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 The use of abundantly available coastal plant, Casuarina equisetifolia seeds as an eco-
friendly adsorbents in batch adsorption was investigated. The adsorption of Malachite 
green (MG) dye onto microwave and chemically treated Casuarina equisetifolia plant 
seeds was carried out in the influence of various parameters such as contact time, initial 
dye concentration and adsorbent dosage. The results show that the adsorption for both 
adsorbents reached equilibrium within 180 min. Microwave and chemically treated 
Casuarina equisetifolia seeds (MCR) are more effective than chemically treated 
Casuarina equisetifolia seeds (CR) for the removal of MG dye. The percentage of MG 
dyes removal increased with the decrease of dye concentration and increase of the 
contact time and adsorbent dosage. The highest MG dye removal for CR and MCR 
adsorbents using 1.0 g of adsorbent dosage was 93.53% and 95.95% respectively. The 
data of malachite green dye for both adsorbent fitted well with the Langmuir isotherm 
models, with good correlation coefficients R2 = 0.9554 and R2 = 0.9851 respectively. 
Therefore, the application of adsorbent from Casuarina equisetifolia seeds for the 
removal of MG dye was successfully demonstrated.  
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INTRODUCTION  

 
 High concentration of dyes in wastewater from dye-based industries that have been discharged into streams 
and rivers can cause harmful effects to human, aquatic ecosystem and environment [1]. Due to their complex 
molecular structures and large sizes, most of dyes are not always can be removed through methods of treatments 
such as electrochemical coagulation and photo catalytic de-colorization. Among those methods of dye removal, 
adsorption is a method that gives the best results as it can be used to remove different types of colouring 
materials [2-4]. Adsorption onto activated carbon is proven to be very effective in treating dye-based industries 
wastewater. However, its use is limited because of its high cost. Recently, numerous approaches have been 
studied for the development of cheaper and effective adsorbents in order to avoid the high cost treatment of dye 
wastewater [5]. Such alternatives include rambutan peel-based [6], spent tea leaves [7], tamarind fruit shell [8], 
wheat bran [9], pine-cone [10], orange peel [11], pumpkin seed hull [12], rice hulk [13] etc. 
 Recently, microwaves have been widely used as an alternative heating method and some studies have 
showed that this technique can be successfully used in the production of activated carbons. Microwave heating 
is gaining importance as it is capable to reduce the heating period, energy consumption, gases consumption and 
compact equipment size [14]. Besides, the preparation of microwave treated adsorbent also involves the 
adoption of green chemistry. Green chemistry is an approach to the design, manufacture and use of chemical 
products to intentionally reduce or eliminate chemical hazards [15].   
 Malachite green (MG) dye is a water-soluble dye belonging to triphenylmethane family that has been 
widely used as antifungal therapeutic agent in aquaculture, commercial fish hatchery and animal husbandry as 
well as antiseptic and fungicidal for human [16]. MG dyes have been commonly used for dyeing of leather, 
wool and silk, distilleries, jute, paper, as a food coloring agent and food addictive in medical disinfectant 
[17,18]. MG dyes contain toxic properties which are known to carcinogenesis, mutagenesis, teratogenesis and 
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respiratory toxicity [19]. When the intense colour of dyes interface with the sunlight and entering the water 
bodies, the photosynthesis rates will be decreased drastically [20]. 
 In this paper, we have studied the adsorption of microwave and chemically treated Casuarina equisetifolia 
seeds for the removal of MG dyes from the aqueous solution. The preparation of microwave treated adsorbent 
can reduce the heating period, energy consumption, gases consumption and compact equipment.    Casuarina 
equisetifolia is a genus of 17 species in the family of Casuarinaceae, native to Australia, southeastern Asia and 
islands of the western Pacific Ocean [21]. Its wood can be used for various purposes such as for car pole and 
veranda constructions. The plant is known to store tannins and proline as well as being a nitrogen fixing plants 
[22,23]. Casuarina equisetifolia is highly valued as an important species for erosion control and has ability as an 
excellent windbreak [24]. Casuarina equisetifolia seeds are a potential adsorbent due to their vast availability 
since seeds are abundant in nature, plus the fact that it is non-toxic, environmental friendly and biodegradable. 
  

MATERIALS AND METHODS 
 
Preparation of adsorbents:  
 Casuarina equisetifolia seeds used in this study were obtained locally. The seeds were washed with distilled 
water and dried in an oven at 70°C for 12 hours. The seeds were ground and sieved into small pieces of about 
1mm to 3 mm. In order to prepare adsorbent from microwave and chemically treated Casuarina equisetifolia 
seeds (MCR), the seeds were treated in microwave oven with frequency of 2.34GHz, 800W and 8 minutes 
irradiation. The microwave treated seeds were soaked in p-toluene sulfonic acid solution in the ratio of 1:2 for 
24 hours. Then, the acid treated seeds were rinsed using distilled water until the pH nearly neutral. The acid 
treated seeds were dried in the oven at 70°C for 12 hours. The acid treated seeds were then soaked in NaOH 
solution in the ratio of 1:2 for 24 hours. Then, the treated seeds were rinsed using distilled water until the pH 
nearly neutral. The treated seeds were dried in the oven at 70°C for 12 hours. Meanwhile, for the preparation of 
adsorbent from chemically treated Casuarina equisetifolia seed (CR), the seeds were treated using p-toluene 
sulfonic acid and NaOH solution. 
 
