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ABSTRACT  

Equilibrium and kinetics of the sorption of the Crystal Violet dye on Spirulina platensis was studied.                

The pH stability of the dye was also studied. The equilibrium sorption data were fitted into Langmuir, Freundlich and 

Temkin isotherms. Freundlich adsorption isotherm fitted well as the R2 value of Freundlich isotherm model was the 

highest. The maximum monolayer coverage (qmax) from Langmuir isotherm model was determined to be 126.28 mg g-1.   

For the Freundlich isotherm model, the sorption intensity (n) is 1.33, which indicates favourable sorption. The heat of 

sorption process was calculated from Temkin Isotherm model is 50.27 J mol-1, which proved that the adsorption 

experiment followed a physical process. Adsorption kinetic data were applied on the best fitted model was pseudo second 

order kinetics with highest R2 and K2 values for pseudo-second-order are 0.99 and 15.8479 mg/g respectively, indicating 

maximum equilibrium adsorption capacity for pseudo-second-order kinetics. The intra-particle diffusion model was also 

applied. 
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INTRODUCTION  

The generation of hazardous dye, organic chemical, heavy metal and toxic material containing effluents discharge 

in the water body leads to the formation of contaminated wastewater. Worldwide, nearly 1 million tonnes of synthetic dyes 

are produced annually [1, 2]. The textile industry is responsible for the use of 30% of synthetic dyes [3]. In recent years, 

more than 100,000 dyes are available in market. It is necessary to remove dyes from their effluents before discharging [4]. 

The dye-containing wastewater from these industries cause adversely effect on aquatic environment by impeding light 

penetration and inhibiting the photosynthesis of aqueous flora [5] and aquatic biota [6]. The effects of these dyes can result 

in allergy, dermatitis, skin irritation [7] and also induce cancer [8], mutation in humans [9] and harmful to human health 

[10]. Many methods have been employed to remove synthetic dyes from industrial effluents [11,12]. One of the unitary 

operation most often used for the removal of synthetic dyes from industrial effluents is the adsorption procedure [13], due 

to its simplicity and high efficiency, as well as the availability of a wide range of adsorbents. Conventional methods are 

expensive, ineffective for color removal, and less adaptable to a wide range of dye wastewaters [14]. Biosorption is an 

alternative eco-friendly technology for removal of color from aqueous solutions, due to ease of operation, complete 

removal of pollutants, even from dilute solutions [15]. Biosorption has more capacity for uptake of pollutants from 

aqueous solutions by the use of non-growing or dead microbial biomass. Now a days different kinds of biosorbents have 

been used to remove dyes from aqueous solutions have been reported in the literature, like fungi, bacteria, Azolla rongpong 

[16], Aspergillus parasiticus [17], and Nostoc linckia [18], cupuassu shell [5], jujuba seeds [19], chitosan [20], algae [21]. 

Spirulina platensis is a member of blue-green algae, contains a variety of functional groups such as carboxyl, hydroxyl, 
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sulfate, amine, phosphate and other charged groups on the surface which can be mediate pollutant binding [22].                    

It is available in large quantities and cultivated worldwide; its annual production is about 2000 tons [23, 24]. This alga was 

also successfully employed for removal of chromium, cadmium and lead from aqueous solutions [25, 26]. Crystal violet 

dye extensively used in animal and veterinary medicine as a biological stain and in various commercial textile operations 

[27]. It is carcinogenic and poorly metabolized by microbes, is non-biodegradable, and can persist in a variety of 

environments [28]. 

This present study deals with the adsorption equilibrium and kinetic studies for the adsorption of Crystal Violet 

Dye from an aqueous solution using Spirulina platensis. 

MATERIALS AND METHODS 

Materials 

Organic dye crystal violet is a cationic dye. C.I. number 42555, molecular weight 407.99 and molecular formula 

C25H30ClN3 was procured from Thomas Baker Chemical Limited Mumbai. All the chemicals used throughout this study 

were of analytical-grade reagents and the adsorption experiments were carried out at room temperature (30 °C). 

Methods 

Stock solutions were prepared with the known concentration of dye. The pH of the aqueous solution was adjusted 

using the solutions O.1N, 1N HCl and 0.1N, 1N NaOH solution. In the pH stability study, CV dye stability was observed at 

pH 5. In the adsorption experiments, the dye solution was centrifuged and the maximum dye absorbance in the filtrate was 

measured at the maximum wave length (586 nm) via UV-Vis spectrophotometer. In the pH effect study maximum 

adsorption of dye was observed at pH 6 and due to this all the experiments were performed at pH 6 but the absorbance was 

recorded at pH 5 because of the stability of dye at pH 5. The molecular structure and absorbance peak of CV at 586 nm are 

shown in Figure 1A and 1B respectively. 

