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Abstract 

Extreme dye pollutants released from textile, leather, and pulp industries are becoming a major concern 

for water. These pollutants are highly toxic to living things. The major objective of this study was to 

prepare low-cost and efficient activated carbon from corncob (CCAC) adsorbent through the H2SO4 

activation method and characterize its suitability for removing brilliant green dye (BGD) from aqueous 

solution. The adsorption and desorption efficiency of the prepared CCAC sample were evaluated. The 

CCAC samples were found to be amorphous materials based on XRD measurements. According to the 

FTIR spectrum, the CCAC's chemical structure included a variety of functional groups. The 

morphology of CCAC was studied using the SEM image analysis. This study investigated the factors 

affecting the adsorption and desorption efficiency of the synthesized CCAC. As a result, the maximum 

adsorption efficiency of 95.7, 94.37, 98.1, and 99.56% were achieved at pH=8, contact time =20 min, 

the dosage of CCAC=0.3 g, and initial concentration =43 mg/l, respectively. The BGD removal fits into 

the Freundlich isotherm model, which is different from the Langmuir model, with a correlation 

coefficient R2 of 0.999. Batch experiments were performed on synthetic wastewater and the effect of 

operating parameters such as pH, initial concentration of dye, contact time, and adsorbent dosage were 

studied. The adsorption mechanism fits more Freundlich isotherm than with the correlation coefficient 

R2=0.999. According to the investigation, a maximum adsorption capacity of 98.4 mg/g was achieved. 

The maximum and minimum desorption efficiency of 92.45 and 43.8% were obtained at 1 M HCl and 

0.125 M CH3OH, respectively. In general, the synthesized CCAC was effectively used to remove BGD 

from aqueous solution with desired efficiency and therefore, it can be a promising material for the 

removal of dye pollutants from water and 

wastewater.  
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INTRODUCTION 

Nowadays, huge amounts of effluents released 

from the manufacturing industries and direct 

contact with surface water have been highly 

affecting its quality and becoming a major concern 

[1]. The pollutants discharged from industries 

naturally consist of different toxic compounds that 

contaminate water [2]. Serious environmental 

issues are caused by the discharge of dyes into water 

and wastewater from the textile, cosmetic, paper, 

coloring industries, etc. [3] Water bodies with 

colored surfaces have improper solar penetration, 
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slower photosynthesis, stunted growth of aquatic life, and altered gas solubility [4]. The pulp paper and 

dying industries make extensive use of brilliant green dye (BGD), a cationic dye derived from diamino-

triphenylmethane. The molecular structure of BDG is shown in Figure 1. Due to its high solubility 

(100 g/l), brilliant green dye is a commonly used dye. On the other hand, because of its high volatility 

and cationic nature, brilliant green dye pollutes the atmosphere. According to reports, BGD has been 

linked to a number of health issues, including irritation of the skin and respiratory tract, coughing, 

dyspnea, and gastrointestinal system irritation, which manifests as nausea, diarrhea, and stomach pain 

[5]. Hence, the elimination of BGD from the effluents before discharging into the environment is 

mandatory [5]. 

 

The investigations have documented methods for removing colors from water and wastewater using 

physical, chemical, and biological methods. The physicochemical adsorption method was an 

appropriate technique with suitable adsorbents for effectively removing BDG at the desired efficiency 

due to its many advantages over other methods [6]. The physiochemical adsorption method has several 

advantages, including insensitivity to harmful compounds, ease of operation, and simplicity of design. 

Agricultural waste materials were used as a sustainable and low-cost source of adsorbent extraction [7]. 

Corncob is a lignocellulosic material left as a byproduct in a maize preparation factory. Activated 

carbon was prepared using this agricultural residue as a source. It was reported that activated carbon 

was an efficient adsorbent for BDG removal [8, 9]. The remarkable adsorption effectiveness of activated 

carbon (powdered or granular) for organic molecules even from dilute solutions gives the adsorption 

process an edge over the other methods. Because of its sufficient surface area and adsorption capacity, 

commercial activated carbon is an effective adsorbent for eliminating dyes; yet, it is still costly. Thus, 

researches are looking for alternative inexpensive adsorbent material for the removal of organic 

contaminants [10, 11]. 

