ICPEAM2018 10P Publishing
IOP Conf. Series: Materials Science and Engineering 458 (2018) 012043 do0i:10.1088/1757-899X/458/1/012043

Removal of anionic surfactant sodium
dodecylbenzenesulfonate from water using fly ash adsorbent

Ahmer Ali Siyal', M Rashid Shamsuddin®*, Nurul Ekmi Rabat?,
Muhammad Zulfigar?, Muhammad Ayoub 2 and Khairun Azizi Azizlit

!Department of Chemical Engineering, Universiti Teknologi PETRONAS, 32610
Bandar Seri Iskandar, Perak, Malaysia.

2Center for Biofuel and Biochemical Research (CBBR), Institute for Sustainable
Living, Universiti Teknologi PETRONAS, 32610, Seri Iskandar, Perak, Malaysia

*mrashids@utp.edu.my

Abstract. Surfactants are organic pollutants that are environmentally hazardous for aquatic and
human life. A variety of methods are used for the removal of surfactants but adsorption is the
most suitable method due to high efficiency, simple operation and economical. This paper
describes the adsorption of an anionic surfactant sodium dodecylbenzenesulfonate (SDBS) using
fly ash as adsorbent. The adsorbent dosage of 10 g/L and contact time of 5 hours were optimum
for the adsorption of SDBS. The maximum adsorption capacity of 6.83 mg/g was obtained. The
adsorption capacity of fly ash for anionic surfactant is higher as compared to the adsorption
capacity of granite sand for anionic surfactant and fly ash for anionic dyes (reactive red 23 and
reactive blue 171). Fly ash possesses capability to be used for the removal of anionic surfactants.

1. Introduction

Surfactants are the organic pollutants detected in wastewaters. Surfactants are used in a large number of
applications for different purposes such as emulsion stabilization, foaming, wetting, detergency, mineral
separations, pharmaceutical formulations and other purposes [1]. Surfactants can be classified into four
classes based on charge on the head group; anionic, cationic, non-ionic and amphoteric [2, 3].
Surfactants are toxic to terrestrial and aquatic life as they cause health hazards (dermatitis and eye
irritation). Surfactants also remain in plants for a longer period of time [4]. The high annual consumption
of surfactants in domestic and industrial sectors is posing an increasing threat on the environment [5, 6].
Surfactants must be removed from wastewater before discharging into water resources. A variety of
physical, chemical, biological and membrane techniques are used for the removal of surfactants [7-9].
Adsorption is the most suitable technique for the removal of surfactants due to its high efficiency, simple
operation and economic feasibility [10]. Activated carbon is the widely used adsorbent material for the
removal of surfactants due to its high efficiency. However, it is more expensive than other adsorbents
which limits its application on large-scale [11]. Coal fly ash containing some quantity of carbon in the
form of unburned carbon can be a good adsorbent for the removal of surfactants.

Coal fly ash (FA) is the solid residue remained after combustion process of coal in thermal power
stations. Coal fly ash flies with flue gases and collected by electrostatic precipitators or bag filters. The
composition of fly ash depends on combustion and type of coal [12, 13]. The global annual production
of coal ash is around 600 million tonnes with 500 million tons of it is fly ash [14, 15]. Fly ash is
considered as an environmental threat and its increased production demands safe disposal or utilization
in useful applications. The disposal of fly ash in landfills or lagoons is expensive, putting pressure on
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the industries for finding new applications of fly ash. Coal fly ash is mainly used in concrete production,
soil amendment and as filler in polymers [16], however, the bulk quantity remains underutilized.
Converting fly ash into adsorbent material could add value proposition on what traditionally has been
considered as waste. This in turn could save the land from direct disposal, reduce the overall cost of
adsorption and create monetary value for fly ash. This paper describes the adsorption of an anionic
surfactant SDBS using fly ash. The characterization of fly ash and the effect of adsorbent dosages and
contact time on the adsorption of fly ash are discussed.

2. Experimental section

2.1 Raw materials

Fly ash was obtained from a local coal thermal power plant. The analytical grade (AR) anionic surfactant
(SDBS) in powder, HCI solution (purity-97 %) and NaOH in pellets form were purchased from R & M
Chemicals, Malaysia.

2.2 Adsorption of anionic surfactant

SDBS surfactant solution was prepared at 100 mg/L initial concentration and pH 2. The pH of surfactant
solution was adjusted using 0.1M HCI and 0.1M NaOH solutions. For adsorption experiment, 200 mL
of surfactant solution was transferred into a beaker and mixed with fly ash adsorbent at 5, 10, 25, and
50 g/L dosage concentrations. The mixture was stirred on a water bath shaker at 200 rpm and 25 °C.
Three 3 ml samples were taken at 0, 5, 15, 30, 60, 120, 180, 240, 300 and 1440 minutes and filtered
using a syringe filter (Whatman 0.22 um) prior to UV analysis. The Shimadzu UV Spectrophotometer
1800 at maximum absorbance wavelength of 223 nm was used for determining the concentration of
SDBS surfactant. The adsorption capacity and removal efficiency (%) were calculated using following
equations (1) and (2).

