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Abstract— The synthetic dyes cause water pollution when 

discharged into water bodies due to their bright colour and 

adsorption is found to be a simple and cost effective method 

for decolourizing synthetic dyes. This research is carried out 

to investigate the decolourization efficiency of eco-friendly, 

cost effective adsorbent from waste Pisum sativum pods on 

synthetic dyes (Crystal Violet, Methylene Blueand 

Malachite Green) and their mixtures. At 12.5 mg/L initial 

concentration, the percentage dye removal of single dyes 

Malachite Green and Methylene Blue were found to be 

86.96% and 76.47%. However for Crystal Violet dye, 61.9% 

removal was observed at 62.5mg/L. For mixtures of dyes, at 

25 mg/L initial concentration, the highest percentage dye 

removal was 84.1% for Crystal Violet +Malachite Green, 

followed by 74% for Crystal Violet +Methylene Blue, 

69.8% for Crystal Violet +Methylene Blue+Malachite 

Green and 65.5% for Methylene Blue+Malachite Green.  

Hence Pisum sativum pod adsorbent was efficient in 

decolourizing Malachite Green and Methylene Blue at 12.5 

mg/L and mixture of Crystal Violet +Malachite Green and 

Crystal Violet +Methylene Blue at low concentration at 25 

mg/L and Crystal Violet at higher concentration of 62.5 

mg/L.  From isotherm studies it was ascertained that 

Freundlich Isotherm had good fit for all the single dyes and 

all mixtures except Crystal Violet +Malachite Green. 

Langmuir Isotherm showed good fit for all single and 

mixture of dyes. Temkin Isotherm had good fit with 

Malachite Green, Methylene Blue dyes and mixture of 

Crystal Violet + Methylene Blue and Methylene Blue + 

Malachite Green dyes. 
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I. INTRODUCTION 

Colour from synthetic dyes in textiles, rubber, paper and 

pulp industries are difficult to degrade due to their complex 

aromatic structures, persist in the environment, pollute the 

water bodies and affect aquatic life and enter into food webs 

and have carcinogenic and mutagenic effects (Vinoth et al., 

2010; Abbas et al., 2011; Karthik et al., 2012). Majority of 

these dyes are azo dyes which are bright in colour due to the 

presence of one or several azo (–N=N–) groups associated 

with substituted aromatic structures (Vinoth et al., 2010). 

Colour removal is a difficult process and includes physical 

(precipitation, coagulation, ion exchange, membrane 

separation, adsorption); chemical (irradiation, electro-

floatation, electro-dialysis, ion oxidation) methods (Tahir et 

al., 2008; Abbas et al., 2011; Fathi et al.,2011) and 

biological (biosorption with dead bacteria, fungi, yeasts) 

techniques (Joshi et al., 2004). Among all techniques, 

adsorption is an efficient, effective and best equilibrium 

process for the removal of colour from the wastewater 

(Sharma et al.,2005; Karthik et al., 2012). Adsorption 

techniques employing solid sorbents are widely used to 

remove colour and activated carbon is the most popular for 

the removal of pollutants from wastewater. However owing 

to costs, activated carbon has been replaced by natural 

adsorbents like Neem leaves and papaya seeds (Basu et al., 

2013), fruit and vegetable peels (Joshi et al., 2004; Basu et 

al., 2013), Banana trunk fibres (Rosemal et al.,2010), Yam 

leaf fibres (Vinoth et al.,2010), Hazelnut seeds (Fathi et 

al.,2011). This research is aimed at studying the feasibility 

of waste Pea (Pisum sativum) pod as adsorbent in 

decolourizing synthetic dyes (Crystal Violet, Methylene 

Blue and Malachite Green) and their mixtures because 

industrial discharges contain mixture of dyes making it 

difficult for decolourization. 

II. MATERIALS AND METHODOLOGY 

A. Preparation of Adsorbent 

Waste Pisum sativum pods collected from home were 

washed with distilled water and allowed to dry under the sun 

till these became crisp and easy to be crushed. These were 

then powdered in mixer. These were then passed through a 

0.246 mm sieve to obtain uniform particle size of 

adsorbents. The size of the sieve was chosen according to 

the study by Abdul Karim et al., 2015. The adsorbent was 

stored in air tight containers. 

