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Inhibitive effect of ferrous gluconate on the electrochemical corrosion of
aluminium alloy in H,SO,4 solution
O Sanni®, A.P.I. Popoola”, C.A. Loto®
'Department of Chemical and Metallurgical Engineering, Tshwane University of Technology, Pretoria,
South Africa
’Department of Mechanical Engineering, Covenant University, Ota, Nigeria
*E-mail address: tayo.sanni@yahoo.com

Abstract

The use of ferrous gluconate as corrosion inhibitor on aluminium alloy in 0.5M H,SO, solution was
studied using gravimetric and potentiodynamic polarization measurements. The surface morphology of
the aluminium alloy was studied after exposure to 0.5 M H,SO, solution in the presence and absence of
inhibitor using high resolution scanning electron microscopy equipped with energy dispersive
spectroscopy (HRSEM — EDS). The adsorption behaviour of the inhibitor was investigated. The results of
the investigation show that increase in concentration of ferrous gluconate corresponds to an improvement
on inhibition efficiency. Equally, the results showed the ferrous gluconate to be an effective corrosion
inhibitor for the aluminium in the acidic medium. The results obtained from the two methods used were

found to correlate with each other.

Key words: Corrosion test, Ferrous gluconate, Inhibition efficiency, Adsorption

1. Introduction

Corrosion of metals/alloys can be defined as the
deterioration or disintegration of materials due to
their interaction with the environment. The
subject has continued to receive attention over
the years. Corrosion scientists are relentless in
seeking better and more efficient ways of
combating the corrosion of metals /alloys
[Fontana, 1987].

Aluminium and its alloys are generally light,
cheap, good conductors of heat and electricity
and resist corrosion at moderate temperatures.
They are therefore used widely as materials for
cooking utensils, electricity cables, bottle tops,
food and beverage containers, roofing sheets
[Uppal and Bhatia, 2001]. Bottle tops of most
alcoholic and non-alcoholic drinks, industrial
machine parts are found to corrode rapidly in
moist air thus constituting a health hazard to the
end users. Although the oil and gas, beverage
and metallurgical industries sink a large sum of
money in an attempt to control corrosion of their
engine parts and products, however, the
problem still persist. In some chemical
industries, equipment becomes corrosive after
few years. In view of this, the need to research
into the field of corrosion inhibition becomes
necessary [Onen et al, 2010].

Inhibitors are chemical compounds that, when
added to a fluid or gas decreases the corrosion
rate of the metal or an alloy [Asuke, 2008]. The
effectiveness of a corrosion inhibitor is a function
of many factors like: fluid composition, quantity
of water and flow regime [Asuke, 2008;
Scamans et al, 1989; Schmitt, 1984]. In the oll
extraction and processing industries, inhibitors
have always been considered to be one of the
defences against corrosion [Thomas, 1980;
Fontana and Greene, 1987].

Various methods namely weight loss and
gasometric [Ekpe et al, 1995; Ita et al, 1997,
Ebenso et al 2004; EI-Naggar, 2007; Ait Chikh et
al, 2005; Ebenso et al, 1999; Ekpe et al, 2001;
Obot et al, 2010; Ebenso et al, 2008],
electrochemical and analytical [Ait Chikh et al,
2005] and polarization [Abdulwahab et al, 2012]
have been employed in the determination of
corrosion rates and inhibition studies. There
have been several studies on corrosion
inhibition of aluminium, mild steel, copper, and
zinc in acidic and other medium. Some corrosion
inhibitors such as synthetic compounds [Ait
Chikh et al, 2005; Ebenso et al, 1999; Ekpe et
al, 20011], natural products [Obot et al 2010]
and dyes [Ebenso et al, 2004; Ebenso et al,
2008] have been investigated and reported as
good corrosion inhibitors. In this work, the use of
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ferrous gluconate (FG) as corrosion inhibitor
was investigated for aluminium alloy in sulphuric
acid solution using gravimetric and
potentiodynamic polarization methods

2. Experimental methods

2.1 Materials and Methods

As — received aluminium alloy of dimension 12 x
12 x 2 mm with chemical composition shown in
Table 1 was used. A 3.0mm diameter hole was
drilled about 5 mm from the top of the 12 mm
edge. The gravimetric test specimens were

Table 1: Chemical composition of the aluminium used.
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degreased in ethanol, dried, weighed and stored
in desiccators for further tests. Selected
specimens were connected to an insulated
flexible wire and cold mounted in methyl
methacrylate resin. They were subsequently
used for potential measurement. A concentration
of 0.5M H,SO,was prepared as required for the
experiment. FG as inhibitor was used in H,SO,
medium. The molecular structure of the inhibitor
is presented in Figure 1. The experiment was
conducted at 28°C.