Preparation of adsorbates: 
 Malachite green (MG) is dye with the molecular weight of C23H25ClN2, molar mass of 364.911g/mol and 
λmax of 618nm. Malachite green were purchased from Bendosen Laboratory Chemicals. A measured amount of 
the dye was dissolved separately in 1 L of distilled water to prepare stock solutions. The molecular structure of 
the MG is illustrated in Figure 1. 
 

 
 
Fig. 1: Structure of malachite green (MG) dye. 
 
Characterization of adsorbent: 
 The surface morphology of both adsorbent prepared from Casuarina equisetifolia seeds were obtained by 
scanning electron microscope (SEM). Both adsorbent were characterized using Fourier Transform Infrared 
Spectroscopy (FTIR) spectra in the range of 400-4000 cm-1 and compared with each other to observe the surface 
functional group of adsorbents.  
 
Batch adsorption studies: 
 Batch experiment was conducted in order to evaluate the effects of dosage of adsorbents and the 
concentration of dye on the adsorption of MG were studied. To study of effect of adsorbent dosage, 100mL of 
200 mg/L MG dye solution with different adsorbent dosage such as 0.2g, 0.4g, 0.6g, 0.8g and 1.0g was agitated. 
For the effect of different initial dye concentration, the experiment was carried out by agitating 100mL of 
different dye concentration such as 200, 300 and 400 mg/L with a constant adsorbent dosage of 0.4g. Both 
experiments were carried out in the water bath shaker at 125 rpm until equilibrium. After adsorption, the final 
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concentration was determined using absorbance values measured before and after the adsorption using 
spectrophotometer (DR2700). The percentage of dye removal was calculated based on the following 
relationship: 
Percentage of dye removal (%) = [(C0 - Ci)/C0] × 100 
 The adsorbed amount of MG at equilibrium qe (mg/mg) was calculated using the following equation:  
qe = (C0 - Ci)V/ M 
 where C0 and Ci are the concentrations (mg/L) of MG dye at initial and equilibrium, respectively. V (l) is 
the volume of MG solution and M (g) is the adsorbent mass. 
 

RESULTS AND DISCUSSION 
 
Characterization of adsorbent: 
 Scanning electron microscope was used to study the morphology of both adsorbents. SEM images (Figure 
2) of both adsorbents show the differences between the surface morphology of CR and MCR adsorbent. It 
shows the surface of MCR are pore-dominant types as compared to that of MCR adsorbent. Besides, the surface 
of CR adsorbent have limited number of cavities meanwhile the MCR adsorbent has course and cracks surface 
as well as more cavities. Therefore, there is a good possibility for dyes to be trapped and adsorbed into these 
cavities and pores of the adsorbent [25]. The FTIR spectra of the CR and MCR adsorbent are presented in 
Figure 3. The band at 3340-3323cm-1 represented the stretching of O-H and N-H group. The bands at 2924cm-1 
was due to the C-H stretch that indicated the presence of cellulose and hemicellulose group [26]. The stretching 
vibration at 1600-1660 cm-1 correspond to the C=C bond. It shows that the lignin constituents were present in 
the adsorbent. According to Sen et al. [27], cellulose, hemicellulose, lignin, rosin and tannins from the cell wall 
of pine cone contains polar functional groups such as alcohols, aldehydes, ketones, carboxylic, phenolic and 
other group that can form active sites for sorption on the material surface.  
 

  

  
 
Fig. 2: SEM images of (a) CR and (b) MCR adsorbent. 
 
Batch adsorption studies: 
Effects of initial dye concentration: 
 The removal of MG dye by the adsorption on both adsorbent was shown to increase with time and achieved 
a maximum value at about 150 min and afterwards, it remained almost constant. Initial adsorption from 0 min to 
120 min was rapid due to the adsorption of dye onto the exterior surface of adsorbent, after that dye molecules 
enter into pore, a relatively slow process [28]. It can be seen that the percentage of MG dye removal decreased 
with the increase in initial dye concentration. It was revealed that at higher concentration lower adsorption yield 
is due to saturation of adsorption sites [29]. From the Figure 3, it shows that the highest percentage of MG dye 
removal of CR and MCR adsorbent were 62.89% and 84.67% respectively. 
 
