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1- Introduction

In recent years, the polymers have been considered as
effective inhibitors of the corrosion process of various
metals. Natural polymers as economically affordable
inhibitors recently have attracted lots of attentions. The
agar gel composition, which can be extracted from
seaweed, contains two polysaccharides called agarose and
agaropectin. Agarose has high solubility in water due to its
hydroxyl and ether groups. The presence of a significant
number of oxygen heteroatoms in the structure of this
neutral polymer increases the electron density around the
molecule and hence, agarose can be a suitable inhibitor for
preventing metal corrosion in aqueous environments. On
the other side, the presence of halides in the polymer
structure improves their inhibitory efficiency against metal
corrosion. The large radius of the halide ion makes it easier
to polarize and improves the adsorption of the inhibitor on
the metal surface. The electron density of halides makes
them a good electron donor. Among the different halides,
iodide with a large radius and low electronegativity could
be considered as a suitable choice for inhibitor production.
Accordingly, in the current research the agarose was used
as a polymeric inhibitor of iron corrosion in acidic media;
and the improvement of its inhibitory activity in the
presence of different ratios of iodide were investigated.

2. Experimental

Inhibitor samples were prepared by mixing agarose and
potassium iodide in 0.5 M hydrochloric acid for 4 h with
different mass ratios of agarose to Kl as 0:4, 1:3, 2:2 and
3:1 and were named AG, AG-l, AG-2l and AG-3I,
respectively. At the end of the mixing time, the obtained
precipitates were filtered using a Buchner funnel and grade
1 Whatman filter paper and washed with double distilled
water to remove excess acid concentrations. The
precipitates were dried at 50°C for 12 h. Iron pieces with a
thickness of 1 mm and an area of 1 x 1 cm? were cut and
were mechanically polished with 150 to 2000 grit
sandpaper. Acetone was used to remove organic

contaminants from the iron surface. Gravimetric and
microscopic studies were performed on these samples. A
three-electrode  system connected to a SAMA
electroanalyzer was used for open circuit potential (OCP)
and Tafel polarization analysis. An N302 Atuo lab PG
STSTE instrument was used for electrochemical
impedance spectroscopy. The morphology of the iron
surface was examined using a scanning electron
microscope (SEM). The topography of the iron samples in
the presence of inhibitors was monitored using an atomic
force microscope (AFM).

3. Result and Discussion

The results of polarization studies for iron samples with a
unit surface area in 0.5 M sulfuric acid in the presence of
inhibitors are given in Table 1.

Increasing the iodine to agarose ratio in the inhibitor
structure increases the electron density and enhances the
inhibitor performance. The presence of the inhibitor
changes the slopes of the anodic and cathodic branches of
the Tafel curve. According to Table 1, the simultaneous
change in the anodic and cathodic slopes with increasing
inhibitor concentration confirms the effect of the inhibitor
on both half-reactions of corrosion. It is concluded that the
introduced inhibitors are of mixed type. Electrochemical
impedance spectroscopy was investigated for iron samples
in 0.1 M sulfuric acid solution in the absence and presence
of wvarious inhibitors at open circuit potential and
frequency range of 0.10-10 kHz. Based on the observed
results, the circuit [Rs(QRcr)] is proposed as the equivalent
circuit; where R represents the solution resistance, Rer is
the charge transfer resistance, and Q is a non-ideal
capacitor. The produced double layer planes between the
electrolyte, non-parallel  electrode surface and
heterogeneous and rough electrode plane resulted in the
unsymmetric and elliptical Nyquist semicircle; in other
words, a non-ideal capacitor has been formed.
Gravimetric studies were performed for iron samples in the
absence and presence of inhibitors at 20 °C for 2 h.

