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A B S T R AC T

Adsorption of 4-nitrophenol on palm oil fuel ash activated by amino silane coupling agent 
was investigated. Experiments were carried out at 30°C as function of contact time, initial con-
centration (2500–4500 mgl−1) and pH (1–7.4). The equilibrium adsorption data of 4-nitrophenol 
on activated palm ash were analyzed by Langmuir Freundlich and Temkin models. The results 
indicated that the Langmuir model provides the best correlation of the experimental data. 
The maximum adsorption capacity of the activated palm oil fuel ash was determined with 
the Langmuir equation and found to be 1000 mg g−1 adsorbent at 30oC. Adsorption kinetics 
data were modeled using the pseudo-fi rst-order, pseudo-second-order and intra-particle diffu-
sion equations. It was shown that pseudo-second-order kinetic equation could best describe the 
adsorption kinetics. The results obtained in this work indicate that activated palm oil fuel ash is 
suitable as adsorbent material for adsorption of 4-nitrophenol from aqueous solutions.
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1. Introduction

According to previous studies, 4-nitrophenol is an 
ordinary pollutant found especially in the effl uents 
generated from petroleum refi neries, coke oven, steel 
foundry, pesticides, preservatives, disinfectants, pulp 
processing, pharmaceuticals, petrochemicals and other 
industries [1,2]. It is not only introduced into the environ-
ment by the above mentioned industries but also formed 
naturally from the decomposition of leaves or wood. 
Stability of 4-nitrophenol and its resistance to micro-
biological degradation enable this compound to remain 
for many years in the environment [3]. 4-Nitrophenol 
is carcinogenic and toxic in nature and it poses danger to 

the human, fl ora and fauna in the biosphere and hence 
it has been included in the both of USA and EU Envi-
ronmental Protection Agency (EPA) list of priority pol-
lutants [2,4]. As a consequence, it is required to remove 
this compound from industrial wastewaters before 
safe disposal into the environment. Possible methods 
of removal of 4-nitrophenol from waste water include 
biological degradation, chemical oxidation, solvent 
extraction and adsorption have been used [5–7]. The lit-
erature analysis indicated that adsorption is the best and 
the most extensively technique used for the removal of 
4-nitrophenol from aqueous solutions, as it is effi cient 
for low to medium levels of 4-nitrophenol concentration 
and for its simplicity and fl exibility of design [1,8,9]. 
Activated carbon is the most commonly used adsorbent 
in this technique, as it is a carbonaceous material with 




