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Abstract 

Disposal of textile industrial effluents causes many environmental problems. The presence of 

chemical dyes in textile wastewater lead to the primary environmental pollution as well as the 

production of hazardous secondary compounds that are toxic and carcinogenic. In this study, 

Chitosan and Chitosan-zinc oxide (ZnO) nanocomposite were prepared and selected as a low-cost 

adsorbent with high adsorption capacity for removing reactive red 198 (RR 198) dye from 

contaminated. After preparation, it was characterized using Fourier-transform infrared 

spectroscopy [FT-IR], X-ray diffraction spectrophotometer [XRD], and scanning electron 

microscopy [SEM]. The effect of pH, temperature, time, adsorbent amount, and initial dye 

concentration were investigated in the removal efficiency of reactive red 198 (RR 198) dyes. The 

results showed that the maximum adsorption capacity (qm) obtained from the Langmuir equation 

was 172.41 mg/g in adsorbent dose of 0.1 g/L, pH: 4, temperature of 25°C, adsorption time of 40 

min. The thermodynamic parameters demonstrated the spontaneous and endothermic nature of the 

adsorption process.  Due to the high efficiency of chitosan/ZnO nanocomposite in removal of RR 

198 from water and advantages such as high adsorption capacity, simple synthesis, and easy 

application, it can be used as an effective method in removal of RR 198 from water. 

Keywords: Chitosan, Chitosan/ZnO nanocomposite, Reactive red 198, High removal efficiency, 

Adsorption 
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1. Introduction 

Disposal of industrial effluents, including the textile and dyeing industries, causes many 

environmental problems. In these industries, large amounts of chemicals as well as organic dyes 

are used during the production process. The effluents of these industries are different from each 

other in terms of chemical quality and quantity and are one of the biggest sources of pollution (1–
3). These effluents cause more water pollution and are measured based on the amount of suspended 

solids, heavy metals, acid, alkali, biological oxygen demand (BOD), and chemical oxygen demand 

(COD). Most of these chemical and dyes can make primary contamination and also can be 

converted to dangerous secondary compounds that are toxic and carcinogenic through chemical 

processes (4,5). Azo dyes include acidic, alkaline, direct, and reactive dyes, which constitute a 

significant portion of the reactive dyes. These reactive dyes have one or more reactive groups 

which form covalent bonds with some functional groups (6–8). 

Removal of organic dyes from the effluents of textile and dyeing industries is very difficult because 

of their special chemical structure, and cannot be done with conventional methods of treatment of 

dye effluents due to inadequate removal efficiency. Combined methods are usually used to treat 

these effluents (5,8). Numerous physical, chemical, and biological methods are used to decolorize 

textile effluents that differ in terms of efficiency, economic cost, and environmental effects (5,7). 

Biological methods are not very efficient for removal of these dyes but oxidation methods are often 

effective at low concentrations of organic compounds (4,5). However, adsorption of dye molecules 

by an adsorbent is an effective and cost-effective method. One of the characteristics of a good 

adsorbent is cost-effectiveness, high adsorption potential, and being environmentally friendly. For 

this reason, natural adsorbents were used (7,9). Polysaccharides and their derivatives such as 

chitosan have always been of interest to many researchers (10,11). Chitosan is a natural 

aminopolysaccharide derived from chitin and its usage as a biosorbent has increased due to its 

abundance in nature and its low cost compared to commercial adsorbents as well as its excellent 

chelating behavior (12).  

Similar studies have been conducted by different adsorbents to remove a variety of dyes. In a study 

in India, Dhanapalet al. (2016) investigated the removal of methylene blue, bromophenol blue, and 

Kumasi brilliant by alpha-chitin nanoparticles (13). In another study in Brazil, Dotto et al. (2015) 

investigated methylene blue adsorption by the ultrasonic-modified chitin (14). In Turkey, Akkaya 

et al. (2009) investigated the removal of highly toxic dyes from aqueous solutions by chitin and 

their synthesized derivatives (15). In Iran, Ramavandi et al. (2014) evaluated the efficiency of 

shrimp shell in removing methylene blue dye from aqueous solutions (16). In Malaysia, Vakili et 

al. (2016) investigated the effect of hydrogel chitosan granules in improving the adsorption of 

reactive blue 4 dye (17). In Egypt, El-Zawahry et al. (2016) conducted a traditional study on the 

adsorption of reactive black 5 from aqueous solutions using the chitosan/Eichhornia Crassipes 

composite (18). Owing to these advantages, chitosan has several limitations such as low 

mechanical strength, extremely high hydrophilicity and poor adsorption capacity (19). To 

maximize the usage CS, several methods can be applied to modify it, including: modification over 
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physical blending, grafting and crosslinking with other polymers, Chemicals or form composites 

with metal oxide  (20–22). ZnO nanoparticles (ZnO NPs) is one of the most widely used metal 

oxides in dye removal treatment due to its biocompatibility, abundant availability and low 

production cost (23,24).  In the present study, the aim is to synthesize ZnO/chitosan nanocomposite 

by a facile and economical method. The material was carefully characterized and used for the 

removal reactive red 198 (RR 198) from water. 

