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Abstract 

A different approach for protecting the aluminium in 1M HCl is done by strengthening 

the surface oxide film of aluminium with nickel titanate particles. Weight loss methods, 

open circuit potential measurements and polarization techniques are used to measure the 

corrosion behaviour of aluminium samples. The corrosion rate of nickel titanate 

deposited aluminium shows lower values compared to pure aluminium in HCl medium. 

The intermixing of aluminium oxide with nickel titanate enhances the corrosion 

resistance property of the aluminium oxide layer on the surface of aluminium and 

thereby reduces the coulombic and non-coulombic loss of metal. 
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Introduction 

Aluminum and its alloys are widely used in industries and domestic applications 

due to lightweight, high thermal and electrical conductivity [1-4]. Aluminium is 

always associated with a passive oxide film on its surface [5-7]. The kinetics of 

aluminium dissolution is reduced by the presence of the oxide film [8]. The 

protective film is broken either by the attack of chloride ions in the solution or by 

the action of strong alkaline solutions [8-11].  There are many techniques to 

prevent the corrosion of aluminium in hydrochloric acid solution and the 

common method is the use of corrosion inhibitors [3, 5, 10-12]. The majority of 

corrosion inhibitors are synthetic chemicals. They are toxic in nature, very 

expensive, and non-degradable. A different approach is applied to protect the 

aluminium in chloride environment by strengthening the surface oxide film by 

depositing nickel titanate particles. In literature, nickel titanate coatings are used 

to reduce friction and wear in high temperature applications [13-17]. The nickel 
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titanate coatings provide resistant against oxidizing atmospheres [17, 18]. The 

nickel titanate particles were prepared by co-precipitation method from a solution 

containing both nickel and titanium ions. The co-precipitation techniques have 

many advantages over other techniques like combustion method, such as 

homogeneity in the phase of reactant, stoichiometric control, high purity and ease 

of processing [19, 20].  The nickel titanate particle precipitated by co-

precipitation method is simultaneously deposited on aluminium surfaces by 

dipping the pre-treated aluminium specimen in the nickel titanate preparation 

bath. 

 

 

Experimental  

The substrate selected was aluminium plate of purity 98.1%. Rectangular strips 

of size 5 cm x 2 cm x 1 cm were cut from aluminium plate. These strips were 

abraded with fine emery papers, degreased with ethanol, washed with water and 

dried. For preparing NiTiO3, nickel chloride and titanium tetrachloride were used 

as the starting material. TiCl4 (0.2 mol) and NiCl2 (0.2 mol) are respectively 

dissolved in 1000 mL of distilled water. An aqueous solution containing ions of 

titanium and nickel in an equimolar ratio is prepared by admixing 100 mL TiCl4 

solution and 100 mL of NiCl2 solution (solution 1). A mixed solution is prepared 

by admixing 20 mL of 30% H2O2 solution, 15 mL of 28% aqueous ammonia 

solution, and rest of distilled water (solution 2). The aluminium specimen 

prepared after pre-treatment procedure was immersed in solution1. The mixed 

solution (solution 2) is added at a rate of 10 mL per minute to the aqueous 

solution containing ions of titanium and nickel in an equimolar ratio (solution 1 

with mild steel specimen) with stirring to precipitate of nickel titanate on metal 

surface. The specimen is then dried and kept in desiccators. 

Cathodic and anodic polarization studies were carried out by using self made tri 

electrode assembly. Aluminium  electrode (surface area 1 cm
2
) immersed in 1 M 

HCl acts as working electrode,  stainless steel  (SS 316 L) (surface area 20 cm
2
) 

acts as counter electrode. A Saturated Calomel Electrodes (SCE) served as the 

reference electrode for measuring the potential of the working electrode. A 

rheostat was used to adjust the resistance in the circuit and multimeters are used 

to measure current and voltage. The open circuit potential was measured as V vs. 

SCE.  

X-ray diffraction studies were carried out for the corrosion product of the metal 

samples by using CuKα radiation (Rigaku XRD instrument). Average crystalline 

size was calculated using Scherer equation. The corrosion rate is measured by 

using the conventional weight loss method by taking the difference in weight of 

the specimen before and after immersion in 1 M HCl solution. Corrosion rate 

was calculated using the equation 

Corrosion rate (mpy)    =  534W/dAT 

W is the weight loss  of metal in milligram, d is the density expressed in grams 

per cube centimeters (g/cm
3
), A is the specimen area in inch

2
 and T is the 

exposure time in hours. 
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Results and discussion 

Electrochemical measurements 

OCP decay 
The open circuit potential (OCP) variation of the aluminium electrodes is shown 

in  Fig. 1. 
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Figure 1. OCP decay of aluminium samples in 1 M HCl. ● – pure aluminium ○ – 

aluminium deposited with nickel titanate. 

