
 

 
 Original Article 

.418-409) (2025) 4Cite This: Colloid & Nanoscience Journal 2(  CNJ.araku.ac.ir 

 

 

 409 Colloid Nanosci. J., 2(4) (2025) 409-418. 

 

Corresponding author: 

 Mohammad Noor Mohammad Beigi 

 Email:  mbeygi.ir@gmail.com 
  

 

Anticorrosion study based on the film formed by a green nano-

assembled aspartic amino acid-reinforced polysaccharide 

monolayer; Thermodynamic study 
 

Mohammad Noor Mohammad Beigi1*, Hasan Noor Mohammad Beigi2 

 

Received: 2025-02-12 

Revised: 2025-02-30 
Accepted: 2025-02-30 

DOI: 10.61186/CNJ.2.4.409 

Abstract 
   This work is intended to introduce a novel combination of aspartic amino 

acid and polysaccharide, which both act as corrosion inhibitors. Here, a 

corrosion inhibitor composition prepared by a cationic 

cetyltrimethylammonium bromide surfactant (CTAB) based-colloid system 

and an anticorrosion film formed by a nano-assembled aspartic-reinforced 

polysaccharide monolayer on the aluminum substrate surface were 

investigated. The complex dynamics of ionic interactions in aspartic acid in 

modulating micellization of CTAB and their impact on surfactant behavior in 

CTAB/aspartic amino acid systems is a highlight and novelty of this work and 

is characterized by DLS analysis. This discussion is believed to provide a 

framework to facilitate a better understanding of particular aspects of the 

corrosion limitations. The obtained results of the anti-corrosion study reveal 

that the corrosion inhibitor prepared based on the CTAB colloid solution 

system has high performance compared to the bulk of aspartic acid and 

polysaccharide. The effect of temperature and inhibitor concentration were 

investigated and based on the surface coverage (θ), the equilibrium constant of 

adsorption (K), the standard free energy (ΔG°ads), the standard enthalpy 

(ΔH°ads), and the entropy of adsorption (ΔS°ads) were calculated. 
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1. Introduction 

   Corrosion engineering is an engineering specialty that applies scientific, technical, and engineering skills, and 

knowledge of natural laws and physical resources to design and implement materials, structures, devices, systems, 

and procedures to manage corrosion [1]. A corrosion inhibitor or anti-corrosive is a chemical compound added to 

a liquid or gas to decrease the corrosion rate of a metal that comes into contact with the fluid [2]. The effectiveness 

of a corrosion inhibitor depends on fluid composition and dynamics [1]. Corrosion inhibitors, when added in small 

quantities, reduce or completely prevent the corrosion process. They may be anodic, cathodic, or mixed type 

depending upon whether they control the anodic reaction, the cathodic reaction, or both anodic and cathodic 

reactions [3]. Natural corrosion inhibitors such as polysaccharides have gained significant attention in recent years 

due to their eco-friendly, cost-effective, and sustainable nature [4]. Among polysaccharides, active carboxyl 

groups include, for example, carboxymethyl cellulose and its sodium salt. The availability, environmental 

friendliness, thermal stability, and biodegradability of Na-carboxymethyl cellulose justify the development of new 

directions for its application [5,6]. Organic compounds containing heteroatoms (such as N, S, P, O) and multiple 

bonds in addition to some functional groups are considered to be the most effective corrosion inhibitors. It's also 

been reported that organic compounds containing -OH, -COOH, NH2, etc. are excellent corrosion inhibitors, 

especially in acidic media. Amino acids are environmentally friendly compounds [7]. They are completely soluble 

in aqueous media, can be produced with high purity at low cost, and are non-toxic. These properties would justify 

using them to inhibit corrosion. Aspartic acid can be used as an efficient corrosion inhibitor [8,9]. A colloid system 

is a mixture in which one substance consisting of microscopically dispersed insoluble particles is suspended 

throughout another substance [10-14]. Surfactants are widely used to form nano micelles as nanoreactor as soft 

templates to control the size and morphology of nanodroplets [15-18]. 
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   In this study, a green nano-assembled aspartic amino acid-reinforced polysaccharide is examined as a corrosion 

inhibitor for the aluminum surface in 1.0 HCl solution at 20, 30, 40, and 50 °C using the weight loss measurement. 

