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EFFECT OF Na3VO4 INHIBITOR ON THE CORROSION RESISTANCE OF Al2Cu INTERMETALLIC PHASE 
IN H3PO4 AQUEOUS SOLUTION

Sodium orthovanadate was tested as a corrosion inhibitor of intermetallic Al2Cu in 1 M H3PO4. The Al2Cu – H3PO4 – Na3VO4 
system was studied using the following methods: inductively coupled plasma optical emission spectrometry, scanning electron 
microscopy with energy dispersive x-ray spectroscopy, x-ray diffraction, electrochemical impedance spectroscopy, polarisation and 
open circuit potential. It was found that the corrosion rate decreased as the inhibitor concentration increased. The highest inhibition 
efficiency 99% was obtained when sodium orthovanadate initial concentration was equal to 100 mM, pH = 1.11, due to precipita-
tion of a protective layer of insoluble salt, containing vanadium, phosphorus, sodium and oxygen, on the surface. At pH = 0.76 the 
protective layer was not formed and inhibition efficiency decreased to 76%. Selective corrosion of the intermetallic phase caused 
a significant increase of an electric double layer capacitance and decrease of a charge transfer resistance.

Keywords: intermetallic phase; selective corrosion; orthophosphoric acid; electrochemical impedance spectroscopy; sodium 
orthovanadate

1. Introduction

Aluminium wrought and cast alloys, containing copper as 
the major alloying element, are commonly applied in industry. 
They achieve good mechanical properties after appropriate heat 
treatment which is precipitation hardening. Copper is then pre-
cipitated from a supersaturated solid solution as intermetallics 
Al2Cu and Al2CuMg, when the alloy contains also magnesium. 
These phases ensure good strength of the alloys but also dete-
riorate their corrosion resistance [1]. A strong galvanic coupling 
between the intermetallics and the matrix is responsible for 
that [2,3].

The corrosion resistance of aluminium and its alloys in 
aqueous solutions is related to a chemical stability of an alumin-
ium oxide. Since Al2O3 dissolves in acidic solutions, aluminium 
alloys are not corrosion resistant in such an environment. Thus, 
components made of aluminium alloys are generally not used in 
acidic media. However, the corrosion resistance of aluminium in 
such solutions is required in some industrial processes. A good 
example is stripping of anodic coatings in hot orthophosphoric 
acid for gravimetric determination of the coating weight. In 
this case, chromium trioxide is commonly used as a corrosion 
inhibitor for the metallic substrate [4]. However, due to its 

toxicity, new, environmentally-friendly inhibitors must be de-
veloped. Sodium molybdate Na2MoO4 is potentially attractive 
replacement for hexavalent chromium. Molybdate anions in 
acidic solutions exist as isopoly- and heteropolyoxomolybdates. 
The latter are formed in solutions containing addenda atoms 
such as e.g. P, As and Si [5]. They can be easily reduced to 
phosphomolybdenum blue species. Heteropolyoxomolybdate 
and phosphomolybdenum blue species inhibit the corrosion 
of aluminium while copper-rich aluminium alloys to the lesser 
extent [6-9]; moreover they affect the dissolution rate of anodic 
coating [10].

Another promising metal, forming iso- and heteropolyox-
oanions, is vanadium. Isopolyoxovanadates were studied as the 
corrosion inhibitors of 2024 aluminium alloy [11-15]. It was 
found that tetrahedrally-coordinated species such as H2VO4

− and 
V4O12

4− inhibit the cathodic process in the corrosion cell, in the 
mild-acidic, chloride-containing solutions [12]. The most well-
known heteropoly species existing in Na3VO4 – H3PO4 system 
are PV14O42

9− and H6PV13O41
7− and they have never been tested 

as the corrosion inhibitors of aluminium.
Copper-rich aluminium alloys are often anodised to improve 

their corrosion and wear resistance. Therefore, development of 
the new inhibitors requires understanding their influence on 
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the corrosion behaviour of intermetallic phases and matrix in 
aluminium alloys in acidic solutions. In this work, the corrosion 
behaviour of Al2Cu phase in 1 M H3PO4 – Na3VO4 system is 
discussed for the first time.

