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 Background: Fly ash has been widely used as adsorbent in wastewater treatment field. 

However the development of granulated form of fly ash with more appropriate for real 

application has not been widespread and clarified adequately. The present study deals 
with the use of fly ash granules coated with a cationic surfactant, 

hexadecyltrimethylammonium bromide (HDTMA-Br), as adsorbent for removal 

anionic dye from tannery wastewater. Fly ash in powder form was agglomerated into 

granule by extruder at 800 C and then coated with HDTMA-Br at concentration of 0.94 

mmol. The equilibrium data were found to be well represented by the Langmuir 

isotherm equation. The sorption of anionic dye onto the unmodified granule was small 
while the granules coated with HDTMA-Br showed significant remove of dye. The 

maximum adsorption capacities of the treated granule on anionic dye was 69.93 mg g-

1.The pseudo-second order kinetic model is the best choice among all the kinetic models 
to describe the adsorption of anionic dye onto the granule. The pseudo-second order 

kinetic model is the best choice among all the kinetic models to describe the adsorption 
of anionic dye. Thermodynamic parameters were evaluated, indicating that the most 

adsorption process was endothermic and non-spontaneous. 
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INTRODUCTION 

 

The colored dye effluents are considered to be highly toxic to the aquatic biota and affect the symbiotic 

process by disturbing the natural equilibrium through reducing photosynthetic activity and primary production 

due to the coloration of the water in streams. Due to the low biodegradability of dyes, a conventional biological 

wastewater treatment process is not very efficient. So dye wastewater is usually treated by physical or chemical 

treatment processes. Activated carbon adsorption has been found to be superior for wastewater treatment. 

However, the use of activated carbon as adsorbent in developing countries is more problematic as they cannot 

afford the cost and demand of activated carbon. There is a need to carry out to produce cheap adsorbents that 

can be applied to water pollution control. 

Fly ash is a predominantly inorganic residue obtained from the flue gases of furnace at pulverized coal 

power plants. The largest resource of lignite in Thailand is in Mae-Moh basin, Lampang province. Fly ash 

contains trace concentrations of many heavy metals that are known to be detrimental to health in sufficient 

quantities [1]. The storage and disposal of coal fly ash can result in releases of leached metals into soils, surface 

and ground water. Throughout the world, much research is being conducted on the use of waste materials in 

order to either avert an increasing toxic threat to the environment or to streamline present waste disposal 

techniques by making them more affordable. Therefore, follows logically that an economically viable solution 

to this problem should include utilization of fly ash rather than disposal in a landfill. In recent years, coal fly ash 

has been used as an efficient adsorbent to replace activated carbon for adsorption of pollutants in wastewater 

[2]. However, the adsorption efficiency of fly ash for anion species is low because fly ash surface is in anionic 

charges. Since lime (CaO) is the major component of fly ash. This chemical reacts with water (H2O) to form 

calcium hydroxide [Ca(OH)2], giving fly ash a pH somewhere between 10 and 12, a medium to strong base and 

its surface is negatively charged that can be balanced by exchangeable cations. It has been demonstrated that the 

cationic surfactants have a great affinity to this negative charge. This property has been used to modify the 
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external surface of the fly ash by adsorbing a cationic surfactant to improve its anion exchange capacity. The 

surfactant that is commonly employed to be attached on the adsorbent surface is the quaternary ammonium 

cations such as Dodecyltrimetylammonium; DTMA [3]. By treating the fly ash with cationic surfactants, an 

organic covering is created on the external fly ash surfaces and charge is reverse to positive charge. When the 

surfactant concentration is greater than the critical micelle concentration (CMC), the surfactant molecules 

sorbed on adsorbent form bilayers, with the first layer retained by cation exchange and the second layer by 

hydrophobic bonding and stabilized by counterions. Many studies have been used adsorbents in a powder form 