In this study, first, a nanocolloid of amino acid was prepared based on the cetyltrimethylammonium bromide 

surfactant (CTAB) surfactant nanomicelles. It was found that nano-assembled aspartic amino acid-reinforced 

polysaccharide possesses an excellent corrosion-inhibiting effect at the studied conditions compared to pure 

polysaccharide and aspartic acid as a control sample.  The effect of temperature and inhibitor concentration were 

investigated and based on the surface coverage (θ), the equilibrium constant of adsorption (K), the standard free 

energy (ΔG°ads), the standard enthalpy (ΔH°ads), and the entropy of adsorption (ΔS°ads) were calculated. The nano-

assembled aspartic amino acid-reinforced polysaccharide is a promising active compound for the formulation of 

acidizing corrosion inhibitors. 

 

2. Experimental 

2.1. Materials 

Methyl cellulose Polysaccharides (3500-5600 mPa·s) as a hydrophilic white powder was purchased from 

tcichemicals Co.   CTAB surfactant, CaCl2 and HCl were purchased from Merck CO. Aspartic amino acid was 

purchased from Danapharmedco. Glyceryl was purchased from Sadrashimi Co. 

 

2.2. Preparation of a nano-assembled aspartic amino acid-reinforced polysaccharide 

corrosion inhibitor 

   First, a solution of the aspartic amino acid (900 ppm) was prepared by dissolving appropriate amount in 100 mL 

CTAB/water (0.02 M) and was stirred for 30 min for the formation a stable/clear solution [19,20]. For the 

preparation of a nano-assembled aspartic amino acid-reinforced polysaccharide corrosion inhibitor solution, an 

amount of polysaccharide hydrogel solution was formed by adding polysaccharide with a concentration about 75 

Wt.% to the CTAB Nano micelles contained amino acid by   adjusting the pH of the prepared solution about 10. 

Then a glyceryl linkage coupling agent (60 mg) was added and stirred for about 30 min, keeping the formed 

viscous reinforced polysaccharide solution in an inert environment until CaCl2 (24 mg) was added. The prepared 

hydrogel solution is ready to use for anti-corrosion study. 

 

2.3. Characterization 

   DLS analysis was used to determine the Z-average and particle size distribution histogram of nano-assembled 

aspartic amino acid-reinforced polysaccharide corrosion inhibitor using Better size Nanoptic 90. DLS is a fast and 

non-invasive tool used to measure particle size, size distribution and stability in solutions or suspensions. 

 

2.4. Corrosion study based on the weight loss measurements 

    Before weight loss testing, the samples were mechanically abraded with Emery paper from 60 to 800 grits. The 

samples were thoroughly cleaned with distilled water, degreased with acetone, and dried at room temperature in 

a desiccator. The initial weight of the samples was noted and recorded. The pre-weighed samples in triplicate 

were submerged in a 1M HCl solution without and with various inhibitor concentrations (200 ppm, 400 ppm, 600 

ppm, and 800 ppm) at several temperatures (20°C, 30 °C, 40 °C, and 50 °C) for 48 h. After the immersion process, 

the samples were removed, cooled to room temperature, dipped in a pickling solution (zinc dust + NaOH solution) 

for 1 min, washed with distilled water, then degreased with acetone, dried, and re-weighed. The corrosion rate (v) 

and the inhibitor efficiency (%) of nano-assempbled inhibitor and rate of corrosion (RC) were calculated using 

Equations (1) and (2), respectively [21]. 

Inhibitor efficiency (%) =
weight loss(blank)−weight loss (inhibitor)

weight loss (blank)
 × 100       (1) 

Rc =
W

A.t
             (2) 

and wherein W is the weight loss of aluminum, A is the surface area of the aluminum substrate, t is the exposure 

time. 

