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ABSTRACT
Studies on fungal influenced corrosion (FIC) of aluminium (Al) in the presence of
Acremonium kiliense were carried out using gravimetric and potentiodynamic
polarization (PDP) techniques. The influence depends on the capacity of fungi to
grow on the metal surface and produce metabolites that stimulate changes in
polarization resistance and destruct the metal surface. The results obtained after
60 days exposure show that the growth and attachment of the fungi on aluminum
influenced their corrosion rate (CR) over the period as evident from the increase
in CRs and weight loss. For example, the cumulative corrosion rate ∑CR of
aluminium when exposed to A. kiliense was higher (5.58±0.55 mpy) than that
observed when it was not exposed to fungi (2.71±0.01 mpy). The gravimetric
analyses of CR and weight loss also show that they were proportional to the time
of exposure. The results obtained further reveal that corrosion current density
2
(Icorr) of the aluminium increased in the presence of the fungi (183.7 μA/cm )
when compared with the value obtained in the absence of the fungi (153.5
2
μA/cm ) which indicates an evidence of corrosion activities.
©2019 BluePen Journals Ltd. All rights reserved

INTRODUCTION
Fungi have been implicated in the corrosion of many
metals and their alloy used in fabrication and construction
of buildings and industrial machines. They are considered
primary colonizers of surfaces in both natural and manmade environment (Beech and Sunner, 2004). Microbial
influenced corrosion (MIC) is attributed not only to
planktonic microorganisms, but instead to adherent
organisms in the form of biofilms on surfaces (Larsen et
al., 2010). Fungi have ability for growth under extreme
environmental conditions which allows their successful
colonization of metal surfaces and other metal richhabitats. The overgrowth of metallic surfaces with fungus
mycelium is closely related to electrochemical processes
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(Juzeliunas et al., 2007). Studies of metal overgrowth in
open natural environments shows that fungi are most
intensively evolve in places where the metal comes into
with water and air. It has been stated that the electrical
characteristics of steel, aluminum and titanium can be
worsened by some species of fungi belonging to the
genera
Apergillus,
Penicillium,
Sporotrichum,
Cladosporium and Paecilomyces (Stokes and Lindsay,
1997). The possibilities of some fungal species to grow
on metal surfaces are determined by their secreted
metabolites which enable them to adapt to new
environmental and nourishment conditions. In aqueous
environments, metals are corroded not only by purely
chemical or electrochemical reactions but also by
metabolic activities of microorganisms (Koch et al., 2002;
Uhlig, 1985).
Fungal influenced corrosion (FIC) has been reported
for some metals and aluminium alloys exposed to
hydrocarbon fuels during transport or storage (Videla,

Int. J. Appl. Microbiol. Biotechnol. Res.

1989). Differential aeration caused by the adherence of
fungal mats can cause crevice corrosion. The reaction of
aluminum and its alloys used in aircraft building to the
influence of fungi and their metabolites has been studied
(Lugauskas et al., 2008). Changes in the composition of
surface layer of metal or metal alloy are one of the
evidences confirming that fungi have penetrated the
metal surface and use it to satisfy their nutritional needs.
For example, Lugauskas et al. (2008) noted that the
formation of Aspergillus niger colonies and their colour
are determined by oxygen concentration in metal oxide
layer. They further observed that the pH of the surface of
copper alloys decreases with an increase in oxygen
quantity which is mostly pronounced in the zone where
fungi is growing. Lugauskas et al. (2009) reported the
growth of Penicillium sp. on the surface of metal plate in
Petri dishes filled with sterile agar medium of malt extract
low in nutritive value. Very little studies have been done
on the effects of individual fungal or mixed culture of fungi
on corrosion of metals.
Fungi adhere on the surface of metals and form mat of
hyphae with interactions governed strongly by the
material surface properties and adhesion mechanisms
(Lichter et al., 2008, 2009). Biofilm formation follows a
series of critical steps: an initial rapid and reversible
fungal attachment, a more stable, longer term
attachment, fungal replication and matrix secretion,
biofilm maturation, and finally fungal dispersal (Lichter et
al., 2009; Monds and O’Toole, 2009). According to Vu et
al. (2009), the main structural components of the fungal
biofilms are produced by fungi themselves through the
secretion of extracellular polymeric substances (EPS).
EPS is composed chiefly of polysaccharides, proteins,
nucleic acids and lipids. Biofilms are µm to mm in
thickness (Zuo, 2007). They can develop and mature
over the course of hours, days, or months, depending on
the microbial species and environment (Beech and
Sunner, 2004). Through these biofilms, the fungi create a
unique and sustaining microenvironment that can differ
significantly-in terms of composition and distribution of
solids, fluid and gas from the overall macro environment.
Acremonium kiliense is a saprophytic fungus,
characterized by light microscope as a gram-positive
microorganism with septate hyphae (Das et al., 2010).
Acremonium spp. are usually slow growing and are
initially compact and moist. It is a soil-habiting imperfect
fungi. A. kiliense grows well indoors under wet conditions
(Zuccaro et al., 2000). When indoors, it originates either
from outdoor air, contaminated crawl spaces or
contaminated building materials. The spores of A.
kiliense are formed in mass resulting in limited
aerosolisation (Zuccaro et al., 2000). Because of its high
affinity for water, A. kiliense is often isolated from cooling
coils, drain pans, window seals and surfaces of pipelines
that pass through damp or wet environments (Larone,
2011). In a study conducted by Larone (2011) on mould
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growth on wet gypsum wall board in an indoor
environment, A. kiliense was among early colonizers
along with Cladosporum and Penicillium. It was dictated
three weeks after immersing the building materials in
water. This present investigation is aimed at examining
the effects of A. kiliense on the corrosion behaviour of
aluminium.