for adsorption study. Dusty fly ash cannot to be applied for adsorption in columns because after a short period of 

time it is transformed to solid impermeable concrete. Recently, researchers proposed the use of a pellet of 

adsorbent made from water treatment sludge for removal of fluoride [4]. However, the development of 

granulated form of fly ash with more appropriate for real application has not been clarified adequately. The 

present study aims to produce a new adsorbent, fly ash granules coated with hexadecyltrimethyl ammonium 

bromide (HC-G) for removal of anionic dye (direct yellow 162; DY 162) from single solute system. The 

capacity of the modified fly ash granules for adsorbing anionic dye was compared with that of an unmodified fly 

ash granule (Un-G). Moreover, the adsorption isotherm and kinetic study were investigated. 

 

MATERIAL AND METHOD 
 

Fly ash in a powdered form generated from Mae-Moh power plant (Thailand) was used as raw material in 

this study. Hexadecyltrimetylammonium Bromide, HDTMA-Br, was used as the modifying agent. The formula of 

HDTMA-Br is C19H42N
.
Br and the Critical Micelle Concentration (CMC) at 30°C was 0.94 mmol l

-1
. To produce 

fly ash granules, the deionized water was added into fly ash powder. The total moisture content was 18±2% w/v. 

The moistened fly ash was then pressed through the extruder. Then, the granules were heated at temperatures of 

800ºC for 90 minutes. After being heated, the granules were left at 30°C to let them cool. The HC-G was 

prepared by exchanging the inorganic anion of the fly ash granules with HDTMA-Br. Result from study 

revealed that at 1.08 mM HDTMA solution is optimum condition and this concentration was over the CMC of 

HDTMA to promote the micelle forms. The mixtures were stirred at 302ºC for 48 hours in an incubator shaker. 

Then, the granules were separated from the solution, followed by washing with distilled water three times. Then, the 

HC-G were dried for overnight and stored in the desiccators. Scanning Electron Microscopy (SEM) was used to 

understand the particle shape or morphology of fly ash granules. Atomic Force Microscopy (AFM) is a very 

high-resolution type of scanning probe microscopy, with demonstrated resolution of fractions of a nanometer, 

more than 1,000 times better than the optical diffraction limit. Adsorbents were examined using AFM 

(Nanoscope IV Tapping mode). The chemical compositions of modified granules were measured using X-ray 

Fluorescence Spectrometry. 

Adsorption experiments were conducted in a batch mode to obtain equilibrium data. The Un-G and HC-G 

were used as adsorbents for anionic dye (DY 162) removal experiments in single solute system, which contained 

50 mg l
-1

 of DY 162. All experiments were controlled at pH 5±0.2 by buffer solution. Analyses were performed 

in triplicate. Three grams of adsorbents were added to 150 ml of adsorbate of varying concentrations from 5-50 

mg l
-1

. The solution with adsorbents was shaken at 150 rpm at different temperature (30, 40, 50 and 60°C). 

 

RESULTS AND DISCUSSION 

 

The major components of lignite fly ash were oxides of Si (36.71%), Al (16.89%), Ca (18.50%), Fe 

(15.80%) and various other oxides (12.81%). SEM images of HC-G at ×1500 magnification were shown in 

Figure 1(a). The investigated fly ash particles consist mainly of inorganic constituents. The size of the spheres is 

dominantly in the range of 0.5–20 μm. A typical AFM three-dimensional (3D) image of HC-G granule can be 

seen in Figure 1(b).  From the roughness analysis, the Rms values of the Un-G and HC-G are 3.126 and 1.460 

nm. The samples were scanned with 2.441 Hz scan rate. It is apparent from the top surface and 3D images of the 

HC-G of scan size 500 × 500 nm that the outer surface is smooth. 

