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Abstract: Anovel bio-composite produced from coal fly ash accompanied by rhamnolipid biosurfactants
was produced and used as an efficient adsorbent for the removal of cadmium from aqueous solution. Effects
of initial solution pH (3-11) and absorbent to cadmium ratio (40-200) on cadmium removal, as process
response, were studied and optimized using a central composite type response surface methodology. Results
showed that both factors significantly affect the removal efficiency. Optimum adsorption conditions,
resulting in over 99% cadmium removal, were achieved at pH 10 and absorbent to cadmium ratio of 40.
Time-wise studies revealed that a maximum removal can be achieved following a classic first order model
with a rate of 548.57 min-1. The cadmium adsorption on activated fly ash was also found to follow the
Langmuir isotherm model with monolayer adsorption mechanism. Moreover, the bio-composite yielded
a maximum adsorptive capacity of 67.11 mg/g. The selectivity study in bimetal aqueous systems using
copper, lead and zinc metals also confirmed the high adsorption capacity of bio-composite. This study
demonstrated that rhamnolipid-fly ash bio-composite could be considered as a promising efficient, low-cost
resource material for the treatment of heavy metal polluted wastewaters.

Keywords: Fly Ash, Rhamnolipid Biosurfactant, Adsorption, Heavy Metal, Wastewater.

INTRODUCTION

Annually million tons of coal fly ash are produced by numerous power stations all around the world, and
disposed into the damps. Therefore, the concern in promoting sustainable development has increased the
interest of recycling and reusing fly ash into value-addition products. Among various applications proposed
by many researchers, the use of fly ash in wastewater treatment represents a persuasive way to manage this
low-cost resource which is helpful in both minimizing waste production and maximizing the productivity.
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In this regard, a number of attempts have made to promote the adsorptive characteristics of fly ash, such as
hydrothermally treatment, nano-compositing and thermal surface modification [1-3]. Duo to some practical
restrictions imposed by the above methods, a new biological approach was developed in this study to
enhance the adsorptive capacity of a sample coal fly ash by producing a namely bio-composite in association
with rhamnolipid biosurfactants. The produced bio-composite was characterized by instrumental methods
and a set of comprehensive adsorption studies were also conducted.

METHODS

In order to activate the fly ash, appropriate amount of sample was added to concentrated rhamnolipid
solution and left for 24 h while being stirred. Samples were characterized using XRF, XRD, SEM, EDX,
LSA, FT-IR and PZC measurement methods. The adsorption experiments were conducted using central
composite design considering solution pH and adsorbent-to-metal ratio as operating parameters, and
cadmium removal as process response. The process optimization, kinetics, selectivity and adsorption
mechanism investigations were also taken into account.

FINDINGS AND DISCUSSION

The optimal adsorption conditions were found to be pH 10 and absorbent to cadmium ratio of 40,
under which cadmium removal over 99% was achieved. Kinetics studies revealed that cadmium adsorption
followed the classic first order model with the rate of 548.57 min™. It also followed the Langmuir isotherm
model with monolayer adsorption mechanism. Moreover, the bio-composite yielded a maximum adsorptive
capacity of 67.11 mg/g. The selectivity study in bimetal aqueous systems using copper, lead and zinc metals
also confirmed the high adsorption capacity of bio-composite. These results are graphically illustrated in
Figure 1.
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Figure 1. Graphical illustration of the removal, kinetic and adsorption responses of thamnolipid-fly ash bio-composite
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CONCLUSIONS

A sample coal fly ash used in this study was activated by rhamnolipid biosurfactant to enhance its
absorbing capacity. The results showed that rhamnolipid-fly ash bio-composites could be used as an
efficient, low-cost, and easily available absorbent for heavy metal removal from aqueous environments.
Although several aspects of the process were investigated in this study, further studies such as desorption
process, sorbent recycling conditions, influence of electrolytes and anions on the process efficiency, and
technical and economic evaluations are also needed to scale up the process in order to extend the studies
and generalize them to a larger scale.
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