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Synthesis, Characterization and Electrochemical Studies on the Corrosion Inhibition
Properties of Schiff bases for Mild Steel in 1 M HCI solution.

ABSTRACT

Schiff bases (SBL1 and SBL2), non-toxic compounds were synthesized, characterized and
investigated as alternative anticorrosive additives for inhibition of mild steel corrosion in | M
HCI acid medium. Corrosion of the steel was monitored by Potentiodynamic Polarization (PDP),
Linear Polarization Resistance (LPR), Electrochemical Impedance Spectroscopy (EIS) and
Weight Loss (WL) techniques. The novel Schiff base ligands obtained were characterized by
Ultraviolet-visible and Fourier-Transform Infrared Spectroscopy. The elemental analysis data for
the Schiff base ligands were used to confirm the formula of SBL1 as Ci17H20N2Q and SBL2 as
C24H2:Ns0,. Fourier-Transform Infrared spectroscopy provided. evidence of formation of a
complex surface film due to adsorption of SBL1 and SBL2 on the mild steel surface. The
adsorption process was spontaneous and consistent with the mechanism of physical adsorption as
best approximated by the Langmuir adsorption isotherm. Maximum:inhibition efficiency was
obtained at maximum concentration of 100 ppm for both' SBL1.and SBL2 with SBL2 possessing
the higher inhibition efficiency (86.21%) morethan SBL1 (76.92%). Effectiveness of SBL1 and
SBL2 declined with increase in time and improved with increase in concentration of SBL1 and
SBL2. PDP measurements showed that SBL1 and SBL2 acted as a mixed type inhibitor. EIS
measurement reveals that the corrosion process was. controlled by charge transfer process.
Inhibition efficiency values obtained from the different techniques were comparable. SEM
micrographs of mild steel surface indicated good surface protection of SBL1 and SBL2.
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1. INTRODUCTION

The existence of myriad metals have been deeply threatened by corrosion, upon which mild steel
constitutes one of them due to its wild range of application as structural material for vessels
reactor, pipelines, tank, construction works and other industrial equipment which are known to
corrode invariably in contact with various solvents (water, moisture and acid solutions) [1]. Acid
solutions,. especially -hydrochloric acid used for industrial processes such as acid pickling,
industrial cleaning, acid descaling, etching of metal and acidic operations may cause damage to
metal surface via corrosion [2 — 5].

Corrosion is the deterioration of the material of construction cum industrial equipment by action
of the environment. It is a universal phenomenon occurring in homes, farms, roads, factories,
vessels and structures at sea and underground. Corrosion degrades the useful properties of
materials and structures including strength, appearance, and permeability to liquids and gases
thereby affecting the tensile strength and utility efficiency of the material [6].Corrosion has
really affected the gross domestic product (GDP) of many countries which have spent billions of
dollar in putting up their industries. Hence, corrosion cost is not only computed in terms of
financial losses, but also in terms of human injuries, material replacement, manpower and



money. However, efforts are being made by many industries to combat this menace via
electroplating, cathodic protection, anodic protection, alloying elements and the addition of
inhibitors.

Corrosion inhibitors have proven to be the most convenient means of protecting metals due to
their unique properties which enhances their capacity to resist the corrosion process as compared
to other methods [7 — 9]. A corrosion inhibitor is a chemical compound which when added to
liquid or gas slow down the corrosion rate of a material, typically metal or alloys [10].As a result
of the known hazardous effect of most synthetic inhibitors such as chromates, silicates and
nitrates coupled with environmental pollution, attention has now focused toward the
development of eco-friendly and less toxic corrosion inhibitors [3,5].

Schiff bases possess the above features combined with their structure containing hetero-atoms
which make them effective potential corrosion inhibitors for steel, copper and aluminum [11 -
12]. Schiff bases are usually synthesized from the condensation of primary.amines.and active
carbonyl groups. The azomethine linkage (HC=N) and the donor atoms in the back bone of the
Schiff bases are responsible for their biological and industrial applications, which can be altered
depending upon the type of substituent present on the aromatic rings [9]. Moreover, the ionic
exchange between the mild steel and hetero-atoms such as‘O, N, P, S:and double/triple bonds or
aromatic rings plays an important role in the adsorption process [13 — 14]. Recently, several
Schiff base compounds have been investigated as effective acid corrosion inhibitors [9, 15 —
16].The increasing popularity of Schiff bases as corrosion inhibitors is attributed to their low cost
of starting materials, relatively easy synthetic route,high purity, low toxicity and environmentally
friendly nature [17]. Generally, the effectiveness of a compound to reduce the rate of corrosion
depends mainly on its ability to adsorb on the metal surface. In view of the above importance of
the Schiff bases, we report herein the synthesis and characterization of novel Schiff bases and
their attendant effect in inhibiting the corrosion of mild steel in 1.0 M HCI solution.

