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Abstract: An adsorption process using cheap adsorbents could be described as a 
simple, selective and low cost alternative for the treatment of colored waste 
water compared to conventional physical and chemical processes. In this study 
the use of a natural waste adsorbent–ash was investigated for the removal of a 
textile vat dye Ostanthren blue GCD remaining after the dyeing of cotton tex-
tile. The ash obtained as a waste material during the burning of brown coal in 
the heating station of Leskovac (Serbia) was used for the treatment of waste 
waters from the textile industry, i.e., waste water after the dyeing process. The 
effect of ash quantity, initial dye concentration, pH and agitation time on ad-
sorption was studied. The Langmuir model was used to describe the adsorption 
isotherm. Based on the analytical expression of the Langmuir model, the ad-
sorption constants, such as adsorption capacity and adsorption energy, were 
found. Pseudo first and second order kinetic models were studied to evaluate 
the kinetic data. 
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INTRODUCTION 

Many industries, such as the textile, leather, paper and plastics industries, are 
extensive dye users. Among them, the textile industry is the first by quantity and 
quality of dyes used for the dyeing of various fiber types. Wastewaters from the 
textile industry contain, in addition to dyes, a number of other polluting matters, 
such as toxic organic residuals, acids, bases and inorganic matter. Some dyes are 
carcinogenic and mutagenic being formerly produced from dangerous chemicals, 
such as benzidine, metals, etc. The effluence of colored liquid waste into receptor 
waters affects not only their esthetic nature but also the transmittance of sun 
light, thereby reducing photosynthesis and disturbing the natural balance of water 
life and the food chain.1–3 
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During the previous several decades, a number of physical, chemical and 
biological methods for purification–decolorization were published and some of 
them were accepted by the textile industry. Among many decolorization proce-
dures, the adsorption technique gives good results because it can be used for the 
removal of various types of colored matter. Commercial systems use mostly ac-
tivated carbon as the sorbent for decolorization of waste waters because of its 
excellent absorption ability. Although activated carbon has an advantage as a sor-
bent, its massive employment is restricted due to its high price. To reduce the 
treatment costs, cheap alternative adsorbents are being sought. 

Various studies5,6 have confirmed the existence of alternative materials as 
potential adsorbents for pollutants and colored compounds. The considered pos-
sibilities for the adsorptive removal of color7,8 include synthetic9 and natural ma-
terials6 and the use of solid natural organic materials is increasing exponentially. 
Among the organic compounds, many materials have color removal potential but 
they are not economic. Natural materials and wastes10–15 build a complete col-
lection of cheap adsorbents and they are environmentally friendly. Many articles 
have been published about the use of corn cobs,16 palm fruit parts,17–19 euca-
lyptus bark,20 cotton,21 sunflower stalks22 and wheat straw14 as decolorizing ad-
sorbents. The removal of textile dyes by new adsorbents is usually evaluated by 
comparing their efficiency with that of activated carbon. Activated carbon is neither 
economical nor effective due to its non-polar nature in the unactivated state and 
in the most cases due to the polar nature of dyes. Therefore activation is often 
performed to introduce polar groups intended for different applications of carbon 
adsorbents. 

As with other substrates, the adsorption of dyes not only depends mainly on 
the characteristics of the dyes and their structures but also to the same degree on 
the surface chemistry of adsorbent. 

EXPERIMENTAL 

As the adsorbent, the ash from the “Heating Station Leskovac” (Serbia), obtained by 
burning brown coal, was used. After collecting and drying, the ash was sifted up to a particle 
size of 0.5 mm. To increase the functionality, the ash was demineralized by treatment with 7.5 
% H2SO4 for 60 min followed by copious rinsing with water, repeated treating with acid and 
finally adjustment of the pH of the water ash slurry to between 7 and 8. 

As the adsorbate, vat dye Ostanthren Blue GCD (C.I. Vat Blue 14) from Synthesia, the 
Czech Republic was used. 

