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ABSTRACT 

This study represents the used of coconut frond (CF) to remove malachite green dye. This dye is toxic and will 

cause severe problems to environment. To investigate the potential of CF as adsorbent, a few parameters were studied such 

as adsorbent size, adsorbent dosage, initial dye concentration, contact time and pH. The results showed that the CF has the 

highest percentage of dye removal which is up to 99.91 % under optimum condition. The experimental data was analyzed 

with the Langmuir and Freundlich adsorption isotherm equations. The Langmuir isotherm model has given a better 

conformity than the Freundlich model with adsorption capacity of 18.98 mg/g. This study indicates that CF could be 

employed as a low cost adsorbent for the removal of malachite green dye. 
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INTRODUCTION 
In Malaysia, many industries such as textiles, 

paper, plastics, paints, photographs, prints, ceramic, 

tannery, and pharmaceuticals use various dyes in order to 

colour their products. The treatment and dyeing of textiles 

is the largest pollutant that contributes to almost 20% of 

global industrial water pollution (Nachiyar et al., 2014). 

Dyes are non-biodegradable in nature. They are 

ionic and aromatic organic compounds with structures that 

include aryl rings which delocalize electron systems. The 

chromophore group contained in the structure is 

responsible for the colour of the dye. The presence of dyes 

in the aquatic system affects photosynthetic activity by 

reducing light penetration (O’Mahony et al., 2002). Dyes 

also prevent the solubility of gases in water and produce 

trihalomethanes during chlorination. Moreover, it will 

damage the quality of receiving streams due to its toxicity 

(Padmesh et al., 2006). 

Malachite green (MG) dye is an N-methylated 

diaminotriphenylmethane dye and exists in the form of a 

green crystal powder with a metallic luster. It is commonly 

used in the textile and aquaculture industries. However, 

MG dye is very toxic, carcinogenic, irritating to the skin, 

and has negative effects to the kidney, gonads, liver gill, 

intestines and gonads of aquatic organisms (Srivastava et 

al., 2004). Therefore, it must be removed before it is 

discharged into receiving streams (Anbia and Ghaffari, 

2011). 

The most efficient and low cost method that has 

been used in the removal of some pollutants (dyes, heavy 

metals, and etc) from the environment is adsorption. A 

variety of adsorbent materials have been used, such as 

orange peel (Arami et al., 2005), jackfruit peel (Jayarajan 

et al. 2011), guava peel carbon (Singh et al. 2013), and 

groundnut and gram husks (Chakrabarti et al. 2008). All of 

these adsorbent materials were successfully utilized for the 

removal of dyes from aqueous solutions. 

In this study, coconut frondswere used as an 

absorbent to remove the MG dye. Coconut fronds are the 

stiff mid-ribs of coconut leaves. A frond is divided into a 

few components, which are the frond base, cushion, keel, 

petiole, pinnae and rachis. The cushion part of a coconut 

frond is the component used in this study for adsorbent 

preparation. The aim of this study is to investigate the 

potential of coconut fronds as adsorbent in the removal of 

MG dye. Therefore, a few parameters (adsorbent size, 

adsorbent dosage, initial dye concentration, contact time 

and pH) and adsorption isotherm (Langmuir and 

Freundlich Isotherm) were studied to determine the 

effectiveness of coconut fronds as adsorbent in the 

removal of MG dye.  

 

MATERIALS AND METHODS 

 

Chemicals  

MG dye was purchased from Merck. Other 

chemicals were also used for buffer preparation, i.e 

potassium chloride (HmBG Chemicals), sodium hydroxide 

(Merck), sodium bicarbonate (HmBG Chemicals), glycine 

(Merck), potassium dihydrogenphosphate (HmBG 

Chemicals), citric acid-1-hydrate (Bendosen), sodium 

citrate-2-hydrate (Bendosen) and hydrochloric acid 

(HmBG Chemicals). The preparation of buffer solutions 

was done according to 

http://delloyd.50megs.com/moreinfo/buffers2.html. All 

chemicals were directly used without any purification.   

 

Preparation of adsorbent 

Coconut frondswere collected from Jeli, 

Kelantan, Malaysia. The coconut frondswere rinsed with 

distilled water. It was dried under sunlight for 2 days. 

