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ABSTRACT J ARTICLE HISTORY

In the present study, natural biopolymer chitosan was modified into its Received 4 December 2015
Schiff base derivative with salicylaldehyde by condensation method.'  Revised 9 February 2016
The prepared chitosan salicylaldehyde Schiff base was characterized Accepted 10 February 2016
using ultraviolet spectroscopy, fouriertransform infrared spectroscopy, KEYWORDS
'scanning electron microscope and elemental analysis. Thermal Chitosan: Schiff base:
analysis was also carried out to determine the thermal stability of corrosion; Temkin:
.the derivative. To explore the corrosion inhibition performance of chemisorption; SEM analysis

the chitosan Schiff base, weight loss, and electrochemical techniques
were conducted. The inhibitor reduces the metallic corrosion by
adsorbing on to the metal surface. The adsorption of chitosan Schiff
base on mild steel surface in 1M HCI followsTemkin isotherm model.
Thermodynamic parameters of adsorption and corrosion process
were calculated, which revealed the chemical nature of adsorption.
SEM and energy dispersive X-ray spectroscopic analysis confirmed
the formation of protective chitosan derivative layer oh the mild steel
surface.

1. Introduction

Mild steel (MS) is a major component in many ofthe industrial equipment due to its mechan-
ical properties and economical significance. But it gets corroded when exposed to aggressive
environment like acid dining industrial processes. The corrosion products are removed hy pick-
ling witli acids above room temperature. Hydrocliloric acid is commonly used pickling acid in
industries up to 60°C. To reduce the metal attack during tliis process, corrosion inhibitors are
widely used. Due to high toxicity and environmental regulation restrictions, the researchers are
diverted to focus on developing environmentally safe and biodegradable corrosion inhibitors.
Various researchers had reported that the natural products, amino acids, natural polymers,
medicinal drugs, etc. exhibit efficient inhibition towards corrosion process.[1-6] Natural poly-
mers are considered to be the most promising corrosion inhibitors because of the nontoxicity,
biodegradability, easy availability, and cost-effectiveness. In recent years, a number of naturally
occLuring polymers such as pectin, starch, guar gum, and gum Arabic, have been investigated
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as corrosion inhibitors in ditferent corrosive environments.[7-12j Umoren and Eduok have
reviewed tlie metal protection applications of carbohydrate polymers and their derivatives. [13]

Recently, chitosan a second abundant natural resource have received a considerable attention
due to its good environmental profile. It is N-deacetylated product of chitin, an attractive mate-
rial witli biocompatibUity and biodegx adability having wide range of applications in medicine,
wastewater treatment, environmental protection, textiles, cosmetics, and many other industrial
sectors. Chitosan isrich in hydi'oxyl groups and amino groups wliich can ad asagood inliibiLor
and few literatures have reported about its corrosion inhibition.[ 14-16] Both reactive amino
and hydroxyl group present in tlie chitosan offers better corrosion inhibition through ionic
interactions with metal surface. Some authors have also been discussed about the inhibition
performance ofchitosan derivatives in acid media. [17,18] The two reactive groups ofthe chitosan
can be chemically modified into its derivative under mild reaction conditions. One among the
modification is the formation of Schiff base by the reactions of free amino group of chitosan
with an active carbonyl groups ofaldehydes. Chemical modification ofcliitosan has resulted into
much improvement in their corrosion inhibition efficiency. Tlie effect of chitosan-crotonalde-
hyde Schiffbase in 3% NaCl solution was studied for metal alloy and its behavior was reported
by Mohammed and Fekry[19].

The present work aims on the modification of chitosan into a Schiff base and its appli-
cation as corrosion inhibitor for MS in 1M HCI. To study the metal corrosion behavior in
acid solution, conventional weight loss technique at 303-343 K and at different immersion
time were carried out along with electrochemical techniques. The surface morphology of
MS was analyzed for the corrosion inhibition of chitosan Schiffbase for MS in acid medium.

2. Experimental
2.7. Materials

Chitosan (75% deacetylated, Himedia), salicylaldehyde (Avra), acetone (99%) (Avra), hydro-
chloric acid, and ethanol.

