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Abstract:- Corrosion can be influenced by either the
nature of the metal, nature of the environment
(temperature, aeration, agitation or pH of the
electrolyte) or the corrosion products. In order to
minimize or completely eradicate they effects as a result
of these influences on corrosion of 2205 duplex stainless
steel, the corrosion inhibition performance of expired
myambutol was studied in 0.5 M HCI environment at
ambient temperature and elevated temperatures of 303,
313 and 333 K. The experimental and analysis work
was carried out wusing both chemical and
electrochemical techniques. Analytical results
indicated that expired myambutol drug used as
inhibitor adsorbed effectively on the surface of the 2205
duplex stainless steel hence inhibiting the factors
influencing the corrosion of the steel. This was evident
from the results of gravimetric, thermometric, EIS and
Potentiodynamic polarization analysis recorded as 98.3
%, 98.5 %, 84.2 % and 91.9 % respectively. Generally
inhibition efficiency increased with increased in
concentration of expired myambutol inhibitor but
decreased with rise in temperature, an indication of
initial strong adsorption of inhibitor and a subsequent
dissolution of inhibitor from metal surface as a result of
strong agitation from prolong temperature effects. The
physical adsorption process was attributed to the
adsorption of inhibitor following the correlation
coeffient values from the Langmuir profile drawn.

Keywords:- Myambutol, Adsorption, Corrosion,
Electrochemical, Polarization, Duplex Stainless Steel,
Inhibition Efficiency, Enthalpy.

I.  INTRODUCTION

The corrosion of stainless steel occurs primarily by
electrochemical  process involving oxidation and
simultaneous reduction of some other species. The
importance of corrosion studies is two folds. The first is
economic, including the reduction of material losses
resulting from the wasting away or sudden failure of
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piping, tanks, metal components of machines, ships, hulls,
marine, structures, etc (Abeng et al., 2018; Ade et al., 2014;
Karthik and Sundaravachivelu, 2016; Karthikeyan, 2016).
The second is conservation, applied primarily to metal
resources, the world’s supply of which is limited, and the
wastage of which includes corresponding losses of energy
and water resources accompanying the production and
fabrication of metal structures. Awareness to corrosion and
adaptation of timely and appropriate control measures hold
the key in the abatement of corrosion failures. The
important factors which may influence the corrosion
process are: Nature of the metal, nature of the environment
and the corrosion products, temperature, concentration of
electrolyte, electrode potential, aeration, agitation and
hydrogen over voltage and pH of the electrolyte (
Karthikeyan, 2016; Ansari et al., 2017; Al-Amiery et al.,
2014; Ali and Suleiman, 2018). To protect metals or alloy
from corrosion, approaches such as isolating the structure
from aggressive media of compensating for the loss of
electrons from the corroded structure are employed.
Corrosion inhibition may include organic or inorganic
compounds that adsorb on the metallic structure to isolate it
from its surrounding media to stop the oxidation-reduction
process (Karthikeyan, 2016; Ansari et al., 2017; Al-Amiery
et al., 2014). The action of drugs as inhibitors arises from
their ability to treat metal and alloy surfaces consequent
upon their addition in very low concentrations around
corrosive environment. They are deemed to be rich,
naturally synthesized chemical compounds that affect the
corrosion rate by adsorption of effective species on metal
surfaces when added to any industrial system through
alteration of either anode or cathode reactions, formation of
coating on metal through increased electrical resistance,
etc. (Ade et al., 2014; Karthikeyan, 2016; Ansari et al.,
2017; Al-Amiery et al., 2014; Ali and Suleiman, 2018).
Stainless steel as a well-known metal of multi sectorial
importance has its name connected to an entire group of
iron-based metal which are the most commonly used
metallic materials (Charles, 1991; Sanchez et al., 2002;
IMOA, 2014).
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Element % by
weight
Cr 220-320
o
Ni 45-65%
Mn 20%
Si 1.0 %
p 0.03 %