2. MATERIAL AND METHOD
2.1 Materials

All reagents used in this_study were obtained from Sigma Aldrich, Germany; and were used
without further purification. Melting points were determined using Galenkemp melting point
apparatus. Elemental analyses (C, H, and N %) were recorded on a Perkin-Elmer model 2400
Series 1I_CNHS/O analyzer. FT-IR spectra of the Schiff base ligands were recorded on a
SHIMADZU" FTIR-8400 spectrophotometer in the 400-4000cm™ range using KBr matrix.
Electronic spectra of the ligands in ethanol solution were scanned in the range 300 - 800 nm on a
UV - 2500 PC. spectrophotometer. The weight loss measurement were conducted using
thermostated water bath, Mettler Toledo PB602 analytical weighing balance and glass wares.
Electrochemical studies were performed in a conventional three electrodes cell using computer-
controlled potentiostat/galvanostat (Autolab PGSTAT 302N). Different grades of silicon carbide
papers in the range of 400 to 1200 were used for surface abrasion.

2.2 Methods



2.2.1 Preparation of Specimens

The mild steel sheet used in this research was obtained from Emma and Sons Nigeria limited,
Okigwe, Imo State, Nigeria. The elemental composition of the mild steel by weight percentage
was C - 0.17, Si—0.26, Mn - 0.46, P — 0.0047, S — 0.017, Fe — 98.935. The mild steel specimens
were mechanically pressed cut into coupons of dimension 4 x 3 x 0.017 cm. The coupons were
polished with series of emery paper of variable grades starting with the coarsest and then
proceeding in steps to the finest grade. They were washed with distilled water, rinsed with
absolute ethanol, dried in air after rinsing with acetone which was in accordance with NACE
Recommended Practice for surface finishing and cleaning of weight-loss coupons. In addition,
coupons for electrochemical studies were mechanically press cut into coupons of dimensions
10mm by 10mm. The specimens were embedded with connecting terminal in epoxy:resin leaving
a working area of 1 cm® The surface preparation of the mechanically abraded specimens was
carried out using silicon carbide emery paper of different grades (400 to 1200 grit) and
subsequent cleaning with acetone and rinsing with distilled water prior to electrochemical
measurement in 1 M HCI solution was prepared by diluting 83ml.of 37% HCI (Merck) stock to
1L standard flask with distilled water which was used as corrosive environment. Finely, polished
mild steel was exposed to1.0 M HCI in the presence and-absence of inhibitors (SBL1and SBL2).
The solutions of the Schiff bases having the concentration of 20, 40,60, 80 and 100 ppm were
prepared.

2.2.2 Synthesis of Schiff base Ligand (1) (SBL;)

The Schiff base ligands (SBL; and SBL;), were synthesized according to literature methods with
few modifications [18]. 4-aminophenol (1.36g, 0.01mol) was added to a 30 mL magnetically
stirred ethanolic solution of 4-diethylamino-2-hydroxybenzaldehyde (1.74g, 0.01mol) in a 100
mL round bottom flask (Scheme 1). 2.5 mL of glacial acetic acid were added to the mixture to
adjust its pH and then refluxed for 6 h upon which a bronze precipitate was formed instantly on
cooling. The resulting precipitate was filtered, recrystallized with ethanol and dried in vacuum
oven at 80°C.
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Scheme 1: Synthesis of the Schiff base ligand (1), SBL1, (C17H20N,0,)



2.2.3 Synthesis of Schiff base Ligand (2) (SBL>)

4-amino antipyrine (2.03g, 0.01mol) was added to a 30 mL magnetically stirred methanolic
solution of 4-(Benzeneazo) Salicylaldehyde (2.08 g, 0.01mol) in a 100 mL round bottom flask
(Scheme 2). 1.5 ml of glacial acetic acid were added to the mixture, to adjust its pH and then
refluxed for 4 h, upon which a teal-green precipitate was formed instantly on cooling. The
resulting precipitate was filtered, recrystallized with ethanol and dried in vacuum oven at 80°C.
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Scheme 2: Synthesis of the Schiff base ligand (2),SBL;, (C24H21Ns02)

2.2.4 Solubility Test

The solubility test of the prepared Schiff base ligands were determined in different solvents such
as distilled water, ethanol, methanol, dimethylsulfoxide, dimethylformanide, acetone and acetic
acid by shaking a small amount of each of the compound in a test tube containing 10 mL
portions of each of the solvents.

2.2.5 Melting Point Determination

The melting point of the Schiff bases were determined by introducing a small amount of each
samples into a capillary tube and then inserted into Gallenkamp melting point Apparatus, the
temperature at which the ligands. melted and the complexes decomposed were recorded.

2.2.6 Elemental Analysis

The elemental analysis (CHN) of the Schiff bases were conducted to find the appropriate
molecular formula of the compounds and the results obtained using the micro-analytical
instrument were compared with the calculated values.

2.2.7 Spectroscopic and Surface Characterization

The electronic absorption spectra also known as UV-Visible are often very useful in structural
elucidation. Electronic spectra of the ligands were taken in absolute ethanol (10%). The IR
spectra of the ligands were carried out for structural elucidation and to determine the compounds
responsible for adsorption to the metal surface. For weight loss measurements, the coupons were
dipped in 150 mL of 1.0 M of HCI acid containing the studied Schiff base ligands to form an
adsorbed layer. The corrosion products were left for three days in 1.0 M HCI without and with
100ppm of the studied inhibitors, after which they were retrieved, dried, and the films scraped.



The films were collected and subjected to IR analysis as reported elsewhere [19]. The samples
were prepared using KBr and the analysis were done by scanning the sample through a wave
number range of 400-4,000 cm—1 [19 - 20].

