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Abstract 
The present work was done in order to develop and find out suitable conversion methods for co-
conut husk wastes into value-added products. It is well-known that coconuts husk waste is hy-
drophobic therefore ethanol with different doses was used as a surfactant to enhance the removal 
efficiency. Treated samples at different adsorbent amounts, sintering temperatures & sintering 
time, stirring time, pH, and solution temperatures for color removal of Methylene Blue (MB) & 
Rhodamine B (RhB) and ammonium concentration were evaluated by using UV-Visible Spectros-
copy. At 300˚C, results showed complete removal for MB and more than 75% for RhB, whereas 
removal of ammonium ion reached around 52% when sintering product from husk waste was 
used. Further investigation was carried out for ammonium ion to understand the desorption ki-
netic behaviors and isotherm models. Kinetics indicated that desorption of ammonium ion fol-
lowed pseudo-first order equation. Adsorption thermodynamic parameters such as ΔG, ΔH, and ΔS 
followed Van’t Hoff plot for adsorption and found to be negative which indicated that the adsorp-
tion process for ammonium onto coconut husk was physical, spontaneous and exothermic.  
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1. Introduction 
In a typical aquatic environment, organic dyes such as Methylene Blue (MB) and Rhodamine B (RhB) as well as 
ammonium ions are present as soluble molecules and ions and are too difficult to remove from aqueous media 
resulting damage to the receiving water bodies; moreover, some dyes are toxic and suspected carcinogens 
[1]-[6]. Existing techniques used for treatment are oxidation and precipitation, coagulation and co-precipitation, 
nano & micro filtration, reverse osmosis and electro-dialysis, adsorption, ion exchange, foam flotation, solvent 
extraction, bioremediation, and photo-catalytic degradation [7]-[20]. These approaches have been adapted for 
the removal of MB, RhB dye and ammonium ion having their respective advantages and certain disadvantages 
that include the generation of toxic waste, low removal efficiency in addition to the high cost.  

Adsorption is one of the most effective methods so far used for treating different wastes. MB, RhB dyes, 
ammonium ions and heavy metals could be removed through this technique by preparing efficient desorbent 
materials such as mineral oxides and biological materials. The use of polymeric resins, activated carbon, acti-
vated alumina, iron coated sand, hydrous ferric oxide, and natural ores has generated much interest, and novel 
metal modified adsorbents have demonstrated superior performance [21]-[34]. 

Although adsorbent is highly effective, the running costs are also high. Therefore, locally available and abun-
dant material should be used as a source for producing cost-effective adsorbent. In this regard, however, Malay-
sia has an abundant supply of coconut husk due to being one of the leading coconut milk producers. The coconut 
husk generated creates a serious disposing problem. The coconut husk have been used as the raw material due to 
the availability and inexpensive material with high carbon and low inorganic content for adsorbent production 
and several researchers have concluded that a good quality product can be obtained. Moreover, adsorbents pre-
pared by coconut wastes have the character to be highly efficiency adsorbent materials for wastes exist in diluted 
solution. Adsorbents are prepared physically by burning the coconut husks wastes at high temperature. As a re-
sult, sintered adsorbent with high specific surface areas could lead to better performance due to their micropor-
ous structure and high adsorption ability for organic compounds and heavy metal ions. In this regard, other sin-
tering porous material made from sea bottom sediments prepared at (400˚C) was applied and found to be effec-
tive adsorbent for removing heavy metals [33]. 

Recent works with coconut shell activated carbon have been reported for the treatment of ammonium ion. 
However, treated method involved two main steps. The first step was pre-carbonization (at 400˚C) and the 
second step was chemical activation (by agitation with 85% H3PO4 aqueous solution) [35].  

In this work, a simple and cheap method for using coconut sintering husk wastes at different temperatures 
(100˚C to 400˚C) was evaluated. Husk wastes are available in very large quantities in many established indus-
tries in Malaysia, which are being dumped after getting milk from the coconuts. Sintering products are used as 
an effective adsorbent for the removal of RhB, MB, and ammonium ion. Chemical formulas of the contaminants 
are shown in Figure 1. 

