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ABSTRACT 

 

Water and wastewater treatment using adsorption technology based on 

agricultural solid wastes which are cheap and locally available have 

confirmed outstanding adsorption capabilities for removal of Malachite 

Green (MG) dye pollutant. Thus, this work reports low-cost and locally 

available Anchote Peel (AP) and Coffee Husk (CH) untreated adsorbents for 

the removal of MG from model wastewater. After characterizing the 

adsorbents by using Fourier infrared and x-ray powder diffraction 

spectrophotometers, the maximum dye removal efficiency at optimal 

experimental conditions: Solution pH, equilibrium contact time, amount of 

adsorbent, dye initial concentration and temperature) was determined to 

be 98.33% for AP and 98.11% for CH, respectively. The experimental 

results best agree with the Langmuir adsorption isotherms and pseudo-

second-order kinetic model confirming that the uptake of MG involves of 

chemical processes to form monolayer followed by multilayer on the 

heterogeneous surface of the AP and CH adsorbents. Furthermore, the MG 

adsorption onto AP and CH is thermodynamically feasible, spontaneous, 

and non-uniform showing that there was surface change during adsorption. 

These adsorbents are cheap, abundant, environment benign and 

biodegradable. Finally, it was concluded that the AP and CH agricultural 

solid wastes based adsorbents are promising sustainable functional 

materials with due adsorption capabilities for removal of MG dye from 

aqueous solution.  

Keywords:  Malachite green; Anchote peel; Coffee husk; Adsorption; Water 

treatment 
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INTRODUCTION 

Malachite Green (MG) is an organic compound first synthesized in 1877 and commonly used as a dyestuff and 

antimicrobial in aquaculture industries. MG is a cationic dye commonly used in the industries for coloring and healing 

agent [1-3]. Apart from its wider applications, MG is persistent in the environment and acutely toxic to many living 

organisms. Thus, due to its public health risk and environmental issues, MG was grouped as a class II health 

hazard [4]. Many studies confirmed that MG is persistent in the environment, carcinogenesis, mutagenesis, 

teratogenesis, and show respiratory toxicity [3,5,6]. Consequently, it becomes compulsory to remove or degrade MG 

from environmental segments such as water bodies using suitable techniques.  

There are various analytical methods employed for the elimination of MG dye removal from water and wastewater 

including photocatalytic degradation, combined photo-Fenton and biological oxidation, advanced oxidation 

processes, aerobic degradation, nanofiltration membranes, ozonation, coagulation, fluid extraction, solid phase 

extraction, and adsorption [7-10]. However, adsorption based on sustainable adsorbent materials becomes 

economically feasible to eliminate MG dye. This is accounted to the high efficiency, low operation cost, flexibility, 

simplicity, reusability, and capability to remove multiple pollutants from wastewaters [11]. Recently, low-cost and 

locally available adsorbents become promising to remove different organic dyes including MG and can replace the 

expensive commercially available materials. Such kinds of adsorbents are interesting sine they are cheap, good in 

removing different dyes from aqueous media, biodegradable, and environmentally safe [12,13]. Therefore, the 

removal of MG from water and wastewater by using locally available and low-cost adsorbents is very important. 

Previous literature reports reveal that different biomass materials such as Chlorella-based biomass, 

Limoniaacidissima (wood apple) shell, pulverized teak leaf litter, chitosan, wheat bran, tamarind fruit shell, pomelo 

(Citrus grandis) peels, banana peel, rice husk and bamboo leaves biomass and soil have been successfully used to 

remove MG from water and wastewater [3,12-21]. In the adsorption technology, the applications of agri-wastes as 

adsorption materials in the removal of organic dyes from water and wastewater bodies become promising due to 

dual advantages namely environmental benign and biodegradability. On the other hand, MG water soluble cationic 

dye that persist in the environment to cause damage to nervous system, cancer, damage liver, spleen, kidney, 

lungs and bones and cytotoxic to mammalian cells. Therefore, due to its wide applications and toxic effects, MG dye 

removal from water bodies using suitable and sustainable technology is extremely important [6,10]. Thus, the aim of 

this work was to investigate Anchote Peel (AP) and Coffee Husk (CH) as low-cost and locally available abundant 

sustainable materials for the removal of MG organic dye from water bodies by adsorption method. The removal 

efficiency of the AP and CH was evaluated after careful optimization of different experimental parameters.  