The surface coverage, was calculated using Eq. (3): 

θ = Inhibitor efficiency /100         (3) 

To confirm the successful adsorption and coverage of the monolayer on the substrate surface, thermodynamic 

parameters and adsorption isotherms were also calculated. The equilibrium constant of adsorption (K), the 
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standard free energy (ΔG°ads), the standard enthalpy (ΔH°ads), and the entropy of adsorption (ΔS°ads) were 

calculated as follows [21]: 

The linear form of the Langmuir isotherm relates C/θ to C in the following way: 
𝐶

θ
=

1

𝐾
+ 𝐶             (4) 

wherein C is the concentration of reinforced inhibitor, and θ is the fraction of surface covered and calculated from 

the inhibition efficiency. The equilibrium constant of adsorption (K) determined from Equation (4) at different 

temperatures is used in the following Equations 5-7 [21] to determine ΔG°ads (KJ/mol), ΔH°ads (KJ/mol), and 

ΔS°ads (J/mol K) respectively, as summarized in Table 2. 

ΔG°ads = −RTln(55.5K)           (5) 

𝑙𝑛𝐾 =
−ΔH°ads 

𝑅𝑇
+ 1           (6) 

𝑙𝑛𝐾 =
−ΔH°ads 

𝑅𝑇
+ (

ΔS°ads 

𝑅
− 𝑙𝑛55.5 )         (7) 

 

3. Results and discussion 

3.1. DLS 

   Fig. 1 (a and b) presents the DLS analysis of aspartic acid based CTAB nanocolloid and nano-assembled aspartic 

amino acid-reinforced polysaccharide inhibitor, respectively. DLS particle size analyzers are used to measure the 

size of very small particles (0.6 nm to 6 um) in solution. The particle size range of DLS depends on the properties 

of the analyzed species, such as refractive index or density, as well as the surrounding formulation, mainly the 

viscosity. As can be seen, it is clear that the amino acid nanocolloid droplet size controlling is mainly dependent 

on surfactant, and when the CTAB surfactant concentration is 0.01 the nanodroplet particle size is 92 nm (Fig. 1-

a). Based on intensity fluctuations of laser light scattered by the molecules/particles, moving in Brownian motion, 

the diffusion coefficient is determined and converted to particle size via the Stokes-Einstein equation. DLS can 

determine the hydrodynamic size of protein monomers, small aggregates in the nanometer range and partially also 

particles in the high nanometer/low micrometer range. The amino acid nanocolloid has excellent particle size 

distribution and monodispersity with the Z-average of 80 nm due to use of surfactant and micelles formation as 

nanocarrier [22-25].  Based on the Fig. 2-b, in the nano-assembled aspartic amino acid-reinforced polysaccharide 

inhibitor, the particle size is 1790 nm. 

 

 

Fig. 1. DLS analysis of (a) aspartic 

acid based CTAB nanocolloid and 

(b) nano-assembled aspartic amino 

acid-reinforced polysaccharide 

inhibitor 
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3.2. Anti-corrosion study 

   Fig. 2, presents the inhibition efficiency of nano-assembled aspartic amino acid-reinforced polysaccharide 

compared to the pure amino acid and methyl cellulose at room temperature while the concentration of inhibitors 

were adjusted at 800 ppm. As can be seen, the inhibition efficiency is more for nano-assembled aspartic amino 

acid-reinforced polysaccharide compared to the pure amino acid and methyl cellulose due to the synergistic effect 

of the nanomicelles contained- amino acid and methyl cellulose.  

 

 

 
Fig. 2. The inhibition efficiency of nano-assembled aspartic amino acid-reinforced polysaccharide compared to 

the pure amino acid and methyl cellulose at room temperature with the inhibitor's concentration of 800 ppm after 

48 h, (control study without each sample shows inhibition efficiency of 5.2%). 

 

 

    Based on the Fig. 3, it is clear that the inhibition efficiency of nano-assembled aspartic amino acid-reinforced 

polysaccharide monolayer, covering a surface of a substrate increases exponentially at a high nano-assembled 

aspartic amino acid-reinforced polysaccharide concentration and relatively low temperatures. Such inhibition 

increase denotes better-orientated monolayer constituents (i.e., zwitterion and reinforced nano-assembled aspartic 

amino acid-reinforced polysaccharide layers) over the substrate surface, and describes successive building up 

layer-by-layer of an anticorrosive shield over the substrate surface, hence configuring the surface to resist severe 

corrosive environments for prolonged time periods. It must be noted that the colloid system of amino acid with 

good monodispersity and shape/size form a uniform particle of nano-assembled aspartic amino acid-reinforced 

polysaccharide and this phenomenon caused to obtain a homogeneous layer on the surface of aluminum [26-29].  
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Fig. 3.  Covering the surface of a substrate with nano-assembled aspartic amino acid-reinforced polysaccharide 

with better-orientated monolayer constituents (zwitterion and reinforced nano-assembled aspartic amino acid-

reinforced polysaccharide layers) over the substrate surface, and describes successive building up layer-by-layer 

of an anticorrosive shield over the substrate surface 

 

