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Abstract: Synthesis of WSCI (Water Soluble Chitosan Inhibitor) from shrimp 

shell waste is carried out through demineralization, deproteination, and 

deacetylation processes. WSCI is obtained from monomer termination and 

H2O2 assistance. WSCI was characterized using Fourier Transform Infrared 

Spectroscopy (FTIR) and the degree of deacetylation was determined using 

the baseline method. The effect of adding WSCI to low carbon steel SS400 

with a 1 M HCl corrosive environment was studied using the weight loss 

method at various concentrations and temperatures. The overall results of the 

research show that WSCI synthesis used in the prevention of corrosion have 

an inhibition efficiency of up to 74.6% at a concentration of 200 ppm at a 

temperature of 28oC. Inhibition efficiency and corrosion rate are known to 

increase with increasing WSCI concentration and corrosion rate decreasing 

with increasing temperature. 
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1.  Introduction  

Carbon steel is widely used in industry because of the ease of construction, relatively 

low cost, and its raw materials are abundant in nature. In the past decade, world carbon 

steel production continued to increase due to increasing in consumption of carbon steel 

which varied depend on quality needs. Qualifications based on the percent of carbon and 

microstructure can be divided into 3, low carbon steel, medium carbon steel, and high 

carbon steel. For industrial needs, mild steel types such as SS400 structural steel are 

generally used. It is soft, ductile, malleable, designed for a long term service, and with a 

maximum carbon content of 0.2% (Riskin, 2008). This steel can be found on wire rod, 

ship plates, storage tanks, heat exchangers, transportation pipes, stelmor line, and so on 

(Wiewiórowska & Muskalski). 

In reality, carbon steel is susceptible to corrosion. Corrosion attacks the surface film 

layer of carbon steel caused by decreased pH, environmental alkalinity, or acidic ion 

(Arwati, 2018). For example, in surface facility pipelines, surface erosion will result in a 

type of pitting corrosion. The main cause is fluid flow which has more than two mixed 

phases. If not handled properly, corrosion will cause damage to failure. There are several 

methods to overcome corrosion, one of which is the addition of an inhibitor. Inorganic 

inhibitors such as nitrite chromate, zinc salt and polyphosphate are often found in industry 

(Makhlouf & Botello, 2018). Of the many inhibitors, Chromate shows the best results for 
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metal plating. However, these inhibitors are classified as dangerous which can cause 

health problems and environmental pollution (El-Enin & Amin, 2020). 

For this reason, an inhibitor that is more environmentally friendly (green inhibitor) is 

needed. For now, the green inhibitor with the highest inhibition efficiency (EI) in 

protecting mild steel is found in Azadirachta indica which reaches 98%. In addition, there 

are also Poinciana pulcherrima Cassia occidentalis with EI 96%, Pongamia glabra 89–

95% (Sakthivel et al., 1999) and Acacia arabica 93-97% (Shehata et al., 2018). Chitosan 

as a derivative of chitin compounds can actually be used in the prevention of corrosion 

(Saleh et al., 2017). One of the drawback is that chitosan is insoluble in water (Kahya, 

2018). These can limit the application of chitosan as corrosion inhibitor which mostly in 

aqueous solution.  

In this work, chitosan as a green inhibitor will be converted into water soluble chitosan 

inhibitor (WSCI) by adding a hydroxyl group. WSCI synthesis is carried out through the 

process of demineralization, deproteination, deacetylation, and changing the 

deacetylation product (chitosan). Fourier Transform Infrared Spectroscopy (FTIR) was 

done to confirm the functional group during synthesis. Moreover, the performance of the 

WSCI can be seen through the corrosion test with the weight reduction method on the 

SS400. The surface morphology of SS400 was determined by optical microscopy and 

Scanning Electron Microscopy (SEM) after immersion in the 1 M HCl environment.  