2.2. Synthesis of chitosan Schiffbases

About 1g of chitosan was dissolved in 100 ml of 1% acetic acid; and 1 ml ofsalicylaldehyde
in 10 ml of ethanol was added in drops to the chitosan solution with constant stirring at
room temperature. The stirring was continued for 7 h. The resultant yellow solution was
kept overnight. The product was precipitated using acetone and washed several times to
remove unreacted aldehydes.

2.3. Characterization of chitosan Schiff bases

Chitosan and modified chitosan were analyzed using Fourier transform infrared spectros-
copy (FTIR) (Schimadzu IR affinity 1). Tlrermal behavior of chitosan and its Schiffbase
was studied using thermogravimetric analyzer (EXSTAR SIITG/DTA 6300). Tire elemental
composition was calculated using Elemental vario EL 111 Ultraviolet (UV) spectra were
recorded using UV spectrophotometer 2202 (systronics). Tlie surface morphology was
analyzed by scanning electron microscopy (JEOL JSM-6490LA).
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2.4. Material preparation for corrosion study

Corrosion studies (weight loss) were conducted witli commercially available MS strips
of dimension 5cm x 1cm x 2 mm and electrochemical studies with of 1 cm” coupons of
the composition of C-0.106%, Mn-0.196%, P-0.027%, Cr-0.022%, S-0.016%, Ni-0.012%,
Si-0.006%, M0-0.003%, and remainder Fe. The MS specimens were mechanically polished,
their surface was abraded with fine grade emery paper, degreasing in acetone and stored in
desiccator at room temperature before conducting experiments.

2.5. Weight loss experiments

Weight loss experiments were carried out following standard ASTM G31procedure.[20]
Weighed MS specimens were immersed in the absence and presence of different concen-
trations of inhibitor in 100 ml of 1M HCI solution at different immersion periods (1-24 h)
and at various temperatures (303-343 K). MS specimens were removed, cleaned, dried, and
weighed. From the weight loss values obtained the corrosion rate and inhibition efficiency
were calculated using the following equations.

3.45x IOV W

Cff(mpy) ADt

Wo_
1E{%) = — -—— x 100
Wo
where Wo and W are the weight loss (g) of the coupon in the absence and presence of
inhibitor, A is the area ofthe coupon in cm”, D is the density of the material in g/cm”, and
t is the time of exposure in hours.

2.6. Electrochemical studies

Electrochemical measurements were performed in a conventional three electrode glass
cell using Potentiostat/galvanostat (Solartron 1280B) supported with corrware and Zplot
softwares. A MS specimen with exposed area of 1 cm" as working electrode, saturated
calomel electrode, and platinum electrode was used as reference and counter electrode,
respectively. Prior to the experiments, the working electrode was polished with different
grades of emery paper, rinsed with distilled water and then inserted to the glass cell. The
working electrode was allowed to immerse in the electrolyte solutions for about 15 min to
attain the steady state potential. Potentiodynamic polarization curves were obtained from
anodic potential of-0.1 V to cathodic potential of-1 V vs. open circuit potential at a sweep
rate of 2mV/s. Electrochemical impedance spectroscopy (EIS) measurements were carried
out at a frequency range of20 kHz to 0.1 Hz by applying AC amplitude of 10 mV. The results
were collected using Z plot software and interpreted with Z view software.

2.7. Surface analysis using scanning electron microscope (SEM)

Surface morphology of mildsteel specimens immersed in absence (1 M HCI) and presence
of inhibitor (1500 ppm) were examined by SEM JEOL JSM-6490LA.
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3. Results and discussion
3.7. Characterization ofchitosan Schiff bases

FTIR spectrum of chitosan salicylaldehyde Schiffbase (CHSA) was shown in the Figure 1
The strong absorption band at 1631.83 cm*’ is attributed to C=N vibrations characteris-
tic of imines [21,22] formed due to the condensation reaction between the amino group
of chitosan and carbonyl group of salicylaldehyde. The absorption peaks at 1112.96 and
1067.64 cm™’ correspond to the polysaccharide moiety.[21,23,24] Tlie peak at 1579.75 cm™’
corresponds to the N-H bending in secondary amides. [25] This absorption is also attributed
to the C = C stretching in the aromatic ring of the aldehyde. [22-24] The peaks at 1494.88
and 1456.30 cm"” are assigned to the characteristic absorbance of phenyl ring. [21]

The elemental compositions ofthe chitosan and the chitosan Schiffbase are presented in
the Table 1. The increase in carbon, hydrogen content of the Schiff base derivative suggest
the condensation of salicylaldehyde on the chitosan chain. 'lhe increase in the C/N ratio
also confirms the substitution.