2. Experimental

Al2Cu specimens were obtained by an electric arc melting 
process of Al and Cu (99.999 wt% purity, Alfa Aesar) under an 
Ar atmosphere (p = 60 kPa). Subsequently, they were annealed 
in air (T = 823 K, t = 30 h) to dissolve small amount of eutectic 
mixture of Al2Cu and Al(Cu) solid solution crystals obtained 
during crystallisation. The phase composition of the electrodes 
was then confirmed using X-ray diffraction (ARL X’Tra X-ray 
diffractometer, Cu Kα radiation source). All the diffraction lines 
were ascribed to Al2Cu phase, ICDD card no 04-001-0923. 
The specimens were cut using an electrical discharge machine, 
mounted in an epoxy resin, abraded by an emery paper (grit 
320 and 500), washed with water, isopropyl alcohol, and then 
air-flow dried. The surface area of the electrodes was approxi-
mately 0.79 cm2.

The influence of the initial concentration of sodium or-
thovanadate Na3VO4 (cinh = 10, 50 and 100 mM) on the corro-
sion kinetics of intermetallic Al2Cu was studied in 100 cm3 of 
1 M H3PO4, in equilibrium with air, T = 303 K. Concentrations 
of aluminium and copper were determined after 10 h immersion 
using inductively coupled plasma-optical emission spectroscopy 
ICP-OES (Ultima 2 Horiba Jobin Yvon) and the corrosion rate 
was calculated. Since the pH of the orthophosphoric acid solu-
tion (0.76) increases upon dissolution of Na3VO4, the corrosion 
rate of Al2Cu phase was also studied for cinh = 100 mM acidified 
with concentrated H2SO4 solution to pH = 0.76.

Electrochemical tests were performed using a Bio-Logic 
SP-300 potentiostat in a conventional 3-electrode electrochemi-
cal cell with a water jacket; the cell was placed in a Faraday cage. 
Platinum wire (20 cm2) was applied as the counter electrode, 
Ag|AgCl (3 M KCl) as the reference electrode. It was placed in 
a Luggin capillary filled with 1 M KNO3 solution. 

The first stage in the electrochemical characterisation of the 
corrosion process was determination of an open circuit potential 
(OCP). It was measured for 20 min, than the first impedance 
spectrum was recorded. The subsequent ones were obtained 
every 2 h, between them the OCP was recorded. The impedance 
spectra were obtained in the frequency domain between 200 kHz 
and 10 mHz. The root mean square value of the sinusoidal per-
turbation was 5 mV. The impedance spectra were validated using 
a Kramers-Kronig transformation (KK Test software) [16,17]. 
Only spectra obtained under stationary conditions (t ≥ 159 min) 
are presented in this work. They were approximated using the 
appropriate equivalent circuit (vide infra) in Zview software 
(Scribner Associates). The anodic and cathodic polarisation 
curves were determined using potentiodynamic method. They 
were obtained separately, starting from the OCP value obtained 
after t = 159 min, with the scanning rate 10 mV min−1. Cathodic 

polarisation curves were also determined in solutions deaerated 
with argon.

The morphology and chemical composition of the surface 
of corroded Al2Cu specimens were investigated using the scan-
ning electron microscope (SEM) Phenom XL equipped with an 
energy-dispersive X-ray spectrometer (EDX). EDX method can-
not determine an oxygen content in the specimen quantitatively 
since the stoichiometry of oxides, formed on the surface, remains 
unknown. Therefore, the oxygen content was only ranked as low, 
medium and high (Table 1). 

3. Results and discussion

3.1. Corrosion rate

Al2Cu phase in aqueous solutions is passive in the wide 
range of pH (2-12) [18]. However, since aluminium is less noble 
than copper, the intermetallic is susceptible to a selective corro-
sion beyond the aforementioned pH range. Aluminium atoms are 
preferentially dissolved and their concentration in the solution is 
much higher when compared to copper concentration. This was 
observed, when concentration of Na3VO4, cinh, was 0 and 10 mM. 
(Fig. 1a). At the same time, surface of the electrode becomes 
porous and enriched with copper. It contains also a small amount 
of aluminium and oxygen (spot 1 in Fig. 2a and b, Table 1). The 
chemical composition of the electrode in the areas, where the 
porous layer peeled off, was close to that of Al2Cu phase (spot 2 
in Fig. 2a and b, Table 1). However, a lot of pits, where dealloy-
ing process starts, is visible there (Fig. 2b and f); an oxide phase 
can also be found (spot 3 in Fig. 2a and b, Table 1).