MATERIALS AND METHODS
Material preparation
Metal coupons
Corrosion experiments were performed on aluminium
metal with weight percentage composition of Al>95%.
The coupons were wet-polished with abrasive paper
(from grade No. 400-1000), rinsed with distilled water,
then dried, weighed and stored in moisture free
desiccators prior to use.

Fungal inoculums
The inoculums used in the work were prepared according
to the method outlined by Mayuri et al (2015). Three wellisolated colonies of each fungus were selected from agar
culture. The top of each colony was touched with a loop
and the growth was transferred into a tube containing 5
mL potato dextrose broth medium. The broth culture was
incubated at 27°C for 7 days until it achieves turbidity
after which colonies were counted using haemacytometer
and the result used for the calculation of colony forming
units per milliliter (CFU/mL).

Corrosion test
Gravimetric experiments
The corrosion test was conducted by using the procedure
outlined by Lugauskas et al. (2009). Aluminium coupons
of size 3 cm × 2 cm × 0.1 cm (length × weight ×
thickness) were used in the test. The coupons were first
prepared following the procedure earlier described. The
metal coupons were placed in Petri dishes filled with malt
extract poor in nutritive materials and supplied with
streptomycin (5 μg/mL). The medium with the metal
coupons was then inoculated with 0.4 mL suspension
8
(containing 1×10 CFU/mL) of fungi isolated from
corroded metals. Two controls were provided, in control
one K1, metal was exposed to common conditions (room
temperature and humidity) and not contaminated with
fungi. In control two K2, metal was placed on malt extract
medium but not inoculated with fungi. Medium with

Imo and Chidiebere

3

Table 1. The influence of A. kiliense on the corrosion behavior of aluminum.

Fungi

A. kiliense

Metal density
-3
(gcm )
2.70
2.70
2.70
2.70
2.70
2.70

Initial weight
(g)
1.665
1.574
1.682
1.644
1.695
1.760

Final weight
(g)
1.664
1.571
1.670
1.630
1.680
1.740

metals was incubated at 27°C. The entire experiments
were uniformly prepared in triplicates, labeled accordingly
and inserted on the same day. The experiment was
observed for a period of 60 days at 10 days intervals.

Gravimetric corrosion measurement
Weight loss with respect to time was conducted using the
method outlined by Oguzie et al. (2013). The coupons
were retrieved at 10 days intervals progressively for 60
days, scraped, washed with distilled water, dried and
weighed. The weight loss was taken to be the difference
between the weight of the coupons at a given time and its
initial weight. Average values for each experiment were
obtained and used in subsequent calculations.

∆ weight
(g)
0.001
0.002
0.004
0.006
0.009
0.020

Surface area
2
(cm )

Exposed time
(days)

CR (mpy)

9.9
9.9
9.9
9.9
9.9
9.9

10
20
30
40
50
60

0.53
0.54
0.71
0.80
1.00
2.00

Electrochemical System workstation (PAR 263). A
graphite rod served as counter electrode and a saturated
calomel electrode (SCE) was used as reference
2
electrodes. An aluminum specimen of 1 cm dimension
was used as working electrode. Electrochemical
measurements were carried out at 30±1°C, using
standard procedures as outlined by Oguzie et al. (2013),
in aerated solutions at the end of 1800s of immersion,
which allowed the open circuit potential (OCP) values to
attain steady state. The PDP experiment was then
conducted at a scan rate of 0.333 mV/s. The potential
range employed was -250 mV to + 300 mV versus
corrosion potential. Powersuite software (V2.4.0) was
used in analyzing the polarization data.
RESULTS

Calculations
i. Weight loss (∆W) = W o - W f
Where W o, Initial weight; and W f final weight.
ii. CR is used to determine the rate at which a metal will
corrode over a period of time.
k∆W
CR=
A⍴t

A = Exposed surface area = 2(LW+LH+HW) cm

The gravimetric results of the influence of A. kiliense on
the corrosion behavior of aluminium after 60 days
exposure are shown in Table 1. The results showed that
the growth and attachment of A. kiliense on aluminium
influenced their corrosion progressively over the period
as was evident in the increase in CR. The CR of
aluminium also increased progressively from 0.53 mls per
year (mpy) (after 10 days of exposure) to 2.0 mpy (after
60 days exposure). Similarly the weight loss ranged from
0.001 g (after 10 days exposure) to 0.02 g (after 60 days)
(Figures 1 and 2). In both controls (K1 and K2), no
growth of the fungi was observed.

