
Desalination and Water Treatment 
www.deswater.com
1944-3994/1944-3986 © 2012 Desalination Publications. All rights reserved
doi: 10/5004/dwt.2012.3195

*Corresponding author.

45 (2012) 100–111
July

Optimization of acetaminophen degradation by fl uidized-bed Fenton process

Rowena Mañez Brionesa, Mark Daniel Garrido de Lunaa,b, Ming-Chun Luc,*
aEnvironmental Engineering Graduate Program, University of the Philippines, 1101 Diliman, Quezon City, Philippines
bDepartment of Chemical Engineering, University of the Philippines, 1101 Diliman, Quezon City, Philippines
cDepartment of Environmental Resources Management, Chia Nan University of Pharmacy and Science, 
Rende District, Tainan 71710, Taiwan
Tel. +886 6 2660489; Fax: +886 6 2663411; email: mmclu@mail.chna.edu.tw

Received 11 August 2011; Accepted 2 November 2011

A B S T R AC T

Recalcitrant compounds in pharmaceutical wastewaters render biological treatment inadequate. 
Conventional Fenton technology, though a promising alternative, suffers from high sludge gen-
eration. In this study, fl uidized-bed (FB) Fenton process, an improvement of traditional Fenton 
method, was used to decompose acetaminophen (ACT) from aqueous solutions. Optimiza-
tion of important parameters: initial pH, ferrous ion and hydrogen peroxide dosages, was car-
ried out using Box–Behnken Design (BBD). Effects of all factors and their interactions on ACT 
decomposition were signifi cant. At optimum operating conditions, ACT degradation reached 
97.8% while iron removal of 62.92% was achieved. In addition, the high hydrogen peroxide 
effi ciencies of FB-Fenton process with respect to ACT degradation and COD removal make this 
technology a cost-effective option in treating acetaminophen-contaminated wastewaters.
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1. Introduction

Henry J. Fenton discovered the Fenton process in 
1894 when he observed the oxidation of tartaric acid 
in the presence of ferrous ions and hydrogen peroxide. 
However, the application of this technology as a chemi-
cal oxidation process on an industrial scale was not 
exploited until the late 1960s [1]. Since then, modifi ca-
tions of Fenton technology were carried out primarily 
to reduce if not eliminate sludge production inherent in 
the process. Through the years, Fenton-based processes 
were proven effective in treating wastewaters of indus-
tries such as textile [2], alcohol production or distilleries 
[3], sugar [4], pesticides [5], insecticides [6], dyestuffs 
[7], explosives [8] and pharmaceuticals [9].

Hydrogen peroxide, H2O2, is a weak oxidant with 
E = 1.763 V (SHE)−1 and E = 0.88 V (SHE)−1 in acidic and 
basic media, respectively [10]. If combined with ferrous 
ion (Fe2+) catalysts, fast production of hydroxyl radicals 
(•OH) occurs [Eq. (1)]. Hydroxyl radical is a very pow-
erful oxidizing agent with E = 2.80 V (SHE)−1 [11]:




