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ABSTRACT:

The compound namely MBTA((E)-N-(1-(4-methoxyphenyl)ethylidene)thiazol-2-amine) studied for its strong
inhibition impact on mild steel with the help of gravimetric method, EIS, Potentiodynamic polarisation, Electron
probe microscope(FE-SEM). MBTA has shown maximum inhibition efficiency on adding small concentration to 0.5
M H2SO4 at 200ppm of 96.28 %. The adsorption of MBTA obeyed the Langmuir adsorption isotherm. The Tafel
polarization suggested that MBTA act as a mixed type inhibitor. The charge transfer resistance increases on
increasing concentration of MBTA. Electron probe microscope with the help of SEM revealed the MBTA adsorbed
on mild steel surface and form protective covering due to the fact further deterioration of mild steel (MS) is retarded.
The surface roughness of mild steel decreased in concentration of 200 PPM on comparing with immersing mild steel
strip in 0.5 M H2SO4.

1 INTRODUCTION

Exceptional properties accompanied by carbon made materials like mild steels are always in great demand. The easy
availability, low cost & composition provides opportunity to industry like automobiles, construction, oil & gas
pipeline to carry the production and manufacturing as per its use[1-3]. Though having increasing use resulting in
problem of deterioration of metals in mild steels produces risk while in long term use ,the reason controlling
methods needs to be on place to retard the corrosion rate or deterioration of metal surface when mild steel exposure
in work. To avoid the negative environmental impact of the inhibitor, the focus shift on the synthesis of green
corrosion inhibitor, so that when it introduced in acidic medium causes no harmful effect [4-5].

The role of inhibitor is to prevent mild steel or carbon made material further damage from corrosion .So compound
having greater interaction rate with the metal surface like mild steel containing aromatic ring, hetero-atoms like
O,N,S in conjugation easily availability of π-electrons posses strong inhibition effect helps in retardation of
corrosion[6]. Electronegativity difference of hetero-atoms like O,N,S provides electron rich density in the structure
moiety of compound like thiazole derivatives as a schiff base tested as inhibitors for mild steel surface protection.
Similar derivatives to thiazole like imidazoles , oxazoles, benzothiazoles in past were studied as inhibitors to retard
the corrosion rate and prevent corrosion of mild steel[7-10].

NIGIS * CORCON 2018 * 30 September- 3 October * Jaipur, India
All the rights belong to the author(s). The material presented and the views expressed are solely those of the author(s).

NIGIS does not own the copyright of any information presented in this paper and is not responsible for any action arising out of this publication.

https://en.wikipedia.org/wiki/Benzothiazole
https://www.sciencedirect.com/science/article/pii/S0011916408002890


2. RESEARCH SIGNIFICANCE

In present article the corrosion inhibition effect of novel thiazole derivative namely MBTA ((E)-N-(1-(4-
methoxyphenyl) ethylidene) thiazol-2-amine) (MBTA) has been done. The structure of MBTA presented in Figure 1.
This study is based on anticorrosion performance of MBTA by performing its anticorrosion test on mild steel in 0.5
M H2SO4 with the help of different analytical techniques such as gravimetric method, EIS and Potentiodynamic
polarisation. Surface morphology which was studied by SEM-EDX, AFM revealed the adsorption of MBTA on
mild steel surface increased the uniformness on mild steel face and shows its protective nature. MBTA synthesised
through greener approach the reason it is environment friendly has no negative impact on treated surroundings and
classified as a class of green corrosion inhibitors. EDX (Energy Dispersive X-Ray ) helps in identifying the
elements present in MBTA like N,S,O on MS surface.

Fig.1 Chemical structure of MBTA

3 MATERIALS AND METHODS

Rectangular shape of mild steel having composition of 0.051% C, 0.179% Mn, 0.006% Si, 0.051% Cr, 0.05% Ni,
0.013% Mo, 0.004% Ti, 0.103% Al, 0.050% Cu, 0.004% Sn, 0.00105% B, 0.017% Co, 0.012% Nb, 0.001% Pb and
Fe(remainder) of dimensions of 1.5 х 1.0 х 0.064 cm3 were used for weight loss study while 7.5 cm long mild steel
coupon of with 1 cm2 exposed area were used for electrochemical measurements. Prior to perform experiment the
mild steel coupons were abraded thoroughly with different number of grit paper (320,400,600,800,1000) ,washed
with distilled water & acetone followed by drying.