B. Preparation of Adsorbate 

A stock solution of 0.5 g/L of three different dyes (Crystal 

Violet (CV), Methylene Blue (MB) and Malachite Green 

(MG)) were prepared separately and stored in different 

volumetric flasks. 

C. Batch Studies  

Aliquots of the single dyes were prepared to obtain solutions 

with concentrations 12.5 – 62.5 mg/L and the volume was 

made to 100 mL. For mixture of dyes, the concentrations of 

25 – 125 mg/L were prepared and the volume was made to 

100 mL. These dyes were taken in 250 mL conical flasks 

and 0.5g of Pisum sativum pod adsorbent was weighed and 

added to each conical flask. The solutions were agitated at a 

constant room temperature of 330C and speed of 240 wrist 

action per minute using Secor India Griffin Flask Shaker for 

60 minutes. The adsorbate was filtered out using ordinary 

filter paper from each of the conical flasks in order to get a 

clear solution. Optical Density was taken at the respective 

nanometres for the dyes using Systronics Photoelectric 

Colorimeter 114 and the pH was measured using Digital pH 

meter MK VI as shown in Table 1. 

Sl. No Types of Dyes pH OD for the dyes (nm) 

 Malachite Green 3.09 590 

 Crystal Violet 3.43 650 

 Methylene Blue 6.76 650 

Table 1: List of Dyeswith pH and OD 
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The percentage removal of adsorbate adsorbed on 

the adsorbent was calculated as 
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The amount of adsorbate adsorbed per unit weight of 

adsorbent was given as 
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Where V = Volume of Solution (L) 

           W = Weight of Adsorbent (g) 

D. Adsorption Isotherm Studies  

These are prerequisites and are vital to understand the nature 

of the interaction between adsorbate and the adsorbent used 

for the removal of colour. An adsorption isotherm describes 

the relationship between the amount of adsorbate taken up 

by the adsorbent and the adsorbate concentration remaining 

in the solution (Fathi et al., 2011). The parameters obtained 

from the different isotherm equations provide important 

information on the surface properties of the adsorbent and 

affinity of adsorbent to the adsorbate (Fathi et al., 2011). 

The important isotherms applied in this research include 

Freundlich, Langmuir and Temkin Isotherms.  The 

Freundlich Isotherm Equation is given as  
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The linear form of Freundlich Equation can be written as  
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The plot of Log Q versus Log Cf gives a straight 

line with slope of 1/n and intercept of Log K. K denotes the 

adsorption capacity of the adsorbent, defined as the 

adsorption or distribution coefficient and represents the 

quantity of dye adsorbed onto the adsorbents for unit 

equilibrium concentration. 1/n indicates the adsorption 

intensity of the dye onto the adsorbent or surface 

heterogeneity, becoming more heterogeneous as its value 

gets closer to zero. A value for 1/n below 1 indicates a 

normal Langmuir isotherm while 1/n above 1 is indicative of 

cooperative adsorption (Santhi et al.,2010; Fathi et al., 

2011). 

The Langmuir isotherm is based on the assumption 

that the adsorption process takes place at specific 

homogeneous sites within the adsorbent surface and that 

once a dye molecule occupies a site, no further adsorption 

can take place at that site. In other words, the adsorption 

process is monolayer in nature (Voudrias et al., 2002; Fathi 

et al., 2011). The Langmuir equation is represented in the 

linear form as follows 

)5(
1






f

f

KC

bKC
Q

   (5)

 

The linear form of Langmuir equation can be written as  

)6(111 
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A straight line graph of 1/Q vs. 1/Cf gives the slope 

of the graph as 1/Kb and intercept is1/b. K is a direct 

measure for the intensity of the sorption process (L/mg) and 

b is a constant related to the area occupied by monolayer of 

adsorbate (mg/g), reflecting the sorption capacity (Voudrias 

et al., 2002). 

