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Synthesis and Evaluation of modified Chitosan — Gluteraldehyde as
corrosion inhibitor for mild steel in acidic medium
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Abstract

A new inhibitor derived from Chitosan and gluteraldehyde was synthesized and the efficiency of the synthesized inhibitor was
screened out by electrochemical and surface scanning analysis in 0.24 M HCI. The Chitosan derivative was identified by
Fourier-transformed infrared (FTIR) and the steel surface examinations were carried out via scanning electron microscope
(SEM) and energy dispersive X-ray. The results of efficiency tests show very good performance as corrosion inhibitor. The
corrosion rate lowered with the concentration increase of the new synthesized inhibitor. About 98.4% inhibition efficiency was
measured by using 1000 ppm of the new synthesized derivative. The polarization results showed that the new synthesized
derivatives have mixed inhibition effect. Langmuir isotherm was found to be the most fitted to represent the adsorption nature
of the inhibitor. SEM analysis proved the presence of protective film formed by new synthesized Chitosan derivative (CH-

gluteraldehyde) on the metal surface.

Keywords: Chitosan; Gluteraldehyde; HCI; Steel; Potentiodynamic polarization.

1. Introduction

Corrosion which could be identified as wearing out
of a material duo to its reaction with its environment.
It is the invisible enemy of the industry and that is not
overstatement as the recent studies measured that the
losses of corrosion for the United States only about
$276 billion per year So, the use of corrosion inhibitor
sounds to be very economical beneficial. [1]

Mild steel is one of the common materials used in
industry and it is also highly affected by corrosion.
There are many new chemically synthesized corrosion
inhibitors. Unfortunately, most of these chemicals are
expensive as well as hazard for human and
environment so the usage of green inhibitors will
provide the equilibrium of the equation to use safe and
efficient inhibitor.[2-12]

In this work, a new corrosion inhibitor by using green
polymer (chitosan) by making a multi layers through
using of glutaraldehyde as a cross-linker.
Glutaraldehyde in addition to its role to make a Schiff
base cross-link, it also decreases the intramolecular
hydrogen bonds of chitosan leaving more groups of
hydroxyl and amines available to form linkage to
metal surface. [13]

2. Methodology
2.1. Instrumentation

Polarization and potentiostatic instruments were
applied for the preliminary experiments of
anticorrosive characters. These tests were done by a
three compartment with mild steel rod as a working
electrode, platinum counter electrode and saturated
calomel electrode as a reference electrode.
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The potential was scanned from -0.6 to 0.6 Volts
by scan rate of 10 mVS-1 and the mild steel which
used as working electrode was made with exposure
Table 1.Chemical composition of mild steel

area of 1 cm2 and then immersed in a different sample
of hydrochloric acid.

Element C Mn P

Si

S Cr Ni Fe

Weight% 0.158 0.495 0.060

0.157

0.062 0.047 0.006 rest

According to the experiments, the metal surfaces
were abraded by different grades of papers (1200 —
2000) then degreased with AR-grade acetone then
rinsed with deionized water and inserted in the test
solution.

Parameters including corrosion potential (Ecorr),
Corrosion current density (Icorr) were identified by
Tafel curves extrapolation.

FTIR Nicolet Magna 5PC spectrophotometer
(Thermo Fisher Scientific) was used to measure IR
spectrum to identify the functional groups in the new
synthesized resins and compounds.

2.2. Chemicals
Chitosan with average molecular weight of 160000
g. Mol-1 and glutaraldehyde, were purchased from
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Sigma Aldrich Co. Hydrochloric acid (30 — 34) % was
purchased from EI-NASR Co.

2.3. Synthesis of modified
Chitosan resin

Two gram of Chitosan was dissolved in 100 ml of
acetic acid solution (1%) on cold for about half hour,
then the addition of 20 ml drop by drop of
gluteraldehyde solution (1gm of gluteraldehyde
dissolved in 20 ml methanol) then stirring for about 2

hours on cold by using a magnetic stirrer.

Gluteraldehyde

Then reflux in water bath (60°C - 70°C) for 12
hours. After complete precipitation of CH-
gluteraldenyde, we performed addition steps of
washing and filtration to maintain the purity of the
compound.

1% acetic acid
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Figure 1. Synthesis of gluteraldehyde chitosan

3. Results and Discussion

3.1. FTIR Spectrum explanation

The FTIR spectrum of chitosan shows broad band
at [3428-3440] cm-1 related to the OH functional
group, the cyclic C-O-C group appears at [810-950]
cm-1, the bands of [1070-1080] are related to C-O
vibration and the new synthesized compounds as
shown in fig. 2 clarifies the successful formation of

Egypt. J. Chem. 66, No. 8. (2023)

Schiff base in stretching bands of C=N at 1615-1650
cm-1 in addition to disappearance of any aldehydic
group.