MATERIALS AND METHODS 

Experimental part 

Chemicals and reagents: Analytical standards of Malachite green dye was obtained from (Loba Chemie and 

Qualigens, India). Analytical grade reagent each (37%) hydrochloric acid (Merck, Germany) (97%), sodium hydroxide 

(CDH, India) were used in the present investigation. Stock solution of MG was prepared by dissolving a certain 

amount of dye in distilled water. These solutions were used for optimization of effective parameters and also for 

planning calibration curve in order to calculate the dye removal efficiency. 

Apparatus and instruments: Chopping board and Teflon knife were used to cut Anchote peel (Coccinia abyssinica) 

into pieces while air circulating oven were used for drying. Porcelain mortar, pestle and crucibles were used during 

pounding of the samples. Analytical balance was used to weigh the Anchote peel and coffee husk samples. Round 
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bottom flasks with ground glass joint fitted with reflux condenser used for digesting the samples on block digester 

heating apparatus. Dyes concentration was measured by with ultraviolet visible (UV Vis) spectrophotometer 

(Shimdzu, DU 8800D), Fourier Transform Infrared   Spectrophotometry (FTIR, Shimadzu FTIR 8400S 

spectrophotometer) spectra of the adsorbents, malachite green-load adsorbent and methyl orange–load adsorbent 

were recorded in the spectral range of 4000–400 cm. X ray powder diffraction (XRD) (model Xpert MPD, Philips,) 

spectrometry was used for characterization of the crystal nature of the adsorbents.  

Preparation of adsorbents: Waste Coffee Husk (CH) and Anchote Peel (AP) were collected from agricultural product 

and local markets in the Nekemte City (latitude and longitude of 9°5′N 36°33′E and an elevation of 2,088 

meters), suspended impurities were removed through extensive washing with tap water, cut into small pieces and 

then sun dries for four days.  It was then dried in the oven at 105°C for 24 hours until the peels become crispy. The 

dried peels were pulverized into the fine powder by a mechanical grinder and sieved through 1 mm siever. The AP 

powder obtained was used for experimental purposes. 

Batch adsorption experiments: Adsorption equilibrium tests were conducted for the removal of MG in aqueous 

solution using AP and CH adsorbents.  In order to estimate the biosorption characteristics of AP and CH on MG, 

batch sorption studies were carried out in 250 mL Erlenmeyer flasks containing a fixed amount (1.0 g) of adsorbent 

with 100 mL of 20 mg/L dye solution. Then the flask was then shaken at 200 rpm for 5 min and MG dye samples 

withdrawn at regular time intervals to measure the dye in the supernatant absorbance at 620 nm using UV-Vis 

spectrophotometer. 

To determine the quantity of MG, qe (mg/g), removed from aqueous solution at equilibrium and the efficiency of dye 

removing capacity or percentage removal (% R) of AP and CH were calculated from the following relationships [22]: 

𝑞𝑒  =
(𝐶𝑜−𝐶𝑒)𝑉

𝑊
    ……………  (1) 

%𝑅 =
(𝐶𝑜−𝐶𝑒)𝑥100

𝐶𝑜
        ………………….. (2) 

where, C0 and Ce (mg/l) are the initial and equilibrium concentration of MG, respectively; V(L) is the volume of the 

dye, w (g) is the mass of AP or CH used; qe (mg/g) and %R is the quantity of MG removed from aqueous solution. 

Except for the evaluation of the effect of temperature, all measurements were conducted at room temperature 

except for the study of the effect of temperature on the adsorption process and all measurements were made in 

triplicate to consider the average values for report. The effects of AP and CH adsorbents dose, equilibrium contact 

time, initial MG concentration, pH and temperature were studied together by adding 100 ml of dye solution to 1 g of 

AP and CH in 250 ml Erlenmeyer flask. 

Adsorption isotherms: The design and selection of suitable adsorbents and the evaluation of their performances 

mostly rely on the adsorption isotherms. There is various adsorption isotherm used to describe the adsorption of 

dyes onto the surface of adsorbents. Here, the two most common isotherms Langmuir, and Freundlich were used to 

determine the adsorption capacity and heterogeneity of the system. 