2.2.8 Scanning Electron Microscope (SEM) Analysis

Morphological studies of the mild steel surfaces exposed to uninhibited and inhibited 1.0 M HCI
solutions at room temperature were carried out using Jeol JSM-7500F scanning electron
microscope (SEM).The SEM images were recorded in the vacuum mode before and after
immersion time of 24 hours in 1.0 M HCI. The instrument was operated at 15 kV.

2.2.9 Gravimetric Technique

One hundred millilitres (100ml) each of the 1.0M HCI solution was measured into six different
beakers with one as the blank (uninhibited solution) and the remaining five labeled A to E
containing different concentrations of the inhibitors ranging from 20. ppm to 100 ppm
respectively. One mild steel coupon per beaker was used in each experiment. The test coupons
were weighed before immersion in the acid solutions and the measurements were taken down.
After weighing, the coupons were immersed in the acids solution and then placed in a
thermostatic water bath maintained at 303 K. The coupon in each beaker was noted to avoid mix
ups during the practical work. The immersion period was two hours intervals, after two hours the
coupons were retrieved from the acids, washed with tap water, degreased with ethanol and dried
with acetone before the corresponding weights after immersion were recorded. The procedures
were repeated for ten hours at 303K. The differences in weight of the coupons were again taken
as the weight loss [21].The corrosion‘rate (CR), inhibition efficiency (IE), and degree of surface

coverage (©) of mild steel in 1M HCl solution was computed using the formula:

Corrosion rate (C.R) = v (1.1

AXT
Where: AW = weight loss (g) given as W, - Wy, W, is the initial weight and W the final weight
A = total surface area of the test coupon (cm?), T = immersion time (hours).

The Inhibition efficiency (IE) defines the level of performance of inhibitor that causes a decrease
in corrosion rate.. The inhibition efficiency (IE) was computed using the relationship in equation
1.2 (Khaled, 2008).

o%lE = (ERO=(C RN . 109 (1.2)
(C.R)o

Where:. (C.R), and (C.R)inn are the corrosion rates in the absence and presence of

different concentrations of the inhibitor, respectively.

The surface coverage () of the inhibitor was obtained from the experimental data using equation
1.3 as follows:

_ (C.R)o—(C.R)inh
- (C.R)o

0 (1.3)

Where: (C.R),= Corrosion rate in the absence of inhibitor, (C.R)in» = Corrosion rate in the
presence of inhibitor.



2.2.10 Electrochemical Measurements

The conventional three electrode set up was used consisting of saturated calomel electrode (SCE)
as reference electrode (RE), platinium as counter electrode (CE) and mild steel coupons as
working electrode (WE).The area of the working electrode exposed to the medium was
approximately 1 cm?.Fresh solution were used after each sweep. Potentiodynamic polarization
measurements were carried out to obtain the information regarding the kinetics of the anodic and
cathodic reactions on the mild steel surface. Before each potentiodynamic polarization (Tafel)
study, the electrode was allowed to corrode freely and its open circuit potential (OCP) was
recorded as a function of time up to 1 hour, which was sufficient to attain a stable state. After
that, a steady-state of OCP corresponding to the corrosion potential (E¢or) 0F the working
electrode was obtained. Potentiodynamic polarization studies were conducted from cathodic to
the anodic direction on the potential range +250 mV versus corrosion potential (Ecor) at a scan
rate of 10 mV/s.Linear polarization resistance measurements (LPR). were carried out at the
potential range =20 mV with respect to the open circuit potential, and the current response was
measured at a scan rate of 0.5 mV/s.This measurement was conducted to support results obtained
from PDP measurements. Electrochemical Impendance Spectroscopy (EIS) measurements were
used to confirm the aforementioned electrochemical behavior, and to study the characteristic
capacitive properties at the mild steel/solution interface. The EIS measurements were performed
once the OCP was stabilized at a frequency range of 100 KHz to. 10 MHz with a signal amplitude
perturbation of 5 mV. All electrochemical measurements were carried at room temperature.

The inhibition efficiency (%) from PDP was calculated from the measured I, values
using equation (1.4) [22]:
—_ Igorr_lcorr
1(%) = (1—) %100 (1.4)

o
corr

Where 12,,- and I, are-the corrosion current densities in the absence and presence of

inhibitor respectively.The polarization resistance was obtained using the Stern-Geary equation
(3.9).

_ Ba > B
P 2303 xleopr X(Ba #Bc)

Where B, and B¢ are the anodic and cathodic Tafel slopes. From the measured R, values, the
inhibition efficiency (%) was calculated using Equation (1.6).

(1.5)

[
Rp — RS

1(%).= ( ) x 100 (1.6)

D

Where Ry and R,, are the polarization resistance values in the absence and presence of inhibitors.

