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ABSTRACT  

The present work was aim to check the feasibility of modified Calatropis procera leaf 

powder (CPLP) as biosorbent in removal of Brilliant Green (BG) dye. The CPLP was 

characterized before and after BG treatment using techniques; Scanning Electron Microscopy 

(SEM) and Fourier Transform Infra Red (FTIR) spectroscopy. The effects of various 

parameters such as; pH, contact time, adsorbent dose, temperature and initial dye 

concentration were studied. The adsorption process was less pH dependent and the optimum 

pH was 3.0. The experimental adsorption data were evaluated by Langmuir and Freundlich 

isotherms and it was found to fit Freundlich isotherm. The maximum adsorption capacity was 

found to be 6.410 mg/g for adsorption of BG on to CPLP.  Thermodynamic parameters were 

also investigated to elucidate the feasibility and spontaneity of adsorption. The negative ΔG° 

values revealed that adsorption process was feasible and spontaneous. Positive values of ΔH° 

and ΔS° showed that the BG adsorption was endothermic with increased randomness at the 

solid-liquid interface. The research demonstrated that CPLP was an effective biosorbent for 

the removal of BG dye from aqueous solution. 
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1. INTRODUCTION  

The industrial effluents are one of the major reasons of environmental pollution 

because effluents discharged from dyeing plants are highly coloured [1]. BG has now become 

a highly controversial compound due to the hazards that it creates for consumers of the 

treated fishes, counting its effects on the immune and reproductive system and its genotoxic 

and carcinogenic characteristics [2]. The widely used technique to remove dyes from solution 

has been adsorption. Activated carbon is costly, which cause higher cost in wastewater 

treatment. So as to decrease the price of dye wastewater treatment, attempts have been made 

in finding low-cost adsorbents [3]. 

The purpose of this work was to investigate the effects of different physical 

parameters on adsorption of BG onto CPLP such; as pH, contact time; initial dye 
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concentration, adsorbent dose and temperature were investigated. The obtained adsorption 

data were applied to thermodynamic equations and adsorption isotherms. 

 

2. MATERIAL AND METHODS 

The BG (C.I. Basic green 1, C.I. number 42040) was procured from Loba Chemie India has 

M.F. C27H34N2O4S and formula weight of 482.65 g/mol. The adsorbent was prepared from 

plant leaves of Calatropis procera of Asclepiadaceae family. 

 

2.1. Preparation of dye solution and adsorbent  

 

The stock solution of BG was 500 mg per liter of solution. All chemicals used throughout this 

research were analytical-grade reagents. The leaves of Calatropis procera were collected from 

the local area of Jalgaon city. The leaves were thoroughly washed with tap water, followed 

by cooking in boiling water for half hour to eliminate adhere oils and colouring matters, 

subsequently dried in oven at 383 K for one day. Dried leaves were pulverized into fine 

powder and sieved to 150  ≤ particle size ≤ 355. Further the biomass was dipped into 1% 

sulphuric acid till overnight followed by washing with 1% sodium bicarbonate and distilled 

water, until drained water reached to pH 7 and then dried in oven at 383 K for 24 h. The 

adsorbent was characterized by FTIR spectroscopy and SEM [4]. 

 

2.2. Fourier Transform Infrared (FTIR) Spectroscopy 

 

This analysis was performed using a FTIR spectrophotometer (Shimadzu-8400, Japan). The 

spectra were measured from 4000 to 400 cm
-1

 with resolution of 2 cm
-1

. The biosorbent and 

potassium bromide were oven dried and then finely ground together in the ratio of 20:1 (KBr: 

biosorbent) for FTIR measurement using disk sample method. 

 

2.3. Scanning Electron Microscopy (SEM) 

 

This characterization was performed using SEM instrument (S-4800 Type II, HHTC, Japan). 

Dried and finely divided adsorbent sample was mounted on carbon conducting adhesive tape 

and sputter coated with gold. The SEM was used to characterize the surface structure and 

morphology of the adsorbent materials before and after adsorption [5]. 