3.1 Synthesis of inhibitor

MBTA was synthesized by dissolving 0.68 g (0.01 mol) Thiazole-2-amine in 20 mL of ethanol in a round bottom
flask. After this 0.48 4-methoxybenzaldehyde in 20 mL ethanol was mixed and refluxed for 6 h at room temperature
in the presence of glacial acetic acid and then the solution was concentrated using rotor vaporizer and drying used in
digital oven for more than 24 hrs till the solvent is evaporated.

Fig.2 Synthetic route of MBTA
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0.5 M H2SO4 prepared from double distilled pure water for preparing the stock solution and all solutions in different
ppm were having 9:1 (10% solvent and 90 %Acid) used throughout the experiment.

3. (2) Gravimetric measurements:

The mentioned 2.1 dimensions of mild steel coupons used for the weight loss were they kept in digitally temperature
controlled thermostat (Macwin India Ltd) for 3 h in hanging condition at different temperatures at 35o, 45o, 55o,
65oC.The initial weight is noted before dipping in inhibitor solution, after the desired 3 h coupons removed and
washed with distilled water, dried on filter paper at room temperature and final weight noted. Inhibition efficiency
of MBTA can be calculated using weight loss method as per Eq. (1):
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Above W0 and Wi are the respective values for the weight loss in absence and presence of inhibitor.

3.(3)Electrochemical measurements:

The electrochemical set up workstation CH instrument (Model: CHI-760) used to perform the desired
electrochemical techniques for which the ‘ 3 ‘ Neck Bottom flattened RB of BOROSIL used to carry out having
with three electrode configurations. MS was used as working electrode,Platinum as counter electrode & the
reference electrode near the luggin caplillary of a saturated calomel electrode (SCE).To check the stability of the
experiment desired OCP for 30 minutes is maintained on digital magnetic stirrer (non stirring) during the
experiment of 0.5 M H2SO4 having different concentrations of MBTA studied at 308 K constantly without any
alteration to set up. The measurements of parameters used to fit in EIS have frequency range from 100 khz to
0.001kHz to avoid the supply of high current while the running set up, with amplitude of 10 mv peak to peak using
AC signal at Ecorr. CHI 760c provided software used to extract the data of EIS recorded which helps in the
calculations of charge transfer process of Rct[11].

The inhibition efficiency of the MBTA was calculated from charge transfer resistance in the absence and presence
of inhibitor by using below equation:
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where, Rct and Roct are the charge transfer resistance in the absence and in presence of inhibitor, respectively. Tafel
plot needs the Potentiodynamic polarisation curves were recorded having desired potential range of -250 to +250
mV (SCE) on scan rate of 1mV S-1.Hence for the parameters Potentiodynamic polarisation used to calculate the
Inhibition efficiency of inhibitors MBTA.
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where, Iocorr and Iicorr are the corrosion current densities in the absence and presence of inhibitor, respectively.
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3.(4) Surface Morphology study

FE-SEM: Surface image of MS of dimension used in section 3 immersed in 0.5 M H2SO4 with and without MBTA
captured with the help of Table Top Scanning electron microscope Model-Hitachi TM 3000, the applied voltage
used is 15 Kv as low in capturing the image of the surface scan size of 100 um under 5000 K magnification.

4. RESULTS AND DISCUSSION

4.1 Gravimetric measurements

4.1.1 Effect of inhibitor concentration

The variation of inhibition efficiency E(%) with inhibitor concentration is shown in Figure 3 from the weight loss
measurements for different concentration of MBTA in 0.5 M H2SO4 after 3 h immersion at 308 K. It is observed
from Figure 3 on increasing concentration from 25 to 200 ppm the inhibition efficiency is increasing and as result
corrosion rate is retarding considerably on increasing concentration of MBTA[12-13].

Table 1: Corrosion parameters for mild steel in 0.5 M H2SO4 in the absence and presence of different
concentration of MBTA at 35 oC
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Inh. Conc(PPM) Weight loss(mg) EWL% Corrosion
Rate(mmy-1)

Surface
coverage(θ)

Blank 342 _ 253.45 _

25
50
100
150
200

122
107
86
51
37

64.32
68.71
74.85
85.08
97.95

90.41
79.29
63.73
37.79
27.42

0.64
0.68
0.74
0.85
0.97



Figure 3 Concentration of inhibitor

4.2 Adsorption isotherm:

Adsorption of the inhibitor MBTA totally depends on the charge and the nature of the metal surface, adsorption of
solvent and other ionic species, on the electrochemical potential at solution surface. The adsorption isotherm
describes the adsorptive behaviour of inhibitor in order to know the adsorption mechanism of inhibitor to the metal
surface. The various adsorption isotherm like Langmuir, Frumkin, Freundlich isotherms were used to fit the
experimental results and Langmuir adsorption isotherm was found to be more suitable for the our studied inhibitor
MBTA in Figure 4 having value almost close to the unity (0.98705)[14-16].

