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Abstract. The feasibility of a low cost agricultural waste of spent mushroom farming waste 
(SMFW) activated carbon for Ni(II) removal was investigated. The batch adsorption 
experiments of adsorbent dosage, pH, contact time, metal concentration, and temperature were 
determined. The samples were shaken at 125 rpm, filtered and analyzed using ICP-OES. The 
fifty percent of Ni(II) removal was obtained at 0.63 g of adsorbent dosage, pH 5-6 
(unadjusted), 60 min contact time, 50 mg/L Ni(II) concentration and 25 °C temperature. The 
evaluated SMFW activated carbon showed the highest performance on Ni(II) removal 
compared to commercial Amberlite IRC86 resin and zeolite NK3. The result indicated that 
SMFW activated carbon is a high potential cation exchange adsorbent and suitable for 
adsorption process for metal removal. The obtained results contribute toward application of 
developed SMFW activated carbon in industrial pilot study. 
 
Keywords: Activated carbon, adsorption, Ni(II)  removal, spent mushroom farming waste 
(SMFW). 

1. Introduction 
Increasing industrialization has led to increase environmental problems due to the presence of metal in 
wastewater. Ni(II) was selected for treatment due to its widespread applications in industrial processes 
such as mining, electroplating and nickel-cadmium batteries. Ni(II) is a trace metal and is beneficial to 
human at low concentration. However, it accumulates become high concentration. A long-term 
exposure time, it causes chronic effects to human health such as lung cancer, renal disorder and skin 
dermatitis [1]. 

Most of the conventional methods in metal removal such as precipitation, membrane filtration, 
solvent extraction and electrodialysis are found to be inadequate [2]. This is due to high cost and 
inefficiency in low concentration of metal [2]. Conversely, adsorption technique is a treatment 
technology that gains attention of researches. Adsorption is a physico-chemical process where 
contaminants are bound to the carbon surface by intermolecular attraction using adsorbent. It offers 
advantages of low cost and simple operation [3].  

Recently, the development of cost effective, highly efficient as well as eco-friendly materials as 
adsorbents is of great concern [2]. Activated carbon (AC) is one of the most widely used adsorbents 
for the adsorption of pollutants [4]. AC from SMFW is a low cost adsorbent consisting of sawdust and 
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rice husk. Previous study by  [1] in removing Ni(II) using raw SMC has shown that SMC has a 
potential in application of metal removal. Many previous studies by [5],[6], [7], [8] and [9] have 
carbonized sawdust and rice husk to generate high porosity of AC. This shows that both components 
of sawdust and rice husk have a great potential to produce high porosity of carbonaceous AC and 
suitable for application on adsorption of metal removal. Therefore, AC from SMFW has been selected 
in this study as there is lack of sufficient literature review on utilization of SMFW in AC preparation 
and application on metal removal.

This study aims to evaluate Ni(II) removal by spent mushroom farming waste (SMFW) 
activated carbon. The objectives of this study include optimization concerning performance on Ni(II) 
removal of the following parameters: adsorbent concentration, pH, contact time, Ni(II) concentration 
and temperature. Comparison with the commercial resin Amberlite IRC86 and zeolite NK3 were used 
to evaluate SMFW activated carbon performance on Ni(II) removal as they are widely used in local 
market. 
 
2. Materials and methods 

2.1 Materials  
Spent mushroom farming waste (SMFW) used for preparation of activated carbon was provided by 
C&C Mushroom Cultivation Farm, Johor, Malaysia. 
 
2.2 Activated carbon preparation  
The preparation of AC from SMFW was accomplished using potassium hydroxide (KOH) as 
activating agent. The KOH is responsible for the enhancement of pores formation due to the 
intercalation of metallic potassium (K) in the carbon structure. The SMFW was impregnated with 3 M 
KOH for 24 hours respectively. The slurry was then dried at 80°C for 24 hours. The impregnated 
precursor was carbonized in furnace at 500°C with heating rate of 10°C/min. The produced char was 
washed with hydrochloric acid and distilled water to remove residual KOH and dried at 80 °C. Finally, 
the prepared AC was sieved to size of 150 micrometer and kept in drying cabinet prior to use. The AC 
preparation was indexed according to the procedure by [10]. 

2.3 Batch adsorption experiment  
Batch adsorption experiments were carried out by weighted SMFW activated carbon adsorbent from 
0.1 – 0.8 g. 50 ml of 50 mg/L Ni (II) solution was added into 250 mL Erlenmeyer flask and was 
agitated in an incubator shaker at 125 rpm for 60 minutes at 25 oC. The solutions were filtered and the 
filtrates were analyzed using ICP-OEM (7300DV, Perkin Elmer, USA). The parameter study includes 
initial pH in the range of 2 to 6, contact time of 1 min, temperature of 5 oC to 45 oC and Ni (II) 
concentration in the range of 10 to 60 mg/L. The sample was prepared in duplicated and the 
percentage of Ni (II) removal was calculated as described as equation (1) 
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where; 
Co= initial Ni (II) concentration (mg/L)  
Cf = (final) Ni (II) concentration in solution (mg/L). 
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dimensional tetrahedral frameworks of SiO4 and AlO4. The net negative charge replacement of Si4+ by 
Al3+ is balanced by exchangeable cation of potassium, sodium, calcium and Ni(II) ion in the solution 
[15]. The reaction could mainly be attributed to ion exchange to the microporous of zeolite sample and 
decreased the Ni(II) removal. This was supported by [16] in removing of Ni(II) (28%) using zeolite. 
This result also implied that the SMFW activated carbon has several typesof functional groups that 
contribute to adsorption process simultaneously. Thus, the SMFW activated carbon is the most 
outstanding adsorbent for Ni(II) removal. 
 
4. Conclusion 
The Ni(II) removal performance is evaluated using low cost agricultural waste of SMFW activated 
carbon. The fifty percent of Ni(II) removal was found at 0.63 g of adsorbent amount, 5-6 pH solution 
(unadjusted), 60 min contact time, 50 mg/L metal concentration and 25°C temperature. The effect of 
Ni(II) concentration and temperature on adsorption study were defined as inverse and direct 
relationship, respectively. The evaluation of Ni(II) removal showed that the SMFW activated carbon is 
a great adsorbent that showed highest performance compared to commercial resin and zeolite. This 
indicated that SMFW activated carbon has a high potential as cation exchange adsorbent for 
adsorption process.  
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