 

2.4. Batch Experiments 

 

The batch experiments were carried out to study the adsorption isotherms and 

thermodynamics. 25 mL of 10 ppm of BG solution with 100 mg of CPLP of given particle 

size were agitated on Remi shaker (RS-12 plus, rpm 250) for particular time intervals in 

different Erlenmeyer’s flasks of 100 ml capacity at optimum pH 3 of the solution. The 

solutions were removed time to time and the adsorbent was removed from the solution by 

centrifugation. The absorbance of the supernatant solution was measured to determine the 

residual dye concentration and measured before and after adsorption process by single beam 

spectrophotometer (Systronics model 104). The solution pH was altered using 0.1 M NaOH 

and 0.1 M HCl solutions. All measurements were taken at 303+1K. Adsorption efficiency qt 

(mg/g) was calculated by following equation [6]. 
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Amount of dye adsorbed at equilibrium qe (mg/g) was calculated using following formula [7]. 

   
        

 
                                       

 

Where, Co (mg/L) is the initial dye concentration, Ce (mg/L) is dye concentration at 

equilibrium, Ct (mg/L) is the concentration of dye solutions at a given time t, W (g) is the 

weight of adsorbent and V (L) is the volume of the dye solution.  

The influences of different physical parameters such as pH, contact time, adsorbent 

dose, initial dye concentration and temperature were investigated. The obtained data were 

applied to thermodynamic and adsorption isotherm equations. 

 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. FTIR analyses of CPLP 

The majority of organic compounds are capable of absorbing IR radiation whereby 

different types of functional groups have different characteristic frequencies of vibrations that 

will absorb different amount of energies in IR region [8]. This make FTIR analyses to be a 

very useful method to recognize different functional groups present on the surface of 

adsorbent. Furthermore, FTIR analyses can also help to identify the functional groups which 

are mostly engaged in the adsorption of dye by observing the shifting of the peaks [9]. 

The allocations of functional groups to different peaks obtained in FTIR spectrum of 

CPLP are mentioned below. The Fig 1(a) shows peaks at 3574.21 cm
-1

 for O–H stretch (H–

bonded), 3312.85 cm
-1

 for N-H stretch, 3072.71 cm
-1

 for C–H of aromatics, 2878.85 cm
-1

 for 

C–H stretch aldehyde, 1718.63 cm
-1

 for C=O stretch, 1651 cm
-1

and 1527.67 cm
-1

 for C=C of 

aromatics, 1236.41 cm
-1

 for C–N stretch, 1160.22 cm
-1

 and 1112.96 cm
-1

 for C–O vibration 

and 713.69 cm
-1

 for C–H vibration.  

a                                                               b 

       
Fig 1: FTIR spectra of   a  CPLP   b BG loaded CPLP 

 

Fig 1(b) illustrates FTIR spectrum of BG loaded CPLP. The peaks at 3634.97 cm
-1 

for O–H 

stretch (no H–bonding), 3048.59 cm
-1

 for C–H stretch, 2876.92 cm
-1

 for C–H stretching, 

1733.10 cm
-1

 and 1722.49 cm
-1

 for C=O stretch, 1525.74 cm
-1

 for C=C stretch of aromatics, 

1337.68 cm
-1

 for C-H scissoring and bending, 1220.02 cm
-1

 for C–N stretching, 1104.28 cm
-1
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for C–O vibration, 714.65 cm
-1

 for C–H vibration and 621.10 cm
-1

 for C–H bending 

vibration. 

3.2. SEM analyses of ROLP 

 

The SEM determined the particle size, shape and porous structure of adsorbent in present 

study. SEM image of CPLP (13.7 mm x 2.00 k magnification) shows the irregular, porous and 

cage shape solid surface as shown in Fig 2 (a). The BG loaded CPLP has covered surface and 

its unevenness decreased as compared to dye unloaded CPLP as represented in Fig 2(b). 