 

 

 

 

 

 

 

 

(a)                                                                         (b)  

 

Fig. 1: (a) SEM image of HC-G at ×1500 magnification (b) AFM three-dimensional image of HC-G 
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Batch adsorption study: 

In order to understand the mechanisms of adsorption, pseudo–first order equation, pseudo–second order 

equation, and intraparticle diffusion equation were determined. The pseudo-first order rate expression, popularly 

know as the Lagergren equation, is generally described by the following equation [5]: 

)(1 te

t

q
qqK

d

d
                                                          (1) 

where, qe and qt are adsorption capacity at equilibrium and at time t, respectively (mg g
-1

), K1 is the rate 

constant of Pseudo first order adsorption (L min
-1

). After integration and applying boundary conditions t = 0 to t 

= t and qt = 0 to qt = qt, the intergrated form of Eq.(2) becomes: 
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In order to obtain rate constants, the straight-line plots of log (qe - qt) against t (time) were made. The 

intercept of this plot should give log qe. The correlation coefficients are shown on Table 1 together with the 

Lagergren rate constants calculate from the slope of Eq. (2). The pseudo-second order adsorption kinetic rate 

equation is expressed as:  

2

2 )( te

t

q
qqK

d

d
                                              (3) 

where, K2 is the rate constant of Pseudo-second order adsorption (g/mg/min). For the boundary conditions t 

= 0 to t = t and qt = 0 to qt = qt, the integrated form of Eq.(3) becomes: 
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This is the integrated rate of law for a Pseudo-second order reaction. Eq.(4) can be rearranged to obtained 

Eq.(5) which has a linear form: 
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If the initial adsorption rate, h (mg/g/min) is: 
2

2 eo qKh                                                            (6) 

Then Eq.(5) and (6) will combine to show: 
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The plot of  𝑡 𝑞𝑡  versus t (contact time) using Eq.(7) should give a linear relationship from which qe and K2 

are determined from the slope and intercept of the plots, relatively. The results of the kinetic study for the 

adsorption of DY 162 by Un–G and HC–G are given in Table 1. In comparison of the two kinetic models, it was 

observed that the pseudo–second order model fitted well for DY 162 (considered from a higher determination 

coefficient, R
2
). These suggest that the adsorption data are well represented by pseudo–second order kinetics and 

supports the assumption that the rate limiting step of DY 162 adsorption on Un–G and HC–G may be 

chemisorption. The similar phenomena are also observed in adsorption of dye RR 189 on cross–linked chitosan 

beads [6]. 

 
Table 1: Adsorption kinetic parameters 

Adsorbent Pseudo–First Equation Pseudo–Second Equation 

K1 (hr–1) qe (mg/g) R2 K2 (g/mg hr) qe (mg/g) R2 

Un–G 0.025 0.310 0.961 0.347 0.521 0.998 

HC–G 0.030 1.393 0.960 0.073 1.890 0.994 

 

The adsorption isotherm indicates how the adsorption molecules are distributed between the liquid phase 

and the solid phase when the adsorption process reaches an equilibrium state. The adsorption isotherm study is 

carried out on two well-known isotherms, the Langmuir and the Freundlich adsorption isotherm models. The 

linear form of the Langmuir isotherm model is given by the following equation: (Ce/qe = 1/(Q
o
×KL) + Ce/Q

o
) 

where: Q
o
 is a constant related to adsorption capacity (mg g

-1
) and KL is Langmuir constant related to energy of 

adsorption (l mg
-1

). The main consideration of Langmuir isotherm is sorption takes place at specific 

homogeneous sites within the adsorbent, indicating a monolayer adsorption process (constant heat of adsorption 

for all sites).  