2. Experimental 

2.1. Materials and Methods 

All materials and solvents were procured from the Merck/Aldrich chemical company and used 

without further purification. To produce ultrasound waves, an ultrasonic device (HIELSCHER-

UP400S, Germany) was used. To identify the functional groups in the adsorbent structure, the 

Fourier-transform infrared spectroscopy (FT-IR, model TENSOR27, Germany) was used. To 

investigate the deposition of ZnO particles on chitosan and the crystallinity of chitosan, X-ray 

diffraction device (XRD, model NPD3000, Italy) was used. Scanning electron microscope (SEM, 

model 100KV.S411-SEMHITACHI, Japan) was used to study the structure and dimensions of 

chitosan adsorbent particles and morphology of chitosan/ZnO nanoparticles composite. The dye 

concentration was determined by UV-VIS spectrophotometer (Germany). Ultraviolet radiation 

was provided by a 15-watt UV lamp (PHILIPS, the Netherlands). All chemical materials and 

reagents used were of high purity and provided by Merck company (Germany). Data were 

analyzed using descriptive statistics by SPSS software version 18. 

 

2.2. Preparation of Adsorbent (chitosan/ZnO nanocomposite) 

To prepare the chitosan/ZnO nanocomposite, shrimp shells were first prepared from waste and 

disposable fish shops in the Kerman city and washed with distilled water and sun-dried at ambient 

temperature. It was then ground for half an hour. The powder was refluxed with 4% HCL for 36 

hours at room temperature to remove organic matter and minerals. At this stage, calcium chloride 

and minerals were removed. The resulting mixture was then stirred with 50% NaOH for 24 h at 

90°C. At this stage, shrimp shell was deproteinized and degreased. Then, the chitin was extracted 

from the shrimp shell. For this purpose, the obtained powder in the previous stage was mixed in 

the ratio of 1 g of powder to 14 ml of 70% soda for 72 hours, and the chitin was obtained. In the 

next step, chitosan should be extracted from chitin. According to literature, more than 50% of the 

deacetylated chitin is chitosan. To obtain this percentage of deacetylate, 10 g of the powder 

obtained from the previous steps was added to 30% NaOH for 48 hours at room temperature to be 

neutralized, and then, dried. Afterwards, it was exposed to 50% NaOH at 70°C for 24 h. The next 

step is the synthesis of chitosan/ZnO nanocomposite. To prepare this nanocomposite, first, ZnO 

was dissolved in 100 mL of 0.1M acetic acid, and then, 1 g of chitosan was added to this solution. 

The solution was subjected to ultrasound waves for 30 min. 1M Sodium was then poured into the 

solution to reach the pH of the solution to 10. The solution was stirred continuously for 4 hours at 

a temperature between 40 and 80°C. Then, it was placed in the oven at 50°C and dried. The powder 

was then ground for 30 min. 
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To prepare the used solutions, reactive red 198 (RR 198) dye with chemical formula 

C27H18ClN7Na4O16S5 and molecule weight of 984.21 g/mol with the maximum adsorption 

wavelength of 518 nm was used (Figure 1). 

 

Figure 1.  

 

2.3. Adsorption Experiments 

 

The RR 198 adsorption process on the chitosan and chitosan/ZnO nanocomposite was investigated 

using aqueous solution of RR 198. Batch experiments were performed by mixing 0.01 g of the 
adsorbents with RR 198 solutions (50 mg/L) in in a glass container (100 mL). The mixtures were 

stirred at 200 rpm and then centrifuged at 6000 rpm. the samples were collected and filtered, and 

the adsorption rate of each solution was determined by a spectrophotometer. Factors affecting the 

adsorption process of RR 198 by chitosan and chitosan/ZnO nanocomposite including pH (2-10), 

reaction temperature (25, 30, 40, 50°C), contact time (20, 40, 60, 80, 100, 120 min), amount of 

adsorbent (0.1, 0.2, 0.3, 0.4, 0.5, 0.6 g), and initial dye concentration (25, 50, 75, 100 mg/L) were 

considered. 

