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ABSTRACT: Textile industries are the second largest water-consuming industries, next to 
agriculture. This research is aimed at investigating the utilization of fly ash as a low-cost 
adsorbent to treat hot wash liquor by employing one factor at a time. Contact time, effluent 
dosage, pH, mass of adsorbent, temperature, particle size, and agitation speed have been varied 
to find the optimum conditions for dye removal from hot wash liquor by fly ash. The results 
from the sorption process show that the maximum dye removal of 56.07% has been obtained 
at a time of 5 min, an effluent to water ratio of 9:1, pH of 11, an adsorbent dosage of 0.55 g/mL, 
a temperature of 27 °C, a fly ash particle size of 128 m and an agitation speed of 100 rpm. The 
analysis of the results was performed through adsorption capacity and percentage colour 
removal. Hence, the results suggested that fly ash could be used as an effective adsorbent for 
treating dyehouse effluents.   
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1. Introduction 

For the past many decades, the textile and dyeing industries have discharged large quantities 
of synthetic colorants into the environment [1]. Approximately 100,000 dye varieties are 
commercially available in the world dye market, and most of them are synthetic and highly 
water soluble. It was reported that about 10 kt of the dyehouse effluent is annually produced 
through dyeing activities, and approximately 1 kt is released into the aquatic environment with 
or without proper treatment [2,3]. Such discharged dye wastewater would contribute more to 
the chemical oxygen demand of water bodies. Those dyes are highly carcinogenic, mutagenic, 
and teratogenic in nature, even in small amounts. Hence, its removal from the aquatic 
environment becomes mandatory. The removal of dye from wastewater has always been a 
challenge, as it is very difficult to make the water fit for drinking or other recreational purposes. 
The majority of the dyes are light and oxidizing agent sensitive [4,5]. 

Dyehouse effluent could be treated by various chemical, physical, and biological 
methods. Some processes include adsorption, nanofiltration, colloidal gas aphrons, ultrasonic 
decomposition, electro coagulation, coagulation and precipitation, advanced chemical 
oxidation, electrochemical oxidation, photo oxidation, predispersed solvent extraction, 
ozonation, supported liquid membrane, liquid-liquid extraction, and aerobic and anaerobic 
biological processes [6,7]. The commonly used techniques, like chemical precipitation, 
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biological oxidation, etc., are effective and economic only when solute concentrations are high 
[8]. 

Among the unit operations in dyehouse effluent treatment, adsorption occupies a 
prominent position. Adsorption exploits the ability of certain solids to preferentially 
concentrate specific substances from solution onto their surfaces [9]. Sorption is a general term 
introduced by J.W. McBain that includes selective transfer to the surface and into the bulk 
liquid. In general, in the sorption process, the sorbed solutes are referred to as sorbates, and the 
sorbing agent is the sorbent. The adsorption process may be classified as a purification or bulk 
separation depending on the concentration of the feed to the component adsorbed [10,11]. Early 
applications of adsorption involved only purification. For example, adsorption with charred 
wood to improve the taste of water has been known for at least five centuries. Based on the 
nature of the bonding between the molecule and the surface, adsorption phenomena can be 
classified as physisorption and chemisorption. In physical adsorption, the only bonding is weak 
Vander Waals forces. There is no significant redistribution of electron density in either the 
molecule or on the substrate surface. In chemisorption, a chemical bond involving substantial 
rearrangement of electron density is formed between the adsorbate and the substrate. The 
nature of this bond may be ionic or have a completely covalent character [12,13]. The major 
objectives of this work are: (i) to characterize fly ash of different sizes to evaluate its potential 
for dye removal; and (ii) to optimize the removal of dye from hot wash liquor by using a one-
factor-at-a-time approach by using highly porous fly ash. 

2. Materials and Methods 

2.1. Materials 

Sodium hydroxide pellets and sulphuric acid of analar grade are available from SD Fine 
Chemicals Limited, Mumbai. Hot wash liquor was collected from the State Industries 
Promotion Corporation of Tamil Nadu (SIPCOT), Perundurai, Erode district, Tamil Nadu, 
India (11.27°N 77.58°E). A centrifuge from REMI (Model R8C) was used for the separation 
of fly ash from dye solution. A Visible spectrophotometer from Systronics (Model 
Spectrophotometer 106) was used for measuring the absorbance of a solution. A shaker from 
Scigenics Biotech Private Ltd., Chennai, was used for mixing the samples and fly ash at optimal 
conditions. A pH meter from Elico (Model LI-120) was used for measuring the pH of samples. 
 