Vs (Ci—Cy)
Qr = T . @
: o) — (Ei=Cr)
Removal ef ficiency (%) = - x100 (2)

Where,

Q: = surfactant adsorbed (mg of surfactant/g adsorbent) at a given time
Vs = Volume of sample solution (L)

Ci = Initial concentration of surfactants (mg/L)

Cs = final concentration of surfactants (mg/L)

m = weight of dry adsorbent (g)

3. Result and Discussion

3.1 Characterization of Adsorbent

The particle size analysis results of fly ash are shown in table 1. It can be observed that the higher portion
of fly ash particles are in the size range of 0.95 to 30.20 pm. The lower particle size is more beneficial
for adsorption as compared to higher particle size due to higher surface area. The surface area of the
adsorbent plays a very important role in the adsorption due to greater contact of the adsorbate molecules
with the adsorbent surface. Fly ash possess surface area of 0.85 m?/g [17]. Although the surface area of
fly ash is small compared to activated carbon (600-2000 m?/g) and other materials but other factors such
as its porosity and pore size could enhance the adsorption. The detailed particle size analysis can be seen
elsewhere [17].

The microstructural analysis of fly ash is shown in figure 1. Fly ash contains cenospheres, magnetic
spheres and quartz. Fly ash is irregular in shape with particles of different size and shape. The major
portion of particles are smaller in size which is consistent with particle size analysis results. The smaller
particles will be more beneficial for adsorption of surfactant providing more active adsorption sites for
the adsorption of anionic surfactant. Some particles are attached to each other forming agglomerates and
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producing pores in agglomerates. Pores are desirable in adsorption for the same reason mentioned
earlier. The detailed microstructural analysis can be seen elsewhere [17].

Table 1. Particle size analysis of fly ash [17]

S.No Size fraction (um) Vol %
1 <0.95 17.7
2 0.95-30.200 70.86
3 30.200 -120.226 25.72
4 >120.226 11.68

Figure 1. FESEM image of fly ash [17]

3.2 Adsorption of SDBS surfactant
3.2.1 Effect of adsorbent dosage.

The results of the effect of adsorbent dosage are shown in figure 2. The increase of dosage of fly ash
from 5 g/L to 10 g/L increased the adsorption capacity of fly ash from 1.63 mg/g to 6.83 mg/g due to
increase of active adsorption sites. The increase of dosage of fly ash increased the active adsorption sites
on the surface of fly ash which adsorbed higher quantity of surfactant causing increase of the adsorption
capacity of fly ash. Further increase in the dosage of fly ash from 10 g/L to 50 g/L deceased the
adsorption capacity due to availability of excess number of active adsorption sites. The excess humber
of active adsorption sites on the surface of fly ash decreased adsorption capacity due to distribution of
surfactants on higher quantity of fly ash. The increase of dosage of fly ash from 5 g/L to 25 g/L increased
the removal efficiency of anionic surfactant from 8.15 % to 93.35 % and then decreased with further
increase of adsorbent dosage to 50 g/L due to excess quantity of fly ash. The adsorbent dosage of 10 g/L
is optimum for the removal of anionic surfactant SDBS.

3.2.2 Effect of contact time.

The adsorption of anionic surfactant SDBS on fly ash increases with the increase of adsorption time.
The changes in adsorption capacity and removal efficiency were rapid during early period of adsorption
and then become slow with the passage of time as shown in figure 3. The adsorption capacity and
removal efficiency became constant after 5 hours (300 minutes). Similar adsorption capacity and
removal percentage were obtained at 24 hours. It shows that equilibrium has achieved within the first 5
hours of adsorption and further increase in adsorption time does not affect the adsorption capacity and
removal efficiency. The small particles size and porous structure of fly ash supports the adsorption of
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anionic surfactants in 5 hours. The contact time of 5 hours is the optimum for adsorption of anionic
surfactant SDBS using fly ash adsorbent.
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Figure 2. Effect of adsorbent dosage on the adsorption of SDBS
(pH-2, SDBS concentration-100 mg/L)
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Figure 3. Effect of contact time on the adsorption of SDBS
surfactant (pH-2, SDBS concentration-100 mg/L) and adsorbent
dosage-10 g/L)

The optimum adsorption capacity of 6.83 mg/g was obtained at adsorbent dosage of 10 g/L,
surfactant concentration of 100 mg/L and pH of 2 at room temperature at a contact time of 5 hours. This
adsorption capacity is higher than the adsorption capacity of another anionic surfactant sodium dodecyl
sulfate (SDS) on fly ash (2.95 mg/g at adsorbent dosage of 25 g/L) [10]. The adsorption capacity of fly
ash for removal of an anionic surfactant SDBS is higher as compared to the adsorption capacity of
crushed Berea Sandstone [18] and granite sand [19] for anionic surfactant and fly ash for anionic dyes
(reactive red 23 and reactive blue 171) [20]. The adsorption of anionic surfactant on fly ash occurs
ithrough the mechanism of Van der Waals’ forces of attraction. It is obvious that electrostatic
interactions are not involved due to anionic nature of adsorbent [21] and adsorbate so Vand er Waals’
forces of attraction is the possible mechanism of adsorption of anionic surfactants on fly ash. The
detailed mechanism needs further study using kinetics and isotherm models. The adsorption results
suggest that fly ash possesses the capability for the removal of anionic surfactant from wastewater. The
use of fly ash for the removal of anionic surfactants is economical due to its abundance and low cost.
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4. Conclusions

Fly ash possess surface area of 0.85 m?/g and porous structure. The adsorbent dosage of 10 g/L and
contact time of 5 hours were optimum for the adsorption of anionic surfactant SDBS. The maximum
adsorption capacity of 6.83 mg/g was obtained. The adsorption capacity of fly ash for anionic surfactant
is higher as compared to adsorption capacity of granite sand for anionic surfactant which shows that it
can be used for the removal of anionic surfactants. Fly ash possesses the capability to remove anionic
surfactants.
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