A solution of sodium hydroxide (0.1 M) and hydrochloric acid (0.1 M) was used to adjust the pH. 

by sampling at a specific time. The amount of dye adsorbed at equilibrium time was determined 

using Eq. (1) (25,26). 

   
m

vtcc
eq

)( 0         (1) 

In order to determine the reaction adsorption isotherm, after determining the dye removal values 

under different conditions, the obtained data were analyzed by the Langmuir, Freundlich models. 

The linear equations of the Langmuir and Freundlich isotherms are presented in Eqs. (2 and 3) 

(25). 

𝐶𝑒𝑞𝑒 =  1𝐾𝐿   𝑞𝑚 + 𝐶𝑒𝑞𝑚       (2) 

Log 𝑞𝑒= Log 𝑘𝑓    + 
1𝑛 Log 𝐶𝑒      (3) 

Where qe is the amount of contaminant adsorbed on the adsorbent at equilibrium (mg/g), Ce is the 

equilibrium concentration of contaminants in solution (mg/L), qm is the maximum adsorption 

capacity (mg/g), KL is the Langmuir equilibrium constant (1/mg), C0 is the initial concentration of 

contaminant in solution (mg/L), V is the solution volume (L), M is the mass of dried adsorbent 

added to bottles (g), kf is the adsorption capacity in unit concentration [(mg/g) (1/mg)])] and 
1𝑛 is 

the intensity of surface adsorption, which indicates the type of isotherm ( 
1𝑛  =  0 is irreversible,  

1𝑛 > 

1 is undesirable, 0 < 
1𝑛 < 1 is desirable) (25). 
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The thermodynamic parameters including equilibrium constant (K 0), standard enthalpy changes 

(ΔH 0) and standard free energy changes (ΔG 0) were considered by Eqs (4-6) (27). ∆𝐺 =  −𝑅𝑇𝑙𝑛𝐾𝑑                                                             (4) 𝑙𝑛𝑘𝑑 =  ∆𝑆𝑅 − ∆𝐻𝑅𝑇                                                              (5) 𝑘𝑑 = 𝑞𝑒𝐶𝑒                                                                           (6)  

Where R exhibits the gas constant (8.314 J.mol-1·K-1), kd exhibits the thermodynamic equilibrium  

constant, and T (K) represents the absolute temperature(27). 

 

3. Results and Discussion 

 

3.1. Characterization of chitosan/ZnO nanoparticles composite 

 

3.1.1. FT-IR spectroscopy  

Infrared spectroscopy test was used to investigate the structural changes and identify the 

adsorbents (Figures 1). Figure 2 shows the FT-IR spectrum of shrimp shell (2a), chitin spectrum 

(2b), chitosan (2c), CS/n-ZnO nanocomposite (2d). 

 

Figure 2.  

Fig.2(a) indicating the amine group stretching at 1658.49 cm-1 and OH group stretching at 3435.07 

and 3283.99 cm-1. C-O group stretching was also observed in absorption bands at 1072.20 and 

1029.83 cm-1. Fig.2(b) shows the chitin spectrum, and the absorption bands at 1558.59 to 1626.76 

cm-1 are related to the amine group. Absorption bands due to OH stretching are seen at 3447.30 

cm-1, and irregular bands at 102672 to 1157.63 cm-1 are related to the carboxylic acid O-H stretch. 

Fig. 2 (c) shows the FT-IR spectrum of chitosan, indicating that the adsorption band at 1658.75 

cm-1 belongs to the carbonyl group and at 1594.22 cm-1 belongs to the amide group, and the 

absorption bands at 1034.96 to 1153.28 cm-1 belongs to the carboxylic acid stretch. The absorption 

band at 2885.15 cm-1 is related to the bending vibration of CH. And the absorption band at 3444.15 

cm-1 is due to the stretching of the OH group. Fig. 2 (d) shows the FT-IR spectrum of CS/n-ZnO 

nanocomposite. The bending vibration of the primary amine appears as a wide band at 1415.92 to 

1650.19 cm-1. The bending vibration of C-O appeared at 1076.24 cm-1. And the absorption band 

at 3430.86 cm-1 belongs to the hydroxyl group. 