   

The OCP values for nickel titanate deposited aluminium samples are found to be 

more anodic compared to pure aluminium specimen.  The OCP values for nickel 

titanate coated aluminium retain its anodic behavior even after 5 days of 

immersion in 1 M HCl.  The nickel titanate deposited on the aluminium enhances 

the resistance of the oxide layer on the aluminium and thereby shifting the 

potential to passive regions (anodic).  The steady anodic OCP values for nickel 

titanate coated electrode reveals the adherence of nickel titanate on the surface of 

aluminium even after the prolonged exposure of metal in acid medium. 

 

Polarization resistance 
The polarization data of the electrode immersed in 1 M HCl solution is given in 

Table 1. The extent of polarization of aluminium with nickel titanate was lower 

than that of pure aluminium. Impregnation of nickel titanate shifts the slope of 

both anodic and cathodic polarization and thereby decreasing the corrosion 

current density (icorr) and increasing the polarization resistance of the metal. 

Polarization resistance is directly proportional to the surface resistivity of the 

metal when the metal is in contact with the electrolyte medium. Hence the 

resistance of the aluminium oxide layer is improved by the incorporation of 

nickel titanate. 

 
Table 1. Polarization data of aluminium specimen in 1 M HCl. 

Samples βa 

(V/decade) 

βC 

(V/decade) 

Ecorr 

(V vs. SCE) 

Icorr 

(mA/cm
2
) 

Aluminium 0.190 -0.260 -0.840 3.820 

Aluminium with 

nickel titanate 
0.120 -0.250 -0.800 0.998 
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Corrosion rate measurements 
The corrosion rate of aluminium with and without incorporation of nickel titanate 

in 1 M HCl is given in Table 2. The corrosion rate of nickel titanate incorporated 

aluminium in 1 M HCl shows lower value compared to pure aluminium metal. 

This is due to the strengthening of the oxide film on the surface of aluminum by 

nickel titanate and thereby reduces the ionic and non-ionic dissolution of 

aluminium. 

 
Table 2.  Corrosion rate of specimens in 1 M HCl medium. 

Specimen OCP (V vs. SCE) Corrosion rate (mpy) 

aluminium -0.845 11.6 

aluminium with nickel 

titanate on its surface 
-0.800 6.12 

 

Table 3. XRD data of corrosion product of aluminium metal samples. 

Specimens 
Peak 

at 2θθθθ 

Peak 

corresponding 

β ½ 

(radians) 

Particle size 

(nm) 

Aluminium without 

nickel titanate 

34.1 Al2O3 0.001163 117 

38.9 Al 0.001260 108 

Aluminium with 

nickel titanate 

37.8 NiTiO3 0.003020 45.3 

34.2 Al2O3 0.001256 109 

39.0 Al 0.001368 100 

 

XRD analysis 
The extent of surface interaction of nickel titanate with aluminium oxide can be 

revealed only by XRD analysis. Table 3 shows the XRD data of corrosion 

product scratched from the aluminium surface (with and without incorporation of 

nickel titanate) after exposure in 1 M HCl for 1 day. The XRD analysis reveals 

the presence of nickel titanate, aluminium oxide and aluminium on the 

aluminium electrode coated with nickel titanate. This shows the strong 

interaction and intermixing of aluminium oxide and nickel titanate on the surface 

of aluminium. This modified aluminium oxide layer enhances the corrosion 

prevention of aluminium in chloride environment.  

 

 

Conclusion 
A new method of corrosion prevention of aluminium in 1 M HCl was developed 

by depositing nickel titanate particles on the surface of aluminium. The nickel 

titanate particles were prepared by co- precipitation method from an aqueous 

solution containing ions of titanium and nickel, to an aqueous alkaline solution 

containing hydrogen peroxide and these nickel titanate particles produced were 

in-situ deposited on aluminium surfaces. The intermixing of nickel titanate with 

aluminium oxide on the surface of aluminium enhances the corrosion resistance 

property of the oxide layer on the surface of aluminium and thereby preventing 

the coulombic and non-coulombic loss of metal. 
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