 

3.2.1. The effect of temperature and inhibitor concentration  

   It is also shown in Table 1 and Fig. 4, that inhibition efficiency and Rc decrease with rises in the system 

temperature and increase with rises the inhibitor concentration. The increase of inhibition and Rc with rises in 

inhibitor concentration is as expected considering the fact that the rate of a chemical reaction to produce film on 

the surface is accelerated at lower temperatures. Nevertheless, the decrease in inhibition and Rc is at a greater 

magnitude in the 1 M HCl solution without nano-assembled aspartic amino acid-reinforced polysaccharide as 

control sample than in the solution containing nano-assembled aspartic amino acid-reinforced polysaccharide, 

indicating the inhibiting effect of nano-assembled aspartic amino acid-reinforced polysaccharide with synergistic 

effect of polysaccharide and aspartic acid immobilized in CTAB nanomicelles [30-33]. The increases in θ and 

inhibition efficiency with rises in inhibitor concentration are characteristics of an organic inhibitor that is adsorbed 

via a chemisorption mechanism with film forming [34,35]. Chemisorption involves an exchange of electrons 

between specific surface sites and inhibitor molecules or the transfer of electrons from the inhibitor molecule to 

the vacant orbital of the absorbent, resulting in the formation of chemical bonds. Chemisorption bonds are stronger 

and more stable at high temperatures. The monolayer formation on the aluminum surface is meant to confirm and 

strengthen the firmness of the monolayer against a severe corrosive acidic environment for a prolonged time of 

exposure. Referring to Fig. 4, the shown inhibition efficiency values indicate that maximum inhibition (≈100%) 

is obtained for the 800 ppm reinforced polysaccharide concentrations. After the passage of about 48 hours, the 

monolayer is still preserving its skeleton, and no complete destruction or collapse of the bilayer occurred. This 

provides evidence on the strong intermolecular cohesive and adhesive forces within the bilayer itself and with the 

aluminum surface, which indicates the superior protection of the monolayer and the bilayer against a severe 

corrosive environment for a prolonged time period [21]. 
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Table 1. The corrosion rate (v) and the inhibitor efficiency (%) of nano-assempbled inhibitor and rate of corrosion 

(RC) were calculated using Equations (1 and 2) at different temperature 

 

Corrosion inhibitor 

concentration 

(ppm) 

Temperature 

(K) 

Normalized weight 

loss 

(mg cm−2) 

Rate of corrosion, 

(RC) × 106 

(mg cm−2 s−1) 

0 

293 1.59 447 

303 2.78 802 

313 6.42 170 

323 6.76 181 

200 

293 0.145 46.3 

303 0.28 80.5 

313 0.99 289 

323 2.01 553 

400 

293 0.0543 14.6 

303 0.64 17.2 

313 1.02 27.8 

323 1.35 35.3 

600 

293 0.0302 5.77 

303 0.0410 10 

313 0.93 229 

323 0.789 241 

800 

293 0.00408 1.54 

303 0.0296 8.5 

313 0.842 237 

323 0.541 181 

 

 

 
Fig. 4. Inhibition efficiency of nano-assembled aspartic amino acid-reinforced polysaccharide at different 

temperatures and inhibitor concentrations 
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3.2.2. Thermodynamic study 

   Thermodynamics is the study of the relations between heat, work, temperature, and energy. The laws of 

thermodynamics describe how the energy in a system changes and whether the system can perform useful work 

on its surroundings. Apparently, with nano-assembled aspartic amino acid-reinforced polysaccharide the absolute 

value of standard free energy of the adsorption of the anticorrosion film monolayer is in a range of 23-25 kJ/mol, 

which confirms that the monolayer adsorption on the metal surface is a physical adsorption process. In addition, 

at 50° C, the ΔS°ads value decreased due to high surface energy that favors desorption of the monolayer (less 

entropic) and adsorption of water molecules (more entropic) on the metal surface as follows [21]: 