Thermogravinietric analysis of the CHSA was conducted to measure their weight loss
at different temperatures in the heating range of 40-550 °C at a heating rate of 10 °C per
minute. Thermograph of chitosan and Schiff base polymer show two degradation stages

Figure 1. FTIR spectra of Chitosan and Chitosan salicylaldehyde Schiff base.

Table 1. Elemental analysis ofchitosan and the chitosan Schiff base.

Sample C H N C/N

CH 39.71 7.48 7.16 5.55
CHSA 52.02 8.25 6.04 8.62
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which is shown in Figure 2. The first decomposition step is due to loss of water molecule.
The second decomposition step occurs in the range of 230-350 °C is due to degradation of
polymers. The thermal degradation step of Schiffbase indicates that Schiff base polymer
is less stable than the chitosan. The instability of the SchilTbase polymer than chitosan is
attributed to the formation of imines (-N=CH-) groups in the polymer matrix.

The UV visible spectrum of chitosan Schiffbase is shown in Figure 3. Chitosan Schiff
base polymer in aqueous solution exlaibits broad peak at the region 215-350 nm due to
the presence of wbond(-N=CH-). This characteristic region is absent in chitosan which
confirms the formation of imine group in the polymer chain.

The SEM micrographs of chitosan and its Schiffbase are shown in Figure 4(a and b),
respectively. Chitosan had a non porous, flat, and smooth surface. Chitosan Schiff base
showed a noticeable wrinkles and porous structure which reveals the formation of Schiff
base on the chitosan matrix.

Figure 2, Thermographs of chitosan and chitosan Schiff base.

CM
CM$A
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Figure 3. UV spectra of chitosan and chitosan Schiffbase.
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Figure 4. SEM images of (a) Chitosan (b) Chitosan salicylaldehyde schiff base.

3.2. EiSmeasurements

EIS technique, anon-destructive technique was employed to study the nature ofthe electrochem-
ical processes that occurs at the metal/1 M HCI interface and also to understand the influence
of chitosan Schiffbase on metal dissolution process. Figure 5(a) shows the impedance spectra
for MS in acid medium in presence and absence of different concentrations of chitosan Schiff
base. Figure 5(b and c) represents the corresponding bode and phase angle plots of chitosan
Schiffbase, respectively. The Nyquist plots exhibit the single depressed capacitive loop over the
frequency range studied and the diameter ofthe loop increased with increase in the concentra-
tion of inhibitor. This implies that tlie metal dissolution process is controlled by single transfer
process that is unaffected by the addition of inhibitor molecules. [26,27] Tlie increase in the
diameter of the loop suggests that die MS corrosion is inhibited by forming a protective layer
on the metal surface. The similar shape of Nyquist plot reveals tliat the corrosion mechanism is
unaffected by the addition of chitosan Schiffbase. The electrochemical impedance parameters
such as solution resistance (Rs) and charge transfer resistance (Ret) were obtained by fitting the
impedance spectra and tabulated in Table 2. Tlie equivalent circuit shown in Figure 5(a) is used
for fitting the impedance data.



o

Q0

om@! T wsn 8 #F BPY

Qo

Figure 5. (a) Impedance curves (b) Bode plots (c) Phase angle plot of chitosan Schiff base.



OBO Powe gL vwe e  RPEH «  ° §

(9]

Oo

Table 2. Impedance parameters for MS in 1 M HCI in presence and absence of chitosan Schiff base.