2

Where L, Length of the coupon; W, width of the coupon;
H, height of the coupon or thickness; k, CR constant
3
(143,700 mpy); ρ, density of metal coupon (g/cm ); ∆W,
weight loss of coupon (g); and t, time (days).

Electrochemical data
Table 2 shows the result of the PDP test and the
corresponding polarization data for the corrosion
behavior of aluminium in the presence of A. kiliense.

Electrochemical measurement

DISCUSSION

The PDP test was carried out in a standard threeelectrode glass cell of 500 mL capacity using

The study of the relationship between the intensity of
fungal growth, metal oxidation and surface changes after
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Figure 1. Weight loss of aluminium with respect to time in the presence of A. kiliense.
Al+AK = Growth of A. kiliense on aluminium.

Figure 1: Weight loss of Aluminium with respect to time in the presence of Acremonium
kiliense

Figure 2. CR with respect to time in the presence of A. kiliense.
Al+AK = Growth of A. kiliense on aluminium.

Table 2. Polarization data for aluminium in the presence and absence of fungi.

Fungi
A. kiliense
AL1
Control AL4

2

Icorr (μA/cm )
183.7
153.5

AL1 = Aluminum + A. kiliense.
AL4 = Control.

Ecorr mV Vs SEC
-795.0
-701.6

ba
100.3
89.5

bc
121.4
100.3
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0.4

A LI
A L4

0.2

E vs SCE (V)

0.0
-0.2
-0.4
-0.6
-0.8
-1.0
-6

-5

-4

-3

-2

-1

0

-2
log ii(Acm
log
(Acm) )
-2

Figure 3. PDP curves of aluminium in the presence of A. kiliense.

60 days shows the presence of corrosion spots and
colour changes on the surface and edges of metals. The
results also showed that the growth and attachment of A.
kiliense on aluminum influenced its CR over the period as
evident from the increase in CRs and weight loss. It could
also be seen that CR and weight loss increased with
th
increase in time. This was very pronounced from the 30
day of exposure to the fungi and then continued
progressively for the rest of the period. Similar
observations have been reported (Agarry and Salam,
2016). Videla (2002) reported that corrosivity increased
with contact time due to accumulation of metabolites
under fungal colonies attached to metal surfaces. The
CRs may also have been enhanced due to the creation of
oxygen concentration or differential aeration cell caused
by the patchy growth and distribution of fungal colonies
and their metabolites on the metals (Hamilton and Lee,
1995). Juzeliunas et al. (2007) observed that the
overgrowth of metallic surfaces with fungus mycelia was
closely related to electrochemical processes. It is also
possible that since corrosion is an electrochemical
process, the increase in CR observed could have been
due to fungal growth on the aluminium. To further support
this results, Stokes and Lindsay (1979) stated that the
electrical characteristics of steel and aluminium can be
worsened by growth and attachment of some species of
fungi belonging to the genera Aspergillius and
Penicillium.
Lugauskas et al. (2008) reported the contamination of
aluminium metals by Acremonium spp. According to
them, this fungus produces fusidic acid and its sodium
salt fusidin which affected the metal surfaces. Videla
(1989) also stated that acids produced by fungi are

damaging to metals. On the surface of aluminium, there
are colour changes with dark corrosion spot. It is
therefore possible that the deteriorations and changes on
the metal surfaces might have been caused by the fungi.
The results also showed that the growth and
attachment of these fungi on aluminium significantly
influenced their CR over the period as evident from the
increase in CRs and weight loss. This observation is
typical of a metal that demonstrates passivity effects.
Similar observations were reported Agarry and Salam
(2016). Videla (2002) also reported that corrosivity
increased with contact time due to accumulation of
metabolites under fungal colonies attached to metal
surfaces.
From Table 2 it can be observed also that Icorr of the
aluminium increased in the presence of the fungi when
compared with the absence indicating evidence of
corrosion activities. The results also clearly show that the
Icorr increased and the Ecorr shifts to more negative value
in the presence of A. kiliense when compared with
absence of fungi. This shows that the presence of the
fungi and their metabolites might have induced an
increase in CRs of aluminium thus showing slight
electrochemical activities on the aluminium.
Mansfield and Little (1991) used PDP technique to
examine the overall corrosion behavior of a corrosion
system. The authors observed that increase in corrosion
Icorr was due to the influence of microorganisms on the
rate of the anodic and cathodic reactions. In this study, it
can be seen from the results that the rate of metal
dissolution or oxidation is proportional to the corrosion
current (Icorr). The PDP curve (Figure 3) of aluminium in
the presence of A. kiliense, showed similar cathodic and
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anodic polarization behavior but the anodic branches was
more sensitive to corrosion than the cathodic branches.
This is also evident in the value of Icorr observed in the
presence of the fungi.

Conclusion
This study shows that aluminium metals respond to the
effects of A. kiliense and this depend on the fungal ability
to develop on the metal surface in extreme conditions
and produce metabolites stimulating changes in the metal
polarization resistance as well as to destroy the surface.
The results obtained in this study further supports the
hypothesis that the attachment and growth of fungi on the
surface of metal can influence their corrosion behaviour.
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