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Abstract. The need to develop effective technology for the treatment of liquid effluent of dye-intensive industries 

such as textile, rubber, paint, and printing is synonymous with the need to save the life-threatening risks posed by these 

carcinogenic and mutagenic pollutants on human and aquatic lives. Isotherms of adsorption of crystal violet (CV) on 

activated carbon (AC) synthesized from rice husk are presented herewith to elucidate the mechanism of the adsorption 

process of crystal violet dye contaminated water on rice husk activated carbon. AC was synthesized from rice husk via 

a phosphoric acid activating agent at low temperatures. Langmuir, Freundlich, Temkin and Dubinin–Radushkevich (D-

R) isotherm studies were employed. The mean square values for Langmuir, Freundlich, Temkin and D-R models were 

0.98, 0.91, 0.94, and 0.63, respectively. Analysis of the isotherms of the adsorption of crystal violet sorbate on the 

synthesized rice husk sorbent suggested that the adsorption process proceeded via a homogeneous monolayer 

mechanism. Langmuir isotherm gave the best fit of the adsorption process. Langmuir isotherm constant was –1.40 l/mg, 

and the equilibrium adsorption capacity was 13.53 mg/g. 
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1 Introduction 

Water, an essential lifeline to the survival of humanity 

and all organisms, is continually being polluted by the day-

to-day polluting activities of man, majorly industrial 

activities. Industrial activities such as textile, rubber, 

printing, pulp, paper, paint, and cosmetics production 

employ large volumes of dyes that are eventually released 

as effluents into the water bodies that provide drinking 

water for human communities. To avoid or at best reduce 

the high health risk associated with consumption of the 

carcinogenic and mutagenic industrial dyes such as crystal 

violet, effective technology for the treatment of the liquid 

effluent from dye intensive industries must be given the 

attention deserves. Dyes are classified as either natural or 

synthetic. Crystal violet (CV) is one of the dyes used in the 

textile industry, and it is synthetic. As a synthetic cationic 

dye, CV is a toxic dye [1, 2]. 

Treatment of the textile industry’s liquid effluent 

becomes very indispensable to remove dyes and ensure 

safe effluent discharge to water bodies. Different 

conventional treatments methods such as precipitation, 

photo-catalytic decolorization, coagulation, flocculation, 

membrane separation, adsorption, electrochemical and 

biological degradation have been examined with varying 

levels of success by researchers [3]. Of all these methods, 

the adsorption process has gained more interest in recent 

times due to its benefits of high efficacy and economic 

benefits over other methods [4]. Adsorption is a process 

that occurs when molecules of a gas or liquid solute 

(sorbate) accumulate on the surface of a solid (sorbent). 

The adsorption is achieved by the physical or chemical 

interaction of the sorbate molecules with the active sites 

presented onto the surface of the sorbent [5–7]. 

Activated carbon is porous, a carbonaceous material 

having significant surface area activities for the adsorption 

of sorbate molecules. Internal pore structure and active 

sites dominated surfaces of oxygenated functional groups 

[8–10]. Activated carbon is applied in most industrial 

water treatment processes such as water treatment plants 

and municipal waterworks stations. It is also applied to 

treat industrial liquid and gas effluents as a strategy for 

pollution control from the source. Activated carbon is also 

used in other industrial applications where its adsorption 

potential is exploited for decolorization and deodorization 

applications such as decolorization of and deodorization of 

vegetable oil. Activated carbon is synthesized by 

controlled thermal and acidification of carbonaceous 

materials such as wood chips, fly ash, and corn cobs rice 

husk [11–14]. A good choice of raw material for the 
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synthesis of activated carbon comes with the dual benefit 

of providing effective adsorption and converting waste to 

wealth. This work aimed to study the adsorption isotherm 

of adsorption of dye (CV) contaminated water over a low 

temperature synthesized activated carbon using rice husk 

as the raw material. 

2 Research Methodology 

Sample of rice husk was collected from Gidan Shinkafa 

Rice Milling Industry, Dakata Area, Kano State. 

Phosphoric acid and crystal violet powder were purchased, 

and distilled water was prepared from a water distiller. 

Equipment used include weighing balance (Model; PE-

160), shaker (KJ-201 BS OSCILLATOR), UV-Vis 

spectrophotometer (Model; Zuzi-4201/20), milling 

machine, and laboratory oven. Apparatus used include 

measuring cylinder, conical flask, crucibles, beakers, and 

spatula. 

Dried raw millet stover collected from the farm was 

washed to remove debris and other impurities. The washed 

millet stover was sun-dried for two days, after which it was 

crushed and milled using a milling machine. 

Synthesis of activated carbon was carried out at low 

temperatures using phosphoric acid as the activating agent. 

1:2 weight of powdered rice husk and phosphoric acid was 

measured into a crucible and mixed, which means 5.0 g 

powdered rice husk plus 10.0 g phosphoric acid. The 

homogenized mixture was heated at 120 °C for 1 h. After 

the synthesis, washing to a pH of 7.0 with distilled water 

was carried out. The washed adsorbent was dried in an 

oven at 110 °C for 1 h. 

Adsorption study of aqueous CV solution (sorbate) on 

varying samples of synthesized AC (sorbent) was carried 

out using 50 ml of CV sorbate at a constant initial 

concentration of 15 mg/l. The adsorption process was 

achieved by a laboratory shaker’s continuous mechanical 

shaking action. The percentage absorbance (%A) and the 

equilibrium adsorption capacity of the adsorbent qe, mg/g, 

were determined by the following equations: 

 %𝐴 =  
𝐶𝑜 − 𝐶𝑒

𝐶𝑜
· 100; (1) 

 𝑞𝑒 =
𝐶𝑜 − 𝐶𝑒

𝑚
𝑣, (2) 

where CO – the initial concentration of the sorbate; Ce – 

equilibrium concentration of the sorbate; m – the weight of 

adsorbent, g; v – the volume of the sorbate. 

Isotherm study of the adsorption of CV sorbate on the 

synthesized sorbent was carried out using Langmuir, 

Freundlich, Temkin, and Dubini–Radushkevich (D-R) 

models. Linearized isotherm models were employed. 

Graphical analysis of the various adsorption parameters of 

the models obtained from experimental data was carried 

out to establish the various model parameters. 

The Langmuir isotherm mechanism is based on the 

monolayer adsorption model, and it depicts homogeneity 

in the adsorbent surface [15]. The Langmuir isotherm 

model is as given: 

 𝑞𝑒  =
𝑞∞𝑏𝐶𝑒

1+𝑏𝐶𝑒
, (3) 

where q∞ – the monolayer theoretical capacity of the 

adsorbent or the maximum achievable adsorption density 

(mg of adsorbate per 1 g of adsorbent); b – the Langmuir 

equilibrium constant, l/mg. 

The linearized Langmuir isotherm model is as 

presented: 

 
𝐶𝑒

𝑞𝑒
=

𝐶𝑒

𝑞∞
+

1 

𝑞∞𝑏
. (4) 

The Freundlich isotherm mechanism is based on a 

multilayer adsorption model, and it depicts heterogeneity 

in the adsorbent surface [16]. The Freundlich isotherm 

mechanism is based on a multilayer heterogeneous 

adsorption model. The isotherm model is as given: 

 𝑞𝑒  = 𝐾𝑓𝐶𝑒

1

𝑛, (5) 

where Kf – the Freundlich multilayer adsorption 

constant related to bond strength and the dimensionless 

heterogeneity factor, l/g; n – the adsorption intensity. 

The linearized form of the Freundlich isotherm model 

is as given [17]: 

 𝑙𝑜𝑔 𝑞𝑒 = 𝑙𝑜𝑔 𝐾𝑓 +
1

𝑛
𝑙𝑜𝑔 𝐶𝑒 . (6) 

The Temkin isotherm mechanism is based on the 

interaction between the adsorbent surface and the sorbate 

molecules/ions. The isotherm is developed to assume that 

the free energy of sorption is a function of the surface 

coverage [18, 19]. 

The Temkin isotherm model is as given: 

 𝐴𝑡𝐶𝑒 =  𝑒
𝑞𝑒𝑏𝑡

𝑅𝑇 , (7) 

where Ce – concentration of the adsorbate at 

equilibrium, mg/l, qe – the amount of adsorbate adsorbed 

at equilibrium, mg/g; T – the temperature, K; R – the ideal 

gas constant; RT/bt – a measurement of heat of adsorption;  

1/bt – the adsorption potential of the adsorbent, mol/kJ;  

At – Temkin constant as the equilibrium binding constant, 

l/min, corresponding to the maximum binding energy. 