Concentration (ppm) Rs (ncm?) n Yo*10-6 Ret (Clcnmy) Chi-Sqr 1E%
Blank 1.369 0.76427 416.60 63.44 0.0022891

100 1.201 0.80096 307.90 122.7 0.00053398 48.30
300 1.538 0.84107 577.79 133,9 0.01333 52.62
600 1.547 0.89866 462.60 156.1 0,00051841 59.36
900 1.326 0.81926 628.35 169.9 0.02112 62.66
1200 1.588 0.83234 586.58 172 0.00040809 63.12
1500 1.33 0.84199 382.23 212 0.13967 70.08

The IE was determined from the Ret values by the following equation,

,E% = M o~ x10 O
Ret
The values for the inhibited system is higher when compared to the uninhibited which
is due to the reduction in metal dissolution and the increased Ret values with an increase
in concentration attributed to the higher surface coverage of the inhibitors on the MS
surface. The obtained values of n are in the range of 0.5<n>l, is an evidence for the surface
roughness and inhomogeneity of the electrode surface. [28,29]

3.3. Polarization techniques

Figure 6(a) shows the OCP curve for MS in 1 M HCI. The attainment of steady state poten-
tial at short immersion period is due to the rapid dissolution of MS in acid medium. The
potentiodynamic polarization curves for MS in 1M HCI in presence and absence of different
concentrations of chitosan Schiff base was shown in Figure 6(b). From the Figure 6(b), it
can be seen that both the cathodic and anodic current densities decrease by the addition of
chitosan Schiff base. This indicates the hindering attack of the chitosan Schiffbase on the
MS corrosion in 1M HCI. Values of electrochemical parameter namely, corrosion current
density {lI ., corrosion potential anodic, and cathodic Tafel slopes and inhibition
efficiency are listed in Table 3.

The polarization curves indicate that both the anodic metal dissolution and cathodic
hydrogen evolution reactions are affected by the addition ofchitosan Schiffbase suggesting
the mixed nature of the inhibition. Also, the parallel nature of the tafel lines suggests the
activation-controlled hydrogen evolution reaction. [30] The displacementin the E  value
is less than 85 mV is also an evidence for the chitosan Schiff base to function as mixed
type inhibitor. I  values decreases with the increase in concentration which is due to the
blocked fraction of MS surface by adsorption. [31,32] Thus, the polarization and impedance
results are in good agreement.

3.4. Weightloss study - effect ofimmersion time

The performance of chitosan Schiff base was investigated with different immersion time
(1-24 h) to monitor the metal dissolution process. The variation of IE with differentimmer-
sion period for different concentration of chitosan Schiff base is shown in Figure 7(a).
Inhibition efficiency increases as the immersion time increases attains a maximum IE of
91% at 24 h ofimmersion time. The inhibition effect is due to the formation of adsorption
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Figure 6. (a)Plot of OCP vs time for mild steel in IM HCI, (b) Polarization curves for mild steel in 1M HCI
in absence and presence of chitosan Schiff base.

Tables. Polarization parameters for MS in 1 M HCI in presence and absence of chitosan Schiff base.

Concentra- ba (mv/ be (mv/ ‘corr"mA/ EqorMV/
tion (ppm) decade) decade) cm) /f1_(%) Rp Ocm” IERp (%) SCE
Blank 163.92 132.2 4.1748 6.51 -495.45
100 150.84 109.89 2.3471 43.78 9.05 28.04 -485.93
300 123.39 102.66 1.3758 67.05 15.30 57.47 -487.21
600 131.21 100.84 1.2279 70.59 16.63 60.86 -486.67
900 129.67 101.63 1.0832 74.05 20.02 67.49 -485.31
1200 118.55 95.335 0.8485 79.68 19.70 66.96 -485.93

1500 101.78 88.835 0.3965 90.50 26.40 75.35 -485.42
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Figure?. (a)Variation of inhibition efficiency for different concentration of inhibitor at different immersion
periods, (b)Trend of corrosion rate and inhibition efficiency at temperatures 303-343K.

layer on the metal surface. The higher inhibition may be attributed to the film forming
capability of the chitosan derivative and also its greater stability towards the acid attack.

3.4.1. Effectoftemperature

Temperature plays an important role in corrosion monitoring technique since it helps to
determine the nature ofadsorption of inhibitor on the metal surface. Increase in inhibition
efficiency on increasing the temperature is associated with chemisorption and the reverse is
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associated with physisorption. The effect of temperature on the corrosion inhibition of MS
in 1 M HCI was evaluated in presence of different concentration of CIISA by weight loss
experiment. Figure 7(b) reveals the trend of corrosion rate and inhibition efficiency on the
temperature domain studied. It can be seen that the IE increases with increase in inhibitor
concentration at 303 K. This may be attributed to the fact that the formation of polymeric
Schiffbase layer at MS/ HCI solution interface. [33] Further inspection of the Figure 7(b)
revealed that the corrosion rate increases with the increase in temperature in inhibited and
uninhibited solutions. Also there was decrease in corrosion rate and increase in IE on the
addition of different concentrations of chitosan Schiffbase.