 

Figure 1: Crystal Violet Dye (A) Molecular Structure and (B) Absorption Spectra  

For the equilibrium isotherm studies initial dye concentration taken between 10-100 mgL-1 with 25 mg adsorbent 

dose and the pH 6 was adjusted for the aqueous solution. In terms of kinetic studies the variables that were used during the 

experiments are contact time (5, 10, 15, 20, 25, 30, 40, 50, 60 and 80 minute), the amount of adsorbent is 25 mg for dye 

concentration 20 mg L-1 at pH 6.  

Data Analysis 

The basic approaches were used in interpreting the experimental result for adsorptive capacity. The percent 

Adsorption efficiency of CV was determined for each sample of Spirulina platensis at the same equilibrium points as 

follows [29, 30]. The amount of CV dye free in the solution was determined from corresponding Beer-Lambert plot.        
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The percentage efficiency of the CV dye on adsorbent was calculated was using the equation 1: 

�% =
(�����)

��
100                (1) 

The amount of crystal violet adsorbed onto adsorbent, qe (mg g−1), was calculated using the equation 2: 

� =
(�����)�

�
                 (2) 

Where, qe is the CV dye uptake (mg g−1), Ci is the initial concentrations (mg L-1), Ce is equilibrium concentrations 

of CV dye (mg L−1), V the volume of CV dye solution (L) and W the weight of adsorbent (g). 

The residual dye concentration was determined and the amount of CV dye adsorbed, at time t was calculated 

using the equation:                                                                                                                                                       

�� =
(�����)�

�
                 (3) 

Where, qt is the CV dye uptake at time t (mg g−1). 

RESULTS AND DISCUSSIONS 

Adsorption Isotherms 

Adsorption isotherms are mathematical models that describe the distribution of the adsorbate species among 

liquid and adsorbent, based on a set of assumptions that are mainly related to the heterogeneity/homogeneity of adsorbents, 

the type of coverage and possibility of interaction between the adsorbate species. Adsorption data are usually described by 

adsorption isotherms, such as Langmuir and Freundlich isotherms. These isotherms relate dye uptake per unit mass of 

adsorbent, qe, to the equilibrium adsorbate concentration in the bulk aqueous phase Ce. 

Freundlich Adsorption Isotherm 

Freundlich isotherm is describing the non-ideal and reversible adsorption, not restricted to the formation of 

monolayer. At present, Freundlich isotherm [31] is widely applied in heterogeneous systems especially for organic dye and 

compounds or highly interactive species on natural material or adsorbent. The slope 1/n ranges between 0 and 1 is a 

measure of adsorption intensity or surface heterogeneity for normal adsorption, becoming more heterogeneous as its value 

gets closer to zero. Whereas, a value below unity implies chemisorptions process, If n = 1 then the partition between the 

two phases are independent of the concentration.1/n above one is an indicative of cooperative adsorption [32,33]. 

Freundlich isotherm is commonly used to describe the adsorption characteristics of the heterogeneous surface [34].         

The non-linearized Freundlich can be written as equation 3: 

qe = Kf Ce
1/n                (3) 

Where Kf = Freundlich isotherm constant (mg g-1), n = adsorption intensity, Ce = the equilibrium concentration of 

adsorbate (mg L-1) and qe = the amount of dye adsorbed per gram of the adsorbent at equilibrium (mg g-1). 

Linearized equation of Freundlich isotherm:  

                                                                                                                                                                                                 (4) 

The plot of log qe versus log Ce is linear (Figure 2) with a slope equal to 1/n and an intercept equal to log Kf.      

The constant Kf is an approximate indicator of adsorption capacity, while 1/n is a function of the strength of adsorption. 

e f e

1
lo g lo g lo gq K C

n
= +
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Langmuir Adsorption Isotherm 

This describes quantitatively the formation of a monolayer adsorbate on the outer surface of the adsorbent, and 

after that no further adsorption takes place [35, 36]. Thereby, the Langmuir represents the equilibrium distribution of 

crystal violet dye ions between the solid and liquid phases [37]. In its formulation, this empirical model assumes 

monolayer adsorption (the adsorbed layer is one molecule in thickness), with adsorption can only occur at fixed number of 

definite localized sites, that are identical and equivalent, with no lateral interaction between the adsorbed molecules, even 

on adjacent sites [38]. Moreover, Langmuir theory has related rapid decrease of the intermolecular attractive forces to the 

rise of distance. The Langmuir isotherm is valid for monolayer adsorption onto a surface containing a finite number of 

identical sites. The model assumes uniform energies of adsorption onto the surface and no transmigration of the adsorbate 

in the plane of the surface. Based upon these assumptions, the Langmuir isotherm equation may be expressed in a 

linearized form as shown in equation (5):  

 

         (5) 

Where, qmax is the monolayer capacity of the adsorbent (mg/g) and KL is the Langmuir adsorption constant 

(dm3/mg).  