The constant phase element which is defined by Yo and n has correlation with the impedance as
follows [23]:

ZZcpp = Y5 (o)™ (1.7)
where Y, is the CPE constant and n is the CPE exponent, j= (-1)* which is an imaginary number
and o Is the angular frequency in rad/s. CPE was used to compensate for the deviation from ideal
dielectric behavior arising from the roughness of the mild steel surface. The value of n can be



used as a gauge of the heterogeneity or the coarseness of the working electrode surface. The
double layer capacitance (Cq) values were calculated from equation (1.8) expression.
1

— 1 —
Cdl N WRct N (2 fmaxRct) (18)

Where o is the angular frequency (o = 2nfma), fmax IS the frequency at which the imaginary
component of the impedance is maximum. The inhibition efficiency acquired from the
impedance spectroscopy measurements were calculated using equation (1.9):

WwlE = Zetnn~Re o 100 (1.9)

Rct(inh)

Where Ripnny and RZ. are the charge transfer resistance in the presence. and absence of
inhibitor, respectively.

2.2.11 Adsorption Isotherm

Adsorption isotherm provides information about the adsorbed molecules and their interaction
with the metal surface [24]. It is the first step in the:inhibition process involving Organic
inhibitors.  Organic inhibitors act by displacing water molecules from the metal surface
followed by interaction with anodic and/or cathodic sites. Two inhibition mechanisms
(physisorption and chemisorption) are generally considered when discussing the adsorption
mechanism of organic inhibitor. Physisorption has to do with the electrostatic interaction
between charged metal surface and inhibitor specie. Chemisorption on the other hand involves
the sharing of electron pair. The most frequently used. isotherms include: Langmuir, Frumkin,
Hill de Boer, Parsons, Temkin, Flory-Huggins, Dhar-Flory-Huggins, Bockris-Swinkels and the
recently formulated thermodynamic/kinetic model of EI-Awady isotherm [25]. The type of the
adsorption isotherm applicable can.provide additional information about the properties of the
tested compound. All these isotherms are of the general form:

f (0, x)e(-240) = KC (2.0

Shere f (0, x) represents the configuration factor which depends on the physical model and
assumptions‘underlying the derivation of the particular model. K is the adsorption equilibrium
constant which describes how strongly the molecules are held on the adsorbent surface and a is
the molecular interaction parameter used to predict the nature of interactions in the adsorbed
layer. Most of the adsorption isotherms used for corrosion inhibition studies are derived from
this general form and amended to fit certain purpose(s) and assumptions.



3. Results and Discussion
3.1 Physical Properties of the Schiff Base Ligands

Tablel: Physical Properties of the Schiff Base Ligands

Elemental Analysis

Compound :l/(lj Orlricuulgrr Colour Z,z)ld E,/(I) ?Ir;[;ng Calculated (Found)
C% H%  N%

C17H20N202 71.80 7.04 9.85
SBL1 (284.37) Bronze 7463 187 (71.20) (6.89). (9.42)
SBL2 CouHpiNsOx(411) Teal Green 65.89 192 70.0% SNIR\17.08

(70.62) (5.82) " (17.86)

SBL1= Schiff base ligand (1), SBL2 = Schiff base ligand (2)

The physical properties of the synthesized Schiff bases were analyzed and presented in Table 1.
The Schiff base ligands (SBL1 and SBL2) were prepared in good yield, coloured and are air-
moisture stable. The colour changes observed were confirmed by the electronic transition from
lower to higher energy level. The melting point of SBL1 and SBL2 were found to be 187°C
and192°C. This indicated that they are thermally stable ligands. The elemental analysis of the
Schiff base ligands (SBL1 and SBL2) were also determined and the percentages of carbon,
hydrogen and nitrogen in the compounds were set-to-be found (Table 1). The values obtained
showed a reasonable agreement with the calculated values for the corresponding elements in all
the Schiff bases (SBL1 and SBL2). The data for the Schiff bases suggested the formation of
C17H20N202 for SBL1 and C24H21N502 for SBL2.

Table 2: Solubility of the Schiff Base Ligands

Distilled Acetic
Compound Water Methanol - Ethanol Acid Acetone DMSO DMF
SBL1 IS SS SS S IS S S
SBL?2 IS SS SS S S S S

S = Soluble, SS = Slightly Soluble, 1S-= Insoluble

The solubility of the Schiff base ligands (SBL1 and SBL2) were determined in different solvents.
From the result of solubility test presented in Table 2, it can be observed that SBL1 and SBL2
were soluble.in acetic acid, dimethylsulfoxide (DMSQO) and dimethylformamide (DMF), slightly
soluble in ethanol and methanol, and insoluble in water with the exception of SBL2 which was
soluble in acetone and SBL1 which was insoluble in acetone.



3.2 Electronic spectra of the Schiff base ligands

Table 3; Electronic Spectroscopic Data for the Schiff base Ligands

Compound Amax Assignment
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Figure 1: Electronic spectra of SBL1 and"SBL2
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The electronic ‘spectral data. of the Schiff base ligands (SBL1 and SBL2) are given in Table 3.
SBL1 showed two major bands at 238.5 nm (41928.72 cm-1) and 306 nm (32679.74 cm-1)while
SBL2 showed three essential absorption bands at 249.5nm (40080.16 cm-1), 275.0 nm (36363.64
cm-1) ‘and 320.5.nm (31201.25 cm-1) (Figure 1). The band appearing at lower energy (238.5,
249.5 and 275.0 nm) was attributed to n — 7* transition as a result of the non bonding electrons
present on the nitrogen atom of the azomethine group (-HC=N) and the phenolic group. The
band appearing at higher energy (306 and 320.5 nm) was due to © — 7* transition of the ligand
centered transitions (LCT) of benzene ring [26 - 27].