The Temkin adsorption isotherm assumes that the 

heat of adsorption, which is a function of temperature, 

decreases linearly with the sorption coverage due to 

adsorbent-adsorbate interactions (Sampranpiboon et al., 

2014, Dada et al., 2012). It is characterized by a uniform 

distribution of binding energies (upto some maximum 

binding energy) of the adsorbate molecules (Dada et al., 

2012). Also this model ignores the extreme low and high 

value of concentrations of adsorbate which is adsorbed from 

the solution (Dada et al., 2012).The Temkin isotherm 

equation is given as: 
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The linear form of the equation is given as  

)8()()( 
fTTT

LnCBLnKBQ
  (8)

 

Where constant KT and BT are the Temkin 

constants derived by plotting the graph of Q vs LnCf. KT 

(L/g) is the equilibrium binding constant, the constant BT 

represents the heat of adsorption indicating the sorption 

potential (intensity) given by (J/mol) (Taha, 2011), while b 

indicates the Temkin constant (Dada et al., 2012).  It has 

been reported that the heat of adsorption BT for ion-

exchange mechanism is 8-16 J/mol (Kalalagh et al.,2011).  

Roopa et al., 2014 reported that if BT is less than 20 and KT 

is in between from 0 to 8, then the adsorption is physical in 

nature, otherwise it is chemical in nature. 

III. RESULTS AND DISCUSSIONS 

For single dyes, from Figure 1 it was observed that at 12.5 

mg/L initial concentration, the percentage dye removal of 

single dyes MG and MBwere found to be 86.96% and 

76.47% respectively whereas with final dye concentration of 

62.5 mg/L, the percentage of dye removal was 47.06% and 

42.86% respectively and there was decreasing trend for 

percentage dye removal for these two dyes. This decreasing 

trend was observed for all the mixtures of dyes (Figure 2).  

At 25 mg/L, the highest percentage dye removal was 84.1% 

for CV+MG, followed by 74% for CV+MB, 69.8% for 

CV+MB+MG and 65.5% for MB+MG which decreased to 

29%, 45.85%, 32.5% and 22.9% respectively at 125 mg/L.  

The reason could be the presence of active sites on the 

adsorbent leading to interaction of dyes with the surface of 

adsorbent and this interaction decreased as active sites on 

adsorbent was occupied with increasing dye concentration. 

The results are in accordance with previous studies 

(Rosemal et al., 2010; Karthik et al., 2012). However, 

increasing trend was seen for percentage dye removal of 

single CV dye (Figure 1).  With 12.5 mg/L initial 

concentration, the percentage dye removal for CV dye was 

found to be 37.5% which increased to 61.9%at 62.5mg/L. 

This was because the adsorbed dye molecules tend to 
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increase adsorption of other molecules.  Also the dye 

molecules have to encounter the boundary layer effect 

before diffusing from boundary layer film onto adsorbent 

surface and then its diffusion into porous structure of 

adsorbent. This is similar to the work done by (Vinoth et al., 

2010).  

 
Fig. 1: Effect of Initial Concentration of Dyes on Percentage 

Dye Removal of Single Dyes with Adsorbent Size of 0.246 

mm and Dose of 1 gm 

 
Fig. 2: Effect of Initial Concentration of Dyes on Percentage 

Dye Removal of Mixture of Dyes with Adsorbent Size of 

0.246 mm and Dose of 1 gm 

Figures 3 and 4 showed the effect of initial 

concentration of single and mixture of dyes respectively on 

adsorption capacity.  An increase in adsorption capacity was 

seen with single and mixture of dyes though the rate of 

increase was high for CV+MB mixture compared to other 

mixtures of dyes. This was because increased initial dye 

concentration enhanced the number of collisions between 

dye molecules and adsorbent and this increased the 

adsorption capacity. This was similar to the results obtained 

by Carpenter et al., 2013. 

 
Fig. 3: Effect of Initial Concentration of Single Dyes on 

Adsorption Capacity (mg/g) with Adsorbent Size of 0.246 

mm and Dose of 1 gm 

 
Fig. 4: Effect of Initial Concentration of Mixture of Dyes on 

Adsorption Capacity    (mg/g) with Adsorbent Size of 0.246 

mm and     Dose of 1 gm 

A. Isotherm Studies 

1) Freundlich Isotherm 

 
(a) 
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(b) 

Fig. 5: Freundlich Isotherm Plot for (a) Single dyes and (b) 