The plot of Ce/qe versus Ce is linear (Figure 3) with a slope equal to 1/qmax and an intercept equal to 1/(qmax KL). 

 

Figure 2: Linearized Plot for Freundlich Isotherms 

 

Figure 3: Linearized Plot for Langmuir Isotherm  
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The essential characteristics of the Langmuir equation can be expressed a dimensionless constant, commonly 

known as separation factor (RL) defined by Webber [39] which given as: 

     (6) 

Where, KL (L mg-1) refers to the Langmuir constant, Ci is indicated to the adsorbate initial concentration (mg L-1).           

The magnitude of KL also quantifies the relative affinity between an adsorbent and the adsorbent surface. In this context, 

lower RL value reflects that adsorption is more favourable. In a most probable explanation, RL value indicates the 

adsorption nature if RL > 1 it indicate unfavourable, RL = 1 it indicate linear, if 0 < RL < 1 it indicate favourable and if      

RL = 0 it indicate irreversible adsorption. Figure 4 shows the separation factor RL < 1   indicating a favourable. 

 

Figure 4: RL vs Initial Dye Concentration 

Temkin Adsorption Isotherm 

Temkin isotherm is also describing the adsorption adsorption potentials of the CV onto Spirulina platensis in the 

aqueous solution. The Temkin isotherm [40] contains a factor that explicitly taking into the account of adsorbent–adsorbate 

interactions. By ignoring the extremely low and large value of concentrations, the model assumes that heat of adsorption of 

all molecules in a layer should decrease linearly rather than logarithmic with coverage [41]. A linear form of the Temkin 

isotherm equation can be expressed as: 

� = ����� + ����Ce               (7) 

Where R is gas constant (8.314 J/mol/K), T is Temperature (K) and B= RT/b. Adsorption data can be analyzed 

according to equation. (6). A plot of qeversus log Ce  plot of the Temkin isotherm is shown in Figure 5, gives the Temkin 

constants A and B.  

 

Figure 5: Linearized Plot for Temkin Isotherm 
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The constant parameters for Freundlich, Langmuir and Temkin isotherms are given in Table 1. Freundlich 

adsorption isotherm fitted well as the R2
 value of Freundlich isotherm model was the highest. From the data in table 1, that 

a value of 1/n and n indicating that the adsorption of crystal violet dye onto the Spirulina platensis is favourable.             

The maximum monolayer coverage (qmax) from Langmuir isotherm model was determined to be 126.28 mg g-1, the 

separation factor indicating a favourable sorption experiment is 0.75. For the Freundlich Isotherm model, the sorption 

intensity (n) is 1.33, which indicates favourable sorption. The heat of sorption process was estimated from Temkin 

Isotherm model is 50.27 J mol-1, which proved that the adsorption experiments followed a physical process.  

Table 1: Freundlich, Langmuir and Temkin Isotherm Constants 

Freundlich 
Parameters 

Langmuir Parameters Temkin Parameters 

1/n Kf R2 
qmax (mg 

g-1) 

K L 

(dm3 
mg-1) 

R2 
At 

(dm3/mg) 
Bt (J 
mol-1) 

R2 

0.75 5.3691 0.9795 126.5823 0.0341 0.8953 2.7187 50.2702 0.9343 

 
Adsorption Kinetics 

Several steps can be used to examine the controlling mechanism of adsorption process such as chemical reaction 

and kinetic models are used to test experimental data from the adsorption of Crystal Violet onto Spirulina platensis. 

Several kinetic models are available to understand the behaviour of the adsorbent and also to examine the controlling 

mechanism of the adsorption process and to test the experimental data. In the present investigation, the adsorption data 

were analysed using three kinetic models, the pseudo-first-order, pseudo-second-order kinetic and the intra-particle 

diffusion models. 

Pseudo-First-Order Equation 

The pseudo-first-order model was presented by Lagergren [42, 43] which is the earliest known equation 

describing the adsorption rate based on the adsorption capacity. The differential equation is generally expresses a follows: 

The Lagergren's first-order reaction model is expressed in linear form as equation (8): 

     (8) 

 
Where qt and qe are the amount adsorbed (mg g-1) at time, t, and at equilibrium respectively and k1is the rate 

constant of the pseudo-first-order adsorption process (min-1). Straight line plots of log(qe - qt) against t were used to 

determine the rate constant, K1, and correlation coefficients, R2, for different crystal violet dye concentrations with a slope 

of –K1/2.303 and an intercept of  log qe, as shown in Figure 6.  