2.2. Preparation and characterization of fly ash 

Fly ash is obtained from the first inland station of the Tamil Nadu Generation and Distribution 
Corporation Limited (TANGEDCO), Mettur thermal power plant, Salem district, Tamil Nadu, 
India (11.87°N 77.80°E). The particle size distribution of collected fly ash is found to be 
between 0.106-2.36 mm. A higher degree of particle size distribution in fly ash is found 
between 128 and 181 m. The required particle size of fly ash was obtained by sieving in a rotap 
sieve shaker. The fly ash is used as received without any pretreatment in the adsorption 
experiments. The fly ash was characterized by bulk density, porosity, and specific gravity 
before batch experimental studies [14]. 
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2.3. Batch adsorption studies  

The effect of contact time was studied to determine the time taken by the adsorbent to reach 
equilibrium at fixed conditions of pH 13 (actual pH of hot wash liquor), the effluent 
concentration of 100% (v/v), the agitation speed of 100 rpm, the adsorbent dosage of 0.5 g/mL 
and room temperature. 

The time was varied from 5 minutes to 60 minutes. The sample withdrawn was filtered 
and the concentration was determined. The effect of pH on the percentage dye removal was 
studied. The other conditions were fixed at 5 min, 100% (v/v), 100 rpm, room temperature, and 
0.5 g/mL. The pH was varied to 3, 5, 7, 9, 11, and 13. The concentration of the filtered sample 
for each pH was determined. 

The concentration of the effluent was varied. The other conditions were pH 13, room 
temperature, 100 rpm, and 0.5 g/mL. Equilibrium isotherm studies were carried out. The 
adsorption capacity (Q) and dye removal (DR) were calculated using the following equations: 

Q = (C0-Cf) * V/m      (1) 

DR = (C0-Cf)*100/C0      (2) 

where Q is adsorption capacity in mL/g, C0 is initial dye concentration in mg/mL, Cf is final 
dye concentration in mg/mL, V is volume of solution in mL, and m is the mass of adsorbent in 
g. 

The effect of adsorbent dosage was studied to determine the maximum adsorption 
capacity of the adsorbent. The conditions of pH 13, room temperature, 100% (v/v) 
concentration, and 100 rpm agitation speed were maintained. The experiment was carried out 
for dosages of 5 g/18 mL, 10 g/18 mL, and 15 g/18 mL, and the concentrations of the final 
solutions were measured. The effect of particle size was studied. The conditions of pH 13, room 
temperature, 100% (v/v) concentration, 100rpm agitation speed, and 0.5 g/mL adsorbent 
dosage were maintained. The experiment was carried out for average particle sizes of 128 and 
181 m, and the concentrations of the final solutions were measured. The effect of agitation 
speed was studied. The conditions of pH 13, room temperature, 100% (v/v) concentration, and 
0.5 g/mL adsorbent dosage were maintained. The experiment was carried out at speeds of 50, 
100, and 150 rpm and the concentrations of the final solutions were measured. The effect of 
temperature was carried out to determine the thermodynamics. The conditions of pH, 5 min for 
time, 100% for concentration, 10g/18mL for adsorbent dosage, and 100 rpm for speed were 
maintained. The concentrations of final solutions were determined [16]. 

3. Results and Discussion 

3.1. Characterization of fly ash 

Bulk density is the mass of many particles of a material divided by the total volume they 
occupy. The bulk density of fly ash with average particle sizes of 128 m and 181 m was 
determined. The bulk density of particles of size 128 m was found to be 1.74 g/mL, which is 
less than that of 181 m (2.27 g/mL). Porosity is a measure of the void spaces in a material and 
is a fraction of the volume of voids over the total volume. The porosity was determined for 
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both particle sizes (128 m and 181 m) and was found to be 50% and 40%, respectively. The 
higher the porosity, the more effective the adsorption process, so we reduced the fly ash to an 
average particle size of 128 m (Table 1). 