Then, it was cut into small pieces and dried again under 

sunlight for 2 days. Lastly, it was grinded and sieved to the 

particle sizes of 0.125, 0.300, and 0.710 mm.  

 

Preparation of adsorbate 

A MG stock solution green was prepared by 

dissolving 0.5 g in 500 mL of distilled water to produce a 

concentration of 1000 mg/L using a 500 mL-volumetric 
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flask. Serial dilutions were made by diluting the MG stock 

solution in accurate proportions using distilled water. 

 

Adsorption studies 

Basically, the adsorption study was carried out by 

mixing a fixed dosage of coconut fronds with 200 mL of 

MG solution at a certain initial concentration and at room 

temperature. After 24 hours contact time, the adsorbent 

was separated using a filter paper and the aqueous phase 

concentration of MG was determined using a UV-visible 

spectrophotometer at wavelength of 617 nm. The removal 

percentage (R) was calculated using the following 

equation (Nasuha et al. 2010): 

% R = 
Co−CeCo  x 100      

      

where Co and Ce are the initial and equilibrium 

concentrations of MG, respectively (mg/L). 

A few parameters were studied, such as (i) 

adsorbent size (0.125, 0.300 and 0.710 mm); (ii) adsorbent 

dosage (0.1, 0.3, 0.5, 0.7, 1.0 and 3.0 g); (iii) initial dye 

concentration (10, 30, 50, 70, 100, 200, 300 and 400 

mg/L); (iv) exposure time (4, 8, 12, 16, 20 and 24 hours); 

and (v) pH (pH 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10). 

 

RESULTS AND DISCUSSIONS 

 

Effect of particle size 

Figure-1 shows that an increase in particle size 

decreases the percentage of dye removal.  There seems to 

be a steady decrease in removal percentage of MG from 

0.125 mm to 0.710 mm. A similar trend was reported by 

Gardazi et al., (2014), where smaller adsorbent particle 

size showed a higher percentage of dye removal, 

compared to bigger adsorbent particle sizes. This could be 

because smaller adsorbents have more exposed surface 

area to dye for adsorption. Therefore, it can be concluded 

that a higher ratio of surface area provides a higher 

removal percentage of dye. 

 

 
 

Figure-1. Effect of particle size on the removal of MG dye using RCF. 

 

Effect of adsorbent dosage 

Based on Figure-2, it can be seen that the highest 

removal percentage of MG dye using CF is 97.30% at 0.5 

g, while the lowest removal percentage of MG dye using 

CF is 94.03% at 0.1 g. It shows that the percentage of dye 

removal increases when increasing the adsorbent dosage 

from 0.1 g to 0.5 g. This is due to the greater availability 

of exchangeable sites or surface area at higher 

concentrations of the adsorbent (Khaled et al., 2009). 

However, the percentage of dye removal decreases with 

the increase in adsorbent doses from 0.5 to 3.0 g. This 

result is due to the overlapping of adsorption sites as a 

result of the overcrowding of adsorbent particles (Garg et 

al., 2003).  
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Figure-2. Effect of adsorbent dosage on the removal of MG dye using RCF. 

 

Effect of initial dye concentration 

Figure-3 shows that the percentage of dye 

removal increases when increasing the initial dye 

concentration from 10 to 50 mg/L. It is because the active 

sites on the adsorbent surface are not fully occupied by the 

dye (Kannan and Sundaram, 2001) and the adsorbent will 

adsorb the dye until it reaches its maximum adsorption 

capacity. However, the percentage of dye removal 

decreases after 50 mg/L of initial dye concentration. This 

is due to the adsorption capacity limitation of the 

adsorbent (Salleh et al., 2011). In other words, a given 

mass of adsorbent can only adsorb a fixed amount of dye 

(Benaı¨ssa 2005). The higher the initial dye concentration, 
the lesser the percentage of dye removal (Low and Lee, 

1990). It can be concluded that the percentage of dye 

removal is highly dependent on the initial dye 

concentration. 