Pseudo-Second-Order Equation 

The adsorption data was also analysed in terms of pseudo second order mechanism, described by Ho and McKay 

[44] can be used to explain the sorption kinetic. This model based on assumption. The linear form of the pseudo second 

order model shown in equation (9) as follows: 

 

     (9) t e2

1 1t
t

q qK q
= +2

e

1
e t elog( ) log

2.303

K
q q q t− = −
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Where K2 is the rate constant of pseudo-second-order adsorption (gmg-1 min-1), K2qe
2 is the initial rate of 

adsorption (mgg-1 min-1). The second-order kinetics shows the plot/qt against t of equation (9), a linear relationship show in 

Figure 7. Values of K2 and equilibrium adsorption capacity qe were calculated from the intercept (K2qe
2) and slope (1/qe) of 

the plots.  

The Intra-Particle Diffusion Model  

The intra-particle diffusion is another kinetic model should be used to study the rate of dye adsorption onto SP. 

The possibility of intra-particle diffusion was explored by using the intra-particle diffusion model. The adsorbate species 

are most probably transported from the bulk of the solution into the solid phase through intra-particle diffusion process, 

which is often the rate-limiting step in many adsorption processes, especially in a rapidly stirred batch reactor.              

Intra-particle diffusion model described by Weber and Morris [45] can be expressed by the following equation 10: 

 qt = Kdt
1/2 + C              (10) 

The plot of qt against t1/2 gives a linear relationship with a slope of Kd and an intercept of C(mg g−1) as shown in 

Figure 8. Where qt is the amount of dye adsorbed (mg g-1) at time t, Kd (mg g-1 min1/2) is the rate constant for intraparticle 

diffusion. 

 

Figure 6: Pseudo-First-Order Kinetic Plot 

 

Figure 7: Pseudo-Second-Order Kinetic Plot 
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Figure 8: Intra-Particle Diffusion Plot  

In the intra-particle diffusion model the constant C was increased with increasing the dye concentration, which 

indicating the increase of the thickness of the boundary layer and decrease of the chance of the external mass transfer and 

hence increase of the chance of internal mass transfer. The R2 values given in table are close to unity indicating the 

application of this model. This may confirm that the rate-limiting step is the intra-particle diffusion process. The linearity 

of the plots demonstrated that intra-particle diffusion played a significant role in the uptake of the adsorbate by adsorbent. 

Table 2: Pseudo-First-Order, Pseudo-Second-Order and Intra-Particle Diffusion Constants 

Pseudo-First-Order Pseudo-Second-Order Intra-Particle Diffusion 
K 1 (min-1) qe (mg g-1) R2 K2 [g/(mg min)] qe (mg g-1) R2 Kd C R2 

0.0433 2.2558 0.6414 0.0579 15.8479 0.9995 1.2639 7.4637 0.515 
 

Table 2 shows the calculated adsorption constants/parameter for pseudo-first-order, pseudo-second-order kinetic 

and the intra-particle diffusion models. It is clear from the table that the best fitted model was pseudo second order kinetics 

with highest R2 value. K1 and K2 values for pseudo-first-order and pseudo-second-order are 0.0433 and 15.8479 mg/g 

respectively indicating maximum equilibrium adsorption capacity for pseudo-second-order kinetics and the best fitted 

model was pseudo second order kinetics with highest R2 value. K1 and K2 values for pseudo-first-order and               

pseudo-second-order are 0.0433 and 15.8479 mg/g respectively indicating maximum equilibrium adsorption capacity for 

pseudo-second-order kinetics. In the intra-particle diffusion model the value of C is 7.46 mg g-1 indicating the increase of 

the thickness of the boundary layer and decrease of the chance of the external mass transfer and hence increase of the 

chance of internal mass transfer. This confirms that the rate-limiting step is the intra-particle diffusion process. 

CONCLUSIONS 

The study suggests that Spirulina platensis is an excellent adsorbent for the remediation of Crystal Violet dye 

from aqueous solutions. The experimental data in the adsorption studies were fitted well to Freundlich and Langmuir 

equations to determine the extent and degree of favourability of adsorption. Monolayer adsorption capacity is found to be 

126.28 mg g-1 at 303K. The heat of sorption process was calculated from Temkin Isotherm model is 50.27 J mol-1, which 

proved that the adsorption experiment followed a physical process. Adsorption kinetic data were applied on the best fitted 

model was pseudo second order kinetics with highest R2 and K2 values 0.99 and 15.8479 mg/g respectively indicating 

maximum equilibrium adsorption capacity for pseudo-second-order kinetics. Both intra-particle diffusion and surface 

adsorption contribute to the control of the rate of adsorption  
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