 

 

a                                                             b 

 
Fig 2: SEM image of     a CPLP      b BG loaded CPLP 

 

 

3.3. Adsorption batch experiments  

 

A series of batch adsorption experiments were carried out to study the adsorption mechanism, 

isotherms, kinetics and adsorption thermodynamics. The effects of different parameters on 

adsorption of dyes on to biosorbents, such as pH, contact time, initial dye concentration, 

particle size of adsorbent, adsorbent dose and temperature were studied. The obtained data 

were applied to thermodynamic equations and adsorption isotherm models. 

 

3.3. 1. Effect of pH  
 

In order to study effect of hydrogen ion concentration (pH) on 10 mg/L of BG by CPLP, the 

results are displayed in Fig 3a. It was found that the pH was a significant factor for adsorption 

of BG onto biosorbent. The curve was sigmoid in nature, the percent removal was decreased 

discontinuously from 95.12 - 91.94 % with pH variations of 3 - 11. The obtained optimum 

pH value was 3. 

 

3.3.2. Effect of contact time  

 

Fig 3b demonstrates the effect of contact time on the removal of BG onto CPLP. The 

variations in contact time exhibit the major effects on removal of BG as shown in Table 1. 

Because of the utilization of the readily accessible active adsorption sites on the biosorbent 

surface, it is observed that the adsorptions of dye were fast initially. Thereafter it persevered 

at a slower rate and finally achieved equilibrium as a result of saturation of biosorbent surface 
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sites [10]. It was seen that the dye had strong affinity with biosorbent because the higher 

percent removal 84.72 % was obtained in initial 5 minutes. The percent removals were 

enhanced from 84.72 – 95.12 % with increased in contact time from 5 – 150 minutes. 

 

 

Table 1 Effect of contact time on adsorption of BG dye onto CPLP (T = 303 K, adsorbent 

dose = 100 mg/ 25 mL solution, agitation speed = 250 rpm, pH=3, Co= 10 mg/L, 150  ≤ 

particle size ≤ 355) 

 

 

t (min) Ct (mg/L) qt (mg/g) % removal 

5 1.5271 2.1182 84.72 

10 1.4573 2.1356 85.42 

20 0.9069 2.2732 90.93 

30 0.8372 2.2906 91.62 

40 0.7829 2.3042 92.17 

50 0.7596 2.3100 92.40 

60 0.6744 2.3314 93.25 

70 0.6279 2.3430 93.72 

80 0.5658 2.3585 94.34 

90 0.5581 2.3604 94.42 

100 0.5504 2.3624 94.49 

110 0.5426 2.3643 94.57 

120 0.5271 2.3682 94.72 

130 0.4884 2.3779 95.12 

140 0.4884 2.3779 95.12 

150 0.4884 2.3779 95.12 

 

 

 

3.3.3. Effect of adsorbent dose  
 

The adsorbent dose is an important factor that significantly influences the removal of dye 

from aqueous solution. The adsorption capacity is associated with the number of adsorption 

sites. The study of effect of adsorbent dose on the removal percent of BG exposed (Fig. 4a) 

that the adsorption efficiency increased for BG as the adsorbent dose was increased from 0.05 

to 0.250 g. Though, this increase was appreciably quick for BG onto CPLP as the amount was 

increased from 0.05 to 0.250 g (from 92.09 % to 98.06 %). As accounted earlier, the initial 

rise in percent removal with adsorbent dose may be due to an increase in the adsorbent 

surface area and a stronger driving force towards adsorption. The nearly constancy in the 

adsorption of BG after a further increase in adsorbent dose from 0.150 g to 0.250 g can be 

attributed to the saturation of adsorption sites and to the involvement of various types of 

interactions, like aggregation between adsorbent particles at improved dose [11]. 
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                                      a                                                                       b 

 
 

 

Fig 3 Effect of a pH   and   b contact time on % removal of BG onto CPLP (T = 303 K, 

adsorbent dose = 100 mg/ 25 mL solution, agitation speed 250 rpm, Co= 10 mg/L, 150  ≤ 

particle size ≤ 355) 

 

 

 

 

 

a                                                                       b 

 
 

 

Fig 4 Effect of   a adsorbent dose and  b temperature and initial dye concentration on % 

removal of BG onto CPLP (V=25 mL solution, agitation speed 250 rpm, pH = 3, Co=5-17 

mg/L, 150  ≤ particle size ≤ 355contact time = 130 min) 