Specific gravity is the ratio of the density of a substance to the density of a standard, 
usually water for liquids or solids and air for gas. The specific gravity of fly ash with average 
particle sizes of 128 m and 181 m was determined. The specific gravity of particles with a size 
of 128 m was found to be 1.06, which is less than that of 181 m (1.65). The results are in line 
with the data reported elsewhere [17]. 

Table 1. Characteristics of fly ash 

S. No. Characteristics Particle size (µm) 
128 181 

1 Bulk density (g/mL) 1.74 2.27 
2 Porosity 0.5 0.4 
3 Specific gravity 1.06 1.65 

 

3.2. Batch adsorption studies  

The contact time for maximum adsorption was determined in the initial adsorption 
experiments, which were carried out from 5 min to 60 min. The maximum adsorption was 
attained at 5 min and hence this was used for all further experiments. The maximum dye 
removal was found to be 50.57% (Figure 1A). Figure 1B shows that fly ash can appreciably 
uptake dyes. With increasing dye concentration, the percentage dye removal gets constant and, 
thereby, the adsorption capacity is linear. The maximum dye removal was found to be 52.4%. 
The pH of the effluent is one of the most important parameters affecting the adsorption process. 
The original pH of the hot wash liquor was found to be 13. The maximum amount of dye 
removal was found to be at pH 3. At a higher pH, the fly ash would have a net positive charge, 
leading to electrostatic interaction of dye cations. This confirms that there is a clear competition 
between protons and dye cations for the adsorption sites in the fly ash. The main principle 
behind this adsorption mechanism is ion exchange. But the optimum pH was 11 (Figure 1C). 
Because higher amounts of 0.1N HCl have to be added to bring the pH of the hot wash to pH 
3, which is not economically efficient, Hence, the maximum dye removal was found to be 
60.41% at pH 11. Temperature has a strong effect on the adsorption process. As the temperature 
increases, the solubility of the dye into the hot wash liquor increases, which makes the dye 
removal by the fly ash decrease. Hence, the maximum dye removal was achieved at room 
temperature (27°C). 

The highest percentage of dye removal was found to be 58% (Figure 1D). The amount 
of fly ash added plays a significant role in the adsorption process. The more the quantity of fly 
ash is added, the greater the dye removal. In the present investigation, the maximum amount 
of dye was adsorbed at 0.55 g/mL of adsorbent; it decreased before and after this adsorbent 
dose. Hence, the maximum dye removal obtained was 62.45% (Figure 1E). The agitation speed 
does not have a high impact on the adsorption process. From the figure, the optimum speed 
obtained was 100 rpm. At very low speeds, the fly ash and the hot wash do not mix properly, 
thereby their interaction is very low. Even at very high speeds, there is no proper interaction 
between the hot wash and the fly ash. Hence, the maximum dye removal percentage was found 
to be 50.76% (Figure 1F). The effect of particle size has a significant role in adsorption. The 
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smaller the particle size, the greater the surface area of the adsorbent, and thereby greater 
adsorption. The porosity of the fly ash should be higher. From this experimentation, the 
maximum removal at the particle size of 128 m was found to be 53.83% (Figure 1G). The 
results are in line with the data reported elsewhere [18-20]. 

 

Figure 1. Effect of time (A), effluent concentration (B), pH (C), temperature (D), adsorbent dose (E), agitation 
speed (F), and particle size (G) on on hot wash liquor treatment by fly ash. 

4. Conclusions 

This work aimed to study the applicability of fly ash for the treatment of hot wash liquor using 
a fractional factorial design based on a one-factor-at-a-time (OFAT) approach. The optimal 
values show that the maximum dye removal of 56.07% was achieved at pH, temperature, 
effluent concentration, time, adsorbent dosage, particle size and agitation speed of 11, 27 °C, 
9:1, 5 min, 0.55 g/mL, 128 m and 100 rpm. Thus, the results showed that fly ash could be 
utilized as a cost-effective adsorbent for the treatment of hot wash liquor. 
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