When    cinh = 50 mM, concentration of aluminium and cop-
per in the solutions were comparable (Fig. 1a) and the surface 
of Al2Cu phase was enriched with copper to the lesser extent. 
However, a small amount of vanadium and phosphorus were 
found on the surface, together with oxygen (spot 2 in Fig. 2c, 
Table 1). In addition, insoluble salt containing vanadium and 
phosphorus precipitated in the form of rose plants near the 
areas where intensive corrosion occurred (Fig. 2c, spot 1 and g, 
Table 1).

When cinh = 100 mM, concentrations of aluminium and 
copper were the lowest among studied solutions. The surface 
of intermetallic Al2Cu, was covered with a compact layer of 
corrosion product containing vanadium, phosphorus, sodium 
and oxygen (Fig. 2d, h). 

It should be note here that sodium orthovanadate, when dis-
solved in acidic solution, can raise its pH according to equation :

 pH+ + qVO4
– = HxVqOy

n– + (4q – y)H2O (1)

w here p, q, x, y and n are the stoichiometric coefficients and their 
values depend on the pH and the total concentration of vanadium 
in the solution [5]. The pH of 1 M H3PO4 solution was 0.76 and 
did not change after addition of 10 mM Na3VO4. However, when 
cinh was equal to 50 and 100 mM, pH increased to 0.88 and 1.11 
respectively. Although the solution was still highly acidic, the pH 
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Fig. 1. Corrosion kinetics of Al2Cu in 1 M H3PO4, T = 303 K: a) concentrations of aluminium and copper in the solution and b) corrosion rate

Fig. 2. Scanning electron micrograph of the Al2Cu surface after 10 h exposure in 1 M H3PO4 as the function of initial concentration of Na3VO4, 
T = 303 K

TABLE 1

Chemical composition of the selected areas in Fig. 1, oxygen content was ranked as low +, medium ++ and high +++

cinh, mM Area in Fig. 1
Concentration of the elements, at.%

Cu Al O V P Cl Na

0
1 92.6 ± 4.0 7.4 ± 4.0 +
2 27.9 ± 2.1 72.1 ± 2.2 +
3 14.7 ± 1.1 85.3 ± 4.2 +++

10
1 91.3 ± 3.9 8.7 ± 0.9 +
2 31.6 ± 4.1 64.6 ± 3.4 ++ 1.1 ± 0.2 2.7 ± 0.1
3 16.4 ± 0.9 81.1 ± 3.7 +++ 0.9 ± 0.1 1.6 ± 0.2

50
1 38.4 ± 2.3 21.6 ± 2.8 ++ 32.8 ± 3.3 7.2 ± 2.1
2 60.8 ± 2.1 34.8 ± 2.7 + 0.5 ± 0.1 3.9 ± 0.2

100 1 +++ 39.3 ± 2.2 41.2 ± 3.1 19.5 ± 1.1
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change might affect the kinetics of corrosion. Therefore the ad-
ditional experiment was performed, where the pH of the solution 
containing 100 mM of Na3VO4 was decreased from 1.11 to 0.76 
using concentrated H2SO4. Solution acidification increased the 
concentrations of aluminium and copper in the solution (Fig. 1a).

Corrosion rate of the intermetallic phase,   vcorr, was calcu-
lated on the basis of concentrations of aluminium    and copper in 
the solution (Fig. 1b). It is possible to see that vcorr decreases as 
cinh increases which suggests efficient corrosion inhibition in the 
studied system. However, this effect is partially related to the pH 
increase. For instance, acidification of the solution containing 
100 mM of Na3VO4 from 1.11 to 0.76 increased the corrosion 
rate over 9-fold. Nevertheless, the corrosion rate is still much 
lower when compared to the uninhibited solution.

3.2. Electrochemical analysis

The open circuit potential (OCP) was determined as the 
preliminary step before further electrochemical analysis (Fig. 3). 

