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Abstract- Impressed Current Cathodic Protection
(ICCP) system has been adjudged to be the most
acceptable corrosion mitigation procedure today.
Integrity of ICCP systems depends among other
important factors on the Anode material. Platinize-
Titanium base materials were found to be the best
anodes in ICCP systems but with high importation
cost. In order to improve local contents and foreign
exchange, an investigation was carried out on the
potentials of locally produced anodes for ICCP
system. Four Anodes were produced from different
materials for this purpose. An aggressive
environment was simulated by saturating soil with
1M solution of NaCl to form corrosion cells. A set of
steel Pipe and Anode were buried in four different
corrosion cells powered with direct current source to
represent an ICCP system where the Anode
performances were monitored in terms of depletion
period, level of corrosion protection offered to the
steel pipes and general electrochemical behavior of
both the Pipes and the Anodes. Readings of the
simulated corrosion cells environments’ pH, pipe-to-
soil potentials based on Cu/CuSOs reference
electrode, open circuit voltages and temperature were
taken on daily basis. The test lasted for twenty-one
days with the Anode from Lead material exhibited a
good protection quality by showing only 10.22%
depletion in comparison to the Cupper based and
Aluminum based Anodes. From the results, it was
concluded that Pb-based Anode produced locally can
be a good candidate for ICCP system in aggressive
environments.
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l. INTRODUCTION
Metals always have tendencies of returning to their
original ore form of oxide when expose to favorable
condition due to instability and high energy level as a
result of enormous heat expended during the process
of refinement from their ores. This process is known
as corrosion [1]. Generally, Corrosion can be
described as a physiochemical interaction between a
metal and its environment, which may result in
changes in the properties of the metal that may lead to
impairment of the function of the metal, the
environment, or in the technical system of which these
form a part [2].

Lots of resources are invested in the processes of
producing metals from their naturally occurring ores,
therefore, care must be taken to ensure that metals are
not allowed to revert back to their original form as this
will result in enormous lost in terms lives, capital,
materials, and labor. In order to avoid this,
industrialized nations like the United States of
America used to spend over $270 billion
approximately 3.1% of the nation’s Gross Domestic
Product (GDP) to control corrosion annually from
which over $7billion is for corrosion control of
pipelines for transportation of Gas and liquids [3] and

(4]

It is therefore important that industrial nations focus
more attention to corrosion control as lack of it could
cause great lost to economy in terms of lives and
properties and serious environmental degradation as a
result of possible spillage if the metallic structures are
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in the oil and gas region [5] and [6]. Unlike weather-
related disasters, there are several methods of
preventing and controlling corrosion by reducing or
eliminating its impact on public safety, the economy,
and the environments [7]. Among these methods,
Cathodic Protection (CP) has shown to be the only one
that could provide complete or acceptable level of
protection against corrosion in environments that have
conductive electrolyte [8], [9], [10], and [11]. In their
work, [2] reported that many researches in the last
decades indicated that CP systems are the most
promising method of mitigating corrosion of pipelines.
There are two types of CP systems — Sacrificial Anode
and Impressed Current Cathodic Protection (ICCP)
type. The latter is mostly applied in Oil and Gas
Industries due to the former’s inability of producing
adequate current density especially for large structures
and poorly coated ones [12]. However, there some
major challenges which includes proper function of
anodes with respect to materials during the design and
functions of ICCP systems.

From the pool of tested ICCP anodes, Platinized-
Titanium anodes based material has proved to be more
efficient and required protection but relatively too
expensive [13], hence, the need to search for a less
expensive combination of materials which can be
source locally in order to develop local technology that
could conserve nation’s scarce foreign exchange. In
this paper, a study was conducted to assess the
performance of locally produced anodes based on their
corrosion resistance and electrical conductivity
qualities with a view to ascertain a possible
combination that will serve best as good anode for
ICCP systems in aggressive environment.

Il. METHODOLOGY

Alloys of selected metals were produced based on
their electrical and corrosion behavior in casting the
anodes used in ICCP system for the purpose of
assessing their potentials in adequately protecting steel
pipes buried in aggressive environments. The
following combinations of the alloys were reached

d) Lead 100%
The casted and machined Anodes are shown in Fig. 1.

A. Experiment

To assess the performances of the anodes, corrosion
cells were produced to simulate aggressive
environments such as the riverine areas where most oil
and gas structures were either buried or submerged.
Soils were saturated with solutions of NaCl salt in
wooden boxes with steel pipes and anodes buried after
connecting positive terminals of direct current (dc) to
the anodes and negative terminals to the anode
according to NACE standard on ICCP specifications
as shown in Fig. 2. In each of the four corrosion cells
a polished steel pipe and anode were buried. The pipes
were well polished to remove any traces of corrosion
products for proper assessment of the protection
potentials of the ICCP system using the produced
anodes that has machined grooved neck meant for
proper and firm attachment of electrical connections
and for taking reading of pipe to soil potentials using
Cu/CuS0,4 reference electrode. The corrosion cells
were powered with dc current throughout the period of
assessment.