 

 

91.5 

92 

92.5 

93 

93.5 

94 

94.5 

95 

95.5 

0 5 10 15 

%
 R

e
m

o
va

l 

pH 

84 

86 

88 

90 

92 

94 

96 

0 50 100 150 200 

%
 R

e
m

o
va

l 

t(min) 

91 

92 

93 

94 

95 

96 

97 

98 

99 

0 100 200 300 

%
 R

e
m

o
va

l 

Adsorbent dose (mg) 

92 

93 

94 

95 

96 

97 

98 

99 

0 10 20 

%
 R

e
m

o
va

l 

Concentration(mg/L) 



American Journal of Sustainable Cities and Society                                                    Issue 5, Vol. 1 January 2016 

Available online on http://www.rspublication.com/ajscs/ajsas.html                                            ISSN 2319 – 7277 

R S. Publication (http://rspublication.com), rspublicationhouse@gmail.com Page 194 
 

3.3.4. Effect of temperature  
 

The effect of temperature on removal of BG using CPLP was investigated in temperature 

range 303-323K as shown in Fig 4b. Most of the adsorption studies were reported to be 

exothermic in nature, but the present study has been found to be endothermic in nature. Table 

2 shows that the dye removal was not significantly varied by changing temperatures from 

303, 313 and 323 K; for 10 mg/L concentration of BG, the percent removals were obtained 

that 95.12, 95.42 and 95.96 % respectively. 

 

3.3.5. Effect of concentration  

 

Influence of the initial dye concentration on the removal of the BG by CPLP is shown in Fig. 

4a. Table 2 illustrates that as temperature varied from 303 – 323K, the percent removals were 

changed by 97.05 – 97.82 %, 96.12 – 96.80 %, 95.12 – 95.96 %, 94.72 – 95.76 % and 93.16 – 

94.48 % for initial concentrations 5, 8, 10, 15 and 17 mg/L respectively. Moreover, it was 

observed that percent removals of the BG decreased with an increase in initial concentrations. 

Similar results have been reported for the adsorption of Congo red onto fly ash [12]. 

 

 

Table 2 Influence of temperature and initial dye concentration for the adsorption of BG onto 

CPLP (dose = 100 mg/ 25 mL, time = 130 min, 250 rpm, pH = 3, particle size = 150- 355

 

 

 

 

3.4 Equilibrium study 

 

3.4.1. Langmuir isotherm model 

 

The Langmuir isotherm has the following assumptions: (1) this adsorption is monolayer (2) it 

occurs at specific homogeneous sites on the adsorbent surface (3) no further adsorption takes 

place when a site is occupied with a dye molecule (4) the adsorption energy is constant and 

independent of the degree of binding of adsorbent’s active centers (5) the strength of 

T (K) 

Co (mg/L) 

Ce (mg/L) qe (mg/g) % Removal 

303 5 0.1472 1.2132 97.05 

8 0.3100 1.9224 96.12 

10 0.4884 2.3779 95.12 

15 0.7907 3.5523 94.72 

17 1.1628 3.9593 93.16 

313 5 0.1318 1.2170 97.36 

8 0.2790 1.9302 96.51 

10 0.4574 2.3856 95.42 

15 0.7364 3.5658 95.09 

17 1.0310 3.9922 93.93 

323 5 0.1085 1.2228 97.82 

8 0.2558 1.9360 96.80 

10 0.4031 2.3992 95.96 

15 0.6356 3.5910 95.76 

17 0.9379 4.0155 94.48 
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intermolecular forces of attraction diminishes with distance (6) the adsorbent has limited 

capacity for adsorbing of adsorbate (7) all active sites are identical and have the same energy 

(8) adsorbent is homogeneous in structure and (9) no interaction between molecules adsorbed 

on the adjacent sites on the surface of adsorbent [13]. Langmuir represented the following 

equation which is based on above assumptions [14]. 