 

Different biomass and agricultural byproducts including wood, coal, peat, nutshells, sawdust, bones, 

husk, and so on were used as sources for the preparation of activated carbon [12–15]. However, there 

has not been much discussion of using corncob-derived activated carbon as an adsorbent to remove 

BGD from an aqueous solution. Thus, the objective of this work was to prepare the activated carbon 

from corncob and examine its adsorption and desorption efficiency in removing cationic BDG from an 

aqueous solution. Fourier transform infrared spectroscopy, XRD, and UV-vis spectroscopy were used 

to characterize the produced activated carbon. Some relevant factors like pH of the solution, initial BGD 

concentration, adsorbent dosage, and contact time on activated carbon adsorption efficiency were 

systematically studied.  

 

MATERIALS AND METHODS 

Raw Materials and Chemicals 

The raw materials used for the experiments are corncobs that were collected from local farmers of 

Bule Hora, West Guji, Oromia, Ethiopia. 
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Figure 1. Molecular structure of BGD. 
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The study experiments were conducted at the Laboratory of Chemical Engineering, and Chemistry 

Department at Bule Hora University, Ethiopia. All chemicals used were of analytical grade. The 

apparatus used were a ceramic crucible, conical flasks, measuring cylinders, funnel, ceramic crucible, 

beakers, Whatman filter paper, hot plate, blast drying oven (DHG-9055A), box-type resistance furnace 

(SX-2.5-12), refrigerator, fume hood (SW-TFG-12), knife, mortar and pestle (grinder), shaker and 

beaker, an electronic balance (AS220-R2), and pH meter (pH-016). The chemicals, reagents, and 

materials required for the laboratory works were H2SO4 (98%, Newdehli-11002 India), NaHCO3 

(99%Maharashtra, India), brilliant green powder (C27H34N2O4S, AR 85 Merck, Bangalore, India), NaCl 

(99.5) (LOBA Chemie, India), HCl (AR 35, Sigma-Aldrich, Bangalore, India), NaOH (98%, NN36HY, 

UK) and distilled water. X-ray diffraction (XRD-700), Fourier transform infrared (FTIR), scanning 

electron microscopy (SEM), and a UV-visible double beam spectrophotometer (UV-5000) were the 

instruments utilized for the characterization. 

 

Sample Preparation and Experimental Procedures  

The sample preparation and experimental methodology is shown in Figure 2. 

 
Synthesis of Corn cobs activated carbon 

Initially, collected corncobs were washed several times using distilled water followed by sun-drying 
for about 48 h, and inserted into the oven at 105oC to remove any moisture content from the surface 
[16]. The dried corncobs were then divided into various pieces, including longitudinal pieces. 
Afterward, the activation process was done with H2SO4 following the procedures reported by Kolur et 
al. [17]. Then, 100 g of grounded corncobs were weighed into a clean, dry beaker containing 200 ml of 
H2SO4 for about 24 h, which was then refluxed in a fume hood for 4 h. The paste obtained was then 
filtered, and the solid phase left on the filter was then dried in an oven at 105°C for 24 h. Then, dried 
small pieces of CC were put into a furnace to heat at a temperature of 450°C to produce charcoal. The 
obtained charcoal product was then cooled, filtered, and then washed in 1% NaHCO3 solution to remove 
any residual acidic impurities.  After that, the beaker was covered and remained at room temperature 
for 24 h. Next, the product was washed with distilled water until its pH became 6.5. Finally, the as-
prepared corncob-activated carbon (CCAC) sample was dried in an oven overnight at a temperature of 
105oC, then, sieved to 1–2 mm and kept in a glass bottle for the forthcoming experiments. 
 