Fig. 3. Open circuit potential of Al2Cu in 1 M H3PO4, T = 303 K, as 
a function of time and initial concentration of Na3VO4, dotted line 
indicates equilibrium potential of H2 evolution

Al2Cu initially corrodes via hydrogen and oxygen depo-
larisation. OCP increases with time, due to selective dissolu-
tion of aluminium, to the value, where hydrogen evolution is 
thermodynamically forbidden (dotted line in Fig. 3). Then, the 
corrosion mechanism changes to oxygen depolarisation. Sodium 
orthovanadate shifts the OCP anodically, when its concentration 
is sufficiently high (≥50 mM) which may indicate passivation 
of the Al2Cu phase. When the pH of the solution containing 
100 mM of Na3VO4 is set to 0.76, the OCP gradually decreases 
with time from the value obtained at pH = 1.11 to the level of 
the uninhibited solution. Moreover, its value oscillates with time. 
Probably it is related to formation and subsequent dissolution 
of a corrosion product on the surface of the intermetallic phase.

Polarisation curves were determined after 159 min immer-
sion, where OCP value is too positive for hydrogen evolution. 
Thus, the cathodic process for uninhibited solution should be 
oxygen reduction (Fig. 4a). In aerated solution, there is also 
a possibility of mechanical detachment of porous copper struc-
ture, its chemical dissolution and subsequent reduction on the 
surface of the intermetallic phase. The cathodic current density 
initially remains low and when the overpotential is sufficiently 
cathodic η < −0.30 V, hydrogen evolution begins. Interestingly, 
when the solution is deaerated, cathodic current density is higher 
when compared to the previous case. This effect is reproducible. 
At the same time, rapid hydrogen evolution from deaerated solu-
tion occurs at lower overpotential when compared to the aerated 
one. The mechanism of cathodic process when the potential is 
above the equilibrium potential for hydrogen electrode remains 
unclear. First of all, it should be noted that current densities 
presented in Fig. 4 were obtained using the geometric value of 
the surface area, not the real one. It remains unknown and can 
be very high for selectively corroded specimens (cinh = 0 and 
10 mM). Thus, possible differences in the real surface area may 
also influence polarisation curves. Cathodic current flow might 
be related, incomplete deoxygenation of the solution or adsorp-
tion of hydrogen ions on the porous surface. Copper content on 
the surface, possibly higher in the deaerated solution and dif-
ference in the morphology of the porous, copper-rich layer may 
also affect cathodic polarisation curves.

When cinh = 10 mM, the cathodic current increased when 
compared to cinh = 0 mM (solutions in equilibrium with air). 
Sodium orthovanadate, when dissolved in orthophosphoric 
acid solution can form dark red-brown heteropolyoxovanadate 
species HPV14O42

9−. However, observed yellow colouration of 
the solutions indicates predominance of VO2

+ cations [5]. In the 
corrosion cell, they are reduced at OCP to VO2+ and slightly 
green colouration of the solution appears. Standard reduction 
potential for this process E0 = 1.0 V vs. standard hydrogen 
electrode (SHE) [19]. The subsequent reduction of VO2+ to V3+ 
is also possible at OCP (E0 = 0.337 V vs. SHE) [19]. Therefore, 
vanadium species together with oxygen act as depolarisers in 
the corrosion cell and increases cathodic current density. When 
the solution was deaerated, current density decreased, as it was 
expected.

When cinh = 50 mM, in aerated solution, VO2
+ cations are 

reduced at OCP to VO2+, but further reduction to V3+ is ther-
modynamically forbidden. On the cathodic polarisation curve, 
reduction of VO2+ to V3+ in the solution should occur around 
η = −0.23 V. Instead, oxidation peak is observed. It may suggest 
that the surface is covered with a protective layer, containing va-
nadium at +4 oxidation state, which prevents the charge transfer 
from metal to the solution, but undergoes oxidation. On the one 
hand, this layer is very thin since is not visible using SEM. On 
the other hand, in spot 2 (Fig. 2c) a small amounts of vanadium 
and phosphorus were detected, although no corrosion product is 
visible (Table 1). Such a layer can be responsible for corrosion 
inhibition of Al2Cu phase in this solution. At η < −0.80 V, reduc-
tion of V3+ to V2+ occurs. Cathodic current density is significantly 
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lower when compared to the solutions containing 0 and 10 mM 
of Na3VO4, due to much lower surface area of the electrode (no 
selective corrosion occurred). Interestingly, in deaerated solu-
tion, the oxidation peak diminishes almost completely. This may 
suggest important, positive influence of oxygen on the corrosion 
resistance of Al2Cu phase in this solution. 