Tire IE was found to increase with the inhibitor concentration for all the studied temper-
ature (313-343 K). From the Figure 7(b), it is clear that the IE increases with temperature
up to 333 Kand decrease at temperature 343 K. Iliis fact may be explained by the structural
orientation ofthe polymer as mentioned by Geethanjali.[29] Tire long chains of the polymer
adsorb on to tire metal surface at lower temperature and thereby reducing the corrosion
rate. The increase in temperature from 313-333 K may break the adsorbed long chains of
the polymer into smaller segments. At higher temperature (343 K), these smaller segments
of the polymer desorbs from the metal surface, resulting in lesser IE. Tire decrease in the
IE at higher temperature also confirms that the adsorption-desorption process is shifted
towards desorption process at 343 K. This may be also due to the roughening of the metal
surface thereby reducing the ability ofthe inhibitor to adsorb on the metal surface resulting
in enhanced corrosion.[33] On the other hand, the increase in the IE with the increase in
temperature could augment the chemical interaction between the inhibitor molecule and
the metal surface leading to higher surface coverage. [34]

3.5. Thermodynamic activation parameters

Temperature influence on the corrosion rate can be evaluated through the activation param-
eters using Arrhenius equation:

logC R - + log A
2.303RT
where CR is the corrosion rate, A is the Arrhenius constant, R is the molar gas constant,
and T isthe absolute temperature. Activation energy values {EJ obtained from the slope of
the linear plot oflog CR against 1/Tis given in Table 4. The calculated values of activation
energy for the blank 1M HCI found to be 62 kj moft® which is in correlation with literature
values 50-100 kJ mofth The E*value decreases in presence of inhibitor compared to blank.
Decrease in the E can be attributed to an appreciable increase in adsorption process ofthe

Table 4. Thermodynamic parameters derived for chitosan Schiff base on MS in 1 M HCI.

Concentration(ppm) kJ mol ’ AH’kI mol AS*Jmol 'K
Blank 65.64 62.96 17.20
100 56.91 54.23 -18.97
300 59.47 55.80 -12.17
600 59.65 56.97 -11.81
900 59.27 55.59 -13.55
1200 59.28 55.60 -13.99

1500 60.15 57.47 -11.83
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inhibitors on the metal surface and also a change in corrosion mechanism.[33,34] Enthalpy
of activation AH* and entropy of activation AS* for the formation of activated complex are
calculated by transition state equation,

R op (A5 V oy AH”
R 'RT

T

where N is the Avogadros number, his Planck’ constant, R is molar concentration, and
T is the absolute temperature. A plot of log (CR/T) against 1/T was constructed to obtain
enthalpy and entropy ofactivation from slope (-AH72.303RT) and intercept, respectively.
The values are listed in Table 4 and the enthalpy of activation was found to decrease in
presence ofthe inhibitors compared to the blank solution which supports the chemisorption
of inhibitor molecule. [35,36] The positive values of AH* reflect the endothermic nature of
dissolution ofmetal. The AH* values are found to be less for inhibited solutions when com-
pared to blank suggesting the slower dissolution of MS in presence of inhibitor. [37,38] The
positive values of AS* for the blank shows an increase in disorderliness that takes place
during a metal dissolution process. Table 4 shows that the values of AS* moves towards
negative after the addition of inhibitor. This may be attributed to the rate determining
step in which association of inhibitor molecules takes place during the activated complex
formation, thus leading to a decrease in disorderliness.[39,40]