0.02 %
C 0.03 %
N 01-02%
Mo 30-50%
Fe Remaining

Table 1:- Chemical Composition of a Typical 2205 Duplex
Stainless Steel in Weight Percent

Ethambutol is a medication primarily used to treat
tuberculosis (Fig. 1). Ethanbutol Hydrochloride is the
hydrochloride salt form of ethambutol, an ethylenediamine
derivative with antibacterial activity, specifically effective
against mycobacteria (Lim, 2006). Although the exact
mechanism of action of ethambutol hydrochloride is
unknown, ethambutol hydrochloride inhibits the transfer of
mycolic acids into the cell wall of bacteria, which impedes
bacterial cell growth. This agent may also inhibit other cell
metabolism, thereby preventing cell multiplication and
causing cell death (Lim, 2006; Tripathi, 2015). Upon the
bases that Myanbutol, let alone its expired form has not be
employed in the study of corrosion or corrosion related
research, and the urgent need to minimize or completely
eradicate 2205 duplex stainless steel corrosion effects in
HCI environment at ambient and elevated temperatures
prompted this research.
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Fig 1:- Structure of (+)-2,2’(Ethylenediimino)-di-1-butanol
dihydrochloride (C10H26C|2N202)
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Il. EXPERIMENTATION

A. Preparation of Working Electrode (2205 Duplex
Stainless Steel)

The working electrode (2205 duplex stainless steel)
employed for this research work has the following
composition (% by weight): Cr (22.0 — 32.0), Ni (4.5 -
6.5), Mn (2.0 max), Si Silicon (1.0 max), P (0.03 max), S
(0.02 max), C Carbon (0.03 max), N (0.1 —0.2), Mo (3.0 -
5.0) and Fe (Balance) respectively (Table 1). The electrode
was resized to a dimension of 5cm x 4cm x 0.08cm for
gravimetric analysis; 4cm x 0.08cm x 2.0cm for gasometric
analysis and 1cm? x 1 cm? for the electrochemical
measurements (electrochemical impedance spectroscopy
and potentiodynamic polarization). The working electrode
obtained from System Metals in Nigeria was carefully
polished with different grades of emery paper to obtain a
mirror surface, washed with distilled water, degreased with
ethanol and rinsed in acetone and air dried then stored in a
desiccators.

B. Gravimetric Experimentation

Different concentration of inhibitor ranging from 500,
700, 1000, 1500 and 2500 ppm were used for the
gravimetric experiment. Inhibitor solution of different
concentrations were measured into a 100 ml beaker each
where coupons were suspended in the solution for 5 hours
of 1 hour each. After every 1 hour, the coupons were
removed from the inhibitor solution and washed with
distilled water, degreased with ethanol, rinsed in actone and
air dried, then reweighed. Data obtained from this
experimental process were used to calculated the corrosion
rate of the steel, the surface coverage and inhibition
efficiency of the inhibitor following equations 1 and 2.

—q_w
0 =1- = .1
_ wi
IE%=[1- 2] x 100 )

Where w; and w, explains values for weight loss with
and without the inhibitors. Every of the reagent applied in
this study was of analytical grade and all solutions were
prepared using distilled water.

C. Thermometric Experimentation

The thermometric technique which is a temperature
dependent technique made use of a water bath which its
temperature was regulated at every trial. The resized steel
of dimension 4cm x 0.08cm x 2.0cm which was polished to
a mirror surface was droped into a beaker containing a
blank solution (0.5 M HCI acid) and and the beaker
immersed in a water bath regulated to 313 K. after 60
minutes, the metal was removed, washed with distilled
water, degreased with ethanol, rinsed in acetone and air-
dried before weighing. This procedure was repeated for
same blank at regulated temperatures of 323 and 333 K.
The same experiment was conducted in the presence of
Myambutol (Ethambutol hydrochloride) inhibitor at 500,
700, 1000, 1500 and 2500 ppm concentrations. The study
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was conducted using a MEMMERT WNB — 14 thermostat
water bath.