 

 
 

Figure-3. Effect of initial dye concentration on the removal of MG dye using RCF 
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Effect of contact time 

Figure-4 shows that the percentage of dye 

removal slightly increases from 4 hours to 12 hours, and 

remain constant after 16 hours. From the observation, the 

contact time of adsorption at 16 hours shows the best 

adsorption performance. However, according to Table-1, it 

is clearly illustrated that there is no significant difference 

between 12, 16, 20 and 24 hours. In general, the rate of 

dye removal increases with an increase in contact time to a 

certain extent. Further increases in contact time do not 

increase the uptake due to the deposition of dyes on the 

available adsorption sites on the adsorbent material 

(Ansari and Mosayebzadeh, 2010). In this study, 16 hours 

contact time was chosen as the optimum value.  

 

 
 

Figure-4. Effect of contact time on the removal of MG dye using RCF. 

 

Table-1. T-test results for MG dye adsorption onto RCF at different contact times. 
 

Contact time (hours) t-test value (t4 = 2.78) Note 

16 & 12 0.0059 No significant difference 

16 & 20 0 No significant difference 

16 & 24 0.0059 No significant difference 

 

Effect of pH 

pH factor is very important in the adsorption 

process, especially for dye adsorption. The pH of a 

solution can influence the adsorption process. The 

percentage of dye removal decreases from pH 1 to pH 10 

(see Figure-5). A study conducted by Amin (2009) using 

activated carbon from pomegranate peel for the removal of 

direct blue-106 found that increases in pH solution does 

increase the adsorption of MG due to the increase in the 

number of negatively charged surface sites on the 

adsorbent, which may result in the increase in adsorption 

of cationic dye molecules due to electrostatic attraction.  

In this study, the highest percentage of dye removal is at 

pH 1, indicating that the electrostatic mechanism is not the 

only mechanism that can be used for dye adsorption in the 

solution, but is also affected by the chemical reactions 

between the adsorbent and dye molecules (Al-Degs et al., 

2008). Further study is needed to understand more about 

the effect of pH on the removal of MG dye using CF as an 

adsorbent. 
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Figure-5. Effect of pH on the removal of MG dye using RCF. 

 

Adsorption isotherm 

Two types of adsorption isotherm were employed 

in this study, i.e Langmuir and Freundlich isotherms. The 

Langmuir isotherm model infers that the adsorption occurs 

at specific homogeneous sites on the adsorbent and is 

known as monolayer adsorption (Czepirski et al., 2000). 

The linear form of Langmuir equation is given as (Nasuha 

et al. 2010): 

 ���� = 1���� �� + 1����  �� 

 

where qe is the amount adsorbed at equilibrium 

(mg/g), Ce is the equilibrium concentration of the 

adsorbate, qmax is the Langmuir constant related to the 

maximum adsorption capacity, and KL is the Langmuir 

constant related to energy of adsorption (Nasuha et al. 

2010). Hence, a plot of Ce/qe versus Ce should be a straight 

line with a slope (1/qmax) and an intercept (1/qmaxKL). 

Meanwhile, the Freundlichisotherm model is 

commonly used to describe adsorption characteristics for 

heterogeneous surfaces (Hutson et al., 2000). The linear 

form of the Freundlich equation is expressed as (Nasuha et 

al. 2010): 

 log �� =  � ��� + 1 � ��� 

 

where KF is the Freundlich constant related to 

adsorbent adsorption capacity and  is Freundlich constant 

related to adsorption intensity (Nasuha et al. 2010). Thus, 

a plot of log qe versus log Ce should be a straight line with 

a slope 1/  and an intercept of log KF. 

Based on Table-2, the Langmuir isotherm gave a 

higher correlation coefficient (R
2
= 1) compared to the 

Freundlich isotherm (R
2
= 0.9995). Therefore, the 

maximum adsorption capacity is based on the Langmuir 

isotherm, suggesting that the monolayer adsorption of MG 

dye takes place on the homogeneous surfaces of the 

coconut fronds. The maximum adsorption capacity 

obtained from this study was 18.98 mg/g. 

 

Table-2. Adsorption isotherm data for removal 

of MG using RCF. 
 

Isotherm model Parameter Value 

Langmuir 

KL (L/mg) -29.28 

qmax(mg/g) 18.98 

R
2
 1 

Freundlich 

KF (mg/g) 19.62 

 -37.04 

R
2
 0.9995 
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