Adsorption kinetics: The adsorption kinetics experiments were conducted using initial MG concentrations of 200, 

400 and 800 mg/l. In this work, pseudo-first-order and pseudo-second-order model have been used for testing the 
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experimental data in order to determine the rate at which the MG was adsorbed, to predict the adsorption 

mechanism and the rate-determining steps. 

Adsorption thermodynamics: The effect of temperature on the adsorption of MG onto AP and CH adsorbents were 

investigated at various temperature ranges from 20 to 80ºC using batch adsorption experiment described before. 

The initial concentration and volume of the MG dye solution were fixed at 500 mg/l and 100 ml, respectively; the 

initial pH of dye solution was adjusted to 6.0 while the mass of AP and CH used was fixed at 0.5 g to determine the 

amount of the residual MG (qe) in solution. 

RESULTS AND DISCUSSION 

Chemical characterization of adsorbents 

The characterization of adsorbent materials is very important to better understand the nature of the materials. 

Thus, characterization of Coffee Husk (CH) and Anchote Peel (AP) were carried out by using FTIR and XRD. Thus, 

information obtained from the characteristic of adsorbents is necessary as their physical  and chemical properties 

can influence the adsorption behavior.   FTIR  spectra  was  employed  to  ascertain  the  bond  types,  structures  

and  functional groups in the AP and CH adsorption. Figures 1A and 1B showed the FTIR spectra of AP and CH 

powder respectively. The band between 3800-2700 cm-1 stretching are Hydrogen region which consists -C-H, =C-H, 

hydroxyl group (O-H group) and alkyne group. Therefore, the  bands at 3316 cm-1  stretching and 2296 cm-1 

stretching for the spectrum of AP powder and the bands 3617, 3540, 3331, 3154 and 2285 cm -1 for CH powder 

indicated  they consist of -C-H, =C-H, and alkyne  funtional group.   

Figure 1. FTIR spectrums of (A) AP powder and (B) CH powder.  

 

 

The presence of C=C bond  and C=O bond in AP and CH powders is accountable for the appearances of absorption 

bands at 1678 cm-1 and 1674 cm-1 respectively. Furthermore, the existence of amides in both adsorbents is 

evidenced from the presence of double peaks with equivalent halves near 3629-3315 cm-1 that belongs to the 

primary amines (NH2) symmetric stretching.  Similarly, the amide functional units can be confirmed from the 

absence of single broad peak at about 3400-3300 cm-1 and the presence of C-N stretching near 1300-1000 cm-1. 

The peak at 2295 cm-1, 1678 cm-1 and 1441 cm-1 are due to the C≡N, C=O and N-H groups stretching vibrations. 

Moreover, the peak at 708 cm-1 corresponds to NH out-of-plane bending. Thus, the biomaterial mainly consists of 

long chain amine compounds containing carbonyl functional units (Table 1). The presence of functional units such 
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as amine and carbonyl groups in the bionanomaterials make them suitable for the adsorption of various 

adsorbates.  

Table 1. Assignment of FTIR band positions of AP and CH adsorption in wave number (cm-1). 

 

Assignment AP powder CH powder 

O-H stretching 3316 cm-1 3617, 3540, 3331 and 3154 cm-1 

C-H stretching 3316 and 2296 cm-1 3617, 3540, 3331and 3154 cm-1 

C=C stretching 1678 cm-1 1674 cm-1 

C-O, C-N and C-C single 

bond stretch 
708 cm-1 679 cm-1 

C=O stretching 1426 and 1678 cm-1 1424 and 1674 cm-1 

C-N stretching 1426 cm-1 1424 cm-1 

C≡N stretching 2295 cm-1 2285 cm-1 

N-H stretching(amines 

and amides) 
3316 cm-1 3331 cm-1 

 

X-ray powder diffraction (XRD) was used to study the surface properties, crystallinity or the amorphous nature of the 

AP and CH powders. As illustrated in Figures 2A and 2B, it was observed that that the intensities are increased with 

increasing in angle up to certain transition angle and anomaly decreased further. The broad diffraction spectrum 

with a major semi-crystalline peaks was observed at 2θ=20° for AP powder and at 2θ=16.3° and 20o for CH 

powder respectively. For both samples the broad spectrums at about 2θ=20° indicates the materials are highly 

amorphous and porous in nature that is the characteristic of plant based natural polymers resulted from the 

diffusion scattering of biomaterial fibers [23].  