 

   
          

       
                               

 

The most useful form of the linear Langmuir equation can be expressed by following 

equation [15]. 

  
  

  
 

  

    
 

 

       
                       

 

Where Ce is the equilibrium concentration of the dye solution (mg/L), qe is the amount of dye 

adsorbed (mg/g) and KL (L/mg) is the Langmuir constant related to the energy of adsorption 

(L/mg) and qmax is the maximum adsorption capacity (mg/g). 

According to above equation, when the adsorption obeys the Langmuir equation, a plot of 

Ce/qe versus Ce should be a straight line with a slope of 1/qm and intercept 1/qmax. KL. Table 4 

gives the Langmuir isotherm parameters. The qmax is 6.41 mg/g at 313 K and correlation 

coefficients are closed to unity. Fig 5a illustrates the Langmuir isotherm plots at different 

temperatures. 

The important property of the Langmuir isotherm can be expressed in terms of a 

constant called as dimensionless factor (RL) which is defined as; [15]. 

 

   
 

         
                            

 

 

The RL values predicted the nature of adsorption as RL>1 unfavorable, RL=1 linear, 0<RL<1 

favorable and RL= 0 irreversible adsorptions. Table 3 shows that all values of RL in limit 0 to 

1, signifying the favorable adsorption of BG on CPLP. 

 

 

Table 3 Dimensionless factor for the adsorption of BG onto CPLP (adsorbent dose = 100 mg/ 

25 mL, 250 rpm, pH = 3, contact time = 130 min, particle size = 150- 355
 

Dimensionless factor (RL) 

CO (mg/L) 303 K 313 K 323 K 

5 0.1212 0.1126 0.0950 

8 0.0794 0.0734 0.0616 

10 0.0645 0.0596 0.0498 

15 0.0439 0.0406 0.0338 

17 0.0389 0.0359 0.0299 
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a                                                              b 

 
 

Fig.5  a Langmuir and  b Freundlich isotherms for the adsorption of BG onto CPLP at 

different temperatures (adsorbent dose = 100 mg/ 25 mL solution, pH = 3, agitation 

speed=250 rpm, Co=5,8,10,15,17 mg/L, contact time = 130 min, particle size = 150- 355 
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3.4.2. Freundlich isotherm model 

 

The adsorption on heterogeneous surfaces of adsorbent with interaction between the adsorbed 

molecules is a basis of Freundlich isotherm model. This model is based on the assumptions 

that, as the adsorbate (dye) concentration increases, the concentration of adsorbate on the 

adsorbent surface also increases and consistently, the adsorption energy exponentially 

decreases on completion of the sorption sites of the adsorbent [16].  

                 

 

                             
 

The most common expression for the Freundlich model is given by following relation. 

            
 

 
                 

 

Where, KF is the Freundlich constant and 1/n is the heterogeneity factor which is related to 

the intensity and capacity of the adsorption. The values of 1/n and KF can be obtained from 

the slope and intercept of the plots of logqe against logCe [17]. Table 4 shows the predicted 

values of Freundlich isotherm parameters. The R
2
 values were 0.9890, 0.9910 and 0.9870 at 

temperatures 303, 313 and 323 K respectively. Fig 5b illustrates the Freundlich isotherm 

plots at different temperatures. 

 

 

Table 4 Langmuir and Freundlich isotherm parameters for the adsorption of BG on CPLP 

(dose = 100 mg/ 25 mL, 250 rpm, pH = 3, contact time = 130 min, particle size = 150- 355) 

 

Langmuir isotherm parameters 
 

T (K) qmax (mg/g) KL (L/mg) R
2
 

303 6.3291 1.4495 0.9630 

313 6.4102 1.5757 0.9510 

323 6.2500 1.9047 0.9430 

Freundlich isotherm parameters 
 

T (K) Kf n R
2
 

303 3.7766 1.6949 0.9890 

313 4.0096 1.6978 0.9910 

323 4.2767 1.7513 0.9870 

 

 

3.5 Thermodynamic study 

 

Estimation of thermodynamic parameters elucidated the nature of adsorption. The 

thermodynamic parameters such as: standard Gibbs free energy change ΔG
o
, standard 

entropy change ΔS
o
 and standard enthalpy change ΔH

o
 were give the information about 

spontaneity and feasibility of the adsorption. The ΔS
o 

and ΔH
o
 were calculated using the 

Van’t Hoff equation given below [18].
 