3.1.2. X-ray diffraction test (XRD) 

 

X-ray diffraction test is used to evaluate the crystallinity of chitosan. Figure (3) shows the XRD 

diagram of the chitosan and CS/n-ZnO nanocomposite. 
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The crystallinity index of chitosan (crI) is obtained from Eq. (1), which has an effect on the 

removal rate. 𝑐𝑟𝐼 = (𝐼𝑎𝐼110)𝑟𝐼𝑎      (4) 

 

Where I110 is the peak intensity ratio and Ia is the dispersion related to the study area. Using this 

equation, 2A =16% crystallinity was obtained to be 72%. Peaks at 2A values of 31.9, 34.5, 36.4, 

47.6, 56.7, and 62.9° are associated with Zno crystal plates. These results successfully show the 

hexagonal structure of ZnO on CS (2b). 

 

Figure 3.  

  
3.1.3. Scanning electron microscope (SEM) results 

Electron microscopy is a very suitable tool for identifying the morphology of the adsorbent surface 

and examining its physical properties, as well as determining the shape of particles, size, and 

distribution of cavities. The SEM image of the polymer adsorbent (chitosan) is shown in Figure 4 

(a). 

SEM images of the CS/n-ZnO composite show ZnO on CS. They also show that these adsorbents 

have a porous structure, which is one of the reasons for their decolorization ability. The results are 

shown in Figure 4 (b). 

Figure 4. 

 

3.2. Investigation of adsorption behaviors of reactive red 198 at different conditions 

The adsorption behavior of the dye on chitosan and chitosan-ZnO nanoparticles was investigated 

under different conditions. 

 

3.2.1. Investigation of the effect of pH on the dye adsorption process 

 

The highest amount of dye adsorption was obtained under acidic conditions and the optimum pH 

of 4. The results are shown in Figure 5. 

 

Figure 5. 

The pH of the solution plays an important role in the adsorption process and adsorption capacity. 

The adsorption capacity increases with decreasing pH. At acidic pH, there is a high and significant 

electrostatic intraction between the positively charged surface of adsorbents and negatively 

charged anionic dye molecules. As the pH decreases, the number of positively charged sites 

increases. Positively charged sites tend to adsorb anionic dyes due to their electrostatic attraction. 

However, in extremely acidic conditions, adsorption is likely to decrease due to chitosan 

depolymerization. And with increasing pH, the adsorbent surface becomes more negative, which 

is due to the electrostatic repulsion between the adsorbent and the adsorbent, and consequently, 

the amount of adsorption decreases (28). A  study by Gulnaz et al. (2011) in Turkey on the removal 
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of reactive 198 dye by Potamogeton crispus also showed that the dye removal efficiency increased 

by reducing pH from 5 to 1 (29). In another study conducted by Bazrafshan et al. (2012) in Iran, it 

was confirmed that the highest adsorption rate of reactive 198 dye by pistachio-nut shell ash occurs 

under acidic conditions (pH: 2), which is consistent with the results of the present study (30). Dutta 

et al. (2009) reported that the adsorption percentage of RR 198 dye by TiO2 nanoparticles decreases 

with increasing pH from 3 to 7 and the dye adsorption capacity is higher under acidic conditions 

(31). 

 

3.2.2. Investigation of the effect of temperature on the dye adsorption process 

Figure 6 shows the results of the effect of temperature between 25 and 50°C on surface adsorption 

process of RR 198 dye. 

 

Figure 6.  

 

The study of the effect of temperature on the adsorption process shows that with increasing 

temperature, the adsorption rate increases slightly. This can be explained by the Arrhenius 

equation, according to which by increasing energy, the mobility of molecules and the effective 

collisions between adsorbed molecules and the adsorbent surface increases, indicating that the 

reaction is endothermic (32). Since the increase of efficiency was not significant, so in order to 

facilitate the experiments, the temperature of 25°C, which was in the range of ambient temperature, 

was selected as the optimal temperature. In a study by Asgari et al. (2020) in Iran, the adsorbtion 

of metronidazole by Fe3O4-chitosan, the adsorption efficiency increased with increasing 

temperature, which confirm the endothermic nature of the adsorption (33). In a study conducted 

by Sohni et al. (2019) in Malaysia on the adsorption of methylene blue dye by chitosan/nano-

lignin-based composite, it was revealed that the dye adsorption rate increased with increasing 

temperature, indicating that the dye adsorption process is endothermic (22). 