Effect of adsorbent dosage: 
 The adsorbent dosage is another parameter which influences the amount of dye uptake from the solution. 
The percentage of dye removal with the different adsorbent dosage is presented in Figure 4. The adsorption of 
MG dye shows an increasing with the increasing adsorbent dosage from 0.2g to 1.0g. This is because more 

(a) (b) 
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adsorption site available due to the increased of surface area at higher dose of adsorbent causing higher 
percentage of dye removal [25]. It shows that the percentage of MG dye removal of CR and MCR adsorbent at 
1.0 g which are 93.53% and 95.95% respectively. The percentage of dye removal for MCR was higher than the 
CR adsorbent due to the surface morphology of MCR adsorbent allowed to adsorb more dyes.  
 

 
 
Fig. 3: The FTIR spectra of CR and MCR adsorbent. 

 
(a) 

 
(b) 

 
 
Fig. 3: Effect of initial dye concentration on the adsorption of malachite green dye onto (a) CR and (b) MCR 
       adsorbent 
 
Adsorption isotherms: 
 Both Langmuir and Freundlich isotherm models have been employed to evaluate the adsorption of MG dye. 
The Langmuir isotherm assumes monolayer adsorption onto a surface containing a finite number of adsorption 
sites of uniform strategies with no transmigration of adsorbate in the plane surface [30, 31]. Once a site is filled, 
no further sorption can take place at that site. The Langmuir adsorption isotherm model is depicted in Eq. 1: 

                        (1) 

 
 

CR adsorbent 

MCR adsorbent 
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(a) 

 
(b) 

 
 
Fig. 4: Effect of adsorbent dosage on the adsorption of malachite green dye onto (a) CR and (b) MCR  
      adsorbent. 
 
 where Ce is the equilibrium dye concentration in solution (mg.L-1), qe is the equilibrium dye concentration 
in the adsorbent (mg.g-1), q0 is the monolayer capacity of the adsorbent (mg.g-1) and b is the Langmuir 
adsorption constant (L.g-1). The Langmuir parameter are listed in Table 1. The experimental data for both 
adsorbent show straight line with good correlation coefficient R2 = 0.9851 and R2 = 0.9554 indicating the 
applicability of the model for MG-MCR and MG-CR adsorption. The maximum adsorption capacity, q0 for both 
adsorbent obtained from Langmuir is 58.82 mg.g-1. The Langmuir equation is applicable to homogeneous 
sorption, where the sorption of each sorbate molecule onto the surface has equal to sorption activation energy 
[32]. 
 The Freundlich isotherm is commonly used to describe the adsorption characteristics for the heterogenous 
surface [30]. The Freundlich equation is an empirical equation employed to describe heterogeneity factor 1/n, 
describes reversible adsorption and is not restricted to the formulation of the monolayer. A linear form of the 
Freundlich expression can be obtained in the Eq. 2: 

             (2) 

 where KF is the Freundlich constant (mg.g-1) and 1/n is the heterogeneity factor. The value of KF and n can 
be obtained from the intercept and slope of the linear plot of log qe vs. log Ce (Fig. 6). KF indicates the 
adsorption capacity of the adsorbent and n is a measure of the deviation from linearity of the adsorption. If a 
value of n is equal to unity the adsorption is linear. If a value of n is below to unity, this implies that adsorption 
process is chemical, but if a value for n is above unity, adsorption is favorable a physical process [33]. The data 
obtained from linear Freundlich isotherm for the adsorption of MG dye onto CR and MCR adsorbent are 
presented in Table 1. It shows that the correlation coefficient R2 = 0.8901 and R2 = 0.9052 for the adsorption of 
malachite green dye onto CR and MCR adsorbent respectively.  
 
Table 1: Langmuir and Freundlich constant for the adsorption of MG on CR and MCR adsorbent. 

Adsorbent 
Langmuir isotherm Freundlich isotherm 

q0 

(mg.g-1) 
b (L.mg-1) RL R2 KF (mg.g-1) n R2 

CR 58.82 0.0155 0.137 0.9554 8.327 3.175 0.8901 
MCR 58.82 0.0701 0.034 0.9851 23.281 1.653 0.9052 

 
Conclusion: 
 In conclusion, the adsorbent made from coastal plant, Casuarina equisetifolia seeds is an effective 
adsorbent for the removal of malachite green dye from aqueous solution. The surface morphology of adsorbent 
from microwave and chemically treated Casuarina equisetifolia seeds (MCR) shows well defined surface and 
has more cavities as compared to that of chemically treated Casuarina equisetifolia seeds (CR). The equilibrium 
adsorption of both adsorbent is achieved in 150 min. The percentage of malachite green dye removal for CR and 
MCR adsorbent increased with the increased adsorbent dosage. For the application of adsorption isotherms, the 
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experimental results show that both adsorbent were fitted well with Langmuir isotherm model, with good 
correlation coefficient R2 = 0.9851 and R2 = 0.9554. 
 

 
 
Fig. 5: Langmuir plots for the adsorption of dyes at different dye concentration. 
 

 
 
Fig. 6: Freundlich plot for the adsorption of dyes at different dye concentration. 
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