Mixture of dyes for adsorbent sizeof 0.246 mm and dose of 

0.5 gm 

Figure 5 (a) and (b) depicted the Freundlich 

Isotherm plots for Single and Mixture of dyes for adsorbent 

size of 0.246 mm and dose of 0.5 gm. Figure 6 (a) showed 

the trend for the sorption capacity K for single and mixture 

of dyes. It was observed that K value was negligible for CV 

dye at 0.024 mg/g while it was 1.077 mg/g for MB and 

highest at 2.08 mg/g for MG dye. This showed that 

maximum MG dye was adsorbed on to Pisum sativum pod 

adsorbent for unit equilibrium concentration.  Similarly for 

mixture of dyes, the sorption capacity was the highest for 

CV+MG at 3.828 mg/g and least for CV+MB at 1.534 mg/g 

while the mixtures MB+MG and MB+MG+CV had similar 

sorption capacity of 2.08 and 2.06 respectively.  This 

showed that MG dye influenced the other dyes and thus the 

mixtures with MG dye had greater sorption capacity value.  

Figure 6 (b) showed the variation of sorption intensity (1/n) 

for single and mixture of dyes. It was seen that 1/n was the 

highest for single CV dye at 1.727 and it followed 

cooperative adsorption, while 1/n value for the single dyes 

MB and MG and mixture of dyes were less than 1, thereby 

indicating natural adsorption for all these dyes. Similar 

results were obtained by Santhi et al.,2010; Fathi et al.,2011; 

Vijaykumar et al.,2012. The linear regression factor or 

goodness of fit R2 value of single and mixture of dyes is 

shown in Figure 7. From Figure 7 it was observed that R2 

value for MB and MG dyes was close to 1, followed by CV 

dye with R2 value of 0.868, indicating a good fit of these 

dyes for this isotherm. For mixtures of dyes, CV+MG dye 

had low R2 value of 0.71 while all other mixtures had R2 

values close to 1, thereby indicating a good fit of these dyes 

for this isotherm. 

 

 
(a) 

 
(b) 

Fig. 6(a – b): Freundlich Isotherm Constants for the Dyes 

 
Fig. 7: Goodness of Fit for Freundlich Isotherm 

2) Langmuir Isotherm 

Figure 8 (a) and (b) depicted the Langmuir Isotherm plots 

for Single and Mixture of dyes for adsorbent size of 0.246 

mm and dose of 0.5 gm.  Figure 9 (a) showed the trend for 

K value which is a direct measure for the intensity of the 

sorption process for the dyes.  For single dyes, it was seen 

that K value was maximum for MG dye at 0.390 L/mg, 

followed by MB dye at 0.186 L/mg. However, CV dye 

showed negative value of K.  Similarly, the sorption 

capacity, “b” showed compatible values for MG and MB 

dyes at 5.618 mg/g and 5.263 mg/g respectively but CV dye 

showed negative value of ‘b’ (Figure 9 (b)) and this 

indicated the inadequacy of this isotherm to explain 

adsorption of this dye and is similar to study by Dada et al., 

2012.  For mixtures of dyes, the K value was high for 

CV+MG and MG+MB at 0.302 L/mg and 0.169 L/mg 

respectively while it was less for CV+MB and 

CV+MB+MG dyes at 0.068 L/mg and 0.169 L/mg 
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respectively (Figure 9 (a)).  From Figure 9 (b), the sorption 

capacity was high for CV+MB and CV+MB+MG at 11.91 

mg/g and 10 mg/g, followed by MG+CV and MB+MG at 

7.87 mg/g and 5.46 mg/g respectively.  Here the MB and 

MG dyes had influenced the dyes in the mixture. 

 
(a) 

 
(b) 

Fig. 8: Langmuir Isotherm Plot for (a) Single dyes and (b) 

Mixture of Dyes for Adsorbent Size of 0.246 mm and Dose 

of 0.5 gm 

 
(a) 

 
(b) 

Fig. 9: (a – b): Langmuir Isotherm Constants for the Dyes 

From Figure 10, it was observed that the linear 

regression factor, R2 value for single dyes was highest for 

MG dye at 0.997, close to 1 and it was 0.969 and 0.877 for 

CV and MB dyes respectively. For all the mixtures of dyes 

the R2 value is close to 1, indicating a good fit for Langmuir 

isotherm. 