D. Electrochemical Methods

A three compartment electrochemical impedance cell
was employed for this investigation with a saturated
calomel (SCE) electrode as the reference electrode and a
1cm? platinum foil as a counter electrode. The working
electrodes which was the 2205 duplex stainless steel with
surface area of 0.28 cm? was dipped in 0.5 M HCI
solutions. Electrochemical tests was conducted within a
frequency of 10 Hz - 100,000 Hz within Potentiodynamic
conditions, with an amplitude of 5 mV, involving
alternating current signal at Ecr. All experiments were
conducted every 30 min with the inhibitor inclusive.

The inhibition efficiency which was determined from
the values of the charge transfer resistance was calculated
using Equation 3:

IE% =
x 100... 3

Rict - Roge
Rict

Where Rl and R°: represent the charge transfer
resistance with and without the inhibitors. The behavior of
stainless steel coupons with and without the extracts was
investigated potentiodynamically by drawing up the anodic
site and cathodic plots. Analysis was carried out on
standard acid with varied partitions of inhibitor by altering
the eV between -250 to + 250 mV following a scan rate of
1 mV/sec.

Corrosion current densities values were obtained
using Equation 4:
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_ IE% =
Bcorr “Bleorr 1 900... . )

locorr

Where licor and 1%, represent the corrosion current
density with and without the inhibitor concentrations.

I1l.  RESULT AND DISCUSSION

A. Gravimetric Analysis and Results

Upon immersion of 2205 Duplex Stainless steel
coupon in the system containing the 0.5 M HCI acid after 5
hour, the rate of dissolution of the metal was noticed to be
higher compared to the systems containing acid plus
various concentrations of Myambutol (Ethambutol
hydrochloride) inhibitor. This observation was similar to
what was observed in the studies of corrosion by other
researchers (Karthikeyan, 2016; Attari et al., 2017,
Chidiebere et al., 2015; Guruprasad et al., 2018). It was
confirmed that the steel dissolution was reducing with
increasing concentration of the inhibitor as time progresses
(Figure 2). The dissolution effect of the metal observed in
the free acid solution was attributed to the strong action of
the acid on the metal surface due to rapid hydrogen
evolution (Chidiebere et al., 2015 ; Atheel et al., 2017;
Lgaz et al., 2017; Ugi and Obeten, 2019). The gradual
reduction in dissolution of the metal as inhibitor
concentration was increased (Figure 3) could be explained
on the bases of inhibition of the steel consequence upon
replacement of the water molecule on the steel by inhibitor
molecules (Abeng et al., 2018; Ade et al., 2014). This
action could be seen from Table 2 as corrosion rate of the
metal reduced, surface coverage and inhibition efficiency of
the inhibitor increased with increase in concentration.

Conc. (g/L) CR (mg/cm2/h) 0 %IE
0.5 M HCI 1.119 - -
500ppm 0.482 0.569 56.9
700ppm 0.271 0.758 75.8
1000ppm 0.103 0.908 90.8
1500ppm 0.094 0.916 91.6
2500ppm 0.019 0.983 98.3

Table 2:- 2205 Duplex Stainless Steel Corrosion Rate, Surface Coverage and % IE of Myambutol (Ethambutol hydrochloride)
Inhibitor from Weight Loss in 1M HCI
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Fig 2:- Graphical Representation of the Variation of Corrosion Rate of Steel with Inhibitor Concentration at Ambient Temperature
in 0.5 M HCI Environment
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Fig 3:- Graphical Representation of the Variation of Inhibition Efficiency of Inhibitor with Inhibitor Concentration at Ambient
Temperature in 0.5 M HCI Environment