The structure of the dye and its behavior in conventional textile dyeing processes are 
shown in Fig. 1. It should be noted that the dye samples used in the experimental part of this 
study were not obtained after the classical dyeing procedure but after heating the dye at 60 °C 
for 60 min without any additives and without textile material. The aim was to test the ad-
sorption of the dye itself without any of the usual additives in the dyeing process, i.e., reduc-
tion agents, hydrolysis agents, wetting agents, leveling agents, etc., that would affect the ad-
sorption process and complicate the interpretation of the results. It should be noted that the 
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dye is oxidized after dyeing and returns to its original insoluble form and as such exists in 
waste waters. 

Common vat dyes are quinonic dyes and particularly common are the anthraquinones 
and indigoids. Moreover, vat dyes include the natural dyestuff, indigo, and the artificial dyes 
called by the trade names, indanthrene, and flavanthrene. These dyes are essentially insoluble 
in water and incapable of dyeing fibers directly. However, reduction in the alkaline liquor 
produces the water soluble alkali metal salt of the dye (Fig. 1). In this leuco form, these dyes 
have an affinity for the textile fibers. Subsequent oxidation reforms the original insoluble dye. 
Most vat dyes are less suitable than fiber reactive dyes for domestic use as they are difficult to 
work with; they require a reducing agent to solubilize them.23 

 
Fig. 1. Vat dye behavior in the process of textile dyeing. 

The effect of pH on adsorption by the ash was tested by adjusting the pH of the solution 
to the required values with 1.0 M NaOH and H2SO4 solutions. According to the obtained 
results, the most effective adsorption was obtained at pH 13 and all subsequent processes were 
performed at this pH value. 

The adsorption experiments were performed at room temperature (20 °C) in glass Er-
lenmeyer flasks, closed with cork stoppers and placed on a shaker at 150 rpm. The quantity of 
ash was varied between 1 and 4 g, using a constant volume of solution (100 cm3) containing 
dye at concentrations of 50, 100, 150, 200 and 250 mg dm-3. The treatment times were 10, 20, 
30, 45 and 60 min with continuous agitation. 

The selected dye concentrations were chosen because they mostly correspond to the 
residual dye quantities in the solution after the dyeing of textile. In the experiments, pure dye 
was used without the additives usually present in the dyeing process. The equilibrium ad-
sorption time for the adsorption of dye on ash was determined to be 60 min and extension of 
the treatment time did not change the quantity of adsorbed dye.  

The degree of dye removal was determined by spectrophotometrically measuring the 
quantity of dye in the solution before and after adsorption using a Cary 100 Conc UV–Vis 
spectrometer (Varian) at a wavelength of 590 nm 

The percent dye removal is given by: 

 Dye removal = 100(c0 – c)/c0 

where c0 and c are the initial and final dye concentrations in the solution, respectively. 
The adsorption of an adsorbate on a material can be described by the Langmuir isotherm, 

which in its linear form is given by:24 

 M
M

max max

1 1c
c

a a a b
= +  (1) 
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where: cM, mg dm-3, is the equilibrium adsorbate concentration in the solution after ad-
sorption; a, mg g-1, is the quantity of adsorbate adsorbed per mass unit of adsorbent; amax, mg 
kg-1, is the maximum quantity of adsorbate that could be bound to the adsorbent; b, dm3 kg-1, 
is the ratio of the adsorption rate constant and the desorption rate constant of the adsorbate. 