     
   

 
 

   

  
                                    

Where Kc= qe/Ce, R is the gas constant (R=8.314 J/mol/K) and T is the absolute temperature. 

The values of ΔH
o
 and ΔS

o
 were calculated from slope and  intercept  of Van’t Hoff  plots  as  

 



American Journal of Sustainable Cities and Society                                                    Issue 5, Vol. 1 January 2016 

Available online on http://www.rspublication.com/ajscs/ajsas.html                                            ISSN 2319 – 7277 

R S. Publication (http://rspublication.com), rspublicationhouse@gmail.com Page 198 
 

 

 

 
 

 
 

 
 

 

Fig. 6 Van’t Hoff plots of BG uptake by CPLP (adsorbent dose = 100 mg/ 25 mL solution, 

agitation speed = 250 rpm, pH = 3, contact time = 130 min, particle size = 150- 355
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shown in Fig 6. Standard Gibbs free energy change (ΔG
o
) was calculated using the following 

relation [19]. 

 

                                                
 

Table 5 showed that the adsorption of BG by CPLP was feasible and spontaneous due to the 

negative obtained values of ΔG
o
 [20]. The positive values of ΔS

o
 specified the randomness 

taking place at the solid-solution boundary during the adsorption process [21]. ΔH
o
 values are 

positive which indicated that the BG adsorption on to CPLP was endothermic.  

 

 

Table 5 Thermodynamic parameters calculated for the adsorption of BG onto CPLP (dose = 

100 mg/ 25 mL, 250 rpm, Co = 10 mg/L, pH = 3, time = 130 min, particle size = 150 - 355) 

 

Co  

(mg/L) 

T (K) Kc ΔG
o  

(kJ/mol) 

ΔS
o 

(J/mol) 

ΔH
o 

(kJ/mol) 

5 303 8.2368 -5.3119 

59.395 12.720 

313 9.2352 -5.7849 

323 11.268 -6.5039 

8 303 6.2000 -4.5960 

42.002 8.1278 

313 6.9166 -5.0326 

323 7.5682 -5.4352 

10 303 4.8690 -3.9875 

39.965 8.1510 

313 5.2161 -4.2983 

323 5.9519 -4.7900 

15 303 4.4926 -3.7848 

43.049 9.2950 

313 4.8421 -4.1047 

323 5.6494 -4.6499 

17 303 3.4050 -3.0866 

41.012 9.3283 

313 3.8722 -3.5230 

323 4.2809 -3.9051 

 

 

 

Table 6 Comparisons of maximum adsorption capacity (qmax) of BG with some reported low-

cost adsorbents 

 

Adsorbents qmax (mg/g) References 

Activated carbon of corn 2.11 Ghaedi M. et al., 2011 

Jack fruit peels 9.47 Nurafifah Mohd Nor et al., 2015 

Spent tea leaves 9.57 Nurafifah Mohd Nor et al., 2015 

Cempedek durian peel 97.9 Muhammad Khairud Dahri et al 2015 

Saklikent mud 0.96 Kismir, Y. and Aroguz A. Z., 2011 

Sawdust NaOH treated 58.4 Mane V. S. and Babu P. V. V., 2011 

Calatropis procera leaf powder 6.41 Present work 
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4. CONCLUSION 

 

The thermodynamic investigations showed that the BG adsorption process was 

spontaneous and endothermic in nature, with an augmented disorder at the solid-liquid 

boundary. The effect of different parameters; contact time, pH, initial dye concentration, 

adsorbent dose and temperature were studied. SEM confirmed that the heterogeneous 

and porous array of the CPLP, which was suitable for BG adsorption. In addition, the 

FTIR spectroscopy confirmed the BG-CPLP interactions. Adsorption data was fit well 

with Freundlich isotherm model.  
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