Figure 2. XRD spectrum of AP powder (A) and CH powder (B). 

 

Adsorption studies 

The MG dye removal efficiency of the adsorbents was evaluated using the batch equilibrium experiment. The 

removal efficiency (percent removal, % R) and adsorption capacity (qe) for each adsorbent was employed to study 

the extent of dye adsorption. For both AP and CH adsorbents, the adsorption  capacity  at  any  t  time  (qt)  was  

determined  using  the following  equation [24]:  
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qt = 
V(Co−Ce)

W
       ……………… (3) 

Where Co and Ce are the initial and the equilibrium MG dye concentrations (mg/L), V is the volume of solution (mL) 

and W is the amount of adsorbent used (g). The removal of MG from aqueous solution was examined by taking into 

account different experimental parameters which affect the efficiency. These parameters include adsorbent dose, 

pH, equilibrium cotact time, initial concentration and temperature. 

Effect of adsorbents dose 

The efficiency of adsorption mainly depends on the number of active adsorption sites available on the adsorbent. 

This implies the amount of adsorbent used in adsorption process is particularly important because it determines 

the sorbent–adsorbent equilibrium in the system [25]. Thus the quantity of AP and CH powders were increased from 

0.1 to 0.6 g/L at 100 mg/L dye concentration on equilibrium time of 3.00 h with agitation speed of 200 rpm at 

250C. The removal efficiency was determined in percentage as depicted in Figure 3. The maximum percentage 

removal of MG of 98.33% for AP and 98.11 % for CH was observed. For both adsorbents the removal efficiency was 

gradually increased as the adsorbents dose increased from 0.1 to 0.5 g/L and almost remains unchanged 

indicating that the equilibrium condition is maintained. The increase in the adsorption of the dye is clearly 

dependent on the increase in the binding sites on the surfaces of the adsorbent upon increases its quantities. The 

adsorbent quantity of 0.5 g/L is known to have sufficient available binding sites to accommodate more MG 

molecules thus giving high adsorption of MG dye. On the other hand, at lower and higher doses, the adsorption 

capacity seems low which might be due to the presence of very small vacant binding sites, overlapping of 

adsorption sites and the difficulty of the dye molecules to diffuse into the inner sites for adsorption [26-28]. 

Furthermore, the decreases in the adsorption capacity at high AP and CH to MG concentration ratio might be the 

creation of artificial adsorption process that does not favor optimum uptake of the MG dye molecules by the 

adsorbents [14].  

Figure 3. Effect of adsorbents dose on the dye removal efficiency. 

 

Effect of contact time and initial dye concentration  

The effects of initial MG concentration and contact time on the adsorption capacity of AP and CH were investigated 

as shown in Figure 4.  The variation of adsorption capacity with time for the adsorption of MG onto AP and CH 

decrease with increase in the amount of MG and slows down after 100 mg/L. Thus the e equilibrium time for the 

MG-adsorbents at higher concentration relatively small this might be accounted for the increase in the diffusion 

path length in the adsorbents. Thus lower concentration of MG favors high removal efficiency. Furthermore, the 

adsorption capacity increases with contact time and reaches to equilibrium after an average time of 180 min. The 
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presence of available binding sites at the surface of AP and CH adsorbents is responsible for the rapid increase in 

the adsorption of MG at the beginning. Then after the rate of diffusion becomes slow indicating that the MG 

molecules takes relatively long time to penetrate into the inner part of the adsorbents once the surface attained 

saturation. Generally, the MG adsorption increases with increasing the dye initial concentration only until it attains 

an equilibrium condition. The overall decrease in the adsorption capacity at high MG initial concentration accounts 

that the repulsion between the adsorbed and new coming MG molecules as well as the decrease in the number of 

vacant surface sites available for binding the dye [14,29]. 