B. Thermometric Results and Analysis

Thermometric analysis is temperature dependent and
this method aid in accessing the effect of temperature on
the inhibitor/steel interface. From Table 3, it can be
observed that there is a gradual dissociation of the inhibitor
molecules from the steel surface, consequence upon the
agitation experienced by the system due to temperature
increase. However, the result obtained still showed that the
inhibitor had a significant adsorption adherence on the
metal surface even at increasing temperature. The corrosion
rate of the metal was seen to increase with increase in
temperature which is explained on the bases of breaking of
bonds between weak adsorbed inhibitor molecules and the

steel surface held by Van der Waals forces of attraction
(Attari et al., 2017; Atheel et al., 2017; Swetha et al., 2018;
Hebbar et al.,, 2018; Eddy et al., 2015). At each
temperature, it was observed that the inhibition efficiency
increased with increased inhibitor concentration and this
could be explained from the fact that there is an increased
surface coverage by the inhibitor and strong adsorption of
greater inhibitor molecules that could not be easily affected
by the temperature agitation (Abeng et al., 2018; Eddy et
al., 2015; Jothi et al., 2017). The temperature effect on the
inhibitor could also be explained as a physical adsorption
process.

CR (mg/cm2/h) 0 % IE
Conc. (ppm) 303K 313K 333K 303K 313K 333K 303K 313K 333K
0.5 M HCI 9.627 13.192 21.416 - - - - - -
500 3.011 4.564 8.173 0.687 0.654 0.618 68.7 65.4 61.8
700 2.719 4.271 7.319 0.718 0.676 0.658 71.8 67.6 65.8
1000 1.397 2.382 5.101 0.855 0.819 0.762 85.5 81.9 76.2
1500 0.814 1.323 4.294 0.915 0.900 0.799 915 90.0 79.9
2500 0.142 0.624 2.065 0.985 0.953 0.904 98.5 95.3 90.4

Table 3:- Corrosion Rate of Steel, Surface Coverage and % IE of Expired Myambutol Inhibitor in 0.5 M HCI at 303, 313 and 333
K from Thermometric Experimentation.
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C. Electrochemical Analysis and Results

Nyquist plots for duplex stainless steel in 0.5 M HCI
solution in the presence and absence of different
concentrations of Myambutol (Ethambutol hydrochloride)
inhibitor is shown in Figs. 4. The plots obtained are similar
to those in the absence of inhibitor consisting of high
frequency capacitive loop which show that the impedance
behaviour profile was unaltered by the change in inhibitor
concentration, hence, a similar metal dissolution
mechanism with and without the inhibitor (Odusote et al.,
2016; Okewale and Olaitan, 2017; Adil, 2015; Olawale et
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al., 2015; Olusegun et al., 2016). At all concentrations of
the inhibitor, the duplex stainless steel was inhibited
spontaneously especially on account of the fact that the
charge transfer resistance exhibited its maximum inhibition
efficiency for the duplex stainless steel at maximum
concentration of 2500 ppm used for the research
(Karthikeyan, 2016; Olawale et al., 2015; Olusegun et al.,
2016 ; Ugi et al., 2016). The inhibition is associated with
the adsorption of the inhibitor on the duplex stainless steel
surface. The data for the electrochemical parameters
obtained from the Nyquist plots are presented in Table 4.

600 200 1000
1000ppm EBT @ 2500ppm EBT
Zre {lcm-2

Fig 4:- Nyquist Plots for Duplex Stainless Steel at Ambient Temperature for Expired Myambutol Inhibitor in 0.5 M HCI
Environment

Conc. (ppm) Ret (Qecm™) 0 % IE
0.5 M HCI 127 - -

500 377 0.6631 66.3
1000 503 0.7475 74.8
2500 796 0.8405 84.2

Table 4:- EIS Data for Duplex Stainless Steel at Ambient Temperature for Expired Myambutol Inhibitor in 0.5 M HCI
Environment