Characterization of the Synthesized Adsorbents  

Fourier Transform Infrared (FTIR) Analysis 

Through the use of FTIR, the surface functional groups of the activated carbon were identified in this 
investigation. The 4000–500 cm-1 range was used to record the spectra. 

 
X-ray Diffraction (XRD)  

An XRD diffraction analysis was performed to determine the crystallinity of the CCAC. The X-ray 
diffraction (XRD-700) was performed on Cu K𝛼 radiation (k=0.1540 nm) and 2θ ranging from 5 to 70o. 
 
Scanning Electron Microscopy (SEM)  

Surface morphology has a characteristic role in determining the surface area adsorption. It was reported 

that a high surface area increases the contact efficiency between dyes to be removed [18]. In this work, 

the surface morphology of CCAC was investigated using scanning electron microscopy (SEM). 

 

 
Figure 2. Flow scheme of methodology. 
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Point of Zero Charge Analysis 

It was reported that when the pH of the solution exceeds the point zero charge, BGD adsorption could 

be enhanced. The pH of point zero charges (pHpzc) findings of the CCAC adsorbent were ranged 

between 2 and 12. Below pHpzc the value, the surface of the adsorbent is positively charged due to 

protonation, encouraging anion adsorption. The surface of the CCAC contains a negative charge above 

the pHpzc, which inhibits anion species adsorption [19].  

 

Preparation of BGD Adsorbate  

The stock solution of 1000 ppm was prepared by dissolving an accurately weighed amount of BG 

dye in 1 l of distilled water. The stock solution was further diluted using a dilution equation for the 

experimental solution of the desired concentration using distilled water [20]. In this study, 1 g of BGD 

was dissolved in 1 l of distilled water to prepare 1 g/l of stock solution. A magnetic stirrer ensured the 

homogenization of the solution. The concentration of BGD used was from 10 to 150 mg/l. To determine 

the standard calibration equation, this study used five series of standard BGD solutions (10, 30, 50, 70, 

and 90 mg/l) which were then prepared by diluting the intermediate solution of BGD with distilled 

water. Working standards and blank solution were tested at a maximum wavelength of 625 nm in a UV-

visible Spectrophotometer [21], and calibration curves with five points were created. Following that, 

direct measurements of the sample absorbance were made after the sample solutions were brought to 

the UV-visible spectrophotometer. Finally, the linear relationship of absorbance versus concentration 

was plotted using Eq. (1), and the equation for final concentrations was found from the slope of the 

graph [22]. 

Absorbance = Slope ×Ce–Intercept  (1) 

Batch Adsorption Studies 

Adsorption studies were carried out by determining the solution pH, initial dye concentration, 

adsorbent dosage, and contact time. Prior to the adsorption experiment, which was conducted at 25°C, 

the pH of the solution was changed by adding either 0.1 M NaOH or 0.1 M HCl solutions. The pH of 

the dye solution and the pHpzc are the important factors controlling the adsorption of dyes [14]. To do 

that, the flask was placed on an electric shaker running at 200 rpm until adsorption equilibrium was 

obtained [23]. The concentration of BGD was determined using a UV-visible double-beam 

spectrophotometer. The adsorption capacity of the BGD was calculated using the following expression:  

𝑞𝑒 (
mg

g
) =

Co−Ce

w
 V  (2) 

𝑅𝐸 =
Co−Ce  

Co
∗ 100  (3) 

Where; RE: removal efficiency, Co (mg/l): the initial concentration of BGD, Ce (mg/l): the 

equilibrium liquid phase concentration of BG, V (l): the volume of the solution, and m (g) is the amount 

of CCAC.  