The lowest values of cathodic current densities were 
obtained for the solution containing 100 mM of Na3VO4, due 
to precipitation of the corrosion product (Fig. 1d, h and 3). Its 
thick layer inhibits the charge transfer from the electrode to 
depolariser in the solution. As it was expected, lower values of 
current density were obtained in the deaerated solution when 
compared to the aerated one. The insoluble salt precipitated on 
the surface contains vanadium and phosphorus; the V/P atomic 
ratio is close to unity. Vanadium should be on +4 oxidation state, 
since the open circuit potential was too high for further reduction 
of tetravalent vanadium species. 

Anodic polarisation curve of Al2Cu, in the solution con-
taining 0 mM of Na3VO4, exhibits two current peaks (Fig. 4b). 
The first one, at η = 0.20 V, is probably oxidation of hydrogen 
molecules adsorbed onto the porous surface of selectively cor-
roded specimen. The other one, at η = 0.30 V, is related to oxida-
tion of copper. Then current density decreases, probably due to 
formation of insoluble copper(II) phosphate. Current density in 
the passive state is relatively high, it can be related to the high 
surface area of the electrode.

When cinh = 10 mM, anodic current density is higher when 
compared to the uninhibited solution. However, the corrosion 
rate for the former case is lower. It means that the charge transfer 
between vanadium at various oxidation states occurs together 
with dissolution of the intermetallic phase (Fig. 4).

The anodic branch of polarisation curve, obtained for 
50 mM of sodium orthovanadate, indicates spontaneous pas-
sivity of Al2Cu phase, however the current density is relatively 
large. Much lower values are observed in the solution containing 
100 mM of Na3VO4, due to thick, protective layer of insoluble 
salt deposited onto the surface.

Electrochemical impedance spectroscopy (EIS) was used 
to study the influence of the chemical composition of the solu-
tions on the corrosion mechanism of Al2Cu. (Fig. 5). When 
cinh ≤ 10 mM, the imaginary part of the impedance decreases, as 
the frequency decreases, in the range between 200 and 10 kHz. 
It is related to the formation of porous, copper-rich layer on the 
surface of the electrode [20]. However, some contribution from 
the experimental setup (e.g. impedance of the reference electrode 
and the input capacitance of the voltage amplifier of potentiostat) 
cannot be excluded [21]. The increase of |Z'' | with decreasing 
frequency, marked with straight line, is related to the double 
layer capacitance connected in parallel to the charge transfer 
resistance. This part of the spectrum, for severely corroded speci-
mens, is preceded by a short, linear part, characterised with low 
slope, also related to the porosity of the electrode. In this work, 
the impedance response related to the porosity of the electrode 

Fig. 4. Polarisation curves of Al2Cu phase, obtained after t = 159 min of immersion in 1 M H3PO4, T = 303 K, as a function of initial concentra-
tion of Na3VO4, scanning rate was equal to 10 mV min−1

Fig. 5. Modulus of the imaginary part of impedance as a function of 
frequency and initial concentration of Na3VO4, 1 M H3PO4, t = 576 min, 
T = 303 K
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was excluded from approximation. In the low frequency range 
(f < 1 Hz, for 50 mM of Na3VO4 f < 30 Hz), two additional 
time constants appear. They are well defined for the solutions 
containing ≥10 mM of Na3VO4 and can be attributed to the ad-
sorption of the intermediate species during anodic and cathodic 
(vanadium (V) reduction) processes in the corrosion cell.

Impedance spectra were approximated using two electrical 
equivalent circuits (EECs) (Fig. 6) and the values of the electrical 
components of EEC were obtained (Table 2 and 3). The influ-
ence of the initial concentration of sodium orthovanadate and 
the immersion time on the charge transfer resistance Rct and the 
double layer capacitance Cdl was established.