 

3.2.3. Evaluation of the effect of contact time on the dye adsorption process  

the relationship between removal efficiency of RR 198 dye and adsorption timewere investigated, 

the results are shown in Figure 7. The results indicate that the removal of a significant amount of 

dye occurs within the first 40 minutes of the process, and then, reaches a constant value. In 

adsorption processes, with increasing time due to adsorption of the adsorbent with the analyte, the 

active sites of the adsorbent are occupied until a balance is established between the molecules or 

ions in the solution and the adsorbent surface, and increasing the contact time does not increase 

the adsorption more. At this time, the adsorbent is saturated and needs to be regenerated or 

replaced, which is consistent with the results of other studies (10-18). The adsorption equilibrium 

time for this adsorbent is 40 minutes. 

 

Figure 7.  
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3.2.4. Effect of adsorbent amount on adsorption process 

Determining the optimal amount of adsorbent is a very important factor, because it determines the 

amount of decolorization. The percentage of dye removed to different amounts of adsorbent for 

the removal of RR 198 dye is shown in Figure 8. The results show that at different amounts of 

adsorbent with different masses (0.1, 0.03, 4.3, 0.05, 0.6 g), the optimal amount for both adsorbents 

is 0.01 g. 

Figure 8.  

 

With increasing the amount of adsorbent, the removal efficiency increases, which is due to the 

increase of the level of adsorbent and accessibility to more adsorption sites. As the adsorbent 

particles purify a certain volume of liquid, increasing the amount of adsorbent accelerates the 

equilibrium between adsorbant and adsorbed because the number of particles that purify the same 

volume of liquid increases (34).  In a study by Asgari et al. (2020) in Iran, for the adsorption of 

metronidazole by Fe3O4-chitosan, the adsorption capacity was reduced by increasing the adsorbent 

dose from 0.1-2 g/L. They reported that the decrease in adsorption capacity with increasing 

adsorbent dose is due to the unsaturation of the active adsorption sites on the adsorbent surface, 

which is consistent with the results of the present study (33). 

 

3.2.5. The effect of initial dye concentration on the adsorption process 

Figure 9 shows the effect of initial dye concentration on the removal efficiency. The optimum 

initial dye concentration for adsorbent was 50 mg/L. 

 

Figure 9.  

 

At low initial concentrations, the dye adsorption by the adsorbent is very high and reach 

equilibrium rapidly. This determines the probability of forming a monolayer coating of molecules 

on the outer surface of the adsorbent. At a constant amount of adsorbents, as the concentration of 

the solution increases, the amount of adsorbed substance increases and the percentage of 

adsorption decreases. In other words, the residual concentration of dye molecules to the available 

sites of adsorption is low, so some parts of the adsorption will be independent of the initial 

concentration (35). In a study by Asgari et al. (2020) in Iran, for the adsorption of metronidazole 

by Fe3O4-chitosan, the adsorption efficiency decreased by increasing the initial concentration of 

metronidazole from 10 to 100 mg/L (33). 

 

3.3. Evaluation of equilibrium isotherms (Langmuir and Freundlich) 

The constant coefficients and correlation coefficients of the Freundlich and Langmuir adsorption 

isotherms for the adsorption of reactive red 198 (RR 198) dye on the adsorbent are shown in Table 

1. 

Adsorption of RR 198 with both chitosan adsorbent and chitosan-ZnO nanocomposite followed 

the Langmuir isotherm model well. Data were analyzed to select the best isotherm by the linear 
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regression analysis of these models and comparing the correlation coefficient (R2). The correlation 

coefficient of Langmuir isotherm was higher than Freundlich isotherm. The Langmuir isotherm is 

based on the monolayer adsorption of molecules or ions on the adsorbent surface, and the 

adsorption energy is the same on the molecular surface. However, in the Freundlich isotherm, 

adsorption occurs in several layers and the adsorption energy is different at different levels. In a 

study conducted by Sohni et al. (2019) in Malaysia, the adsorption of methylene blue dye by 

chitosan/nano-lignin-based composite followed the Langmuir model, which confirmed the 

monolayer adsorption of dye on the adsorbent surface. The qm obtained from the Langmuir 

equation was 74.07 mg/g, which is much lower than the qm obtained in the present study. 

Therefore, the adsorbent synthesized with natural organic materials showed a high adsorption 

capacity. 

The KL constant was obtained from Langmuir diagram, which shows the amount of qm adsorption 

energy, which is the maximum adsorption capacity of the adsorbent. Freundlich equations 

constants such as n were obtained from diagram. 

 

Table 1. 