 

Adsorption Isotherms  

Langmuir Adsorption Isotherm  

According to the Langmuir model, the adsorbent surface has numerous active interaction sites for the 

adsorption process. It is concerned with the relationship between adsorbed material and its equilibrium 

concentration [24]. The Langmuir adsorption isotherm model's linear form, which permits the 

adsorption and desorption of molecules on the surface, is explained as: 

𝐶𝑒

𝑄𝑒
=

1

𝑏𝑄𝑚𝑎𝑥
+

𝐶𝑒  

𝑄𝑒
  (4) 

Where; Qe (mg/g) denotes the mass of adsorbate adsorbed over adsorbent, Ce (mg/l), the equilibrium 

concentration of adsorbate acquired in the liquid phase after adsorption, Qmax (mg/g), the maximum 

adsorbate that can be adsorbed (monolayer capacity), and b (l/mg), the Langmuir isotherm constant. 
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The separation factor (RL) factor was also calculated from the empirical constant b using the following 

equation given by Mansour et al. [21]:  

𝑅𝐿 =
1

1+𝑏𝐶𝑜
  (5) 

The value of RL indicates the adsorbent's suitability for adsorption, i.e., the affinity between adsorbate 

and adsorbent. Based on the RL factor values the adsorption can be unfavorable (RL>1), linear (RL=1), 

favorable (0<RL<1), or irreversible (RL=0) [25].  

 

Freundlich Adsorption Isotherm 

The Freundlich adsorption isotherm illustrates the connection between the adsorbate equilibrium 

concentration (Ce) in the fluid and the amount of adsorbate absorbed per unit weight of adsorbent [26]. 

The Freundlich model, unlike the Langmuir model, is based on multilayer adsorption and may be 

expressed as Eq. (6):  

X

M
= K𝐶𝑒

1/𝑛

 
(6) 

Where; K and n are the Freundlich coefficients, X represents the weight of adsorbate adsorbed on M 

unit weight of adsorbent, and Ce is the adsorbate equilibrium concentration. Nevertheless, the 

equilibrium condition can also be expressed as Eq. (7): 

𝐿𝑜𝑔(𝑄𝑒) = log(𝑘𝑓) +
1

𝑛
𝑙𝑜𝑔𝐶𝑒

   

(7) 

Where; Qe (mg/g) is the mass of adsorbate adsorbed over adsorbent; Kf, the Freundlich capacity factor 

(units determined by Qe); Ce (mg/l); is the equilibrium concentration of adsorbate in liquid phase after 

adsorption; and n is Freundlich intensity parameter. The value of the coefficients of n can be found by 

calculating the intercept and slope of a plot of log (Qe) vs. log (Ce). 

 

The value of n indicates the nature of the process, that is, if n<1 chemical, n=1 linear, and n>1 is a 

physical process [27]. 

 

Regenerative Studies 

 It was reported that the reuse of adsorbents used for the removal of various types of contaminants 

from water and wastewater after regeneration is seen as a crucial work in circular economy goals [27]. 

In this study, the reuse of the adsorbents was studied as follows: 

The adsorbent was first cleaned with 0.1 NaOH and then repeatedly rinsed with distilled water. 

Meanwhile, the regeneration of BGD is carried from a stock solution of 1000 mg/l. From this stock 

solution, 100 mg/l of BGD solution was prepared. Following the dilution equation, different 

concentrations (10, 30, 50, 70, and 90 mg/l) of solutions were prepared. Then, the effect of regeneration 

agents (0.125, 0.25, 0.5, and 1 M of HCl, NaCl, and Methanol, respectively), the initial concentration, 

and acid-to-alcohol ratios (1:0, 3:1, 1:1, 1:3, and 0:1% of HCl:1-Butanol) on regenerations of BDG 

were determined [28]. Lastly, a UV-visible double-beam spectrophotometer was used to assess the 

desorbed efficiency of BGD. In the meantime, the filtrated dye solutions were measured to calculate 

the adsorption efficiency of the adsorbent after undergoing the desorption process by regeneration 

agents. The desorption efficiency (DE) was then calculated from Eq. (8). 

𝐷𝐸 = A0−Ad
A0

∗ 100% (8) 

Where; DE is desorption efficiency, and A0 and Ad are the initial dye, and final dye concentration after 

adsorption, respectively. 