3.6. Adsorption isotherm

Basic information on the interaction between the inhibitor and the MS surface can be pro-
vided the adsorption isotherm. Surface coverage (0) values were calculated from inhibition
efficiency obtained from weight loss experiments using the relation, 6 =f£/100. Attempts
were made to fit these 6 values to various isotherm including Langmuir, Temkin, Frumkin
and Freundlich. The best fit was determined using the regression values (R"). By far, the best
fit was obtained with Temkin isotherm with R” close to unity, Temkin adsorption isotherm
is given by the equation,

exp(—2a 6) = KC

where 'a is the molecular interaction parameter which can be negative or positive. If the
values of“fl’ is positive there exist the attractive force between the inhibitor molecule and
if the values are negative the repulsive forces between them. 6 is the surface coverage, K is
the adsorption equilibrium constant, and C is the concentration ofthe inhibitor. When -2a
is represented as f which describes the heterogeneity that prevail between the molecular
interactions in the adsorption layer and the heterogeneity of the metal surface, Temkin
equation can be represented in the transformed form as shown here,

e=j\nK +j\nC

Tlie linear relationships of 6 vs. In C depicted in Figure 8 with regression coefficient close
to unity suggest that the adsorption ofthe inhibitors on the metal surface followed Temkin
isotherm. [41]
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303K = 313K 323K v 333K 343Kl

Figure 8. Temkin isotherm of chitosan Schiff base.

Temkin isotherm is basically a preliminary evidence for the chemisorptive nature ofthe
adsorption. [29] The calculated values of 'f are found to be greater than zero indicating that
repulsive forces exist between the adsorbed inhibitor molecules. The adsorption equilibrium
constant signifies the strength between the adsorbent and adsorbate, larger values of
Mads suggests more adsorption efficiency and better inhibition performance. From the Table
5 it is observed that the values increase with the increase in temperature indicating
the strong adsorption ofinhibitor molecules onto the metal surface. Hence, the adsorptive
equilibrium constant supports the chemisorption of the chitosan Schiff base on the MS
surface. The thermodynamic free energy of adsorption can be calculated using the
equation, K.

P AGads
logK,j, =-logCH ,0- RT
where CH"O is the molar concentration of water (mol/dm?”), R is the molar gas constant
(g/mol/K), and T is the temperature (K). In vs. 1/T was plotted from which slope gives
the adsorption ofenthalpy and intercept gives the adsorption of entropy AS gk using
Vant Hoff’s equation.
AH, AS
+
RT R
The values of found to be in negative indicates that the spontaneous adsorption of the
inhibitors onto the MS surface. [42] In general, if the AG™" values are around -20 kj mol'?
or lesser related to physical nature of adsorption occurring through the electrostatic inter-
action between the charged molecules and charged metal while the AG™ values around
-40 kI mol“~or higher related to chemical nature of adsorption that takes place due to the
charge sharing or the charge transfer from the inhibitor molecules to the metal surface by
torming coordinate bond.[43]
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Table 5. Adsorption parameters derived for chitosan Schiff base for MS in ] M HCI.

Temp (K) a f 'K g dM” mol™”

303 0.95 -0.0222 22.50 7.20 x 108

313 0.90 -0.01858 26.91 3.92x10®

323 0.95 -0.01952 25.62 2.41 X 108

333 0.95 -0.0177 29.25 7.18x 10®

343 0.90 -0.00771 64.82 1.52X 10”
Temperature (K) AGadj (kJmol') AHad" (kJmol-") ASad, (Jrnol”” K™)

303 -45.54 585.09 2056.47

313 -62.96

323 -60.43

333 -66.24

343 -130.80

The results presented in the Table 5 indicate that values are greater than

-40 kj m or‘attributes to the strong chemical adsorption of the chitosan Schiff base on to
the metal surface. It can be seen that the values found to increase with increasing the
temperature ensuring that the strong chemisorption takes place at high temperatures. The
positive values of indicate that the adsorption of chitosan Schiffbase on the MS surface

is endothermic. In contradiction to literature results, the positive enthalpy is associated with
the positive entropy. This may be explained that the chitosan Schiffbase is along-chain poly-
meric compound with hetero atoms and more adsorption sites; hence before adsorbing onto
the metal surface, Schiff base polymer should orient itself in the solution phase to extend
the bonding with the metal surface. Thus, for the orientation of the polymer some energy
is required, that exceeds the exothermic energy of the ions which adsorbs on the metal
surface. [44,45] The total enthalpy ofthe system is an algebraic sum ofadsorption enthalpy
and desorption enthalpy. Thus, desorption of the water molecules becomes implicitly an
endothermic process resulting in a positive enthalpy for the whole system. Adsorption ofthe
inhibitors from the aqueous solution is regarded as quasi-substitution process between the
inhibitor in the solution phase and water molecules at the metal surface. The adsorption of
inhibitors on metal surface takes place by replacing the water molecules. The total entropy
is calculated as algebraic sum ofadsorption ofinhibitor molecules and desorption of water
molecules. Tlie gain in entropy is related with the solvent entropy. Thus, the disorderliness
increases from the solvent side resulting in increased entropy.