Si(%) Fe(%) Cu(%) Mn(%) Mg(%) Zn(%) Ni(%) Cr(%) Ti(%) Ag(%)
0.157 0.282 0.0025 0.024 0.51 <0.0010 <0.0010 0.023 0.0046 <0.0001
B(%) Be(%) Bi(%) Ca(%) Cd(%) Co(%) Li(%) Na(%) p(%) Pb(%)
0.0007 <0.0001 | <0.0010 | 0.0011 0.0005 <0.0010 | <0.0002 | 0.0005 <0.0010 | <0.0005
Sn(%) Sr(%) V(%) Zr(%) Al(%)
<0.0010 | <0.0001 | 0.0035 0.002 99
experiment was repeated with varying
concentration of inhibitor (0.5 — 2.0) % g/v.
Ho .
! For each experiment, the samples were washed,
H Oy e e dried and weighed over a period of twenty —
T o H . .
e eight days. The weight loss measurements were
o o taken at an interval of 48h. The corrosion rate,
Ho degree of surface coverage and inhibitor
) =H efficiency were determined. The weight loss was
HO, determined by finding the difference between
Ho e the initial weight of the samples and the final
T T —=H weight after 48 h using the equation below

|

Figure 1: Molecular structure of ferrous gluconate

2.2 Gravimetric measurements

Corrosion test was carried out on the previous
weighed samples in the presence and absence
of inhibitor and one of the samples was used as
control (i.e. without inhibitor) while other
samples were with inhibitor. The ferrous
gluconate was dissolved in 0.5 M H,SO,, the

w = Wo - We
1)

Where:

W = weight loss in mg, Wo= initial weight, Wg=
final weight.

The corrosion rate was determined in millimeter
per year (mm/yr)
87.6W

CR (mm/yr) =
DAT

)

Where W = weight loss in mg, D = density of the

materials in g/cm®, T = time of exposure in hours

and A = area of specimen in cm’



The degree of coverage and efficiency of the
inhibitor was determined using the relationship
reported elsewhere [Halambek et al, 2010]

2.3 Electrochemical measurement

The potentiodynamic polarization techniques
were used to evaluate the corrosion rate of the
aluminium alloy in FG-H,SO, solution. All
electrochemical measurements were obtained
using Autolab frequency response analyzer
(FRA) coupled to potentiostat and connected to
a computer system as source of data
acquisition. A standard corrosion cell was used
as described elsewhere [Abdulwahab et al,
2012]; saturated Ag/Ag reference electrode and
aluminium sample as working electrode were
used for the electrochemical study. The working
electrode samples were positioned at the glass
corrosion cell kit, leaving 1 cm? surfaces in
contact with the solution. Polarization test was
carried out at 28°C in 0.5 M H,SO, solution
using a 668 VA AUTOLAB potentiostat with 1.8
NOVA software package; a scan rate of
0.0016V/sec was used. From the Tafel corrosion
analysis, the corrosion rate, potential and linear
polarization resistance data were obtained in a
static solution.

2.4 Surface morphology

The as — received and as — corroded aluminium
alloy surfaces were examined with high
resolution  scanning electron  microscopy
equipped with energy dispersive spectroscopy
(HR SEM/EDS) Model : (Joel JSM — 7600F) was
used to assess the surface of the corroded
samples.

3. Results and discussion

3.1 Weight loss measurement

The results obtained for the variation of
corrosion rate, inhibition efficiency and degree of
surface coverage with exposure time for the
aluminium alloy specimens immersed in 0.5 M
sulphuric acid with varied concentrations of FG
are represented in Figures 2 and 3.
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Figure 2: Variation of corrosion rate with exposure
time for the aluminium specimen immersed in
sulphuric acid for different concentration of inhibitor.
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Figure 3: Variation of inhibition efficiency with
exposure time for the aluminium specimen immersed
in sulphuric acid for different concentration of inhibitor.

The corrosion rates of the aluminium coupons in
0.5M H,SO, in the presence and absence of
different concentrations of inhibitor (FG) were
determined using equation 2. The results
obtained are presented in Figure 2. The
corrosion rates decreased with addition of
ferrous gluconate. This indicates that (FG) in the
solution inhibits the corrosion of aluminium in
acidic medium and that the extent of corrosion
inhibition depends on the amount of the ferrous
gluconate present.

The percentage inhibitor efficiency shown in
Figure 3 shows the variation of inhibitor
efficiency with time at different concentrations of
the inhibitor. The inhibition efficiency decreases
with increase in exposure time with final values
of 26%, 14%, 32%, and 22% when inhibitor
concentration was increased from 0.5% to 2%
with 0.5% incremental range. It shows that



percentage inhibition efficiency of ferrous
gluconate progressively decreases with increase
in time of exposure.

3.2 Potentiodynamic polarization

The potentiodynamic polarization measurement
for aluminium alloy in 0.5 M H,SO,/ferrous
gluconate is presented in Table 2.
Potentiodynamic polarization —corrosion rate
(PP-CR), potentiodynamic polarization corrosion
density (PP-Icorr) and linear polarization
resistance (LPR) data were used as criteria for
evaluation of corrosion resistance of aluminium
alloy in the medium.