The quantity of adsorbed dye (adsorbate) per mass unit of ash (adsorbent) was deter-
mined from the expression: 

 
( )0

MM −
=

Vc c
a

w
 (2) 

where: 0
Mc , mg dm-3, is the initial adsorbate concentration in the solution; w, g, is the mass of 

adsorbate and V, dm3 is the volume of the solution used for the adsorption. 
Equation (1) predicts that a plot of cM/a vs. cM should give a straight line, which is used 

for the determination of the values of the constants amax and b as follows:  

 max
1

slope
a =  and ( )

M
max 0

1

ordinate intercept
c

b
a =

=  

In order to define the kinetics of the adsorption, pseudo first and pseudo second order 
models were considered. The linear form of the equation of pseudo first order kinetics is:  

 ( ) 1
max tlog log

2 303
− = − k

a a a t
.

 (3) 

and the equation of the linear form of pseudo second order kinetics is:  

 
2

t max2 max

1 1= +t
t

a ak a
 (4) 

where: amax, mg g-1, is the maximum (equilibrium) adsorbed quantity of adsorbate per unit 
mass of adsorbent; at, mg g-1, is the adsorbed quantity of adsorbate per unit mass of adsorbent 
after time t; t, min, is the time of adsorption; k1, min-1, is the equilibrium rate constant for 
pseudo first order kinetics and k2, g min-1 mg-1, is the equilibrium rate constant for pseudo 
second order kinetics. 

RESULTS AND DISCUSSION 

Prior to commencing the presentation and analyses of the results of the pre-
sent investigation of textile vat dye decolorization using waste fly ash, several facts 
regarding the justification of the use of this waste material from heating stations 
and power stations should be noted. Namely, it is known that one power station 
of 1000 MW produces about half a million tons of fly ash annually.25 

Moreover, there are objectives to use this free material, available in huge 
amounts, for useful purposes or to dispose of it properly and hence prevent its 
dissemination because it contains potentially hazardous materials. Ash is an es-
pecially problematic residue as it contains high concentrations of heavy metals26 
and trace amounts of polychlordibenzodioxins and furans.27,28 

Heavy metals are nowadays among the most important pollutants in source 
and treated water, and are becoming a severe public health problem. They can be 
toxic to aquatic life and cause natural waters to be unsuitable as potable water 
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sources.29 Heavy metal removal from aqueous solutions has commonly been 
realized by several processes: chemical precipitation, solvent extraction, ion-ex-
change, reverse osmosis or adsorption.29,30 Among these processes, adsorption 
using a suitable adsorbent can be an effective technique for the removal of heavy 
metals from wastewater.31–33 As adsorbents activated carbon, alumina, silica and 
ferric oxide have been proposed. Although they generally have high metal ad-
sorption capacities, they are expensive and difficult to separate from the waste-
water after use. This has prompted over recent years growing research interest 
into the production of low cost alternatives to these adsorbents from a range of 
carbonaceous and mineral precursors. Ash, one of the most abundant waste ma-
terials from the combustion of powdered coal, and its major components make it 
a potential agent for the adsorption of heavy metal contaminants in water and 
wastewaters.30 

Thus, fly ash is potentially a source of heavy metals that could be released 
into the environment, but it also can be used as an adsorbent for the removal of 
some heavy metals from their aqueous solutions. 

Ash has potential application in wastewater treatment because of its major 
chemical components, which are alumina, silica, ferric oxide, calcium oxide, 
magnesium oxide and carbon, and its physical properties, such as porosity, par-
ticle size distribution and surface area. Moreover, the alkaline nature of ash 
makes it a good neutralizing agent. Generally, in order to maximize metal ad-
sorption by hydrous oxides, it is necessary to adjust the pH of the wastewater 
using lime and sodium hydroxide.32,33 