 

RESULTS AND DISCUSSION 

Experimental Framework for the Synthesis of Corn Cob-activated Carbon  

The experimental framework for the synthesis of corn cob activated carbon is shown in Figure 3. 
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Figure 3. Photographic images of experimental workflow. 
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Figure 4. FT-IR spectra of synthesized CCAC before and after BGD removal. 

 

Fourier Transform Infrared (FT-IR) analysis 

The FTIR spectrum recorded for CCAC is given in Figure 4. The band gap between 3000 and 

2800 cm-1 corresponds to the C–H vibrations in aliphatic, olefin, and aromatic hydrocarbons groups, 

and 1770–1650 cm-1 corresponds to vibration in the C=O bond [18, 29]. Similarly, the bands at 1700–

1600, 1480–1420, 1430–1360, 1120–1070, and 1060–1100 cm-1 correspond to C=C olefin structures, 

C-H aliphatic structures, bending of O-H, C-H hydroxyl, C-O secondary hydroxyl, and the stretching 

of C-O primary hydroxyl, respectively [29, 30]. The bands at 3664 cm-1 attributed to free alcohol. The 

bands at 1585 and 1469 cm-1 are due to primary and secondary amines (N–H) deformations. The C–N 

stretching of primary and secondary amines also appears at bands of 1076–1177 and 1130 cm-1, 

respectively. More vibration occurred as can be seen in the bands at 1150–1050 cm-1 corresponding to 

C-O stretching and OH-groups which could justify that the surface of CCAC is ionic and preferable for 

adsorption of BGD [18]. H2SO4 activation also leads to the incorporation of the Sulphur element 

structure of carbon. Thus, the presence of hydroxyl functional groups is the determinant in facilitating 

the adsorbent [18]. Generally, as it is observed from Figure 4, the wavelength of the adsorbent decreased 

after adsorption which indicates that the surface adsorbent is occupied by the BGD, which decreases 

the transmittance. 
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X-ray Diffraction (XRD)  

It is observed from Figure 5 that the structure of powdered CCAC was predominantly amorphous 

[31]. The two broad diffractions at 2θ=6.08°, 2θ=23.04°, and less diffraction of 2θ=37.02° correspond 

to reflections from (299), (712), and (261) before adsorption, and 2𝜃=5.87 and 23.9°, which correspond 

to reflections from (2917) and (999) after adsorption. The XRD plots revealed that the diffraction of 

CCAC slightly decreases after adsorption of BGD [31]. The amorphous content of corncob-activated 

carbon was due to its structure's high lignin content (amorphous compound). The more amorphous 

region of activated carbon makes it suitable for more efficient absorbent in separating organic dyes from 

water and wastewater [32]. 
 

Scanning Electron Microscopy (SEM)  

The SEM image for both activated carbon samples before adsorption (ACB) and after adsorption 

(ACA) are shown in Figure 6. It was observed that the activated carbon before adsorption contains holes 

and pores on its surface than after adsorption which allows for adsorption. The concentration of BGD 

on the adsorbent's surface may be the cause of the smoother surface shape shown in the SEM pictures 

of CCAC following adsorption [18]. Based on SEM results, the external surface of both ACB and ACA 

contains rough pores of different shapes and sizes. The ACB has narrow elongated pores indicating its 

suitability for adsorption and the large surfaces on ACA show the adsorbent is saturated [18]. It is also 

evident that based on Figure 6, the surface of CCAC after adsorption of BGD becomes denser and 

smoother with significant surface morphology. 

 

 
Figure 5. XRD plots of CCAC before and after adsorption. 
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Figure 6. (a–f) SEM analysis of ACB and ACA samples before and after adsorption. (a) ACB (20 μm); 

(b) ACA (20 μm); (c) ACB (50 μm); (d) ACA (50 μm); (e) ACB (100 μm); (f) ACA (100 μm). 

 

 
Figure 7. Point of zero charge. 
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to understand the change in the surface character of the synthesized adsorbent under changing pH 

values. This illustrates that the CCAC surface has a positive charge when the pH of the solution is below 

pHpzc and a negative charge when the pH of the solution is higher than pHpzc. A similar finding has 

been reported by Iheanacho et al. [19].  