 
Fig. 10: Goodness of Fit for Langmuir Isotherm 

3) Temkin Isotherm 

 
(a) 
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(b) 

Fig. 11: Temkin Isotherm Plot for (a) Single dyes and (b) 

Mixture of Dyes for Adsorbent Size of 0.246 mm and Dose 

of 0.5 gm 

Temkin Isotherm plot for single and mixture of 

dyes for adsorbent size of 0.246 mm and dose of 0.5 gm 

were shown in Figure 11.  KT (L/g) is Temkin constant 

related to adsorption capacity and in this study Figure 12 (a) 

gave the variation of KT for single and mixture of dyes.  It 

was observed that the single dye MG had the highest 

adsorption capacity of 6.44 L/gm and CV the least at 0.131 

L/gm while MB had KT value of 0.884 L/gm. For mixture of 

dyes adsorption capacity varied from 0.437 L/gm to 1.268 

L/gm for CV+MB and MG+MB+CV dyes respectively.  

MB+MG showed the adsorption capacity at 4.152 L/gm 

while the highest adsorption capacity was MG+CV dye at 

63.721 L/gm.  Hence it was seen that MG had a bearing on 

other dyes in the mixture. Figure 12 (b) showed the variation 

of BT(J/mol) which is the Temkin constant related to the 

heat of adsorption.  For single dyes, BT was the highest for 

CV at 4.919 J/mol, while it was 1.54 J/mol for MB and 

1.004 J/mol for MG dye.  For mixture of dyes, BT was the 

highest for CV+MB at 3.098 J/mol followed by 

CV+MB+MG at 1.814 J/mol.  The other mixtures of 

MG+CV and MB+MG had compatible values at 0.885 J/and 

0.902 J/mol respectively. This research revealed that 

adsorption for the entire single and mixture of dyes is 

physical in nature except MG+CV dye where adsorption is 

chemical in nature since KT value exceeds 1-8 L/gm though 

BT value is within 20 J/mol. This is in accordance to study 

by Roopa et al., 2014 and Dada et al., 2012. 

 
(a) 

 
(b) 

Fig. 12: (a – b): Temkin Isotherm Constants for the Dyes 

 
Fig. 13: Goodness of Fit for Temkin Isotherm 

Figure 13 showed the R2 value or Goodness of Fit 

value for single and mixture of dyes.  For single dyes it was 

highest for MG at 0.977 while it was 0.895 for MB and less 

at 0.644 for CV, indicating not a good fit for this isotherm. 

For mixtures of dyes, R2 value was close to 1 for CV+MB 

and MB+MG indicating well fit for this isotherm.  However 

R2 value was 0.834 for MB+MG+CV dye and 0.714 for 

MG+CV which was low and it did not fit well with this 

isotherm. 

IV. CONCLUSIONS 

From this research it was seen that Pisum sativum pod 

adsorbent was effective in removal of Malachite Green and 

Methylene Blue dyes with removal percentage of 86.96% 

and 76.47% respectively at 12.5 mg/L but dye removal 

efficiency reduced to 47.06% and 42.86% respectively at 

62.5 mg/L. This research also revealed that with 12.5 mg/L 

initial concentration, the percentage dye removal for Crystal 

Violet dye was found to be 37.5% which increased to 

61.9%at 62.5 mg/L. For mixtures of dyes, at 25 mg/L initial 

concentration, the highest percentage dye removal was 

84.1% for Crystal Violet +Malachite Green, followed by 

74% for Crystal Violet + Methylene Blue, 69.8% for Crystal 

Violet+ Methylene Blue + Malachite Green and 65.5% for 

Methylene Blue+Malachite Green.  Therefore, Pisum 

sativum pod adsorbent was found to be very effective in 

removal of synthetic dyes and their mixtures at low 

concentration and Crystal Violet at slightly higher 

concentration. An increase in adsorption capacity was seen 

with single and mixture of dyes.  The Isotherm studies 

revealed that the single and mixture of dyes gave a good fit 

for Freundlich Isotherm except Crystal Violet +Malachite 

Green.  Langmuir Isotherm had good fit for all the single 

dyes and their mixtures whereas Temkin Isotherm had good 

fit with Malachite Green, Methylene Blue dyes and mixture 
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of Crystal Violet + Methylene Blue and Methylene Blue + 

Malachite Green. 
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