3.3 FT-IR spectral analysis

Table 4; The Relevant Infrared Spectra Data for the Schiff base Ligands cm-1

Compound  C-H C--C C-0 C-N C=N O-H C-H bend
SBL1 2097.30 1438.80 1326.87 1088.40 1580.40 3250.20 834.90
SBL2 2937.10 1416.40 1326.90 1080.90 1617.70 3369.50 834.90

SBL1=MS 2922.20 1423.80 1328.90 1088.40 1625.10 3160.80 879.70
SBL2=MS 2072.40 1490.90 1364.20 1095.80 1595.30 3116.10 - 827.50

SBL1 = Schiff base ligand 1, SBL2 = Schiff base ligand 2, MS = Mild steel
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Figure 3: FTIR spectra of the corrosion product of mild steel in. 1 M HCI in the presence of (a)
SBL1and (b) SBL2

FTIR analysis is used to ascertain that the corrosion inhibition process takes place through the
adsorption of the Schiff bases (SBL1 and SBL2) on. the mild steel surface. The infrared
absorption spectra of the Schiff bases and their corrosion products are presented in Table 4. From
the results obtained, the strong and broad peak of O-H stretching that obscured the appearance of
other peaks occured in the region.3369.50= 3116.10 cm™, C-H stretching occurred in the region
2937.10 —2097.30 cm™, C=N stretching which also obscure the appearance of C=C occurs in the
region 1617.70 - 1580.40 cm™, C-C occurred in the region 1438.80 - 1416.40 cm™, C-O
stretching occurred at 1326.9 ¢m™,C-N occurred in the region 1088.40 - 1080.90 cm™ and C-H
bend occurring at 8349 cmi*for all the Schiff bases. The IR spectra of the Schiff bases showed
peaks attributable to the characteristic.-functional groups. The presence of these functional groups
indicated the effectiveness of the Schiff bases to interact with the mild steel surface and that
adsorption between the Schiff bases and the mild steel occurs through the identified functional
groups [3].

Furthermore, by comparing the FT-IR spectrum of the free Schiff base ligands (Figure 2)with the
spectra of the corrosion product in the presence of both SBL1 and SBL2 (Figure 3), functional
groups responsible for adsorption can be deduced. The spectra of the Schiff bases as well as
scraps.from the inhibitors films on the surface of the metal are presented in Figures 2 - 3. From
the results obtained, the azomethine stretch (C=N) at 1580.4 and 1617.7 cm™ was shifted to
1625.1 and 1595.3 cm™, C-O stretch at 1326.9 cm “was shifted to 1328.9 and 1364.2 cm *, C—C
bend at 834.90 cm ' was shifted to 879.7 and 827.5 cm™, C—C stretch at 1438.8 and 1416.4
cm *was shifted to 1423.8 and 1490.9 cm ™, C-H stretch at 2097.3 and 2937.10 cm™ was shifted
to 2922.2 and 2072.4 cm™ , C-N stretch at 1088.4 and 1080.9cm™ was shifted to 1095.8cm™and
O-H stretch at 3250.2 and 3369.5 cm™ was shifted to 3160.8 and 3116.1 cm™. The shifts in
frequencies indicated that there was an interaction between the mild steel surface and the Schiff
bases. On the other hand, C=C stretch at 1505.80 cm™, C-H stretch at 2064.90 cm™ and the C-H
bend occurred in the region 998.90 - 916.90 cm™ were missing in the spectrum of the corrosion



products suggesting that these functional groups were used for the adsorption of the inhibitor
onto the surface of the mild steel [28]. Also, some new bonds were found in the spectrum of the
corrosion product. This included the C-H stretch at 2340.80 cm™, C-N stretch at 1006.4 cm™ and
C-H bend at 790.20 and 693 cm™. This also indicated that some new bonds were also formed
through these functional groups [28]. Hence, protection of metallic surface was done via the
functional groups presented in the Schiff bases (SBL1 and SBL2).

3.4 Weight Loss Measurements

Table 5. Deduced data for corrosion rate and inhibition efficiency obtained from
gravimetric method for mild steel in 1 M HCI after 2 hrs

Compound Concentration Weight Loss (g) Corrosion <« Rate Inhibition

(ppm) (gcm™® hrs!) x10?  Efficiency (%)

Blank 0.0130 268.15 . s

20 0.0071 146.45 45.39
SBLL 40 0.0061 125,83 53.08

60 0.0051 105.20 60.77

80 0.0039 80.45 70.00

100 0.0030 61.88 76.92

Blank 0.0145 299.09 0 e

20 0.0055 113.45 62.07
SBL2 40 0.0040 82,51 72.41

60 0.0033 68.07 77.24

80 0.0027 55.69 81.38

100 0.0020 41.25 86.21
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Figure 6 : Variation of inhibition efficiency with concentration of SBL1 at different time
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Figure 7: Variation of inhibition efficiency with concentration of SBL2 at different time
intervals.