Several new technologies, such as immobilization of the ash with cement,34 
acid neutralization,35 wet chemical treatment36 and thermal treatment, have been 
proposed for the removal of heavy metals. The goal is to decontaminate toxic re-
sidues and render them inert so that they can be reused or deposited without risk. 
The major components in the ash which includes cyclone ash and scrubber ash 
(referred to as fly ash herein) are silica, aluminum, and calcium.37 One of the 
ways is the waste melting process, in which the most hazardous materials, such 
as heavy metals, are tightly fixed in a solid phase, and the slag generated by this 
process can be used as a construction material.38 Glassy slag can be generated by 
melting waste at temperatures exceeding 1300 °C, after which the molten ash is 
water-quenched or air-cooled. The volume of the resulting slag can be reduced 
and the slag stabilized such that heavy metals become immobilized in a glassy 
Si–O matrix; thus, the leaching behavior is improved.39 The most common pro-
cesses include the use of the ash as a raw material in the manufacture of brick 
and as a pozzolan in concrete.29 

Hence, waste fly ash used in dye adsorption and the heavy metals washed off 
the ash and solidified (by evaporation and filtration) can be disposed as described 
above. 
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Considering an adsorption process, it is known that adsorption from a so-
lution towards a solid surface begins with the interaction of dipoles or charged 
species of adsorbent and adsorbate. In addition, anion and cation interchange also 
occurs when neutral molecules come sufficiently close to each other, when an in-
teraction between dissolved organic components, dyes, solvent molecules, water, 
and the surface of the adsorbent, ash, begins.4–6 

It could be stated that the adsorption of dissolved matter (adsorbate) from a 
solution or suspension onto solid matter (adsorbent) occurs according to one of 
the following mechanisms: interchange of molecules from the solution with those 
on the adsorbent, physical adsorption induced by van der Waals forces and che-
misorption.7–10 

Adsorption efficiency depends on a number of parameters, such as medium 
temperature, pH, mechanical agitation, dye diffusion rate, etc. As a rule, by in-
creasing the solution temperature, the dyeing rate or rate of diffusion is increased, 
but likewise, increased temperature reduces the equilibrium dye exhaustion. On 
this basis, fast adsorbing dyes have an optimal dyeing temperature of, for ins-
tance, 40 °C, while with dyes that slowly bind to a fiber, the optimal dyeing tem-
perature is 100 °C. The same analogy can be applied for “binding”, i.e., ad-
sorption of a dye onto the adsorbent (ash).4–6 

It is known that the surface of ash acquires a positive charge by absorbing 
hydrogen ion (H+) after immersion in water. In the case of low pH and increased 
H+ concentration in a system, the ash surface acquires a strong positive charge. 
The opposite is true in an alkaline medium.7,8 

It was found that the highest percentage of vat dye removal occurred in a 
strong alkaline medium, meaning that under these conditions, a high physical in-
teraction appeared, which was based on the attraction of opposite charges, (+) dye 
charge and (–) ash charge, Fig. 2. Therefore, an increasing or decreasing per-
centage dye removed depending on pH should be considered in the light of struc-
tural changes of the dye and the condition of the surface layer of the ash. 

It was expected that in acidic medium, considering the positively charged 
dye form, the highest dye adsorption would occur if the ash were negatively 
charged. This was not the case with the maximum adsorption found when the pH 
of the solution was 12 and 13, i.e., in a strong alkaline medium. However, it 
should be noted that the difference in adsorption in strong acid and in strong 
alkaline medium was very low, about 0.1 %. 

The explanation should be looked for in the fact that the reaction in alkaline 
medium is more risky than in an acidic one because of possible deformations and 
structural changes of the dye molecule, which could be the for the somewhat 
higher adsorption observed under very strong alkaline conditions.40 

On the other hand, it is well known that substances adsorb poorly when they 
are ionized. Usually, when the pH is such that an adsorbable compound exists in 
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an ionized form, adjacent molecules of the adsorbed species on the adsorbate 
surface will repel each other to a significant degree, because they carry the same 
electrical charge (forces of repulsion/attraction between the actual ions are strong, 
compared with weak forces, such as Van der Waals forces). Thus, the adsorbing 
species cannot pack together very densely on the surface, and the equilibrium 
amount of adsorbed solute is only modest.41 In contrast, when the adsorbing spe-
cies is in the non-ionized form, no electrical repulsion exists, and thus the pack-
ing density on the surface can be much higher, as in the present case. 