Figure 4. Removal efficiency of AP and CH adsorbents (A) Effect of MG initial concentration; (B) contact time  

 

Effect of pH 

The uptake of dye molecules onto the surface of adsorbents is highly dependent on the Initial pH of dye solution. To 

investigate the effect of initial pH of a dye solution on the adsorption efficiency, pH 2-12 was employed using MG 

initial concentration of 100 mg/L with 500 mg as adsorbent dosage, agitation time 180 min with agitating speed 

200 rpm at 25°C (Figure 5).  The high percentage removal was observed from 6-8 pH ranges with about 98.58% for 

AP and 97.21 % for CH removal of MG dye. At pH less than 6.0, percentage removal is low because the surface of 

the adsorbents repels the dye molecules due to the formation of positively charged surface on the adsorbent 

surfaces and the protonation of carboxylic groups of MG to form positive charges [30]. Above pH 6.0, the percentage 

removal was increased due to the increase in the electrostatic interactions between the cationic MG dye and the 

negatively charged surface of the adsorbents. Therefore, the removal efficiency is increased due to the increase in 

the adsorption of MG onto the surface of adsorbents which is in agreement with the previously reported adsorption 

systems [4,14,31]. Thus, the adsorbent introduced here work best in the pH range of 6.0-8.0 without treatment.  

Figure 5. Effect of pH on the MG removal efficiency of AP and CH adsorbents. 
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Adsorption isotherm studies 

In the removal of contaminants from water bodies, the ratio of the amount adsorbed by adsorbents and that 

remains in solution at fixed temperature at equilibrium is very important in adsorption isotherm studies. The 

adsorption performance of a given adsorbent can be described Langmuir isotherm and Freundlich isotherm models 

using adsorption equation [32].  The experimental values of Langmuir isotherm and Freundlich isotherm constants 

for the adsorption of MG onto AP and CH at 25°C are listed in Table 2.  As such the relatively high values of 

correlation coefficients (R2) (0.996 and 0.994) for AP and CH confirms that the isotherm data for MG best fit the 

Langmuir adsorption isotherm model equation: 

𝑞𝑒 = 𝑞𝑚𝑎𝑥
𝐾𝐿𝐶𝑒

1+𝐶𝑒𝐾𝐿 
  ………….. (4) 

where Ce (mg/L) is the concentration of MG adsorbed at equilibrium, qe (mg/g) is the mass of MG adsorbed at 

equilibrium per unit mass of AP and CH, qmax (mg/g) is the adsorption capacity of biosorbent toward specific dye 

pollutants, and KL (L/mg) is the adsorption rate constant. A straight-line plot of Ce/qe versus Ce where slope equal to 

Ce/qe and intercept equals (1/qm)(1/KL) is presented in Figure 6. The calculated values of KL, qm, RL and the linear 

correlation coefficient, R2, are presented in Table 2. A separation factor (RL= 1/(1+KLCo)) which is a dimensionless 

is important to clarify the important characteristics of Langmuir equation in adsorption system. The R2 value is 

0.996 and 0.994 while the RL values are 0.409 and 0.649 for AP and CH, respectively indicating the adsorption 

process is favorable through molecular layer formation and reversible. 

Table 2 indicates that the best model representing the adsorption of MG onto AP and CH is Freundlich isotherm 

which exhibits good linearity with an R2 of 0.996 and 0.994 for AP and CH, respectively. This suggests that the 

surfaces of AP and CH are heterogeneous and favors the multilayer adsorption of MG dye. The solution of 

Freundlich equation generated from the following equation [33]: 

qe = KfCe
1/n

   …………….. (5) 

Where, the parameters Kf and n represent Freundlich adsorption capacity and heterogeneity of the system, 

respectively. The value of R2 is 0.983 (AP) and 0.981 (CH) while the value of n is 1.438 and 1.610 for AP and CH, 

respectively confirming that MG dye molecules adsorption onto the adsorbents surface is favorable.  

Table 2. Isotherm models results for the adsorption of MG on to AP and CH adsorbent at 25ºC. 

Adsorption 

isotherms 
Constants 

Adsorbent 

AP CH 

Langmuir 

Qm  227.3 17.783 

KL 0.029 0.025 

R2 0.996 0.994 

Freundlich  

Kf  8.023 0.154 

n 1.438 1.61 

R2 0.983 0.981 

RL at 50 mg/L   0.409 0.649 

 

Based on the values of n, CH surface adsorption is more heterogeneous than that of AP. The strong correlation of 

the adsorption data with the Freundlich adsorption isotherm indicates the adsorption of MG onto AP and CH forms 

the multilayer and heterogeneous adsorption of molecules to the adsorbent surface.  
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Figure 6. Adsorption plot of MG onto AP and CH adsorbents (A) Linearized Langmuir; (B) Freundlich. 

