stress.  

In the research work, the report of the results of the nano studies of the zircaloy-4 material (sample) 

in 0.1 M ammonium oxalate at 8mA.cm-². The incorporation of added anions (iodides, bromides and 

chlorides)on the surface of the zirconia coloured oxide films have been investigated based on the 

calculation of the anodization rate, faradaic efficiency and field strength of anodic polarized 

coloured zirconia. 
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2.MATERIALS AND METHODS  

Zircaloy-4 was of 98% nominal purity, supplied in the form of plate by Nuclear Fuel Complex, 

Hyderabad as gift samples. Thinning of this Zr-4 plate was done by Defence Metallergical 

Research Lab, Hyderabad. Cutting of the thinned sheet was done at tools and techniques, 

Balanagar, Hyderabad. The chemical composition of zircaloy-4: 0.07 wt. % chromium; 0.23 wt. % 

iron; 1.44 wt. % tin and balance is zirconium.  

In the research work, the foil samples used were cut with the aid of a punch into flag-shaped 

specimens of 1 cm2 working area on both side and 1 ½ cm long tag .The chemical polishing mixture 

consisted of acids such as HNO3, HF and water in a definite volume ratio of 3:3:1. 

2.1. Electrochemical Conditions: The counter electrode was a sheet of Platinum [10] (2х3 cm, 

weight 3.000 gm). The working electrode was the Zr-4 sample. For anodizing, a double walled glass 

cell 100mL capacity was used. The research experiments were performed in an electrolyte, 0.1 M 

ammonium oxalate and incorporation of halide anions (chlorides, bromides and iodides) in 0.001M 

concentration.  

All experiments were carried out at a constant current density of 8 mA.cm-2. The experimental 

procedure for the anodic polarization by faraday 1st law is given elsewhere [17]. The kinetic results 

calculated are anodization rate in Vs¯, faradaic efficiency (η) %, and field strength (MV.cm-1 ) from 

the conventional plots V vs. t; Dc vs. DF and V vc Dc. 

3.RESULTS AND DISCUSSION 

 Anodic polarization of zircaloy-4 experiments was done in various electrolytes like 

ammonium oxalate, potassium iodide, potassium bromide and potassium chloride. The 

anodization rate, the faradaic efficiency and field strength was calculated.  

3.1. Effect of substitution (kinetic studies):The kinetics of zircaloy-4 anodized in 0.1 M 

ammonium oxalate. The incorporation of anions was studied in 0.1 M ammonium oxalate as 0.001M 

potassium iodide, potassium bromide and potassium chloride to check whether there was 

enhancement in the kinetics of coloured oxide film formation. 

 3.2.Effect of added halide anions [chloride ions, bromide ions and iodide ions]:The effects of 

Cl⁻, Br⁻ and I- on the formation of anodic films are well known. Various molar proportions of halide 

solutions added to 0.1M ammonium oxalate and the kinetics of anodic polarization were 

investigated. We were observed excellent colour oxide film formation on zircaloy-4 and on zirconia 

due to increase in potential at constant current density 8mA.cm-2.  

When anodic polarization experiments were carried out on zircaloy-4 in 0.1M ammonium oxalate 

+ 0.001M halide ion solutions, it was observed that an increase in the kinetics with chloride ions 

with increase in colour film formation, there is no pitting corrosion on a valve metal surface 

[zirconia] with iodide ions, bromide ions and chloride ions. The plots of anodization voltage vs. 

anodization time measured in volts and seconds, thickness by capacitance vs. thickness by faradaic 

measured in nanometers and anodization voltage vs. thickness by capacitance measured in volts and 

nanometers and are shown in Figures1 and 2 estimates result of anodization rate, Figures 3 and 4 

estimates result of faradaic efficiency and Figures 5 and ,6 estimates result of differential fields. The 

estimated results of the anodization rate[18], faradaic efficiency and differential fields are 

summarized in the Tables 1 and 2.. 
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Fig.1: Plot of anodization voltage(volts) as a function of anodization 

time(seconds) in anion solutions 

 

Fig.2: Plot of anodization voltage(volts) as a function of anodization 

time(seconds) in anion solutions. 

 

Fig .3: Plot of thickness by capacitance(nm) as a function of thickness by 

faradaic(nm) in anion solutions. 
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.Fig.4:. Plot of thickness by capacitance(nm) as a function of thickness by 

faradaic(nm) in anion solutions 

 

Fig.5: Plot of anodization voltage(Volts) as a thickness by 

capacitance(nm) in anion solutions 

 

Fig.6:  Plot of anodization voltage(Volts) as a thickness by 

capacitance(nm) in anion solutions. 
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Table-1: Anodized oxide films formed on zircaloy-4 in 0.1M AO and 0.1M AO + 0.001M KI. 