Fig. 2. Percentage of removed 
vat dye adsorbed on ash in acid 
and alkaline medium. 

On reaction of a dye with an acid (e.g., H2SO4), a salt is obtained – hyd-
rogen sulfate and/or sulfate. Hydrogen ions from the acid binds to one and/or 
both nitrogen atoms of the dye and the produced cations are balanced by hyd-
rogen sulfate or sulfate anions, Fig. 3. 

        
 (a) (b) 

Fig. 3. Dye structure after reaction with sulfuric acid. 
a) hydrogen sulfate dye form; b) sulfate dye form. 

In basic medium, reactions occur on the carbonyl groups and by reduction, 
two to four identical phenol –OH groups are obtained, with later replacement of 
the hydrogen atom by a sodium atom, Fig. 4. 
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Fig. 4. Dye structure after reaction with sodium hydroxide. 

The removal yields of vat dye as a function of the initial and equilibrium dye 
concentration for the minimum quantity of ash (1 g) are shown in Fig. 5. At low-
er concentrations, it is obvious that a higher percentage of dye was removed dye 
is obvious, irrespective of whether the initial or equilibrium dye concentration 
was considered. On the other hand, generally, the maximum dye concentration 
(250 mg dm–3) was considerably higher than the previously used concentrations 
(200, 150, 100 and 50 mg dm–3) but the percentage dye removed was only slight-
ly lower than the values obtained with the other initial concentrations. This means, 
effectively, that a higher amount of dye was adsorbed with the highest initial con-
centration. Therefore, the percentage removed dye and the adsorption percentage 
decreased with increasing dye concentration in solution but the actual quantity of 
dye adsorbed increased with increasing dye concentration. 

Based on this behavior of the dye in a solution containing ash, it could be 
concluded that the faster removal indicates that the sorption process could be 
ionic in nature when the dye molecules bind to oppositely charged groups on the 
adsorbent surface. 

Moreover, from the plot in Fig. 5, it is obvious that the adsorption time plays 
a key role, i.e., with increasing time, the quantity of dye removed from solution 
by the ash increased. The same effect was found with all the employed quantities 
of ash. 

Plots of % removed dye at equilibrium time vs. the quantity of ash for dif-
ferent concentrations of vat dye are shown in Fig. 6, from which a constant 
increase in the % removed dye with increasing adsorbent mass is obvious and 
that the lowest dye concentration showed the highest % removed dye, whereas 
the highest dye concentration gives the lowest % removed dye. Nevertheless, the 
actual quantity of adsorbed dye increased with increasing dye concentration. 

The results of the amount of dye adsorbed on the ash adsorbent with time for 
different initial concentrations of vat dye and different ash quantities are shown 
in Fig. 7. 
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Fig. 5. Percentage of removed vat dye adsorbed on ash as a function of A) the initial 

and B) the equilibrium dye concentration (adsorption on 1.0 g of ash). 

In the main diagrams, Figs. 7A and 7B, are only shown the dependencies for 
dye concentrations of 50 and 250 mg dm–3 and for adsorbent quantities of 1.0 
and 4.0 g, respectively. The changes for other dye concentrations were similar 
but for sake of clarity, they were not given in the main diagrams. In the lower 
right hand side of the main diagrams, auxiliary diagrams showing the depen-
dencies for all dye concentrations are inserted. Practically, one curve each was 
chosen from the auxiliary diagrams to give the main diagrams marked as A and 
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B. Such a presentation gives a more prominent picture of the dependency of the 
change of amount of dye adsorbed on the adsorbent with time compared to the 
same presentation in the auxiliary diagrams. 

 
Fig. 6. The percentage of vat dye removed by adsorption as a function of 

ash quantity for different initial dye concentrations. 