Measurements of the open circuit voltages,
temperatures of the cells, pH of the cell environment
and pipe-to-soil potential using appropriate measuring
instruments were taken throughout the period of the
experiment. Visual examination of the anodes was
carried out at intervals of twenty-four hours with
particular emphasis on dissolution pattern.

base on solid solubility of one in the other, corrosion Figj:\Casted and Machim
behavior and electrical conductivity: Locally
a) Aluminum 90.6%/Copper 9.4%
b) Copper 90%/Aluminium 10%
c) Copper 95%/Aluminium 5%
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Fig. 2: Schematic diagram of corrosion cell

Legend

1 Wooden box 2 Electrolyte
3 Anode 4 Pipe

5 Ammeter 6 Solar power
7 Resistance box 8 Drain point
9 Test point 10 Voltmeter

11 Reference electrode 12 Capillary tube
I1l.  RESULTS AND DISCUSSION

Measurements of anode dissolutions with time,
changes in environmental pH, pipe-to-soil potentials,
and temperatures were taken throughout the period of
experiment for the four corrosion cells where
conclusions were made with respect to the
performance of the locally produced anodes for
cathodically protecting steel pipes in aggressive
environment.

A. Anode Depletion Rate

The rate at which the anode was depleting as they offer
protection to the buried pipes was recorded as shown
in Table I.

From Table I, it can be seen that Aluminum based
anode (Al 90.6%, Cu 9.4%), depleted in four days
from the start of the experiment, recording 86.82%
depletion, which disqualified it as anode for ICCP
systems in aggressive environments. Copper based
anode (Cu 90%, Al 10%), depleted in eight days,
recording 88.21% depletion, an indication that it
cannot be used as anode aggressive environments. The
second Copper base anode (Cu 95%, Al 5%), showed
a percentage depletion of 25.93% after twenty-one
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days, this too is not a candidate for ICCP system anode
in aggressive environment. The Lead anode showed a
percentage depletion of only 10.22% after twenty-one
days. This is an indication that Lead anode could be
used for aggressive environment. Figs. 3, 4, 5 and 6
showed the anodes conditions before and after the
tests. The criteria for the performance test were long
lasting (life), corrosion resistance and rendering
effective cathodic protection to the buried pipes as
determined by Cu/CuS0s reference electrode and
visual examinations.

Fig. 3: Al 90.6%, Cu 9.4% Anode (a) before the
experiment and (b) after the experiment

Fig. 4: Cu 90%, Al 10% Anode (a) before the
experiment and (b) after the experiment

Fig. 5: Cu 95%, Al 5% Anode (a) before the
experiment and (b) after the experiment

ICONIC RESEARCH AND ENGINEERING JOURNALS 82



© MAY 2020 | IRE Journals | Volume 3 Issue 11 | ISSN: 2456-8880

Table I: 24 Hourly Size of Anode and Percentage Depletion

Time Cu 95% Anode Al Anode Pb Anode Cu 90% Anode
(hours) Size %dp Size %dp Size %dp Size %dp

0.00 2.025 0.00 2.20 0.00 2.25 0.00 2.12 0.00
24.00 2.000 1.23 1.65 25.00 2.25 0.00 1.825 | 13.92
48.00 1.965 2.96 1.10 50.00 2.25 0.00 1.56 26.42
72.00 1.955 | 3.46 | 0.355 | 83.86 2.25 0.00 146 | 31.13
96.00 1.865 7.90 0.29 86.82 2.25 0.00 1.00 52.83
120.00 1.800 | 11.11 - - 2.23 0.89 0.74 65.09
144.00 1.790 | 11.60 - - 2.23 0.89 | 0.675 | 68.16
168.00 1.780 | 12.09 - - 2.22 1.33 0.445 | 79.01
192.00 1.740 | 14.07 - - 2.22 1.33 0.25 88.21
216.00 1.740 | 14.07 - - 2.135 5.11 - -
240.00 1.740 | 14.07 - - 2.135 5.11 - -
264.00 1.705 | 15.80 - - 2.135 5.11 - -
288.00 1.705 | 15.08 - - 2.135 5.11 - -
312.00 1.705 | 15.08 - - 2.135 5.11 - -
336.00 1.700 | 16.05 - - 2.080 7.56 - -
360.00 1.700 | 16.05 - - 2.080 7.56 - -
384.00 1.685 | 16.79 - - 2.025 | 10.00 - -
408.00 1555 | 23.21 - - 2.025 | 10.00 - -
432.00 1555 | 23.21 - - 2.02 10.22 - -
456.00 1555 | 23.21 - - 2.02 10.22 - -
480.00 1525 | 24.69 - - 2.02 10.22 - -
504.00 1.500 | 25.93 - - 2.02 10.22 - -

Key: %dp = percentage depletion

Fig. 6: Cu 90%, Al 10% Anode (a) before the
experiment and (b) after the experiment

B. pH changes in test environments

The pH in the four cells did not exceed 6.97 which was
an indication that the environment remained
aggressive throughout the period of test even though
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the readings of the pipe-to-soil potential indicated
appreciable level of protection.

C. Pipe potential

The pipe-to-soil potentials using Cu/CuSOy reference
electrode for the various corrosion cells range from -
0.852V to -1.915V which indicated a good protection
level signifying that the pipes were receiving
protection.

CONCLUSION

An understanding of the anode performance in
aggressive environment provided a clue for the
selection of appropriate local alloy material for
cathodic protection of buried or immersed steel
structures.
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All the anodes used protected the structures they were
meant to protect. However, the aluminum base anode
(Al 90.6%, Cu 9.4%) and 90% copper base anode
exhibited poor depletion rate.

The 95% copper base anode exhibited a good
corrosion resistance while the lead anode exhibited a
better corrosion resistance to the aggressive
environment, this outstanding performance singled out
lead anode as the appropriate local, cheap, available
and long-lasting anode material for impressed current
cathodic protection of buried or submerged structures
in aggressive environment.
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