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Galvanic Corrosion Behaviour of Phosphate Nodular Cast Iron in
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The aim of this paper is to analyze the corrosion process that occurs in galvanic couplings of different alloys.
The study focuses on materials that can come into contact in submersible pumps used by water treatment
plants. Because, the rotor, one of the pump main components must possess high chemical and mechanical
properties, nodular cast iron is usually used. Therefore, this is exposed in the same environment with
different types of materials, such as aluminum, copper, bronze, grey cast iron, low alloy steel or stainless
steel from which other components are made. The tests have been performed in three types of residual
waters with neutral, acidic and basic pH. According to this study, the nodular cast iron galvanic corrosion
resistance is highly improved by the phosphate layer deposited on its surface.
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Galvanic corrosion represents an electrochemical
process in which a metal or alloy corrodes preferentially
when it comes into electrical contact with a different metal
or alloy forming a couple, while both materials are
immersed in the same electrolyte [1]. The electrolyte
represents the medium for ion migration between these
two metals, one representing the anode and the other one
the cathode. In this process, the metal representing the
anode is corroded at a higher rate while the cathode metal
corrosion rate decreases, sometimes even up to
suppression. In general, the corrosion reactions that occur
are similar to those that take place when the respective
metals are uncoupled, but the corrosion rate of the higher
electronegative metal is increased, sometimes up to
dramatic changes [2].

Therefore, when the nodular iron is corroded in an
electrolytic environment two processes take place
simultaneously: the dissolution of iron at the anode (Fe→
Fe2+ + 2e-) and a reduction process at the cathode. In
alkaline or neutral environments at the cathode, the
reduction of oxygen dissolute in the solution takes place
(O2 + 2H2O + 4e- → 4OH-), while in an acidic environment
the reduction of hydrogen ions (2H+ + 2e- → H2) takes
place [3]. In the case of uncoupled corrosion, the anodic
and cathodic reactions take place in small areas on the
metal surface, while in the bimetallic corrosion the
cathodic reaction takes place entirely on the higher
electropositive alloy of the couple, while the anodic reaction
appears on the higher electronegative component of the
couple.

Appreciable galvanic corrosion process can be obtained
only when the corrosion potentials of the coupled metals are
sufficiently different. The cast iron and the nodular cast iron, in
particular, have quite large negative electrode potentials so
that in any galvanic series these are located between the most
electronegative metals, lower than these being only aluminum
alloys, zinc or magnesium. On this basis, it can be appreciated
that the nodular cast iron in coupling with many metals or
alloys will function as an anode and will undergo an advanced
corrosion process [4]. However, the difference between the
corrosion potentials is not a sufficient criterion to predict a
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certain degree of galvanic corrosion, this difference expresses
only the thermodynamic probability of the occurrence of the
galvanic corrosion but it does not highlight anything about the
kinetics of the process, meaning the corrosion rate [5, 11-24].

The severity of bimetallic corrosion depends on several
factors that can influence the reaction rate, such as
temperature, electrolyte composition, pH, the ratio of the
areas of the two metals of the couple etc. [6].

The area report is very important regarding the
probability of producing bimetallic corrosion; a much larger
surface area of the cathode than that of the anode allows
a higher amount of oxygen to be reduced, higher galvanic
current and consequently a higher corrosion rate [7-9]. For
a constant cathode area, the corrosion intensity increases
with the decrease of the anode area. When the anode area
is much larger than the cathode area the coupling effect is
insignificant, while the couple current is very low [10].

The pH value can influence the galvanic corrosion due
to it’s on influences the cathode process.

In this paper, different aspects regarding the influence
of pH and the surface ratio on the galvanic corrosion
parameters have been analyzed.

Experimental part
The nodular cast iron and the phosphate nodular cast

iron were coupled with a series of alloys that could come
into contact in wastewater circulation installations. The
elemental chemical compositions of the studied alloys,
presented in Table 1, were determined by optical emission
spectroscopy by means of a Foundry-Master spectrometer
(WAS Company).

The phosphate nodular cast iron (PNCI) sample was
obtained by immersion in aqueous acidic solutions in three
stages: degreasing, chemical pickling and phosphating
itself, according to the procedures described previously [1,
24-27].

In this study different corrosive mediums have been
utilized. Table 2 presents the base chemical composition
of DW1 synthetic wastewater. In these, the inorganic
components are responsible for the corrosive properties of
the solution, while the food components can act as
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protectors or inhibitors. The DW1 solution has an
approximatively neutral pH of 6.5.