Linearized Freundlich isotherm model is as presented: 

 𝑞𝑒 =
𝑅𝑇

𝑏𝑡
𝑙𝑛𝐴𝑡 +

𝑅𝑇

𝑏𝑡
𝑙𝑛𝐶𝑒 . (8) 

The D-R isotherm model is based on Gaussian energy 

distribution onto a heterogeneous surface. It attempts to 

estimate the heterogeneity of the surface energies of the 

adsorbent in an adsorption process. The D-R isotherm 

model is as given: 

 
𝑞𝑒

𝑞𝑚
= 𝑒−𝛽𝜀2

, (9) 

where 𝑞𝑚 – the theoretical saturation capacity, mg/g;  

ε – the Polyani potential; β – the Dubinin-Rudushkevich 

isotherm constant related to the mean free energy of 

adsorption per mole of the adsorbate, mol2/kJ2. 

Unlike the other isotherm models, the D-R model 

makes provision to analyze the type of sorption taking 

place in an adsorption process. Value of the mean free 
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energy E, kJ/mol, of adsorption per molecule of the 

adsorbate approaching the adsorbent from infinity is used 

to interpret the type of sorption. E is related to β according 

to [18]: 

 𝐸 =
1

√2𝛽
. (10) 

For a chemisorption process, the value of E ranges 

between 8–16 kJ/mol, whereas for a purely physical 

sorption process E < 8 kJ/mol [18]. 

The linearized Dubinin-Redushkevich isotherm model 

is as presented: 

 𝑙𝑛𝑞𝑒 = 𝑙𝑛𝑞
𝑚

− 𝛽𝜀2, (11) 

where 𝜀 = 𝑅𝑇𝑙𝑛 (1 +
1

𝑐𝑒
). 

3 Results 

Figure 1 shows the spectrophotometer absorbance of 

crystal violet (at the wavelength of 565 nm) at varying 

concentrations of the aqueous crystal violet solution. 

 

Figure 1 – Spectrophotometer absorbance  

at a varying concentration of CV 

The curve representing the sorbate concentration 

calibration curve shows a linear relationship between the 

sorbate concentration and the absorbance. This was used 

to determine concentrations of sorbate throughout the 

adsorption study. 

Table 1 shows the adsorption equilibrium sorbate 

concentration at varying contact times. 

Table 1 – Equilibrium concentration and adsorption capacity  

at varying contact time 

Time, min Ce, mg/l qe, ml/l 

30 6.4 14.3 

60 4.8 17.1 

90 3.3 19.6 

120 2.8 20.3 

150 2.2 21.3 

180 2.1 21.5 

210 1.9 21.9 

240 1.5 22.5 

270 1.3 22.9 

300 1.2 23.0 

After starting with the initial sorbate concentration of 

15 mg/l, the equilibrium sorbate concentration dropped by 

57 % after 30 min to attain 6.4 mg/l. The equilibrium 

adsorption concentration and adsorption capacity after 

30 min were 6.4 mg/l and 14.3 ml/l, respectively. 

The equilibrium sorbate concentration value dropped 

continuously from 6.4 mg/l at 30 min until a relatively 

constant value of 1.2 mg/l was attained at 300 min. 

Conversely, the equilibrium adsorption capacity increased 

continuously from 14.3 ml/l at 30 min until a relatively 

constant value of 23 mg/l was attained at 300 min. Hence, 

the adsorption process tends to equilibrium in 300 min. 

Figure 2 shows the Langmuir isotherm chart of the 

adsorption process. 

 

Figure 2 – Langmuir isotherm graph for the adsorption process 

A high R2 of 0.98 showed that the Langmuir model 

perfectly fit the adsorption mechanism. The graph’s slope 

was 0.074 g/mg. The maximum adsorption capacity of the 

process was 13.53 mg/g. Langmuir constant b was 

determined as –1.40 l/mg. 

Figure 3 shows the Freundlich isotherm graph for the 

adsorption of the process. 