In both models, a constant phase element CPEdl was ap-
plied instead of the capacitor to describe the capacitance of the 
electrode double layer. Its impedance is given by equation: 

 CPE
1Z

T j
  (2)

where ω is th e frequency and α < 1 indicates the deviation from 
the capacitive behaviour. The Brug’s equation was applied to 
calculate the double layer capacitance [22]:

 

111

dl dl
s ct

1 1C T
R R

  (3)

where Rs is the  solution resistance and Rct is the charge transfer 
resistance. This equation works well, when α > 0.85. Otherwise, 
uncertainty of Cdl calculation can be significant [23]. The induc-
tive and capacitive loops, related to the adsorption processes, 
were approximated using inductor L1 in series with R1 and the 

Fig. 6. Electrical equivalent circuits used for approximation of impedance spectra

Fig. 7. Nyquist plots for the corrosion of Al2Cu as a function of time and initial concentration of Na3VO4 in 1 M H3PO4, T = 303 K, continuous 
lines represent approximation of the data obtained
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capacitor C1 in parallel with R2 (Fig. 6a). The EEC applied for 
cinh < 100 mM was introduced by Cao [24] for the system where 
two potential dependent processes (e.g. adsorption of two dif-
ferent species) occurs at the surface of the electrode, besides the 
charge transfer. R1 and L1. can be related to the adsorption of 
intermediate species due to the anodic dissolution of metal and/
or corrosion inhibitor species. The former takes into account the 
kinetics of changes to the fractional surface coverage or film 
resistivity with time. The latter is related to the time constant 
of this process C1 and R2 are related to the charge-transfer re-
sistance, the change in the electric current passing through the 
interface caused by a change in the fractional coverage of the 
surface, film resistivity, or thickness, as well as the time constants 
related to these processes [24,25]. The results of approximation 
of the impedance spectra with this EEC are presented in Table 2.

Aforementioned equivalent circuit was not applicable for 
the impedance spectra obtained for the highest initial concentra-
tion of sodium orthovanadate. These were approximated using 
a simple, Randles-type model (Fig. 6b). Although more than 
one time constant, besides the response related to the porous 
layer of corrosion product, is observed, such a simple model 
gives relatively good fit quality and enables determination of 
the double layer capacitance and the charge transfer resistance. 
The results of approximation of the impedance spectra with this 
EEC are presented in Table 3.

The impedance of Al2Cu phase decreases with immersion 
time for cinh ≤ 10 mM due to the selective corrosion. However 
it can be seen that Na3VO4 slightly inhibits this process (higher 
values of impedance in Fig. 7b than a).

When the concentration of sodium orthovanadate is 50 mM, 
the impedance spectra virtually do not change with the immersion 
time, and the impedance is higher when compared to the two 
previous cases (Fig. 7c). Moreover, the shape of the impedance 
spectra, according to Epelboin et al., indicates passivation of 
the electrode [25].

Finally, for cinh = 100 mM, the highest impedance values 
were obtained. They also increase with the immersion time due 
to continuous precipitation of the corrosion products on the sur-

face of the electrode (Fig. 5d). However, when this solution was 
acidified to pH = 0.76, there was no precipitation of the corrosion 
product and much lower values of impedance were measured, 
comparable to those obtained in the solution containing 50 mM 
of Na3VO4 (Fig. 7c). Impedance spectra for t < 576 min were not 
analysed due to OCP oscillations during measurement (Fig. 3).

Double layer capacitance is a good indicator of the selective 
corrosion. It increases with immersion time due to increase of 
the surface area of the electrode. Thus, the higher value of Cdl, 
the more severely corroded surface is (Fig. 8a). Capacitances 
presented in this work (Table 2, Fig. 8a) are divided by the 
geometric surface area of the electrode, not the real one, which 
remains unknown. The selective corrosion was supressed when 
cinh ≥ 50 mM. Double layer capacitance is then stable over time, 
within the range of 17 – 18 mF cm−2 for 50 mM and 9 – 11 mF 
cm−2 for 100 mM of Na3VO4.