To study the influence of solution pH on the corrosion
behavior, the pH of the DW1 solution has been changed by
titrating 1N hydrochloric acid or 1N sodium hydroxide,
respectively. Therefore, two more solution has been
obtained:

Solution DW2 with a pH of 3.0 through titrating 0.1N HCl
solution in the base solution (DW1).

Solution DW3 with a pH of 11.0 through titrating 0.1N
NaOH solution in the base solution (DW1).

A VoltaLab 21 (PGP 201) (Radiometer Analytical SAS -
France) potentiometer was used to determine the
parameters of the galvanic corrosion, respectively Ecouple -
the couple potential and Jcouple - the density of the couple,
while for experimental data acquisition and processing the
VoltaMaster 4 software was used.

The galvanic corrosion parameters evaluation has been
realized by the Evans method [4] and Tafel extrapolation
[5,6]. Therefore, linear polarization curves obtained
separately for each alloy were studied in the same corrosion
environments and under the same boundary conditions

Table 2
CHEMICAL COMPOSITION OF DW1 SYNTHETIC RESIDUAL WATER.

Table 1
CHEMICAL COMPOSITION OF STUDIED ALLOYS

a
b

Fig. 1. Types of cells with three
electrodes: a) for small

surface; b) for large surface.

Fig. 2. Example of Tafel curves plotted in Evans
diagram (Phosphate nodular cast iron -grey cast

iron couple in DW2 solution)
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(temperature, aeration, potential scanning rate). The
measurements were realized in two types of cells with
three electrodes. Fig. 1.a) presents the cell used for
polarization curves of small surface samples (0.283 cm2),
and Fig. 1.b) presents the one used for large surface
samples (2.85 cm2).

The polarization curves are represented in the Evans
diagram as the logarithm of the current density depending
on the electrode potential. Based on the theory of the mixed
potential the Tafel slopes are plotted for both alloys were
the anodic and cathodic branches intersection can be
observed. The Evans coordinates of the intersection of the
Tafel slopes give the values for the couple potential (Ecouple)
and the current density (Jcouple), as represented in figure  2.

To evaluate the galvanic corrosion parameters (Ecouple,
jcouple), the polarization curves for both metals are plotted in
Evans diagram (log j; E). The noble metal (M1) is the one
that has a higher positive corrosion potential and a lower
corrosion rate when it is exposed to the same
environmental conditions when it is coupled. The less noble
metal (M2) has a higher negative corrosion potential and a
higher corrosion rate (up to M1) when it is uncoupled. The
intersection coordinates of the cathode branch of the noble
metal with the anodic branch of the less noble metal
represent the values for Ecouple and jcouple. The potential of the
noble metal is reduced from the uncoupled value Ecor (M1)
to the Ecouple, thus leading to a lower dissolution of the
material. The corrosion potential of the higher active metal

is increased from the uncoupled value Ecor (M2) to higher
positive values (up to the Ecouple), thereby increasing the
dissolution rate [12].

Results and discussions
The corrosion potentials for nodular cast iron, phosphate

nodular cast iron and different types of alloys used in couples
which were evaluated through the Evans method are
presented in Table 3.

According to the data from Table 3 despite the type of
the corrosive environment, when coupling the nodular cast
iron with other alloys, these are the most active alloys by
being the anode, while another alloy becomes the cathode.
However, there are two exceptions when coupled with
grey cast iron in DW1 and in case of grey cast iron-low
alloy steel couple in the DW2 (Fig. 3).

Tables 4, 5 and 6 present the results obtained by coupling
the nodular cast iron with a series of alloys in synthetic,
neutral, acidic and basic wastewaters.

In the case of the quasi-neutral wastewaters, i.e. DW1
solution, the couple current decreases with the increase
of the cathode/anode surface instead of increasing [8],
but, on the contrary, for all couples, the increase of this
ratio caused the reduction of the current density.