2. Experimental  
2.1. Raw Materials and Drying Process 
Raw material (coconut husks) was collected from Kemaman Area, Terengganu, Malaysia. After collection the  

 

 
Figure 1. Chemical formulas of RhB, MB and ammonium ion.                        

Methylene Blue Rhodamine B Ammonium ion
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husks thoroughly washed at least three times with deionized water, initial drying process was carried out under 
natural drying. Further drying was carried out in oven at 105˚C to remove moisture. After complete drying the 
samples were ground and sieved to obtain a particle size between 53 - 74 µm. 

2.2. Preparation of Sintering Adsorbent 
Sintering products from cocoanuts husk wastes were prepared by using an electric oven (Kyoto Thermo System 
Co. Ltd. KBF828N, Nara, Japan). Different temperatures with different sintering time were selected to examine 
the removal efficiency.   

2.3. Adsorption Experiments  
All experiments were carried out with 100 ml vial glass as a batch reactor. Cocoanuts husks known as hydro-
phobic. In order to enhance the removal efficiency, ethanol was added as a surfactant (0.1 - 2 ml). Stock solu-
tions for both MB and RhB were prepared by dissolving high purity fine powder of Mb and RhB so that 2.5 
µg/ml was obtained as a working solution. Ammonium ions were prepared by dissolving anhydrous ammonium 
chloride so that stock solution of 100 µg/ml was obtained. Working solution was prepared by diluting the stock 
solution with deionized water as required. Adsorption experiment was carried out by weighing the required 
amount of the sintering products (10 - 300 mg) prepared at different temperatures (100˚C - 400˚C) with different 
sintering time (30 - 180 min). Stirring time was adjusted to be between 5 & 75 min. Desired pH (4.2 - 9.7) was 
adjusted by using NaOH, and/or HCl solutions. At different intervals samples were collected after treatment, fil-
tered with 0.45 µm Advantec membrane filter then analyzed. 

2.4. Characterization & Instrumentation 
The BM, RhB and ammonium ion concentrations in the aqua forms were obtained by the determination of the 
absorbance at the characteristics wavelength using a double beam UV/Visible spectrophotometer. Standard so-
lutions were prepared to determine the proper wavelengths for the BM, RhB and ammonium. The wavelengths 
corresponding to the maximum absorbance observed were 665, 540 and 644 nm for MB, RhB and ammonium 
ion respectively. The XRD of carbon powder was prepared by grinding the required sintering product amount in 
an agate at (300˚C) for 30 min. Crystallinity was not observed in the carbon powder (result not shown). Mor-
pholgy study was carried out by Scanning Electron Microscopy (SEM); S-4000, Hitachi, Japan. 

3. Results & Discussion 
3.1. Optimal Condition for BM, RhB & Ammonium Ion Removal  
Experiments were carried out with sintering products treated at different temperatures as adsorbent material. 
Coconut husk waste (adsorbent) is known as strong hydrophobic. To overcome this problem, ethanol was added 
as a surfactant. Series of experiments were carried out to investigate the effect of surfactant for the removal effi-
ciency of MB, RhB and ammonium ions. Different adsorbent dosages (10 - 300 mg) were used with different 
amount of ethanol (0.1 - 2 ml) in order to evaluate the removal efficiency of 2.5 µg/ml MB & RhB initial con-
centration from both dyes, and 1 µg/ml ammonium ion initial concentration. The stirring time was fixed at 60 
minutes. Reaction was carried out by stirring mixing sintering products with surfactant and MB, RhB and am-
monium ions at 600 rpm. Optimal conditions for the removal of both dyes & ammonium ion were summarized 
in Table 1. 

Based on the results obtained, 300˚C was selected as a sintering temperature and ammonium ion was selected 
as contaminant for further studies. Morphology of the sintering products before and after adsorption of ammo-
nium ions are given in Figure 2. 