The corrosion kinetic parameters: corrosion potential
(Ecorr) and corrosion current density (lcor) Were obtained
from the representative Tafel plots for duplex stainless steel
in 0.5 M HCI solution in the absence and presence of
different concentrations of the inhibitor (Fig. 5). The data
for Corrosion potential, corrosion current density and
inhibition efficiency is shown in Table 5. From Tables 5, it
is observed that the values of I, decreased with steady
increase in the inhibitor concentration. The inhibition
efficiency result is an indication that Myambutol
(Ethambutol  hydrochloride) inhibitor showed more
corrosion retardation on the alloy by adsorbing effectively
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on the surface ( Guruprasad et al., 2018). Anodic shift in
the values of Ecr Was observed, suggesting that inhibitor
acted as mixed inhibitor for on duplex stainless steel in 0.5
M HCI solutions (Tripathi, 2015) which of course is in
agreement with the cathodic and anodic Tafel plots
obtained. From the result obtained from the Tafel plots, it
can be concluded that the extracts acted as mixed type
inhibitors but acted majorly by retarding the rate of anodic
disolution than the cathodic hydrogen evolution for the
coupon. Similar results had been reported from the
inhibition of metals by plant extracts (Abeng et al., 2018,
Atheel et al., 2017).
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Fig 5:- Tafel Plots Showing Effect of Increasing Concentrations of Expired Myambutol Inhibitor on Duplex Stainless Steel at
Ambient Temperate in 0.5 M HCI Environment

Conc. (ppm) leorr (MACM2) Ecor (MV) IEi (%)
0.5 M HCI 17.144 -194 -

500 6.796 -927 60.0
1000 2.085 -311 87.8
2500 1.391 -85 91.9

Table 5:- Potentiodynamic Polarization Parameters for Expired Myambutol Inhibitor on Duplex Stainless Steel at Ambient
Temperate in 0.5 M HCI Environment

D. Thermodynamic Analysis

The standard free energy (AGPgs) for the adsorption of
the Myambutol (Ethambutol hydrochloride) inhibitor was
calculated using the Gibs-Helmoltz (Equation 5 and 6).

1 - AG,,
= —exp
55.5 RT (5
AGP%s = - RT In(55.5 X Kazs) ..(6)

The adsorption free energy as a thermodynamic
parameter in corrosion study was obtained from
equilibrium constant derived out of the Langmuir isotherm
plots. Values of this function are displayed in Fig. 8. A
more negative value of  AG%gs is related to higher
spontaneous reaction, i.e. higher corrosion rate (Lgaz et al.,
2017; Swetha et al., 2018; Fouda et al., 2019). The negative
free energy of adsorption (AG®qs) values in Fig. 8 revealed
the spontaneous adsorption reaction process at low
temperatures, and high stabled inhibition process (Al-
Amiery et al., 2014; Attari et al., 2017; Ugi and Obeten,
2016 ). Physical adsorption mechanism is related to
standard free energy of adsorption AGP%gs in agqueous
solution (Eddy et al., 2015; Swetha et al., 2018; Abdel et
al., 2015).

Arrhenius model gives the relationship between the

corrosion rate and the minimum energy required before
adsorption is activated according to Equations 7 and 8
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Ea

C,=AerT (7

InC, =In A— E.
RT

.(8)

Where C, is the corrosion rate, E, is the activation

energy of the corrosion process, A is the pre-exponential
factor, R is the gas constant and the T represent the
absolute temperature. The plots is shown in Figure 6.
Activation energy values were higher in the inhibited
solution as compared to the blank, a projection of an
adsorption effect. (Chidiebere at al., 2015; Okewale and
Olaitan, 2017; Fouda et al., 2019). The pre-exponential
factor also known as the frequency factor represents the
frequency of collisions between reactant molecules, in this
case the inhibitor molecules. The data in Table 6 shows
more inhibition reaction as the concentration increases.
This is explained on the bases of lesser acid reaction on the
metal surface due to opportunity for increase inhibitor
molecular collision (Al-Amiery et al., 2014; Hebbar et al.,
2018; Abdallah et al., 2016; Abdel et al., 2015).
A plot of log (CR/T) versus 1/T should be linear with slope
equal to - (AH®)/RT and intercept equal to [log (R/Nh)+
(AS°)/R] from which the values of AH and AS are
calculated according to the transition state Equation 9:

KT [AS*i] (7AH *i)
R, = ——exp exp
h R RT

(9
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The straight line INCr/T vs. 1/T is shown in Figs. 7.
Table 6 revealed that the negative signs of enthalpy (AH)
reflect the exothermic nature of dissolution process Paul
and Machunda, 2016; Atheel et al., 2017; Ugi et al., 2016).
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The values for entropy implies the decrease in disordering
effect on going from reactants to the activation complex
(Abeng et al., 2018; Ansari et al., 2017; Eddy et al., 2015;
Kolo et al., 2018).
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Fig 6:- Arrhenius Graph for the Adsorption of Expired Myambutol Inhibitor on Duplex Stainless Steel at Ambient Temperate in
0.5 M HCI Environment
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Fig 7:- The Transition State Plots for the Adsorption of Expired Myambutol Inhibitor on Duplex Stainless Steel at Ambient
Temperate in 0.5 M HCI Environment

Conc. (ppm) Ea A AHags kd/mol ASags kJimol
0.5 M HCI 7.6 1.01 -14.5 -162.2
500ppm 13.8 2.51 -18.3 -171.9
700ppm 14.9 2.71 -21.9 -193.4
1000ppm 16.0 2.73 -23.0 -201.5
1500ppm 19.3 3.39 -27.4 -213.9
2500ppm 20.1 3.96 -33.8 -237.0

Table 6:- Activation Energy and Thermodynamic Parameters for the Adsorption of Expired Myambutol Inhibitor on Duplex
Stainless Steel at Ambient Temperate in 0.5 M Hcl Environment

E. Monolayer Adsorption Investigation

In order to find out the nature of adsorption of the
myanbutol drug on the investigated surface, Equation 10
which is for Langmuir adsorption was approached.
(Guruprasad et al., 2018; Adil et al., 2015).

C 1
-kt ¢

The correlation coefficient values (R?) are
approximately unity as shown in Fig. 8. This shows that the
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data obtained for the inhibitor fits well to the Langmuir
adsorption isotherm. Since it fits well to the adsorption
isotherm, it therefore implies a monolayer adsorption of
inhibitors (Eddy et al., 2015; Swetha et al., 2018). The
values of equilibrium constant obtained from the intercept
of the isotherm plots are seen to increase with increase in
temperature suggesting that the inhibitors are physically
adsorbed on the surface of the metal, and that the reaction
is exothermic (Odusote et al., 2016).
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Fig 8:- Langmuir Isotherm for the Adsorption of Expired Myambutol Inhibitor on Duplex Stainless Steel at Ambient Temperate in
0.5 M HCI Environment

IV. CONCLUSION

The research findings drawn from the data analysis

and results are as follows:

>

[1]

[2].
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Expired Myambutol (Ethanbutol Hydrochloride) proved
an excellent inhibitor on 2205 duplex stainless steel in
0.5 M HCI environment. This was evident from the
inhibition efficiency results obtained from gravimetric,
thermometric, EIS and Potentiodynamic polarization
analysis recorded at 98.3 %, 98.5 %, 84.2 % and 91.9 %
respectively.

Mechanism of adsorption points to physical adsorption
of the expired Myambutol (Ethanbutol Hydrochloride)
inhibitor on the steel surface. This was seen from the
Anodic shift in the values of Ecn was observed,
suggesting that inhibitor acted as mixed inhibitor on the
duplex stainless steel in 0.5 M HCI solutions which of
course is in agreement with the cathodic and anodic
Tafel plots obtained.

The values of equilibrium constant obtained from the
intercept of the isotherm plots are seen to increase with
increase in temperature suggesting that the inhibitors
are physically adsorbed on the surface of the metal, and
that the reaction is exothermic.

Thermodynamic data obtained revealed that the expired
Myambutol (Ethanbutol Hydrochloride) inhibitor was
spontaneous, stabled and physically adsorbed.
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