 

Adsorption Isotherms 

The studies of adsorption isotherm were performed by varying initial concentrations of BGD from 

10–90 mg/l at room temperature using 100 ml of initial BGD solutions with an adsorbent dose of 

0.267 g, shaking speed of 200 rpm, the contact time of 63.85 min and pH of 7.172. The adsorption 

behavior between the CCAC and BGD ions under different concentrations was interpreted by the 

Langmuir and Freundlich isotherms models as shown in Figures 8 and 9, respectively. The outcomes 

are illustrated in Table 1 and it shows the experimental data fit both Langmuir and Freundlich 

adsorption isotherm models. Based on Figure 9, the adsorbed BDG ions on the surface of CCAC 

effectively undergo the monolayer and homogeneous adsorption process of BGD ions rather than the 

multilayer adsorption process [34]. 

 

 
Figure 8. Langmuir isotherm model of BGD removal. 

 

 
Figure 9. Freundlich isotherm model of BGD removal. 
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The values of separation factor RL (0<RL<1) given in Table 2, designate the favorability of the 

adsorption process with a maximum adsorption capacity (Qmax) of 98.04 mg/g (Table 1). Furthermore, 

a value of the Langmuir coefficient (b), which is 0.026 Lm/g implies strong binding sites exist on the 

surface of the adsorbent indicating the adsorbents could adsorb dyes effectively [35, 36]. On the other 

hand, as represented in Table 1, the value of the Freundlich constant (n>1) shows favorable adsorption 

[33]. R2 of 0.999 represents that heterogeneous conditions were existed [37]. This study data revealed 

that the Freundlich isotherm model fits the experimental data better than the Langmuir isotherm model, 

with a maximum correlation coefficient that aligns with data reported by Tan et al. [38]. The Langmuir 

separation factor RL is given in Table 2 and Figure 10. 

 

 
Figure 10. Langmuir separation factor. 

 

Table 2. Langmuir separation factor RL. 

Co 10 30 50 70 90 

RL 0.79 0.56 0.43 0.35 0.04 

 

Factors Affecting the Adsorption of BDG 

Effect of solution pH on BGD removal 

The influence of solution pH on BGD removal was tested at room temperature using 100 ml of 

40 mg/l; starting BGD solution in the pH range of 2–12, 0.4 g of adsorbent, 200 rpm of shaking, and 

40 min of contact time. As demonstrated in Figure 11, the removal of BGD on CCAC is mostly affected 

by pH solution. At pH 8, the maximum adsorption capacity of 95.7% was reached, after which it 

declined. The removal of BGD on CCAC increased up to the center point and then decreased. The 

electrostatic repulsion between the negative charges of the CCAC adsorbent and the cationic species of 

BGD resulted in significant BGD removal effectiveness at low pH. Increasing the adsorption capacity of 

CCAC with increasing pH indicates that negative charge increases on the surface of the adsorbent, which 

causes the deprotonation of functional groups available in CCAC which act as sites for the binding of 

cationic BGD [39]. The low adsorption capacity at very low pH may be due to the competition of protons 

with dye molecules available at the active sites of adsorbent [40]. According to the study conducted by 

Mansour et al. [41], increasing the pH from 1 to 10 has enhanced the dye removal percentage from 

55.94 to 90.93%. The maximum adsorption capacity was 9.57 mg/g at a pH of 8. This demonstrates that 

the pH of the solution has a significant impact on the BGD adsorption process.  