Electrolyte   Formation rate  

   dVs/dt (V.s-1)                 

Faradaic 

efficiency  

η (%)                          

     

Differential 

field 

FD (MV.cm-1) 

 

0.1M AO                     0.72 56.8 5.669 

0.1MAO+0.001M KI      0.66 >100 5.555 

AO=Ammonium oxalate, KI=Potassium iodide. 

Table-2: Anodized oxide films formed on zircaloy-4 in 0.1M AO; 0.1M AO + 0.001M KBr 

and 0.1M AO + 0.001M KCl 

Electrolyte   Anodization rate 

dV/dt(V.s-1) 

Faradaic efficiency 

η (%) 

 

Differential 

field 

FD(MV.cm-1) 

 

0.1M AO                     0.72 56.8 5.669 

0.1MAO+0.001M KBr    

 

0.1MAO+0.001M KCl   

0.7 

 

0.8 

67.16 

 

>100 

 

5.402 

 

6 

AO=Ammonium oxalate, KBr=Potassium bromide, KCl=Potassium chloride 

3.3. Experiments were carried out in 0.1 M ammonium oxalate + 0.001M [Chlorides, bromides 

and iodides] anions to check the effect of the added anions on zirconia: We have investigated 

without pitting corrosion on the surface of zirconia when oxalate ions occurred and when we added 

(halide anions) to zirconia, explained due to incorporation of halide anions in to the layers of the 

zirconia oxide films (sample). Added halide anions get incorporated between the ionic vacancy sites 

of the zirconia oxide films and reduce the height of the energy barrier of the movement of halide 

anions from one ionic site to another ionc site, there by current will be increased due to this chloride 

ions anodization rate is increased resulted in improvement of the kinetics of anodic polarization to 

better extent. 

It is observed that the anodic oxide films formed on the zirconium alloy consisting of two discrete 

layers in 0.1M ammonium oxalate appear as a single layer due to the presence of added anions. The 

results are given in Table 1, and 2, and the plots are shown in Figures 55,56,57,58, 59 and 60. This 

incorporation of halide anions increases the faradaic efficiency with much ionic current getting 

utilized for zirconia film formation, which implies better kinetic results. 

CONCLUSION 

For the anodic polarization of zirconia, the kinetics is better in 0.1 M ammonium oxalate and added 

chloride ions. Kinetics of anodic polarized coloured zirconia oxide films was observed by the 

addition of millimolar concentration of anions measured in nanometers (iodides, bromides and 

chloride ions). For the anodized zirconia it can be concluded that the oxide film formed on the 

surface of zirconium alloy(zircaloy-4) consists of two discrete layers in 0.1M ammonium oxalate 

and they appear as a single layer in the presence of incorporation of halide anions on zirconia. 

Anodization rate increased only by incorporation of chloride anions to zirconia [0.8(V.s-1)]. faradaic 

efficiency [>100[η (%)] increased more than hundred due to the incorporation of iodide anions and 
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chloride anions on the surface of zirconia coloured oxide films and when compared with 

incorporation of oxalate dianions on the surface of zircaloy-4; incorporation of bromide anions on 

the surface of  zirconia coloured anodic oxide film decreased anodization rate [0.66 (V.s-1). 

Differential field strength increased [6(MV.cm-1)] due to the incorporation of chloride anions on the 

surface of the zirconia which acts as coloured coatings for anodic oxide films.Added halide anions 

get incorporated between the ionic vacancy sites of the zirconia coloured oxide films and reduce the 

height of the energy barrier of the movement of halide anions from one ionic site to another ionc 

site, there by current will be increased due to this chloride anions anodization rate is increased 

resulted in improvement of the kinetics of anodic polarization to better extent. Zirconium based 

alloys are used as structural material in water-cooled thermal reactors. Zirconia as one of the 

important oxide materials, exhibits excellent properties including low thermal conductivity, high 

thermal expansion, good thermal stability, fine mechanical strength, good fracture toughness and 

high thermal shock resistance In the last decade, the whole scientific community achieving great 

advances in nano technology of research progress [nanomaterials] in different research fields of 

nanoscience which has [zirconia nanomaterials] numerous applications as Nano catalysts, Nano 

sensors, adsorbents, oxygen sensors, fuel cells, biological materials, automobile parts and thermal 

barrier coatings on metal components. Zirconia materials have also been employed in medical and 

orthopedic. ZrO2 nanoparticles have found uses in solid oxide fuel cell 
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