2.  Method  

2.1.  WSCI Synthesis 

Shrimp shells were cleaned with running water for 3 times, drained and dried at a 

temperature of 150 oC for 4 hours. The dry shells are mashed and weighed for 50 grams 

as the initial sample. In the demineralization stage, the initial sample was heated at 60-70 
oC with the addition of HCl 500 ml 1:10 (w / v) for 4 hours and stirred at 50 rpm. The 

samples were decanted and washed with distilled water until the pH became neutral. The 

drying process was carried out at 60 oC for 8 hours and then weighed. Crude chitin is 

reacted with NaOH 3.5% 1:10 (w / v) between the solvent and the sample in the 

deproteination process. The mixture was stirred and heated at a temperature of 60-70 oC 

for 1 hour with a stirring speed of 300 rpm. The samples were decanted and dried at 60 
oC for 8 hours. Chitin was weighed and characterized by FTIR. 

Deacetylation, the conversion of chitin to chitosan was carried out by adding 60% 

NaOH (ratio of chitin weight: volume of NaOH, 1: 10 (w / v)). The mixture was stirred 

and heated at 60-70 oC for 1 hour with a stirring speed of 300 rpm and decantation was 

carried out. The washing process with distilled water was carried out until it reached a 

neutral pH. Chitosan was dried at 60 oC for 8 hours. Dry chitosan was weighed and 

characterized by FTIR instrument. 

The deproteinated chitosan was then converted into water-soluble chitosan by adding 

2% acetic acid with the ratio of 1:10 (w / v). Stirring 140 rpm and heated to a sample 

temperature of 40 oC for 4 hours. H2O2 was added to the sample with the ratio of 1: 4 (w 

/ v). The sample turned into a filtrate with an acidic pH, 10% NaOH was added until the 

pH became neutral. The filtrate was cooled and acetone solvent was added twice the 
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volume of the filtrate. Samples are incubated for 10-12 hours until solids are formed. The 

solids obtained were separated from the solvent and dried in an oven at 50 ° C for 8 hours 

before they were cooled in a desiccator. The obtained WSCI was weighed and then 

characterized by FTIR. 

2.2.  Characterization 

The method of analyzing the characteristics of the research was carried out using the 

FTIR, Thermo Scientific Nicolet IS5 Mid-Infrared FT-IR Spectrometer with KBR which 

was used for deproteination and deacetylation testing in the process of making chitosan. 

2.3.  Specimen Preparation 

Mild steel SS400 (2.5 × 2.5 × 0.5) cm is cleaned using a grinding machine with 

sandpaper (120, 400, 600, 800, and 1000) grid. It is washed with ethanol and dried at a 

temperature of 50-60 oC for 15 minutes. Weigh it as initial weight (wo). 

2.4.  Weight Loss Measurement 

Immerse SS400 in 100 ml of 1 M HCl with the addition of WSCI (0, 50,100, and 200) 

ppm for (24,48, and 72) hours. Washing and drying processes are carried out after 

immersion in order to weigh the final weight (w). The calculation of the corrosion rate is 

determined by the equation: 

𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =
𝐾 × 𝑊

𝐷 ×  𝐴 × 𝑡
 

Where K is a constant (8.76 x 104 mm/year), W is the weight loss (g), D is the density 

of the metal (g⁄ cm3), A is the surface area of the corroded metal (cm2), and t is the duration 

of immersion (hour). 

Inhibition efficiency is the determination of the corrosion rate effectively. The 

calculation of inhibition efficiency can be determined by: 

𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑋𝑎 − 𝑋𝑏

𝑋𝑎
× 100% 

Where Xa is the corrosion rate without using an inhibitor (cm / year), and Xb is the 

corrosion rate using an inhibitor (cm / year) 

Sample yield calculation: 

% 𝑦𝑖𝑒𝑙𝑑 =
𝑆𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡𝑠 𝑟𝑒𝑠𝑢𝑙𝑡𝑠

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡𝑠
× 100% 

2.5.  Morphological Test 

The morphological test was carried out to determine the surface structure of SS400 

carbon steel before and after immersion or to determine the effect of inhibitors on the 

corrosion rate. This morphological test was carried out with an ZEISS ZEN Microscope 

and Phenom Pro-X Pharos Desktop Scanning Electron Microscope. 
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3.  Result and Discussion 

3.1.  Demineralization 

The impurity content of shrimp shells in the form of CaCO3 and Ca3(PO4)2 is 45-50%  

(Mursida, 2018).  The loss of CaCO3 and Ca3(PO4)2 minerals are assisted by an acid 

solution by changing the color of the solution which turned blackish brown and formed 

CO2 gas. 