Figure 4 Langmuir Adsorption Isotherm
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4.3 Electrochemical impedance Spectroscopy(EIS):

EIS measurements were carried to study the kinetic of the electrode process and the surface properties of the system.
The Nyquist plots of mild steel immersed in 0.5 H2SO4with varying concentration MBTA presented as Figure 5.
The results clearly revealed that the impendence spectra is not perfect semicircle and is depressed semicircle. The
depression is the result of the surface heterogeneity [17-21].The above explanation is contributing the anticorrosion
capacity of MBTA on increasing concentration.

The values of Rs(solution resistance),charge Transfer resistance(Rct) and ERct% recorded with the fitted data in
equivalent circuit as reported in Table 2

Table 2: Electrochemical Impedence spectroscopy parameters for mild steel in 0.5 M H2SO4 in the absence
and presence of different concentration of MBTA at 308 K

Figure 5 Nyquist plot of mild steel in 0.5 M H2SO4 with different concentrations of MBTA
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Inh. Conc. (PPM) Rs(Ω cm2) Rct( Ω cm2) ERct(%)
Blank 1.40 3.30 _
50 0.03 35.28 90.64
100 1.50 65.55 94.96
200 1.40 118.32 97.21



4.4 Potentiodynamic Polarisation Measurements:

The Potentiodynamic polarisation measurements were carried out to study the kinetics of cathodic and anodic
reactions. Figure 6 having the cathodic and anodic polarisation curves of mild steel corrosion in 0.5 M H2SO4

without and with different concentration of MBTA. Electrochemical parameters like Ecorr, Icorr,ba,bc (anodic and
cathodic slopes) plotted from Table 3.

In table 3 the values of the bc changed with increase in MBTA concentration which indicates the influence of the
inhibitor on the hydrogen evolution reaction whereas the shift in the ba values indicates the 2

4SO  and inhibitor
adsorbed on the metal surface due to which altering the anodic dissolution[22-25]. The decrease in Icorr values on
increasing concentration showing the dominance of adsorption of inhibitor MBTA on the metal surface. EPDP(%)
inhibition efficiency from Table 3 showing the anticorrosion performance of MBTA on increasing concentration
[26-28].

In the previous reported works [21, 22] if the displacement of Ecorr values shift more than 85 mV with respect to
blank solution, the inhibitor considered as a cathodic and anodic type. MBTA shown the shift in Ecorr values of 32
mV as a comparison against the Ecorr value of uninhibited sample clearly indicates the MBTA as mixed type
inhibitor. Both the results from EIS and PDP showed good agreement[29-31].

Table3 Potentiodynamic polarization parameters for mild steel in 0.5 M H2SO4 in the absence and
presence of different concentration of MBTA at 35 oC
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Inh. Conc(PPM) -Ecorr(mV vs
SCE)

ba(mV/dec) bc(mV/dec
)

Icorr(uA
cm2)

ɳp(%)

Blank 440 89.1 653.1 748 -

50 422 11.4 898.8 175 76.6

100 439 16.2 869.0 525 92.98

200 472 11.6 723.3 118 98.42



Figure 6 Tafel polarisation curves of mild steel in 0.5 M H2SO4 in the absence and presence of different
concentrations of MBTA

4.5 Surface Morphology study

Table top FE-SEM was used to study the surface morphology of mild steel immersed in uninhibited 0.5 M H2SO4

and inhibited solution for 3h and the result were presented as Figure 7. The Figure 7a presented the surface
morphology of mild steel immersed in 0.5 M H2SO4 solution only while Figure 7b represented the surface
morphology of abraded mild steel before immersion in acid solution and Figure 7c showed the effect of inhibitor
MBTA on surface morphology of mild steel.

Figure 7 FE- SEM images of mild steel sample after immersion in (a) 0.5 H2SO4 and (b) Abraded Mild steel (c)0.5 M
H2SO4 + 200 PPMMBTA.

5 CONCLUSIONS

All calculated corrosion parameters of MBTA showed anticorrosion properties against mild steel in 0.5 M H2SO4

solution. Parameters of EIS shown the strong anticorrosion performance and it increases on the increasing
concentration of MBTA which adsorb on the mild steel surface. PDP parameters indicated that the MBTA behaved
as mixed type of inhibitor. The results of EIS, PDP, and Gravimetric measurement showed good agreement with
each other. The MBTA obeyed the Langmuir adsorption isotherm on the surface of mild steel.
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