 

Figure 3 – Freundlich isotherm graph of the adsorption process 

The Freundlich model was a fairly representing fit of 

the adsorption mechanism with a high R2 of 0.91. The 

slope and intercept were –0.260 and 1.403, respectively. 

The Freundlich multilayer adsorption constant Kf was 

25.3 l/g, and the dimensionless heterogeneity factor n was 

–3.84. 
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Figure 4 presents the Temkin isotherm graph for the 

adsorption process. 

 

Figure 4 – Temkin isotherm graph of the adsorption process 

Freundlich model was also a good fit for the adsorption 

mechanism having an R2 of 0.94. The slope and intercept 

were –4.906 and 24.656, respectively. The adsorption 

process was conducted at 298 K, using a constant gas value 

of 8.314 J/(mol·K), the adsorption potential of the 

adsorbent 1/bt was –0.002 mol/kJ, and the maximum 

binding energy At was 0.007 l/min. 

Figure 5 shows the D-R graph for the adsorption 

process. 

 

Figure 5 – D-R isotherm graph of the adsorption process 

The D-R model did not fit the adsorption mechanism 

with a poor coefficient of determination, R2 of 0.63. The 

slope and intercept were 2.0·10–7 and 4.844, respectively. 

The theoretical saturation capacity qm was 17.18 mg/g, and 

the mean free energy factor of adsorption per mole of the 

adsorbate β was –7.0·10–7 mol2/kJ2. 

Table 2 summarizes the various adsorption parameters 

determined for the adsorption of CV on the synthesized 

rice husk AC. 

Table 2 – Summary of the various isotherm parameters 

Langmuir Freundlich Temkin  D-R 

R2 0.98 R2 0.91 R2 0.94 R2 0.63 

qe, mg/g 13.53 Kf, l/g 25.3 1/bt, mol/kJ –0.002 qm, mg/g 17.18 

b, l/mg –1.40 n –3.84 At, l/min 0.007 β, mol2/kJ2 –7.0·10–7 

Therefore, the Langmuir isotherm model was the best 

fit for the adsorption mechanism based on its highest R2 

value of 0.98. Therefore, the adsorption process was 

homogeneous monolayer adsorption [7, 10]. The 

equilibrium adsorption capacity was 13.53 mg/g, and the 

Langmuir constant was negative with a value of –

1.40 l/mg. 

This implied that the sorbate molecules had a negative 

binding affinity to the site of the sorbent [15]. Although 

the Freundlich isotherm gave a high R2 value of 0.91, the 

isotherm model was unsuitable for the adsorption 

mechanism as the Freundlich constant n representing the 

multilayer adsorption intensity was negative. Hence, the 

adsorption of CV sorbate molecules on the synthesized AC 

was not multilayer adsorption. The D-R isotherm 

representing non-homogenous multilayer adsorption [18] 

gave the poorest fit of the adsorption mechanism as the R2 

of D-R was the least, having the value of 0.63. 

4 Conclusions 

Isotherm study of aqueous crystal violet adsorption on 

activated carbon synthesized from rice husk was carried 

out using Freundlich, Temkin, Langmuir, and D-R 

isotherm models. 

The R2 values of the Langmuir, Freundlich, Temkin, 

and D-R models were 0.98, 0.91, 0.94, and 0.63, 

respectively. The Langmuir isotherm constant b was –

1.40 l/mg. Freundlich isotherm constant n was –3.84. 

Temkin isotherm constant was 0.007 l/min, and D-R 

isotherm constant was –7.0·10–7 mol2/kJ2. 

Analysis of the isotherms of the adsorption of crystal 

violet sorbate on the synthesized rice husk sorbent 

suggested that the adsorption process was homogeneous 

monolayer adsorption having Langmuir isotherm as the 

best fit of the adsorption mechanism. This result is 

consistent with the literature. Most adsorption studies of 

crystal violet and methyl blue dyes have been reported to 

fit well with the Langmuir isotherm model [10, 20, 21]. 

The equilibrium adsorption capacity was determined as 

13.53 mg/g. A negative Langmuir constant obtained 

suggested that the sorbate molecules had a negative 

binding affinity to the site of the sorbent. The Temkin 

isotherm gave the second-best fit for the adsorption 

mechanism with an R2 value of 0.94. The D-R model was 

the poorest fit of the adsorption mechanism of this study. 
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