3.7. Surface analysis

Surface morphologies ofthe MS specimen immersed in 1M HCI and 1500 pppm of chitosan
Schiff base for 6 h are shown in Figure 9 and their respective EDX spectrum data given
in Table 6. From the micrographs, it can be observed that the surface of the MS specimen
immersed in 1M HCI appears to be corroded uniformly. The corroded pits and cracks can be
seen as a result of dissolution in corrosive medium. For the specimen in presence of chitosan
Schiff base, the corrosion of the MS is reduced resulting in reduction surface roughness.
The smoothness of the metal surface is due to the formation of protective adsorption layer
by Schiff base polymer. Tlie atomic weight percentage of elements that observed in EDX
analysis is listed in Table 6. Erom the Table 6, the presence of nitrogen atom in chitosan
Schifl base confirms the protective layer formation on the metal surface. Also, chloride
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Figure 9. SEM micrographs of mild steel after 6h immersion in (@ 1M HCI (b) 1M HCI+ CHSA (c) polished
metal.
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ions responsible for the metal dissolution are absent and the decrease in oxygen confirms
the reduction of oxide formation on the metal surface. Moreover, it can be seen that the
polymer clusters extensively cover the MS surface thus preventing the corrosion of metal
in presence of inhibitor.

3.8. Mechanism ofcorrosion inhibition

From the experimental results, it is clear that the chitosan Schift'base reduces the MS disso-
lution in 1M HCI. The thermodynamic parameters calculated revealed the chemisorption
of chitosan Schiffbase on the MS surface. Generally in acid medium, the anodic dissolution
ofiron is accompanied by the cathodic hydrogen evolution reaction as follows:

Fe n Fev F2e"

2H+ + 2¢'

The plausible mechanism for the adsorption of inhibitor molecule on the metal surface
shown in Figure 10 and can be proposed as follows: the chemical structure of the chitosan
Schiffbase reveals the presence of-C=N, -OH functional groups, and the chitosan repeating
unit with -NH” and -OH groups. It could be assumed that the some of these groups can
be protonated in acid environment and the cationic form of chitosan and chitosan Schiff
base may adsorb on the cathodic sites of MS surface. On the other hand, -C=N and -OH
groups have lone pair of electrons and can be adsorbed on the anodic sites of the metal
surface through chemical interaction with the empty d orbitals of the metal atom. The rt

Table 6. Atomic weight percentage of elements observed in EDX analysis.

Atomic weight %

Surface analyzed Fe 0 Cl C N
Polished 78 06 15

Blank 33 64 03 - _
CHSA 54 30 - 12 03

Figure 10. Schematic representation of plausible interaction of inhibitor with the metal surface.
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electrons of the benzene ring (salicylaldehyde) can also interact with the MS surface by
sharing electrons with the metal atom. Thus, tire chitosan Schiffbase inhibits the MS surface
by chemical adsorption by forming coordinate bond between the active sites and vacant
d-orbitals of MS surface.

4. Conclusion

Chitosan Schiffbase acted as an efficient inhibitor in 1M HCI. Polarization studies showed
that the Schiff base was mixed type inhibitor. Its inhibition efficiency increased with the
inhibitor concentration. The IE ofthe Schiffbase was temperature depended and its addition
led to decrease of the activation corrosion energy. Adsorption of the Schiff'base on the MS
followed Temkin adsorption isotherm indicating the inhibition process occurs via chemical
adsorption. The obtained values reveal that the corrosion inhibition by the chitosan
Schiff base is mainly due to the formation of chemisorbed film on the metal surface. SEM
image and EDX analysis confirmed the film formation. Two modes of adsorption can be
considered: chitosan Schiffbase is adsorbed on the MS surface due to the free electron pairs
on the N atoms as well as welectrons of the aromatic rings that can interact with vacant d
orbitals of iron and in the form of protonated species with already adsorbed anions.
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