𝐶𝑎𝐶𝑂3 (𝑠) + 2𝐻𝐶𝑙 → 𝐶𝑎𝐶𝑙2(𝑙) + 𝐶𝑂2(𝑔) + 𝐻2𝑂(𝑙) 

𝐶𝑎3(𝑃𝑂4)2 (𝑠) + 6𝐻𝐶𝑙 (𝑙) → 3𝐶𝑎𝐶𝑙2(𝑙) + 2𝐻3𝑃𝑂4 (𝑙) 

The final sample mass obtained in this demineralization process was 11.867 grams. So 

that the yield obtained reached 23.73%. 

3.2.  Deproteination 

Proteins that are covalently bound to chitin compounds will dissolve in alkaline 

solvents. The base used has a concentration limit that is allowed, if it exceeds, it will 

trigger a deacetylation reaction (Kumari et al., 2015).  Stirring and heating are carried out, 

none other than in order to speed up the process of binding the ends of the protein chain 

with NaOH, so that the protein settles completely. Physically, there is a thickening during 

the reaction, which is caused by the formation of sodium proteinate (Dompeipen, 2017). 

The final weight obtained from the deproteination process is 5.6623 grams. So that the 

yield resulting from the deproteination process reached 50.32%. 

𝑅 − 𝐶𝐻(𝑁𝐻2) − 𝐶𝑂𝑂−(𝑠) + 𝑁𝑎𝑂𝐻 (𝑎𝑞)

→ 𝑅 − 𝐶𝐻(𝑁𝐻2) − 𝐶𝑂𝑂𝑁𝑎 (𝑎𝑞) + 𝐻2𝑂(𝑔) 

3.3.  Deacetilation 

Deacetylation is the stage of converting chitin into chitosan through the hydrolysis 

process (Kaczmarek et al., 2019). The chitin compound undergoes removal of the acetyl 

group from (-NHCOCH3) which is replaced by an amine group (-NH2) in the chitosan 

compound through the addition of a concentrated base, NaOH 60%. The final weight of 

deacetylation results shows the number 2.8966 grams. So that the yield obtained is 

51.16%. 

 
Chitosan synthesis is success if DD (deacetylation degree) value of more than 50% by 

drawing a baseline on the FTIR graph of chitosan compounds (Salas et al., 2017). In this 

experiment DD value obtained is 53.28 %. This value indicate that chitosan synthesis was 

successful. 
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3.4.  Converting Chitosan into WSCI 

The stages of converting chitosan into WSCI with the help of H2O2 are based on 

environmentally friendly reasons and the safe nature of H2O2 from the resulting residue. 

H2O2 has a role in producing carboxyl groups and accelerating the deamination process 

(chitosan depolymerization). The role of H2O2 is to produce HOO- anion which is very 

unstable and will turn into a highly reactive hydroxyl radical. 

The preparation of WSCI depends on increasing the concentration of H2O2. The higher 

the concentration of H2O2 added, the higher the solubility level of WSCI will be. The high 

solubility is supported by the breaking of the glycosidic bonds in chitosan, so that the 

final molecular weight of the WSCI compound will be lighter (Chamidah et al., 2019). 

The event that occurs is that H2O2 will break down into radical hydroxyl groups, with the 

following mechanism: 

𝐻𝑂𝑂− → 𝑂𝐻− + 𝑂∎ 

𝐻2𝑂2 + 𝐻𝑂𝑂− → 𝐻𝑂∎ + 𝑂2− + 𝐻2𝑂 

The reaction takes place very rapidly when it encounters polysaccharides, or by 

attacking hydroxyl radicals on the glycosidic bonds of chitosan. The breaking of the 

glycosidic bonds takes place by binding to H atoms and forming water, so that in the end 

water-soluble oxidation occurs and produces WSCI in the form of a filtrate. 