The well-known logarithmic form of the Freundlich model is given by the following equation: (log qe = log 

KF + 1/n log Ce) where: KF is the measure of adsorption capacity and n is the adsorption intensity. The 

Freundlich adsorption isotherm is generally based on multilayer adsorption on heterogeneous surface this holds 

the assumption that the adsorption sites are distributed exponentially with respect to heat of adsorption. The 
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value of Q

o
 and KL were calculated from the slope and the interception of the Langmuir plot, while n and KF 

values were calculated from the slope and the interception of the Freundlich plot. The experimental data fit well 

with both adsorption isotherm models since the values of correlation coefficients (R
2
) are close to 1. Beside the 

values of R
2
, the applicability of the two adsorption isotherms are verified through the sum of error squares 

(SSE). The validity of each model was determined by SSE given by: 𝑆𝑆𝐸 =    
 (𝑞𝑒 , exp−𝑞𝑒 ,𝑐𝑎𝑙 )2

𝑁
 where N is the 

number of data points. The higher is the value of R
2
 and the lower is the value of SSE, the better the goodness of 

fit will be. Based on the low values of SSE, it was concluded that the adsorption of dyes can be best described 

by the Langmuir adsorption isotherm (Table 2). Therefore the adsorption capacity was considered from the Q
o 

value of Langmuir isotherm. These results indicated that for the adsorption of DY 162 the molecular were 

sorbed by monolayer adsorption with uniform energies and no transmigration of dyes molecular occurred in the 

plane of surface [7]. The adsorption coefficient, KL, that is related to the apparent energy of sorption, indicates 

the affinity of adsorbent to the chromium and dye ions. The low of KL values showed that the energy of 

adsorption onto Un–G and HC–G granule is low. This is a weak interaction (i.e.Van der waals bond) such as 

that’s between molecules in liquid. DY 162 is anionic dye with high molecular weight (M.W. = 1325.99 g/mol). 

The functional groups of DY162 contain four sulfonate (–SO3Na) groups and amine (–R3N). The major 

components of fly ash are silica and alumina form alumino–silicates with the pH dependent structure (X–OH
2+

 

↔ X–OH
+
 ↔ X–OH). At pH 5, HC–G surface can develop active size (X–OH2

+
), which allows DY 162 to 

form complexes at the surface according to the reaction in following Equation: X–OH
2+

 + Dye
– 
  X–Dye

–
 + 

H2O.  The main mechanisms of dye adsorption include the following: surface hydroxyl group, ligand exchange, 

electrostatic attraction of oppositely–charged hydrophilic head group HDTMA, and partition. 

 
Table 2: Langmuir constants for adsorption of anionic dye (DY 162) in single-solute systems 

Langmuir 

Parameter 

Un–G HC–G 

30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C 

Q° (ADMI/g) 29.50 28.49 23.53 22.22 50.76 53.19 60.61 69.93 

KL (l/ADMI) 0.0023 0.0020 0.0016 0.0013 0.0082 0.0109 0.0131 0.0232 

R2 0.9854 0.9894 0.9962 0.9968 0.9582 0.9570 0.9548 0.9061 

SSE 2.1998 1.3089 0.4191 0.5051 6.7992 3.1890 2.1908 2.2858 

 

Conclusions: 

The unmodified granules together with the granules coated with HDTMA-Br were applied in removing the 

anionic dye (DY 162) from the aqueous solution. The adsorption data are well represented by pseudo–second 

order kinetics. The adsorption capacity is assumed to be proportional to the number of active sites on the 

adsorbent surface occupied by dye. The adsorption of dye can be best described by Langmuir isotherm. These 

results indicated that the adsorption is confined to a monolayer with uniform energies. There is no lateral 

interaction between adsorbate molecules. The main mechanism of dye adsorption on Un–G is anion exchange. 

Anion of DY 162 can enter coordination with Si, Al or Fe ions and replace OH
–
 ions on hydrous oxide surfaces. The 

sorption of DY 162 on HC–G may occur via different mechanisms as follows: (i) anion exchange, (ii) positive charge 

head group of HDTMA and (iii) partition. The results indicated that the fly ash granules coated with HDTMA-Br 

is a suitable adsorbent for the decolorization of dye from aqueous solution. 
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