Table 5.indicates that the Schiff bases (SBL1 and SBL2) indeed inhibited the corrosion of mild
steel in 1 M hydrochloric acid solution since there was a general decrease in weight loss at the
end of the corrosion monitoring process at different time interval. This may be ascribed to the
adsorption of inhibitor on the mild steel surface, producing a barrier which isolated the surface
from the corrosive environment. It was further supported by increase in corrosion rate in the
absence of the inhibitor (blank) but decreased in the presence of the inhibitor and as the
concentration of the inhibitor increased at different time intervals (Figures 4 - 5). This decrease is
due to the inhibitive effects of the Schiff bases (SBL1 and SBL2). However, there was a



progressive increase in corrosion rate of SBL1 compared to SBL2 and the trend followed
SBL1>SBL2.Figures 6 - 7 also showed that the inhibition efficiencies of the Schiff bases in the
test solutions increased with increase in concentrations of the inhibitor. Conversely, the
inhibition efficiency of SBL2 tends to be higher than SBL1 at the various concentrations under
review. Furthermore, the inhibition efficiency of SBL2 was estimated to be 62.07% even at low
concentration (20 ppm) and reached 86.21% at a concentration of 100 ppm as shown in Table 5.
This behaviour was due to the fact that the adsorption coverage of SBL2 inhibitor on metal
surface increased with the inhibitor concentration. Such remarkable performances may be due to,
the high molecular weight and the presence of abundant electron donation groups (C=N, O-H, C-
N, N=N and aromatic rings).

3.5 PDP Measurements

Table 6. PDP parameters for mild steel corrosion in 1 M HCI containing different
concentrations of SBL1 and SBL2.

compound Concentration -Ecor(MV) o (MA)  Be(V/dec)  Ba(Videc) n%
(ppm)
Blank (IM HCI) 472 905 65.10 113.70 -
SBL1 20 480 815 102.30 111.30 9.95
100 486 689 105.50 124.20 23.87
SBL2 20 494 755 104.00 105.00 16.58
100 498 630 129.30 137.50 30.39

Potential (V vs SCE)
0.00E+00
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— -5.00E-01 %
-6.00E-01 —

-7.00E-01

-8.00E-01

Figure 8. Tafel plots for mild steel corrosion in 1 M HCI containing different concentrations of
SBL1.
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Figure 9. Tafel plots for mild steel corrosion in.1 M HCI containing different concentrations of
SBL2.

Potentiodynamic polarization measurements were performed in order to examine the effect of
addition of Schiff bases (SBL1 and SBL2)on the corrosion of mild steel in 1 M HCI. Figure 8-9
present the Tafel curves for mild steel in 1 M HCI solution in the absence and presence of the
Schiff bases. Mild steel however, involves a mixture of many metals, a nhumber of oxidation
reactions may occur at the anode. The various anodic oxidation reactions may be represented in
Equation (2.0) while the oxidation of iron in the steel sample may be represented by Equation
(2.2).

Anode: M5y — Mgty +ne” (2.0
Fesy = Felly + 2e” (2.1)
The reaction at the anode could involve reduction of water in aqueous environments with
sufficiently negative potential (Equation 2.2) and subsequent evolution of hydrogen (Equaqgtion

2.3).
Cathode: H;0 +e~ - H* + OH™ (2.2)
2H(-|;lq) + 27 > HZ(g) (23)

The potential served as the driving force and was controlled to measure the current as a function
of the net change in reaction rate. The sum of currents resulting from the electrode processes can
be used to obtain the free corrosion current density (lcorr) and the corresponding potential (Ecorr).
The potentiodynamic polarization parameters including corrosion current density (Icorr), potential
(Ecorr), cathodic and anodic constants (B and B,) and inhibition efficiency (%) are presented in
Table 6. The Il values decreased with an increase in inhibitor concentration compared to the
free acid solution. This is due to formation of adsorbed protective film of the Schiff bases (SBL1



and SBL2) on mild steel surface. A displacement of E¢or to less negative values in the inhibited
solutions compared to the free acid solution was also observed (Figure 8 - 9). Corrosion
inhibitors that displace Ecor to less negative values are usually identified as anodic inhibitors
whereas cathodic inhibitors displace the potential to more negativevalues [29 - 30].
Consequently, the Ecr values obtained suggestthat the inhibitors (SBL1 and SBL2) have
dominant influence on the partial anodic and cathodic reaction. However, SBL2 shows greater
influence compared to SBL1. Thus, the addition of the Schiff bases further shifted the corrosion
potential (Ecorr) towards negative values but the shift is not up to - 85 mV/SCE to categorize the
Schiff base inhibitors as cathodic or anodic type. Such corrosion inhibitors are usually regarded
as mixed type inhibitors with anodic predominance [31-32]. The values of B¢.and 3, obtained
change on addition of inhibitor from that of the free acid solution (Table 6.). The highest
difference was obtained with B, supporting that the Schiff bases (SBL1 and SBL2) exhibits
greater influence on anodic reaction than cathodic reaction. A mixed. type inhibitor acts by
blocking some active anodic and cathodic sites of the metal without changing its dissolution or
corrosion mechanism. In other words, Schiff bases (SBL1 and SBL2) inhibited both the iron
dissolution and hydrogen evolution processes but more actively inhibiting iron oxidation (anodic
reaction). The calculated inhibition efficiency also increased with an increase in concentration of
the inhibitor, similar to EIS results.