 

Effect of Contact Time  

The most important factor influencing the adsorption process is contact time [42]. To determine the 
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0.79

0.56

0.43

0.35

0.04
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 20 40 60 80 100

R
L

BGD Concentration (mg/L)

Concentration vs Separation factor (RL)



 

Journal of Water Pollution & Purification Research 

Volume 12, Issue 3 

ISSN: 2394-7306 

 

© STM Journals 2025. All Rights Reserved 37  
 

with 10 min intervals using 100 ml of 40 mg/l initial BGD solutions at an adsorbent dosage of CCAC 

of 0.3 g, a shaking speed of 200 rpm, and a pH of 8. The experimental results for the effect of contact 

time are shown in Figure 12. It was perceived that around 94.37% of BGD was removed during the first 

20 min of adsorption, indicating that the adsorption of BGD onto CCAC was fast during the beginning 

stage of the adsorption process. The presence of a large number of free negatively charged active sites 

on the adsorbent surface resulted in the rapid removal of BGD. On the other hand, lengthening the 

contact time after 60 min did not show a significant influence on BGD adsorption. Generally, during 

the first minutes of adsorption, the number of active sites on the adsorbent surface is much greater than 

the remaining sites. In the case of high contact times, the molecules need more time to diffuse inside 

the pore of the adsorbent. Therefore, the adsorption was maximum in the first stages of the adsorption 

process [37].  

 

Effect of CCAC Dosage  

At room temperature, the effect of the adsorbent dose on the removal of cationic BGD from an 

aqueous solution was examined by varying the adsorbent dose (0.1, 0.2, 0.3, 0.4, and 0.5 g) with an 

initial BGD concentration of 40 mg/l. Firstly, the solutions were shaken for 40 min at 200 rpm at a pH 

of 8. The residuals of BGD ions were studied after each sample was filtered with the Whatman No40 

filter paper. 

 

 
Figure 11. Effect of PH on BGD removal efficiency. 
 

 
Figure 12. Effect of contact time on BGD adsorption. 
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The effect of the adsorbent dose was particularly studied as important for the removal of BGD, and 

the results obtained are shown in Figure 13. The findings show that as the dose of CCAC was increased 

from 0.1 to 0.3 g the percentage removal of BGD increased from 93.2 to 98.1%. Increasing the 

adsorption capacity was limited when it achieved the saturation point. However, the aggregation of 

adsorbent particles at higher dosages leads to a decrease in the surface area which reduces the adsorption 

effectiveness of the adsorbate [43]. The higher the dosage, the lower the adsorption capacity. At 0.1 g, 

the highest adsorption capacity (Qmax) was 37.4 mg/g. Similar findings were reported by Al-Jaafari and 

Al-Kazragi [44].  

 

The Effect of Initial Concentrations  

At room temperature, the effect of initial BGD concentration on the removal of BGD ions from 

aqueous solution by CCAC was studied by varying the initial concentration from 10 to 90 mg/l with 

intervals of 10 mg/l while other parameters such as the adsorbent dose, contact time and pH were 

maintained constant at values of 0.3 g, 60 min, and 8, respectively. The solutions were stirred for 60 min 

at 200 rpm, and then each sample was filtered through Whatman No40 filter paper before being tested 

for BGD solutions following the procedures given by Abbas [45]. The results obtained for the effects 

of initial BGD concentration on BGD removal are shown in Figure 14. 
 

 
Figure 13. Effect of adsorbent dosage on BGD removal. 

 

 
Figure 14. Effect of initial BGD for removal efficiency of BGD. 
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It was noticed that increasing the initial concentration of BGD resulted in a lower percentage 

elimination of BGD. In this study, the removal efficiency of 99.56% was obtained at a minimum value 

of BGD concentration and 81.87% was obtained at a maximum concentration of BGD. Therefore, most 

of the dye molecules are adsorbed by adsorbents at low initial dye concentrations and the removal 

efficiencies increase. A study reported that when an initial dye concentration is in excess, the active 

sites of the adsorbent are completely retained, so some of the dye molecules cannot be absorbed, and 

the removal efficiencies decrease [46]. 

 

Factors Affecting Desorption of BDG 

Effect of Initial Concentrations on Desorption of BGD 

The effect of initial dye concentrations was studied at concentrations of 10, 30, 50, 70, and 90 mg/l 

of BGD, and the maximum desorption efficiency was obtained at 50 mg/l. Adsorbent dosage, pH, 

contact time, and agitation speed were all maintained at 8, 60 min, 0.26 g, and 200 rpm, respectively. 