 

Study of AP and CH adsorption kinetics 

The efficient uptake of the adsorbate by the adsorbent with respect to time and quantity is the crucial step in the 

design of efficient and effective low-cost adsorbents. Thus, the adsorption kinetics can be studied using the 

pseudo-first-order and pseudo-second-order models by assuming the surface chemistry of the adsorbent [34]. In lie 

with this, the pseudo-first-order and pseudo-second-order models were employed to investigate the adsorption 

kinetics of MG onto AP and CH adsorbents to generate different parameters (Table 3).  

The pseudo-first-order equation has the following mathematical form: 

𝑞𝑡 = 𝑞𝑒(1 − exp(𝑘1𝑡))  …………….. (6) 

where qt is the amount of dye adsorbed by biosorbent at time t, while qe and k1 are the parameters of the pseudo-

first-order which indicate the amount adsorbed at equilibrium condition and time scaling factor. The kinetic 

parameter k1 is usually dependent on the pH of the solution, temperature, as well as the initial concentration of the 

solution. 

The pseudo-second-order equation for the adsorption kinetics can be determined by using the following equation 

[35]: 

𝑞𝑡 =
𝑞𝑒 𝐾2

2 𝑡

1+ 𝑞𝑒 𝐾2𝑡
    ……………………  (7) 

Similar to the parameter k1 in pseudo-first order, the parameter k2 is also a time scaling factor.  

From Table 3, is observed that the correlation coefficients for the pseudo-second-order kinetic model (R2=0.9982) 

is greater than that of pseudo-first order (0.9023). This is considered as the confirmatory check for the kinetic data 

is best fitting the pseudo-second-order kinetic model. The plots of pseudo-second-order kinetic for the adsorption of 

MG onto AP and CH adsorbents are presented in Figure 7.  

Table 3. Adsorption kinetic parameters results for the adsorption of MG onto AP and CH adsorbents at 25°C. 

Adsorption 

kinetics 
Constants 

Adsorbent 

AP CH 

Pseudo-first-order 

Kl 0.0131 0.0995 

qe 1.0921 10.093 

R2 0.9023 0.915 

Pseudo-second-

order 

K2 0.0571 0.0148 

qe 23.255 21.459 
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R2 0.9982 0.9972 

 

Figure 7. Plots for the adsorption of MG onto AP and CH adsorbents (A) Pseudo-first-order; (B) pseudo-second-order. 

 

Based on the kinetic data R2, the adsorption data for the adsorption of MG onto AP and CH best fit with the pseudo-

second-order than the pseudo-first-order kinetic model. The higher K2 values indicate the fast adsorption of the MG 

to attain equilibrium condition. Overall, pseudo–second-order equation is relatively free random experimental 

errors; therefore, this equation gives better prediction for the various adsorption systems than the pseudo–first-

order equation [36-38]. 

Study of AP and CH adsorption thermodynamics 

The quantity of adsorbate taken up by the adsorbent directly depends on the temperature used during the 

experimental work and the functional groups available. The increase in temperature will lessen the adsorption 

capacity and even removed the adsorbate already adsorbed onto the surface of the adsorbent [39]. It is interlinked 

to the solubility of the adsorbate species that increase with a rise in temperature, while decreases in chemical 

potential [40]. The temperature effect on the adsorption can presented using the adsorption thermodynamic data 

and Vant Hoff equation which relates linear sorption distribution coefficient (KD) with the standards of entropy (ΔSo) 

and enthalpy change (ΔHo):  

lnKD =
ΔSo

R
−

ΔHo

RT
   ………........... (8) 

The value of ΔH was calculated from the slope of the linear regression of lnKD versus 1/T (Figure 8) while KD value 

was determined using the relation:  KD=qe/Ce, where qe represents the amount of MG adsorbed on AP and CH at 

equilibrium (mg/L). 

The spontaneity and feasibility of adsorption processes of MG by both AP and CH adsorbents was evaluated by 

using Gibb’s free energy change (ΔGo): 

ΔGo = -RTlnKD  ………………….  (9) 

Where R is gas constant and T is temperature (K). 

