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A B S T R AC T

This research analyzes the potential use of polyaniline doped sawdust (PANI/SD) as a low-cost 
adsorbent to remove indigo carmine (IC) from aqueous solutions in a continuous fi xed-bed 
system. The effects of inlet dye fl ow rate, concentration and bed height on the breakthrough 
characteristics of the adsorption system were determined. The breakthrough time and satu-
ration time increased with decreases in the fl ow rate and the inlet concentration. The same 
effect was shown when the bed depth was increased. The average bed adsorption capacity q0 
was 80.24 mg/g. The adsorption data were fi tted to four well-established fi xed-bed adsorption 
models: the Thomas, the Yoon–Nelson, the Adams–Bohart model and the bed-depth service 
time models (BDST). The results conformed to the Thomas and Yoon–Nelson models, with 
coeffi cients of correlation (R2) ≥ 0.97 under different conditions. The breakthrough time and 
exhaustion time values predicted with the BDST model under different conditions agreed with 
the experimental values. PANI/SD was shown to be a suitable adsorbent for the adsorption of 
indigo carmine using a fi xed-bed adsorption column.
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1. Introduction

Dyes are commonly used in many industries and 
laboratories. Colored dye effl uents pose a major threat 
to the surrounding ecosystem because the dyes interfere 
with the transmission of the light necessary for photo-
synthesis, causing a disturbance in the ecological sys-
tems of the receiving waters [1]. Among various dyes, 
indigo carmine (IC), an anionic dye is widely used as a 
colorant for food, pharmaceuticals and cosmetics, as an 
indicator in analytical chemistry, and as a microscopice 
stain in biology [2]. However, IC is considered a highly 
toxic indigoid class dye and that can cause skin and 
eye irritations in humans on contact. It also may cause 

gastrointestinal irritation with nausea, vomiting and 
diarrhea, and may cause respiratory tract irritation [3].

Various techniques have been employed for the 
removal of dyes from wastewater, such as coagulation 
and fl occulation [4,5], biodegradation [6], chemical 
methods (chlorination and ozonation [7]), photocata-
lytic degradation processes [8,9], membrane separation 
[10] and adsorption [11,12]. Among the techniques used 
for dye removal, adsorption is one of the most effec-
tive measures for the decoloration and treatment of day 
wastewater. Several conventional adsorbents have been 
thoroughly investigated, including activated carbon 
[13], clay [14], ion exchange resins [15] and zeolite [16]. 
Low-cost adsorbents offer many promising benefi ts for 
commercial applications. Many agricultural residues, 
such as wheat straw, wood chips and corncobs [17,18] 