Table 1: Electrochemical corrosion data obtained for
aluminium alloy in 0.5 M H,SO,- varying concentration of
ferrous gluconate at 28°C.

S/ | C Icorr | ba(v/ | bc LPR Ecor | CR
N | (% (Alc | dec) (v/de | Rp(Q rv) | (mm/
g/iv) | m2) c) cm2) yr)

1|0 1.73 | 0.025 | 0.124 | 5.33E | - 0.559
E-05 | 551 93 +02 0.33 | 600
054

2 |05 | 427 | 0111 | 0.225 | 7.60E | - 0.138
E-06 | 520 70 +03 0.35 | 000
751

3 10 | 6.30 | 0.892 | 1.727 | 4.06E | - 0.000
E-09 | 180 60 +07 0.34 | 206
318

4 15 | 543 | 0.042 | 0.035 | 1.55E | - 0.175
E-06 | 048 871 +03 0.33 | 710
054

5 |20 | 6.05 | 1.958 | 0.748 | 3.90E | - 0.000
E-09 | 100 74 +07 0.34 | 197
318

(=]

[
in

-

©
in

= CONTROL

—( 5 FG

10FG

Potential (V)
&
un (=]

—1 5 FG

o

w7 0 FG

KR
u

-2 T T T T T
1.00E-111.00E-091.00E-071.00E-051.00E-031.00E-01
Current density (&/cm?)

Figure 4: Linear polarization of aluminium in 0.5M H,SO,
solution / ferrous gluconate environment at 28°C.

Figure 4 shows the polarization curves for 0.5 M H,SO,-
Ferrous gluconate. The environment demonstrated a
decrease in the corrosion rate and current density with
addition of the inhibitor.

While the corrosion potential (Ecorr) and

polarization resistance increases with inhibitor
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concentrations. The trend in the corrosion under
this study is similar with the previous report
[Abdulwahab et al, 2012]. The inhibited
aluminium in 0.5M H,SO, —Ferrous gluconate
revealed that corrosion rate decreases from
0.17571 mm/yr to 0.138, 0.000206 and
0.000197 at 1.5% gl/v, 0.5% g/v,1.0% g/v and
2.0% g/v ferrous gluconate. Corrosion rate of
aluminium alloy —H,S0Q, is lower in 2.0% g/v and
1.0%g/v ferrous gluconate when compared to
0.5% g/v and 1.5% g/v respectively. Also, the
changes in anodic and cathodic region suggest
the mixed —type corrosion inhibition for
aluminium alloy-0.5M H,SO,/ferrous gluconate.

3.3. Corroded surface analysis

The SEM microstructure of aluminium surface is
shown in Figure 5 to 6. The as - received
aluminium alloy sample Figure 6, shows that
ferrous gluconate was able to exhibit some
degrees of inhibition which retard the corrosion
rate of aluminium in H,SO, solution.

Tl Seale 9612l Curser: 0,000

Figure 5: SEM micrograph of the as-received
aluminium sample with the EDS spectrum
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Figure 6: SEM micrograph of aluminium in 1.0%g/v
ferrous gluconate in 0.5M H»SO, with the EDS
spectrum

3.4. Efficiency of Inhibitor and adsorption
isotherms

The percentage inhibitor efficiency (%IE) of the
aluminium alloy —ferrous gluconate in H,SO,
solution was computed using the equation
reported elsewhere [Halambek et al, 2010] .The
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computed data for the IE using potentiodynamic
polarization corrosion rate (PP-CR),
potentiodynamic polarization-corrosion density
(PP-Icorr), linear polarization resistance (LPR)
and gravitational method (GM) are presented in
Figure 7 for 0.5M H,SO,/ferrous gluconate. The
result revealed that the highest %IE of ferrous
gluconate was achieved at 1.0 and 2.0%g/v and
there was a correlation in all the methods used.
The adsorption mechanism was shown from the
variation between log # with log C indicating
linearity for the environment and the adsorption
behavior is believed to have obeyed Freundlich
adsorption isotherm.
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Figure 8: Comparism of inhibitor efficiency (IE) for 0.5M
H,SO, solution / ferrous gluconate concentration obtained
from gravimetric method and potentiodynamic polarization.
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Figure 9: Freundlich isotherm for the adsorption of ferrous
gluconate on the aluminium alloy in 0.5 M H,SO, solution
obtained from gravimetric method at 28°C.

4. Conclusion

The deductions from the experimental
investigations show that ferrous gluconate (FG)
acts as a good inhibitor for the corrosion of
aluminium in 0.5M H,SO, because the inhibitor
was able to reduce the corrosion rate.
Potentiodynamic polarization curves reveals that
ferrous gluconate is a mixed — type inhibitor. The
adsorption of ferrous gluconate follows
Freundlich adsorption isotherm.
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