FTIR Spectrum of glutaraldehyde Chitosan: The
schiff base stretching peak vibration appears at
1629.55 cm-1 with low transmittance in comparison to
other synthesized derivatives duo to the high
availability (two groups).
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3.2. Potentiodynamic polarization

Potentiodynamic polarization curves of mild steel
in 0.24 M HCl in the absence and presence of different
concentration polymers are given in Figure (3). The
potentiodynamic

studied. Corrosion potential (Ecorr), anodic Tafel
slopes (Ba), cathodic Tafel slopes (Bc) corrosion
current density (Icorr) and inhibition efficiency (%IE).

polarization parameters were
— Chitosan
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Figure 2. FTIR spectrum of chitosan and CH-gluteraldehyde

The inhibition efficiency was calculated using the
following equation:

IE % = (1 — (Iinh/Ifree)) * 100
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Where linh and Ifree are the corrosion current of
steel electrode in the presence and in the absence of
inhibitors, respectively. The IE% increases with the
increase of concentration as shown in table 2.

—— HCI

—— CH-Glu 200 ppm

—— CH-Glu 400 ppm

—— CH-Glu 600 ppm
CH-Glu 800 ppm
CH-Glu 1000 ppm

log | (mA/cm?)

Figure 3. Anodic and cathodic polarization curves of steel electrode in 0.24 M HCI solution containing different

concentration of Chitosan & CH-Gluteraldehyde at 25°C.
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Table 2. Corrosion parameters of steel electrode in 0.24 M HCI solution containing different concentrations of inhibitors.

Medium Conc. (ppm) Ba -Bc -Ecorr Icorr IE%
Free HC 72.3 161 468 0.7663 -

200 60.2 82 522 0.4815 37.2

400 54.3 65.2 530 0.2912 62

Chitosan 600 67.4 127 492 0.2492 67.5

800 47.2 81.97 516 0.2326 69.6

1000 56.6 61.9 529 0.1255 83.6

200 59.34 81 510 0.2876 413

400 87 78.5 528 0.2021 50.3

Gluteraldehyde 600 87.6 94.7 517 0.1322 66.9

800 79.2 102.5 511 0.10419 86.6

1000 95 104 499 0.0124 98.4

The degree of surface coverage (0) of steel surface coverage in found to increase with increasing

by the adsorbed of compounds is calculated using the
following equation.

6 =1— (Iinh/Ifree)
Where Ifree and linh are the corrosion current
densities in absence and presence of the additive’s
compounds, respectively. The degree of surface

concentration of the additives. Plotting of C / © against
Concentration of inhibitor (C) gives straight lines with
unit slopes. This indicates that the adsorption of the
inhibitors takes place following Langmuir adsorption
isotherm.

= Chitosan
1200 ® CH-gluteraldehyde -
-
L ]
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@ 800
o
-
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Intercept 184.062
Slope 0.91158
R-Square (COD) 0.95891

Figure 4.Langmuir adsorption isotherm of the adsorption of chitosan and CH-gluteraldehyde of the mild steel in 0.24M HCI

at 25°C.

The effect of temperature of the corrosion parameters
such as Icorr, Ecorr and IE% was a studied in
0.24 M HCI solution, containing 1000 ppm of
inhibitors over the temperature ranges of 25-65 °C.
The results showed that the variation of temperature
had almost no effect on the shape of the polarization
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curves. The data listed in Table 3 showed that, Ecorr
shifted to less negative values, whereas the values of
Icorr increased with the increase in temperature. This
indicates the accelerating effect of rising temperature
on the corrosion reaction. On the other hand, the
increasing in temperature decreases the inhibition
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efficiencies. This is attribute to the acceleration of

desorption process by increasing temperature.
Table 3.effect of temperature on the corrosion parameters of steel electrode in 0.24 M HCI and (0.24M Hcl + 1000ppm) of inhibitor.