Contrary to expectations, in acid corrosion environment,
i.e. DW2 solution, by coupling the nodular castings with
higher noble alloys (stainless steel, bronze and brass), a
ten times larger surface of the noble alloy than the surface
of the nodular cast iron leads to a decrease of couple current

Table 3
CORROSION POTENTIAL OF COUPLED

ALLOYS IN THREE TYPES OF WASTEWATER

Table 4
INFLUENCE OF
THE CATHODE/

ANODE SURFACE
RATIO ON THE

GALVANIC
CORROSION

PARAMETERS OF
NODULAR CAST

IRON IN DW1

Fig. 3. Evans diagrams of
galvanic couples in DW1: a)

Nodular cast iron -brass (NCI-Br)
couple; b) Nodular cast iron -

stainless steel (NCI-SS) couple.
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Table 5
INFLUENCE OF
THE CATHODE/

ANODE SURFACE
RATIO ON THE

GALVANIC
CORROSION

PARAMETERS OF
NODULAR CAST

IRON IN DW2

Fig. 4. Evans diagrams of galvanic couples in
DW2: a) Nodular cast iron -stainless steel

(NCI-SS) couple; b) Nodular cast iron -bronze
(NCI-B) couple

Table 6
INFLUENCE OF THE

CATHODE/ANODE SURFACE
RATIO ON THE GALVANIC

CORROSION PARAMETERS
OF NODULAR CAST IRON IN

DW3.

Fig. 5. Evans diagrams of galvanic couples in
DW3: a) Nodular cast iron -Brass (NCI-Br)

couple; b) Nodular cast iron -low-alloy steel
(NCI-LAS) couple.

Table 7
INFLUENCE OF THE

CATHODE/ANODE SURFACE
RATIO ON THE GALVANIC

CORROSION PARAMETERS
OF PHOSPHATE NODULAR

CAST IRON IN DW1.
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density, this decrease being drastic in case of the NCI-B
couple. In the case of NCI-LAS, NCI-CI and NCI-FNCI at a
Scatod/Sanod ratio of 10 the density of the couple current
increases between 3 and 8 times (Fig. 4).

In the alkaline environment, i.e. DW3 solution, in the
case of all couples, except the NCI-Br couple, the couple
current increases as the ratio between surfaces increases
(Fig. 5).

Figure 6 presents the Evans diagrams of the couplings
between phosphate nodular cast iron-steel and nodular
phosphate cast iron-bronze

In the case of coupling the phosphate nodular iron with
the same alloys the behavior is similar. For example, in
DW1, the increase of the cathode surface decreases the
density of the couple current, while in DW2, in the couplings
with noble alloys the couple current decreases, also by
coupling with less noble alloys the couple current increases
(Fig. 7).

However, in the alkaline corrosive environment, the rule
of increasing the density of the couple current with the
Scatod/Sanod ratio is respected (Fig. 8).

Table 8
INFLUENCE OF
THE CATHODE/

ANODE SURFACE
RATIO ON THE

GALVANIC
CORROSION

PARAMETERS OF
PHOSPHATE

NODULAR CAST
IRON IN DW2

Fig. 6. Evans diagrams of galvanic couples in DW1: a)
Phosphate nodular cast iron – stainless steel (PNCI-
SS) couple; b) Phosphate nodular cast iron – bronze

(PNCI-B) couple

Table 9
INFLUENCE OF THE

CATHODE/ANODE
SURFACE RATIO ON THE
GALVANIC CORROSION

PARAMETERS OF
PHOSPHATE NODULAR

CAST IRON IN DW3

Fig. 7. Evans diagrams of galvanic couples in DW2:
a) Phosphate nodular cast iron – stainless steel

(PNCI-SS) couple; b) Phosphate nodular cast iron
– bronze (PNCI-B) couple
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The experiments were performed in accordance with
the occupational health and safety laws and regulations in
order to eliminate all the risks and dangers which can affect
the human resource during the experiment procedures
[25-29].

Conclusions
According to Evans diagrams in all the couples analyzed

nodular cast iron, grey cast iron, and phosphate nodular
cast iron represent the corroded (less noble) alloys.

In the case of phosphate nodular cast iron - grey cast
iron couple and phosphate nodular cast iron - untreated
nodular cast iron couple, the noble alloy is phosphate
nodular cast iron, which justifies the phosphating treatment
in terms of corrosion resistance. This aspect can be
observed for all types of neutral, acid and basic
wastewater.

The most unfavorable couplings for both nodular and
phosphate nodular cast iron in wastewaters are these with
bronze, brass or stainless steel.

In basic solutions, the couple with the maximum couple
current density is phosphate and nonphosphate cast iron
with stainless steel. While in acid waters, the couple with
the maximum couple current density is that of phosphate
and nonphosphate nodular cast iron with bronze or brass.
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