3.6 LPR measurement

Table 7. LPR parameters for mild steel corrosion in 1 M HCI containing different
concentrations of SBL1 and SBL2.

compound Concentration (ppm) R, (Qcm®) x 107 n%
Blank (1M HCI) 12729 e

SBL1 20 2.8147 60.28

100 3.5249 69.16

SBL2 20 3.0037 62.78

100 4.5939 75.67

Table 7. revealed that values of R, increased in the presence of the studied inhibitors. The results
also showed:that.R, values increased with increase in the concentration of the Schiff bases
(SBL1 andSBL2).The inhibition efficiency obtained from polarization resistance followed the
same trend as PDP with respect to concentration. However, inhibition efficiency obtained were
relatively higher than those from PDP measurements but comparable with EIS results.



3.7 EIS Measurement

Table 8. EIS parameters for mild steel corrosion in 1 M HCI containing different
concentrations of SBL1 and SBL2.

EIS Parameters 1MHCI 20 ppm SBL1 100 ppm SBL1 20 ppm SBL2 100 ppm SBL2
Rt (Qcm®) 19.52 115.40 183.10 202.30 356.31
Rs (Qcm?) 1.45 1.42 1.39 1.41 1.27
¥’ x 10 8.07 1.06 3.28 0.88 1.31
Yo (Qs"em?) x 10*  3.36 2.43 2.13 2.57 2.00
n x 10" 8.64 8.33 8.12 8.29 8.08
R (Qcm®) 5.31 1.04 1.05 0.53 0.85
Yo2(Qs"em?) x 10%  6.42 1.95 1.06 5.28 1.94
n, x 10" 1.98 1.86 1.71 0.95 0.61
Cai (4F) x 107 8.15 1.38 0.87 0.79 0.66
n% e 83.09 89.34 90.41 94.52
SBL1 3.00E+01
Blank SBL2 Blank
2.50E+01
3.00E+01 —e—20 ppm 20 ppm
2.50E+01 2 00E+01 100 ppm
2.00E+01
N NE 1.50E+01
£ 1.50E+01 S
é c
t 1.00E+01 N§ 1.00E+01
N
5.00E+00 5.00E+00
0.00E+00 0.00E+00
-5.00E+BgP0E+00  5.00E+01  1.00E+02 0.00E+00  5.00E+01  1.00E+02
-5.00E+00

Z,, QCcm?

Z, QCM?

Figure 10.Nyquist plot for inhibition of mild steel corrosion in 1 M HCI in the absence and

presence of SBL1 and SBL2.
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Figure 11.Plots for mild steel in 1 M HCI, in the absence and presence of SBL1 at room
temperature in (a) Bode modulus and (b) Bode phase angle representations.
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temperature in (c) Bode modulus and (d) Bode phase angle representations.
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Figure 13. Equivalent circuit used in the analysis of the impedance data.

EIS results for corrosion of mild steel in L. M HCI in the absence and presence of SBL1 and
SBL2 at room temperature were used to obtain Nyquist, Bode modulus and Bode phase angle
plots shown in Figure 10 - 12. Imperfect semicircles are obtained (Nyquist plot) and the sizes of
their diameters were influenced in the presence of the Schiff bases (SBL1 and SBL2) compared
to the Blank (1 M HCI).The difference in sizes of their diameters was due to the influence of
SBL1 and SBL2 on the corrosion of mild steel by inhibition. The size of the diameters,
magnitude of the Bode modulus and the phase angle further increased as inhibitor concentration
increased following the same trend as the calculated inhibition efficiency. However, the addition
of SBL2 further increased the diameter of the capacitive loop (Figure 10), magnitude of the Bode
modulus (Figure 11a = 12¢), and the'phase angle (Figure 11b — 12d) compared to SBL1 which
was attributed to it large molecular size and presence of more electron donating group giving
rise to higher inhibition efficiency in SBL2. Also, the imperfection in the shape of the semicircle
can be attributed to surface roughness of the mild steel [29]. The single capacitive loop obtained
indicated that the:-mechanism of corrosion was controlled mainly by charge transfer process [31].
The shapes of the:plots were similar in both inhibited and free acid solution indicating that the
mechanism of steel corrosion was not influenced by introduction of SBL1 anSBL2. The analysis
of the Nyquist plots was done by using the equivalent circuit shown in Figure 13. This equivalent
circuit was suitable for the modeling of mild steel dissolution in 1 M HCI solution in the absence
and presence of the Schiff bases (SBL1 and SBL2) as shown by the values of goodness of fit (x?)
(Table 8.).The EIS parameters derived from EIS plot (Figure 10 - 12) are presented in Table 8.
The value of n which predict the extent of roughness or non-homogeneity of the steel surface
decreased on addition of SBL1 and SBL2 suggesting that the surface roughness of the steel was
increased by adsorption of inhibitor molecules on steel surface active sites [30]. A decrease in n
on addition of inhibitors also signified insulation of the metal/solution interface by formation of a
surface film. Formation of this film resulted in increase in charge transfer resistance in the
presence than in the absence of inhibitor. The charge transfer resistance increased with increase



in inhibitor concentration showing that the ‘blanketing’ property of the film improved as
inhibitor concentration increased. The inhibition efficiency obtained also increased with increase
in inhibitor concentration, hence consistent with weight loss results. The inhibition efficiency
increased progressively in the order SBL2 > SBL1.The Cy values decreased in the presence of
inhibitors. Similar results were obtained by using fluvoxamine-base corrosion inhibitors [30] and
4-(pyridin-4-yl)thiazol-2-amine [33]. The decrease in Cgy values can be attributed to a decrease in
the local dielectric or increase in the thickness of the double layer or both, caused by the
adsorbed protective film of the inhibitors as earlier inferred [9].