The maximum desorption efficiency was 91.8% for the first cycle and the minimum value was obtained 

as 67% for the second cycle as shown in Figure 15. 

 

Effect of Eluents Concentrations 

In this study, the effect of three different concentrations of eluents: HCl, NaCl, and CH3OH with 

concentrations of 0.125, 0.25, 0.5, and 1 M was examined in BGD desorption efficiency. The results 

obtained are revealed in Figure 16. Based on the obtained data, increase in the concentration of eluents 

increases the desorption efficiency. Study findings shows that the highest and lowest desorption 

efficiency was obtained at 90% at 1 M HCl, and 43.5% at 0.125 M CH3OH.  

 

Effect of HCl:CH3OH Ratios 

The effect of HCl:CH3OH ratios was examined at HCl: CH3OH ratios of 1:0, 3:1, 1:3, and 0:1. As 

shown in Figure 17, the highest and lowest desorption efficiency was obtained at 1:0 of HCl in first 

cycle and 0:1 M of CH3OH in second cycle which indicates the acid was more effective than alcohol 

for the desorption of CCAC. This implies that higher molecular alcohols have less desorption efficiency 

than lower molecular alcohols [9].  

 

The comparison of different adsorbents for BGD removal is shown in Table 3. 

 

 
Figure 15. Effect of initial concentration in desorption of BG. 

66 

68 

70 

72 

74 

76 

78 

80 

82 

84 

86 

0 

88 

90 

92 

20 40 60 80 100 

Concentration (mg/L) 

D
es

o
rp

ti
o
n
 e

ff
ic

ie
n
cy

 (
%

) 

Second cycle  

First cycle  



 

 

Synthesis of Activated Carbon from Corn Cob and Factors Affecting                                                   Gurmu et al. 

 

 

© STM Journals 2025. All Rights Reserved 40  
 

 
Figure 16. Effect of eluents concentrations. 

 

 
Figure 17. Effect of HCl:CH3OH ratios in desorption of BGD. 

 

Table 3. Comparison of different adsorbents for BGD removal. 

Adsorbent Co 
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Adsorption Capacity 

(mg/g) 
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efficiency (%) 
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Pyrus pashia leaves 10  93.35 [47] 

Activated carbon from guava seeds 10 80.5 98 [48] 

Fava bean peels (FBP)  5 28.14 84 [49] 

Lawsonia inermis seed powder 20 34.96 93% [50] 

Corn cobs activated carbon 59.463 98.04 99.31 This study findings 

 

CONCLUSION 

In this study, corncob-activated carbon (CCAC) adsorbents were prepared using the H2SO4 activation 

method for the removal of brilliant green dye (BGD) from synthetic wastewater. The produced CCAC 
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was characterized by performing XRD, SEM, and FTIR spectroscopy. The XRD data showed that the 

CCAC samples are amorphous substances. The FTIR spectrum showed that the CCAC's chemical 

structure included a variety of functional groups. The morphology of CCAC was studied from the SEM 

image analysis. The parameters influencing the synthesized CCAC's adsorption and desorption 

efficiency were examined in this work. As a result, the maximum adsorption efficiency of 95.7, 94.37, 

98.1, and 99.56% at pH=8, contact time =20 min, the dosage of CCAC=0.3 g, and initial concentration 

=43 mg/l, respectively. Besides, the BGD removal fits more into the Freundlich isotherm model than 

the Langmuir model with a correlation coefficient R2 of 0.999. In addition, the effects of eluent 

concentration, BGD concentrations, and acid: alcohol ratio on the desorption of BGD were conducted. 

Maximum desorption efficiency was obtained at 1 M HCl. The adsorption capacity of prepared CCAC 

was 98.04 mg/g. In general, this study showed that CCAC was an efficient biomass adsorbent for the 

removal of BDG that can be easily prepared and regenerated at low cost.  
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