 
Table 1. Optimal conditions for MB, RhB and ammonium ion removal. Ethanol dose; 1 ml, adsorbent dose; 150 mg, initial 
conc. for MB & RhB; 2.5 µg/ml, ammonium ion; 1 µg/ml, stirring time; 60 min.                                              

Sintering temperature (˚C) 
Removal efficiency (%) 

MB RhB Ammonium ion 
200 101.4 60.1 18 
300 97.1 75.7 52 



A. H. A. Dabwan et al. 
 

 
24 

 
(a)                                  (b) 

Figure 2. SEM image of carbon powder before (a) and after (b) ammonium 
ion adsorption.                                                                  

3.2. Effect of Adsorbent Amount on Ammonium Ions Removal 
Effect of the adsorbent amount on the ammonium ion removal efficiency was examined. Results are shown in 
Figure 3.  

Removal efficacy was increased when the adsorbent amount was increased till became constant at 150 mg 
and higher. The reason could be attributed to the surface area saturation capacity; therefore 150 mg was selected 
for further studies.  

3.3. Effect of Stirring Time 
The effect of stirring time under optimal conditions was investigated as shown in Figure 4. Results show that 
increasing in removal efficiency was observed until 30 min. Under the mentioned conditions, maximum removal 
efficiency obtained was 41%. Therefore 30 min was selected as the optimum stirring time and used for further 
investigation.  

3.4. Effect of Sintering Temperature  
The effect of sintering temperature under optimal conditions was carried out at different temperatures (100˚C, 
200˚C, 300˚C, 350˚C, at 400˚C) as shown in Figure 5. Increasing in the removal efficiency was noticed up to 
300˚C; however at higher temperature the removal efficiency was decreased. It is believed that the surface area 
of carbon powder was the largest at 300˚C. Based on the experimental data obtained, 300˚C was selected to 
perform further studies. 

3.5. Effect of Sintering Time 
The effect of sintering time was tested under different time (30, 60, 90, 120, 180 min). Results are summarized 
in Figure 6. Best result obtained when 60 min sintering time was applied. Maximum removal efficiency ob-
tained is 52%, which means that the adsorption process was spontaneous at low temperature range. Based on 
this result, 60 min sintering time was selected for further studies.  

Under this experimental condition, 52% removal efficiency was achieved.  

3.6. Effect of pH 
Optimal condition effect of pH was determined under the selected other optimal conditions. Selected pH values 
and the removal efficiency obtained are shown in Figure 7. Adjustment of pH was carried out by using H2SO4 
and/or NaOH. 

Maximum adsorption was occurred when the pH was near neutral pH between 6 and 7. High pH shows that 
adsorption capability was decreased. This is contradictory to the trends noticed for the adsorption of ammonium 
ions by zeolites synthesized from fly ash and by coconuts shell activated carbon treated at 800˚C [5] [35]. This 
could be attributed to the competition between negative and positive ions as well as the addition of surfactant 
(ethanol) into the solution. 
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Figure 3. Effect of adsorbent amount on the removal efficiency of ammonium. Ammo-
nium solution: 1 µg/ml, ethanol: 1 ml, stirring time: 60 min, pH: 6.2, sintering tempera-
ture & sintering time: 300˚C & 120 min.                                                 

 

 
Figure 4. Effect of stirring time on the removal efficiency of ammonium ion. Ammo-
nium solution: 1 µg/ml, ethanol: 1 ml, adsorbent amount: 150 mg, pH: 6.2, sintering 
temperature & sintering time: 300˚C & 120 min.                                                  

 

 
Figure 5. Effect of sintering temperature on the removal efficiency of ammonium ion. 
Ammonium solution: 1 µg/ml, ethanol: 1 ml, stirring time: 60 min, pH: 6.2, adsorbent 
amount: 150 mg, sintering time: 300˚C & 120 min.                                           
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Figure 6. Effect of sintering time on the removal efficiency of ammonium ion. Ammo-
nium solution: 1 µg/ml, ethanol: 1 ml, stirring time: 60 min, pH: 6.2, sintering time: 
300˚C sintering product: 150 mg.                                                        

 

 
Figure 7. Effect of pH on the removal efficiency of ammonium ion. Ammonium solu-
tion: 1 µg/ml, ethanol: 1 ml, stirring time: 60 min, adsorbent amount: 150 mg, sintering 
temperature & sintering time: 300˚C & 60 min.                                              