Thermodynamic parameters such as ∆H°, ∆S° and ∆G° for the adsorption of MG by both AP and CH are presented 

in Table 4. 

Table 4. Adsorption thermodynamic parameters determined for the adsorption of MG onto AP and CH adsorbents at 

different temperatures. 

Adsorbent 
ΔH ΔS ΔG(KJ/mol) 

(KJ/mol) (KJ/mol.K) 20°C 25°C 30°C 35°C 40°C 45°C 

AP 35.13 14.69 -7.87 -9.38 -10.49 -12.41 -13.58 -14.16 

CH 26 70.4 -5.42 -6.64 -7.03 -8.87 -9.13 -10.64 



Research & Reviews: Journal of Ecology and Environmental Sciences e-ISSN: 2347-7830   

 
JEAES | Volume 11| Issue 4|December, 2023 

88 

 

The negative value of ΔGo in this work indicates that the MG adsorption process onto AP and CH is spontaneous in 

nature and favorable thermodynamically [41]. The uptake of MG by AP and CH adsorbents has positive ΔH values 

showing that the adsorption process is endothermic. Furthermore, the positive values ΔS indicate that the 

adsorption system becomes more unsystematic and MG molecules showed strong affinity toward the active sites of 

the AP and CH adsorbents. 

Figure 8.  Plot of ln KD vs 1/T for the adsorption of MG onto AP and CH. 

 

Adsorption mechanism 

Organic pollutants like organic dyes have various chemical structure and its adsorption is affected by molecular 

size, charge, solubility, hydrophobicity, and reactivity and the nature of adsorbent [7,42]. The adsorption of MG dye 

onto agricultural wastes involves absorption, physical adsorption, ion-exchange, surface complexing, precipitation 

process and chemical sorption that are not related to metabolism. Based on the FTIR results (Figure 1), there are 

carboxylic, hydroxyl, amine, conjugate bonds and amide functional units. Thus, these units interact with those in MG 

through hydrogen bonding (H-bonding), π-π interactions, ionic interactions and van deer Waals forces [6,43]. MG 

adsorption occurs by physical adsorption in the form of monolayer formation followed by multilayer due the 

presence of two amine groups and positive charge on the nitrogen atom present in it [44,45]. The net interactions of 

these forces greatly assisted the MG by both AP and CH adsorbents. Generally, the adsorption of MG on to AP and 

CH can be grouped into monolayer and multilayer processes (Figure 9). The adsorption of MG onto AP and CH 

adsorbents through the formation of multilayer on the heterogeneous surface of adsorbents is dominating the 

system and reasonable because the experimental data best fitted with Freundlich adsorption isotherm [33]. 

Furthermore, the mechanism of the MG adsorption by the proposed adsorbents involves a chemical process mainly 

based on cation-exchange and electron sharing processes between the dye and the adsorbents [46]. 
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Figure 9. (A) Proposed MG adsorption mechanism as monolayer; (B) multilayer by AP and CH adsorbents. 

 

 

CONCLUSION 

Low-cost and locally available Anchote Peel (AP) and Coffee Husk (CH) adsorbents were designed and employed 

successfully as a water or wastewater treatment to minimize the severe problems for humans and aquatic biota 

due to dyestuffs water contamination. The AP and CH adsorbents were found to contain different functional units 

which help them to bind the Malachite Green (MG) dye molecules. The performance of AP and CH adsorbents to 

uptake the MG dye evaluated after careful optimization of experimental parameters such as adsorbent dose, 

equilibrium contact time, dye initial concentration, and pH. Under optimum experimental operation, the AP and CH 

were able to achieve the adsorption capacities of 98.33% for AP and 98.11% for CH, respectively. The experimental 

data showed best correlation with the pseudo-second-order kinetic model and Langmuir adsorption isotherm 

indicating the adsorption of MG involves chemical processes to form monolayer followed by multilayer on the 

heterogeneous surface of the AP and CH adsorbents. Furthermore, the adsorption of MG onto AP and CH was 

thermodynamically feasible and non-uniform. From the results of the present study, it seems the utilization of AP 

and CH as the low-cost, green and environment benign adsorbents is promising in the future for real applications. 
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