 

3.4. Evaluation of Adsorption Thermodynamics 

Thermodynamics data (Gibbs energy (ΔG0), enthalpy (ΔH0), and entropy (ΔS0)) related to the 

effect of temperature on R at various temperatures (318 K, 328 K, 338 K and 348 K) were 

calculated under the optimized obtained conditions.  From the plot of ln Ko versus 1/T (Fig. 10), 

the thermodynamic parameters for the adsorption process were calculated and the results are 

reported in Table 2. 

Table 2.  

 

Fig. 10.  

 

It can be mentioned that the ΔH° values is positive (Table 2), confirming an endothermic 

adsorption and also, ΔH° values for CS and CS/nZnO adsorbents are higher than 20.9 kJ/mol, 

which approves the chemisorption process (36). The positive value of ΔSo reflected decreasing the 

randomness decreased due to occurrence of the adsorption process (37). 

As seen, the value of ΔG° is negative, indicating a spontaneous adsorption process.Additional, the 

less value of  ΔG° at the higher temperatures indicates undesirability of the adsorption process at 

the elevated temperature (38). 

4. Conclusion 

In this study, CS and CS/ZnO nanocomposite were prepared as a cost-effective adsorbent by 

natural organic materials (shrimp shell) in an easy method and was used to remove reactive red 

198 (RR 198) dye from contaminated water in a discontinuous system. Evaluation of the functional 
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groups on the surface of chitosan using FT-IR showed that the surface of CS has different 

functional groups such as hydroxyl, amine, and carbonyl groups.  SEM images showed that 

chitosan has a relatively porous structure, which is one of the reasons for the removal of the dye 

of this polymer. Evaluation of effective variables in removing dye showed that the amount of 

decolorization increases at acidic pH values due to high electrostatic attraction between the 

positively charged adsorbents and negatively charged anionic dye molecules. The maximum 

amount of dye removal on adsorbents occurred in the first 40 minutes. The study of the effect of 

temperature on this process showed that with increasing temperature, the amount of dye adsorption 

increases. With increasing the amount of adsorbent, the removal efficiency increased. Also, with 

increasing the initial dye concentration, the percentage of dye removal decreased. The maximum 

dye removal efficiency was more than 99% for CS adsorbent and 99.50% for ZnO nanocomposite 

adsorbent. The isotherm result showed that for both adsorbents, it follows the Langmuir isotherm 

as a dye monolayer adsorption. The analysis of thermodynamic parameters exhibited the 

exothermic and spontaneous nature of adsorption process at various temperatures. The qm value 

obtained from the Langmuir equation was 172.41 mg/g, which confirms that chitosan synthesized 

with the basis of natural organic matter has a high adsorption capacity and can be proposed as a 

surface adsorbent in the water and wastewater treatment industry. 
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Figures

Figure 1

Molecular structure of reactive red 198 (RR 198) dye.



Figure 2

FT-IR spectrum of shrimp shell (a), chitin (b), chitosan (c), and CS/n-ZnO (d).



Figure 3

XRD pattern of the chitosan (a), and CS/n-ZnO.



Figure 4

SEM image of chitosan (a), and nanocomposite (CS/n-ZnO) (b).



Figure 5

Effect of pH on the adsorption process under speci�c conditions (solution volume: 100 mL, adsorbent
mass: 0.01 g, initial dye concentration: 50 mg/L, temperature: 25°C, time: 40 min, and stirrer speed: 200
rpm).



Figure 6

Effect of temperature on the surface adsorption process of RR 198 dye under speci�c conditions
(solution volume: 100 mL, adsorbent mass: 0.01 g, initial concentration of dye: 50 mg/L), pH: 4, time: 40
min, and stirrer speed: 200 rpm).



Figure 7

The effect of time on the surface adsorption process under speci�c conditions (solution volume:100 mL,
adsorbent mass: 0.01 g, initial dye concentration: 50 mg/L, temperature: 25°C, pH: 4, and stirrer speed:
200 rpm).



Figure 8

Effect of adsorbent amount on surface adsorption process on the adsorbent (CS/n-ZnO) under speci�c
conditions (solution volume: 100 mL, pH: 4, initial dye concentration: 50 mg/L, temperature: 25°C, time:
40 min, and stirrer speed: 200 rpm).



Figure 9

The effect of initial dye concentration on the adsorption process under speci�c conditions (solution
volume: 100 mL of, adsorbent mass: 0.01 g, pH: 4, temperature: 25°C, time: 40 min, and stirrer speed: 200
rpm).



Figure 10

Linear plot of ln kd vs. 1/T for adsorption of RR 198 dye on CS and CS/nZnO