3.7. Effect of Solution Temperature 
The influence of the solution temperature was evaluated under the same optimal conditions mentioned pre-
viously. Evaluation was carried out under constant temperatures; hot stirrer was used to ensure homogenous 
mixing. Results are shown in Figure 8, for each adsorption temperature. High removal efficiency was obtained 
when the solution temperature was fixed at 15˚C (288 K) suggesting that ion exchange capacity was maximum 
at lower temperature. Generally in chemical reactions, increasing the temperature leads to increase the reaction 
rates, however in this work chemical effect was negligible showing that only physical adsorption was occurred 
at lower temperature. Same pattern was observed when adsorption was carried out by using coconut shell [33]. 
This phenomenon could be attributed to the tendency of ammonium ion to desorb from the solid adsorbent to the 
bulk solution phase when temperature increases. Moreover, increasing the temperature will increase the rate of 
solute movement in the bulk solution and decrease the retarding forces acting on the adsorbate ions [33] [34]. 

3.8. Van’t Hoff Plot & Adsorption Thermodynamics 
Thermodynamic energy parameters such as; change in the Gibbs free energy (ΔG), enthalpy (ΔH), and entropy 
(ΔS) were calculated by using the following equations: 

A
C

S

CK
C

=                                        (1) 

ln CG RT K∆ = −                                    (2) 

ln C
S HK

R RT
∆ ∆

= −                                   (3) 
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where KC is the equilibrium constant; CA is the concentration amount of ammonium ion adsorbed on the adsor-
bent from the solution at equilibrium (mg/l), CS is the equilibrium concentration of ammonium ions in aqueous 
solution (mg/l), the ΔS and ΔH were calculated from the slope and intercept of the Van’t Hoff plot of 1/T against 
lnKC as shown in Figure 9. 

Thermodynamic analysis of ammonium ions adsorbed onto the sintering products made from cocoanuts husk 
wastes were tabulated in Table 2, under the same conditions applied in Figure 8. 

In this study negative values were observed for the Gibbs free energy which indicates the degree of spontane-
ity of the adsorption process. The obtained values were ranged between −4.4 ~ −3.9 kJ/mol indicating that 
physical and spontaneous adsorption was occurred. 
 

 
Figure 8. Effect of solution temperature on the removal efficiency of ammonium ion. 
Ammonium solution: 1 µg/ml, ethanol: 1 ml, stirring time: 60 min, pH: 6.2, sintering 
temperature & sintering time: 300˚C & 120 min, adsorbent amount: 150 mg.                    

 

 
Figure 9. Van’t Hoff plot for the adsorption of ammonium ions onto sintering products 
made from coconuts husk wastes.                                                       

 
Table 2. Thermodynamic analysis of ammonium ion adsorbed onto carbon powder made from coconuts husk.                     

Temperature (K) Equ. cons (KC) ΔG (kJ/mol) ΔH (kJ/mol) ΔS (kJ/mol) 

288 6.67 −4.421 

−2.4 −11.8 
303 5.63 −4.353 

313 4.49 −3.909 

323 4.93 −4.283 
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In similar study where coconut shell-activated carbon was used this value ranged between −2.1 ~ −1.5 kJ/mol 
[35]. In general if Gibbs free energy (ΔH) ranged between −20 ~ 0 kJ/mol, that is clear indication that adsorp-
tion process occurs physically [36]. Enthalpy (ΔH) and entropy (ΔS) show negative values also. In this study 
values of ΔH & ΔS were −2.4 & −11.8 kJ/mol respectively. This interoperate why at low temperature high re-
moval efficiency was obtained (refer to Figure 8). Since the effect of chemical adsorption is negligible and ΔS 
& ΔH are negative, the relative magnitudes of ΔS and ΔH determine if the reaction is spontaneous at low tem-
peratures and make the reaction more favorable due to exothermicity. 

4. Conclusion 
In Malaysia and other tropical countries, huge amounts of coconuts wastes are being produced every day. Uti-
lizing these wastes instead of dumping could help environmental restoration and save dumping areas for other 
productive activates. Complete removal was achieved for the removal of Methylene Blue, 76% removal for 
Rhodamine B, whereas removal of ammonium ion reached around 52% when 300˚C was applied as a sintering 
temperature for the wastes produced from coconuts husk.  
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