Charge transfer resistance is small and decreases over 
time in those solutions, where selective corrosion occurs 
(cinh ≤ 10 mM, Fig. 6b), due to increase of the surface area of the 
electrode. Again, reported value are multiplied by the geometric 
value of surface area, not the real one. A weak, temporary corro-
sion inhibition occurs for cinh = 10 mM, but this effect diminishes 
when t ≥ 159 min. In the solution containing 50 mM of Na3VO4 
the electrode becomes passive. Rct values are stable over time, but 
relatively small. Probably the solution is too aggressive and the 
passive layer is very thin and unstable. The high values of current 
density in the passive state confirms this assumption. Rct again 
depends on the immersion time for the highest concentration of 
sodium orthovanadate (100 mM). In this case it increases due 
to build-up of the protective layer on the surface.

Inhibition efficiency was calculated according to equation:

 corr,inh

corr,0
1 100%
v

P
v

  (4)

where vcorr,0 a nd vcorr,inh stand for the corrosion rate determined 
in uninhibited and inhibited solutions respectively. Inhibition 
efficiency reaches 78% for cinh = 50 and 99% for cinh = 100 mM. 

Fig. 8. Corrosion kinetics of Al2Cu in 1 M H3PO4, T = 303 K: a) double layer capacitance and b) charge transfer resistance
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However, this effect is due to pH shift of the solutions. When 
cinh = 100 mM, at pH stabilised at 0.76 inhibition efficiency was 
also equal to 76%.

4. Summary

Sodium orthovanadate was tested as the corrosion inhibitor 
of intermetallic Al2Cu in 1 M H3PO4. It can be concluded that 
when its concentration is equal to 50 mM, corrosion inhibition 
is achieved to some extent, due to passivation of the electrode. 
However much better effect was obtained for cinh = 100 mM 
due to precipitation of the compact, protective layer on the 
surface of Al2Cu phase. This process occurs in the well-defined 
range of pH, because, when the solution containing 100 mM of 
sodium orthovanadate was acidified to pH = 0.76, there was no 
precipitation of the protective layer.

On the one hand, precipitation of the stable corrosion 
product is undesirable in terms of gravimetric determination of 
the weight of anodic coating. On the other hand, its formation 
on the surface of Al2Cu intermetallic phase can be interesting 
from the point of view of deposition of conversion coatings onto 
copper rich aluminium alloys.
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437 6.76 10−5 0.005 5.1 0.1 33.863 0.8 0.86 0.4 19.7 1.4 36.7 3.1 27.4 4.3 634.278 7.1 7.7 2.4
596 3.67 10−5 0.002 5.2 0.1 44.091 1.0 0.86 0.4 19.0 2.4 21.8 4.3 23.0 3.9 695.975 9.7 10.7 26.9

10
 m

M

159 5.77 10−4 0.036 4.7 0.7 4.053 2.2 0.90 0.6 63.5 2.9 287.1 13.9 63.2 30.4 24.705 13.1 21.4 9.5
298 3.68 10−4 0.023 4.6 0.4 10.774 3.2 0.91 1.0 28.7 5.9 48.8 17.5 13.7 31.6 20.194 10.9 16.8 12.6
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10
0 

m
M

pH
 =

 0
.7

6 159
298
437
576 3.87 10−4 0.026 11.0 0.5 4.732 2.6 0.75 0.9 126.2 6.5 210.4 4.2 1.0 50 5.2185 11.7 71.5 4.1

TABLE 3
The results of approximation of the impedance spectra, χ2 and S indicate the quality of the fit 

(chi-square and residual sum of squares respectively)

cinh
(mM)

t
(min) χ2 S Rs

(Ω cm2)
ΔRs
(%)

Tdl
(mF sα−1 cm−2)

ΔTdl
(%) αdl

Δαdl
(%)

Rct
(Ω cm2)

ΔRct
(%)

10
0 

m
M

159 3.51·10−4 0.0231 41.2 0.7 0.054 1.3 0.84 0.3 617.3 0.4
298 3.98·10−4 0.0231 66.3 0.8 0.046 1.4 0.84 0.3 1373.0 0.7
437 2.63·10−4 0.0173 80.0 0.7 0.042 0.8 0.86 0.2 2227.0 0.4
596 2.60·10−4 0.0172 89.1 0.6 0.042 0.8 0.86 0.2 2918.3 0.4
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