“Manuscript received September 17, 2024, Revised December 14, 2024, Accepted May 15, 2025.
! Graduated in applied chemistry ,Department of Chemistry, University of Sistan and Baluchestan, Zahedan, Iran.
2 Corresponding author: Assistant Professor, Department of Chemistry, University of Sistan and Baluchestan, Zahedan,

Iran. Email: z_yavari@chem.usb.ac.ir

3 Graduated in Applied Chemistry, Department of Chemistry, University of Sistan and Baluchestan, Zahedan, Iran.



https://jmme.um.ac.ir/article_46800.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://jmme.um.ac.ir/
https://doi.org/10.22067/jmme.2025.90558.1165
mailto:z_yavari@chem.usb.ac.ir
https://orcid.org/0000-0003-1049-0448

Zohreh Moradi, Zahra Yavari, Salameh Nematiyan

58

Table 1 - Tafel polarization parameters for iron corrosion in the absence and presence of 9 mg/l inhibitor in 0.5 M sulfuric acid

solution
Inhibitor | OCP Ecor Ba Be Rp lcor C.R. | %l.E. 0
(V) (V) (V/dec) | (V/dec) | (Q) | (mA/cm?) | (mpy)

Blank -0.600 | -0.681 0.10 0.12 55.28 0.389 177.67 - -
AG -0.585 | -0.687 0.08 0.10 78.40 0.235 107.43 | 39.59 0.36
AG-I -0.603 | -0.647 0.13 0.09 100.5 0.226 103.50 | 41.90 0.42
AG-2| -0.605 | -0.646 0.09 0.07 85.42 0.197 90.13 49.36 0.49
AG-3I -0.595 | -0.652 0.09 0.09 123.7 0.158 72.15 59.38 0.59

The mass loss in the presence of inhibitor was reduced
compared to blank solution. The order of inhibitory
efficiency was AG-3I>AG-2I>AG-I>AG. Adding KI
increased inhibitory efficiency of AG.

4. Conclusion

Agarose-iodide samples with different ratios were
prepared; and effect of iodide on agarose as iron corrosion
inhibitor was investigated in acid. As a result, the
inhibitory performance of agarose was significantly
improved in the presence of higher proportions of
potassium iodide. The results showed that the introduced
inhibitors are mixed inhibitors with physical adsorption
ability. EIS results showed that iodide-containing
inhibitors increased the charge transfer resistance by
changing the electrical double layer structure. EIS results
showed that iodide-containing inhibitors increased the
charge transfer resistance by changing the electrical
double layer. Based on the results of Tafel polarization, the
surface coverage for the four inhibitors AG, AG-I, AG-2I,
and AG-3I had an increasing trend of 0.36, 0.42, 0.49, and
0.59, respectively, at a concentration of 9 mg/l of the
inhibitor. It seems that the incorporation of iodide into the
polymer structure improves the electron density of the
polymer. Based on gravimetric studies at different
temperatures and the values obtained for AS#, in the
mechanism of the corrosion process in the presence of
inhibitors, the rate-determining step is the metal
dissolution step.
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The Synergistic Effect of lodide on the Inhibitory Activity of Agarose towards Iron Corrosion
Zohreh Moradi Zahra Yavari Salameh Nematiyan

Abstract In industry, the polymers are known as efficient corrosion inhibitors. Among them, the natural polymers are
of interest with easy access and low price. In the present work, the corrosion inhibition efficiency of agarose was
investigated due to the presence of numerous oxygen atoms in the structure, which are capable of protonation in acid.
The polarizability and electron density of agarose were enhanced by adding iodide to its structure. Therefore, the
corrosion rate of iron samples was investigated in sulfuric acid and the agarose - potassium iodide mixture with different
mass ratios (AG, AG:l, AG:2l and AG:3l) as inhibitors. The efficiency of four introduced inhibitors was compared with
different techniques such as: Tafel polarization, gravimetry, electrochemical impedance spectroscopy, atomic force
microscopy and scanning electron microscopy. Based on the gravimetric results in the presence of 0.5 g/l inhibitor, the
percentage of corrosion inhibition increased from 44.14% for AG to 88.68% for AG:3l. lodine-containing polymer to
improve surface Coverage acted as a mixed inhibitor by physically adsorbing on the surface and affecting the anodic and
cathodic half-reactions of corrosion. The presence of iodide in the structure of agarose increases the electron density of
the inhibitory polymer and strengthens its inhibitory function.

Keywords Agarose, Tafel Curve, Mixed Inhibitor, Gravimetric Analysis, Surface Coverage.
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