The continuity of changes with time are obvious, i.e., the amounts of dye 
adsorbed per unit mass of adsorbent increased with increasing time. Moreover, 
the highest adsorption occurred with the highest dye concentration, which was 
expected. 

The Langmuir adsorption isotherm in two forms is shown in Fig. 8, i.e., Fig. 
8A represents the relation between adsorbed dye per unit of the minimal used ash 
mass and equilibrium dye concentration and Fig. 8B shows the relation of cm/a to 
the equilibrium concentration of the dye. 

It is obvious that adsorption curves are smooth and continuous, indicating 
that the process proceeds to saturation with different concentrations of dye on the 
outer interface of the adsorbent. This implies the possibility of the formation of a 
mono-layer coverage of the adsorbent, which is described by the Langmuir Equa-
tion. From the slope and intercept of the right hand plot in Fig. 8, according to 
Eq. (1), the Langmuir constants amax and b, representing the maximum quantity 
of adsorbate bound to the adsorbent and the adsorption energy, respectively, were 
determined. 

Under ideal conditions of medium pH and maximum interactions of the dye 
molecules with the adsorbent, the plots in Fig. 8 represent the essential function-
ality of the variables, i.e., a high correlation was achieved. The essence of the 
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adsorption process in this case, covered by the Langmuir isotherm, is based first-
ly on the initial dye concentration, being an important driving force to overcome 
all the resistance to mass transfer between the aqueous and solid phase. Gene-
rally, a higher initial concentration of vat dye enhances the adsorption process. 
The case was similar for adsorption onto the maximum amount of ash employed, 
Fig. 9. 

 

 
Fig. 7. Adsorbed quantity of adsorbate on adsorbent in time for 

different dye concentrations. A) 1g of ash; B) 4 g of ash. 
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(A) 

 
(B) 

Fig. 8. Langmuir adsorption iso-
therms for the minimum studied 
amount of adsorbate. 

The various methods of dye adsorption on ash, as well as the analytical ex-
pressions of Langmuir isotherm and Langmuir parameters amax and b, together 
with the values for the coefficient of determination R2 for the Langmuir plot cM/a 
vs. cM are listed in Table I. The coefficient of determination is a relative measure 
of the typicality of the regression line or, in this case, a measure of the usefulness 
of the Langmuir model. The fact that all R2 values were greater than 0.9 showed 
that the Langmuir Equation fitted the experimental data very well. The maximum 
quantity of adsorbate that can be bound to the adsorbent, amax, or the monolayer 
adsorption capacity, decreased with increasing quantity of the adsorbent, while 
the ratio of the adsorption and desorption rate constants of the adsorbate, b, 
which is a constant related to the adsorption free energy, increased. 

The results for the kinetics of dye sorption on ash with the minimum and 
maximum amounts of adsorbent and different initial dye concentrations are 
shown in Figs. 10 and 11. According to the linear forms of pseudo-first and pseu-
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do-second order models and the obtained results, it can be concluded that ad-
sorption rate, under the given experimental conditions, was completely described 
by the second order model. This was also the case with other used ash quantities 
(2 and 3 g). 

 

 

Fig. 9. Langmuir adsorption iso-
therms for the maximum studied 

amount of adsorbent. 

TABLE I. Analytical expression of the Langmuir isotherm with coefficients 

Mass of 
adsorbant, g 

Analytical expression of curve 
(Langmuir expression) 

Langmuir parameters 
R2 

amax / mg g-1 b / dm3 mg-1 
1 cM/a = 0.0126 + 0.0109cM 91.6 0.865 0.952 
2 cM/a = 0.0190 + 0.0383cM 26.1 2.02 0.907 
3 cM/a = 0.0271 + 0.0570cM 17.5 2.10 0.954 
4 cM/a = 0.0279 + 0.0921cM 10.8 3.31 0.930 

The results of the determination of the kinetic parameters for the adsorption 
process of vat dye on ash (equilibrium rate constant of pseudo-first and pseudo- 
-second order kinetics) for all the studied adsorbent quantities and all the initial 
dye concentrations together with values of the parameter amax (calculated, amax,cal, 
and experimental, amax,exp) are listed in Table II. 
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Fig. 10. Sorption kinetics of vat dye with the minimum studied adsorbent quantity; 
A) pseudo-first order; B) pseudo-second order. 