Based on the FTIR graph in Figure 1, the wave numbers 3589 and 3394 cm-1 indicate 

the presence of vibrations of the -OH and -NH2 groups in the chitin compound. After 

conversion chitin to chitosan the NH group have the higher intensity due to the addition 

of NH2 in the reaction seven. The bands due to NH of the amide group at 3118 cm−1 in 

chitin are disappearing in chitosan (Velde & Kiekens, 2004). The peaks due to -CH 

functional group are observed at 2928 cm-1 and 2869 cm−1 for chitin and chitosan, which 

slightly weak in WSCI. The band at 1659 cm-1 in chitin which was attributed to CO amide 

group also show decreasing in intensity on chitosan and WSCI, while the band at 1566 

cm-1 show slightly increase on the conversion from chitosan to WSCI. 

 

Figure 1. FTIR Spectra of Chitin, Chitosan, and WSCI. 
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4.  Corrosion Test 

The WSCI corrosion test was carried out at three different concentrations 50, 100, 200 

ppm by comparing the blanks. So that the inhibition efficiency increases along with the 

increasing of WSCI concentration. The highest inhibition efficiency value reached 74.6% 

at a concentration of 200 ppm. The increase in the value of inhibition efficiency shows 

that the surface coverage has increased from the inhibitor molecules adsorbed on the 

surface of mild steel. Surface coverage is the number of amine molecules present on the 

metal surface after the addition of an inhibitor. Temperature is a parameter to determine 

the metal dissolution process and to assess the stability of the WSCI film formed on the 

carbon steel surface. Obviously, the figure 2 shows that the height of the test temperature 

increases, the inhibition efficiency obtained will decrease due to metal dissolution and 

desorption inhibitors. This is reinforced by a picture showing an increase in the corrosion 

rate with increasing temperature.  

 

Figure 2. Concentration vs Inhibition Efficiency (a) Temperature vs Inhibition Efficiency and (b) Corrosion Rate.  

5.  Mild Steel Surface Morphology Test Results  

 

Figure 3. The results of optical microscope test on various temperature and various concentration of WSCI. 
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Macro test (Figure 3) with an optical microscope cannot clearly show the corroded 

part. However, it can compare between treatments with one another. From the picture it 

is clear that the lighter part of the carbon steel is the part of the iron that is free from 

corrosion, which is not coated with an oxide layer. Meanwhile, black spots indicate 

corrosion products in the form of pitting corrosion. The greater the concentration of WSCI 

that is added, the black spots as an indication of corrosion will decrease. However, with 

increasing temperature, black spots were found spread over almost the entire surface of 

the SS400. 

 

Figure 4. surface of SS400 before immersion (a) Surface of SS400 after immersion with the addition of 200 ppm 

WSCI (b) Layer of film on the surface of SS400 with the addition of 200 ppm WSCI. 

 

Secondary electron analysis generated by SEM resulted in the topography of the 

sample being tested. The image results from SEM show differences in dark and light 

colors due to differences in surface height. In Figure 4 (a), the surface of the SS400 is 

mostly light colored and there are black spots. This hole defect will trigger the 

acceleration of corrosion. In Figure 4 (b), the surface of the SS400 is dark and indicates 

the type of pitting corrosion. this shows the corrosion resistance of the WSCI film coating 

in Figure 4 (c). Figure 4 (c) shows the presence of a film layer formed by the addition of 

WSCI which is hydrophobic (Dwivedi et al., 2017; Hajji et al., 2014). These film layers 

are bonded to each other to cover the entire surface of the SS400. 

6.  Conclusion 

Based on the discussion that has been described, it is concluded that the DD value of 

WSCI (Water Soluble Chitosan Inhibitor) synthesis from shrimp shell waste is 53.28%, 

the addition of WSCI can reduce the corrosion rate of SS400 carbon steel with the best 

concentration of 200 ppm using the weight reduction method. In addition, the resulting 

inhibition efficiency of WSCI has decreased and the rate of corrosion has increased with 

the addition of operating temperature, and the optimum resistance efficiency is 74.61% 

at a temperature of ± 28 oC. 
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