3.8 Adsorption Isotherm

Table 9: Isotherm parameters for the adsorption of SBL1 and SBL2 on the surface of mild
steel in HCl at 303 K

Compound K ags AGags (KImol™) R®
SBL1 34.483 -19.040 0.974
SBL2 83.333 -21.264 0.997
0.16 -
0.14 - y=1.054x +0.029
R2=0.974
0.12 -
0.1
8 0.08 - y=1.053x +0.012
R2=0.997
0.06 - SBL1
SBL2
0.04 -
0.02 -
0 T T T T T 1
0 0.02 0.04 0.06 0.08 0.1 0.12
Concentration (g/l)

Figure 14: The Langmuir isotherm for the adsorption of SBL1 and SBL2 on mild steel surface in
1.0 M HCI at 303 K

The mode and extent of the interaction between each of the inhibitors (SBL1 and SBL2) and the
metal surfaces were studied by applying adsorption isotherms. Surface coverage values (n%/100)
from weight loss data were theoretically fitted into different adsorption isotherms and the best fit
was adjudged by the value of the linear regression coefficient (R%) (Table 9 ). The Langmuir
thermodynamic—kinetic adsorption isotherm [34] given by Equation (2.1) gave the best fit.

=1 4¢ (2.1)

6 Kads




Where K,gs IS the equilibrium constant of adsorption, C is the concentration of the inhibitors. Kags
is related to the standard free energy of adsorption (4G°,4s) by the equation as follows:

4GP0 = - RTIN(55.5K ) (2.2)

Where 55.5 is the molar concentration of water molecules expressed in g/L, R is the universal
gas constant and T is the absolute temperature. Negative values of AGgags Showed that the
inhibitor molecules were spontaneously adsorbed on the metal surface, otherwise means
nonspontaneous. The mechanism of adsorption was physisorption when the value of AGags < -
20 kJmol™ and chemisorption when AGags > -40kImol™ [35]. In all cases, straight line graphs
were obtained indicating that the experimental data fitted well into Langmuir adsorption
isotherm model (Figure 14). The adsorption parameters deduced from the linear graph-are listed
in Table 9. The values of 4G°ads were found to be negatively less than the.threshold value of
—40 kJ mol ™ required for the mechanism of chemical adsorption. This indicated that the
adsorption of the studied Schiff bases (SBL1 and SBL2) on the mild steel surface was
spontaneous and consistent with the mechanism of physical adsorption [36:-38]. Moreover, the
R? value of SBL2 tended more closer to unity than SBL1 suggesting SBL2 to be more adsorbed
on the metal surface than SBL1 which confirmed earlier-assertion of SBL2 having more electron
donor atoms.

3.9 Surface Studies by Scanning Electron Microscopy

Figure 15. (a) SEM of the mild steel immersed in 1 M HCI solution without inhibitor for 24 h at
200 magnification and (b) SEM of the mild steel immersed in 1 M HCI solution in the presence
of the Schiff bases (SBL1 and SBL?2)

Morphological analysis using SEM showed differences in the morphologies of the samples for
both the inhibited and uninhibited media. Figure 15. Shows the SEM image of the mild steel
surface immersed in the uninhibited medium for 24 h. Big pits and cracks observed in the image
were due to the effect of corrosion on the specimen induced by the acid. Similar image of mild



steel immersed in the inhibited medium is shown in Figure 15. Smoother surfaces with little
cracks observed were due to the formation of a thin film layer infused by the complexation
between the mild steel and the Schiff bases (SBL1 and SBL2). This implies corrosion rate was
lowered by the Schiff bases which is in agreement with the results obtained from the weight loss
analysis.

4. CONCLUSION

The synthesis, characterization and electrochemical studies on the corrosion inhibition properties
of Schiff bases for mild steel in 1 M HCL solution. From the above results and discussions, it can
be concluded that all the studied Schiff bases (SBL1 and SBL2) acts as an effective corrosion
inhibitor for mild steel in 1M HCI acid solution and their inhibition efficiency increased with
increase in the concentration of the Schiff bases with maximum efficiency obtained at an
optimum concentration of 100 ppm within the first 2 hours. The results. from UV-Visible, FT-IR
and the elemental analysis confirmed the structure of the studied Schiff bases. Surface
morphology studied by SEM and Fourier transform infrared spectroscopy (FTIR), all indicated
that the corrosion reaction was inhibited by the adsorption of the Schiff bases onto the corroding
mild steel.

Weight loss measurements and Electrochemical measurements (PDP, LPR and EIS) showed that
SBL1 and SBL2 confirmed the corrosion preventive property of the Schiff bases in
1MHCImedium. The investigation revealed SBL1 and SBL2 as excellent inhibitor for mild steel
corrosion in 1M HCI. SEM micrographs of-mild steel surface indicated good surface protection
of SBL1 and SBL2.
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