 

Inhibitor's Macromolecules(sol.) + H2O (ads.) ⇄ Inhibitor's Macromolecules(ads.)H2O(sol) 

 

Table 2.  The equilibrium constant of adsorption (K) determined from Equation (4) at different temperatures and 

calculated determine ΔG°ads, ΔH°ads, and ΔS°ads from Equation (5-7)   

 

Temperature 

(K) 

K 

(L g−1) 
r2 

ΔG° 

(kJ mol−1) 

ΔH° 

(kJ mol−1) 

ΔS° 

(J mol−1 K−1) 
 

293 24.7 1.000  −24.1 

−8.65 

57.2 

303 20.5 0.978 −25.0 56.4 

313 18.2 0.989 −26.1 55.1 

323  7.9 0.993 −23.9 49.3 

 

3.2.3. Proposed mechanism 

   As can be seen form Fig. 3, which schematically illustrates how the aluminum oxide layer on the surface 

interacts with water to form a hydroxylated aluminum layer. The hydroxylated aluminum groups could be 

protonated or deprotonated depending on a selected pH value of the aqueous solution. Such protolytic equilibrium 

of hydroxylated aluminum can activate the aluminum surface with either positively or negatively charged ions. 

The zero -charge potential for the resultant aluminum surface lies between a pH of 6 to 9. Therefore, at pH=10, 

the aluminum surface is activated with negatively charged ions (Al—O−), while at pH=5, the aluminum surface 

is activated with positively charged ions [21]. a monolayer can be performed by dissolving inhibitor in distilled 

water and adjusting the pH of the solution to a pH of about 8.5, and soaking sheets of the substrate (aluminum 

with Al—O− surface) in solution. the amino acid in nanomicelles at a pH of about 8.5 is deprotonated from the 

carboxylic acid leading to a negative side of the carboxylate ion, and as a result a simultaneous attraction occurs 

of aluminum surface ions to the free partially positive hydrogen atoms of the amine groups in the aspartic acid, 

leading to the formation of a zwitterion layer over the substrate surface. Consequently, the negative side of the 

carboxylate ion of the aspartic acid will be oriented toward the solution. Surface of the polysaccharide 

microspheres are deprotonated at a pH of about 10, which can interact with a glyceryl linkage (C3H5ClO) to form 

a 3D network. The coupling of polysaccharide microspheres into the growing chain continues irregularly until 

reinforced methyl cellulose clusters are formed. The addition of calcium ions (Ca2+)) cross-linked the zwitterion 

layer with the free methyl cellulose clusters and eventually formed a nano aspartic acid-reinforced methyl 

cellulose monolayer over the aluminum surface. 

 

4. Conclusion 

   Here, a corrosion inhibitor composition based on the aspartic amino acid and methyl cellulose polysaccharide, 

which both act as corrosion inhibitor was introduced.  A cationic cetyltrimethylammonium bromide surfactant 

(CTAB) based-colloid system was used to prepare nanomicelles of amino acid to control morphology and size of 

nanodroplet and characterized with DLS analysis. An anticorrosion film formed by a nano-assembled aspartic-

reinforced polysaccharide monolayer on the aluminum substrate surface and inhibitor efficiency for all conditions 

based on the weight loss were measured. The complex dynamics of ionic interactions in aspartic acid in 

modulating micellization of CTAB and their impact on surfactant behavior in CTAB/aspartic amino acid systems 

is a highlight and novelty of this work. This discussion is believed to assist can be provided a framework to 

facilitate a better understanding of particular aspects of the corrosion limitations. The obtained results of anti-

corrosion study reveal that the corrosion inhibitor prepared based on the CTAB colloid solution system has high 
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performance compared to the bulk of aspartic acid and polysaccharide. The effect of temperature and inhibitor 

concentration were investigated and based on the surface coverage (θ), the equilibrium constant of adsorption (K), 

the standard free energy (ΔG°ads), the standard enthalpy (ΔH°ads), and the entropy of adsorption (ΔS°ads) were 

calculated. The obtained results indicate that coating type could prolong the life time of aluminum in aggressive 

Cl− ion-containing solution, combining the protection effect of sacrificial inhibitor with barrier nanomicelles of 

amino acid and active polysaccharide protective effects. 
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