Compound T(K) -Ecorr Icorr IE%
298 519.9 0.7663 0.0
308 509.9 0.7835 0.0
0.24 M HCI 318 506.5 0.8309 0.0
328 498.2 0.9335 0.0
338 494.8 0.9956 0.0
298 528.6 0.1255 83.6
308 527.4 0.2662 66
Chitosan 318 512.5 0.3881 53.3
328 518 0.4316 53.8
338 523.6 0.5218 47.6
298 522.9 0.0124 98.4
308 511.4 0.1919 75.5
Gluteraldehyde 318 487.6 0.2801 66.3
328 488.3 0.3346 64.2
338 466.8 0.4549 54.3
The corrosion reaction is regarded as a rate process A is Arrhenius factor and Ea is the apparent
which in given by Arrhenius equation. activation energy of the corrosion reaction. Plotting
log(Icorr) = log(A) — Ea/2.303RT the log (lcorr) versus (1/T) gave straight lines in Fig
5).
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Where Icorr represents the rate of corrosion reaction.

Figure 5. the relation between log (Icorr/T) and 1/T for steel electrode in 0.24 M HCI in absence
and presence of 1000 ppm of compounds

The other activation parameters were calculated using Where, R is the universal gas constant (8.314 J /

the transition state equation: mol.k), n is the Avogadro's number (6.02x102%), h is
Icorr _ A4S+ \ _ (_AHx the plank's constant (6.62x10%*m?kg/s) where AS*

log () = Qog(R/m) + (33557) — (i) g ( 2

and AH* are the entropy and the enthalpy change,
respectively plotting log ( Icorr/T) versus (1/T) gives
straight lines Fig (6).
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Figure 6. the relation between log (Icorr/T) and 1/T for steel electrode in 0.24 M HCl in
absence and presence of 1000 ppm of compounds

The obtained AG* values were also listed in Table (4)

Table 4. Activation parameters of the dissolution reaction of steel electrode in 0.24 M HCI solution in absence and presence

of 1000 ppm of compounds.
Compound Ea i i ae”
K.J/mol.k K.J/mol.k K.J/mol.k K.J/mol.K
Free HC 5.8 3.2 0.23686 73.78428
Chitosan 31.55 17.4 0.2 77
Gluteraldehyde 26.25 19.4 0.196 77.808

It is obvious that activation energy increases with the
presence of the inhibitor and that as a result of the
adsorption of the inhibitor on the surface of metal.
The positive sign of AH* expresses the endothermic
system of the corrosion process and the elevated
values of Ea* comparable to the values of AH* give
the indication of the gaseous nature of the corrosion
process that can be easily explained by the evolution
of hydrogen gas that accompanied with the volume
decrease of the reaction[14].

The negative values of entropy AS* refer to the
increase of order and that attributed to the formation

of metal-Chitosan complex which in turn decreases the
freedom of the system.

3.3. Surface Examination

SEM (Fig. 7) shows the formation of corrosive layer
in case of mild steel immersed in 0.24M HCI for 3 days
and the formation of protective layer by addition of
1000 ppm of our new synthesized chitosan derivatives
and immersed in 0.24M HCI for 3 days and it is
obvious that the metallic surface appears less affected
with corrosion.[15]

Figure 7. (a) SEM of mild steel surface (b) SEM of mild steel immersed in 0.24M HCI for 3 days. (c) SEM of mild steel immersed
in 0.24M HCI for 3 days with 1000 ppm of chitosan. (d) SEM of mild steel immersed in 0.24M HCI for 3 days with 1000 ppm
of CH-glutaraldehyde.

Egypt. J. Chem. 66, No. 8. (2023)
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EDX curves (Fig.8) shows the decrease in weight% of
oxygen and increase of weight% of Fe which reflects

the efficiency of the added inhibitors comparable to
the curve of mild steel in HCI.
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Figure 8. (a) EDX spectra of free mild steel. (b) EDX spectra of mild steel immersed in 0.24M HCI for 3 days. (c) EDX
spectra of mild steel immersed in 0.24M HCI with 1000 ppm chitosan for 3 days. (d) EDX spectra of mild steel immersed in

0.24M HCI with 1000 ppm CH-gluteraldehyde for 3 days.

4. Conclusion

In this paper, the effect of cross-linked chitosan
with glutaraldehyde on the corrosion behavior of mild
steel ~was studied using  electrochemical
measurements, and SEM. This work provides a
conclusion that the new synthesized CH-
glutaraldehyde gives a higher corrosion inhibition
effect for mild steel in 0.24M HCI in comparison to
Chitosan alone.

Potentiodynamic polarization curves and Energy
Dispersive X-Ray Analysis (EDX) results showed a
better corrosion behavior of chitosan coated substrates
in 0.24M HCI at 298 k with respect to bare mild steel.
Good inhibition efficiency (IE) has been found in
0.24M HCI solution reaches to 98.4%.
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