The pseudo first and pseudo second order models were used to check the 
experimental data, whereby an attempt was made to explain the kinetics of the 
adsorption process under the given experimental condition. 

Although coefficients of determination for the pseudo first order kinetics 
model were generally higher than 0.9 for all amounts of adsorbent and all the 
initial dye concentrations, much lower values of the calculated parameter amax 
(amax,cal) were obtained compared to those of the experimental parameter a 
(amax,exp). Therefore, the adsorption cannot be best described by the pseudo first 
order kinetics model because in most cases first order equation does not cover 
adequately the whole range of contact times. 
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Fig. 11. Sorption kinetics of vat 
dye with the maximum studied ad-
sorbent quantity; A) pseudo-first 
order; B) pseudo-second order. 

TABLE II. Kinetic parameters of vat dye adsorption on ash (R2 = 1, for pseudo-second order) 

Absorbent quan-
tity, g/100 cm-3 

Initial dye con-
centration, mg dm-3

amax,exp

mg g-1 

Pseudo-first order Pseudo-second order 

k1 / min-1 amax,cal

mg g-1 R2 k2 

g mg-1 min-1 
amax,cal 

mg g-1 

1 50 4.99 0.042 0.035 0.997 3.59 5.00 
100 9.99 0.041 0.070 0.997 1.80 9.99 
150 15.0 0.041 0.11 0.998 1.20 15.0 
200 20.0 0.045 0.14 0.997 0.935 20.0 
250 25.0 0.046 0.18 0.998 0.764 25.0 

2 50 2.50 0.040 0.018 0.998 7.15 2.50 
100 4.99 0.047 0.036 0.996 3.82 5.00 
150 7.49 0.051 0.055 0.994 2.60 7.49 
200 9.98 0.055 0.076 0.990 2.00 9.99 
250 12.5 0.056 0.095 0.989 1.63 12.5 

_______________________________________________________________________________________________________________________

2010 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/



870 ŠMELCEROVIĆ et al. 

TABLE II. Continued 

Absorbent quan-
tity, g/100 cm-3 

Initial dye con-
centration, mg dm-3

amax,exp

mg g-1 

Pseudo-first order Pseudo-second order 

k1 / min-1 amax,cal 

mg g-1 R2 k2 

g mg-1 min-1 
amax,cal 

mg g-1 

3 50 1.66 0.050 0.012 0.982 11.6 1.67 
100 3.33 0.057 0.025 0.971 6.05 3.33 
150 4.99 0.067 0.041 0.952 4.22 4.50 
200 6.66 0.075 0.060 0.936 3.20 6.66 
250 8.32 0.087 0.085 0.908 2.64 8.33 

4 50 1.25 0.051 0.0090 0.992 15.9 1.25 
100 2.50 0.058 0.019 0.981 8.35 2.50 
150 3.74 0.080 0.034 0.944 6.10 3.75 
200 4.99 0.077 0.044 0.953 4.49 5.00 
250 6.24 0.094 0.065 0.917 3.81 6.24 

As opposed to this, the pseudo-second order kinetics model had in all cases 
R2 = 1, whereby full functionality was achieved and the model can be fully used 
to describe the adsorption process of vat dye on ash. Moreover, the differences 
between the calculated amax,cal and the experimental amax,exp were insignificant 
for this model. 

CONCLUSIONS 

Dye adsorption as a purification method has some advantages, because other 
processes, which include alteration or destruction of the chromophore dyes to de-
colorize the solution, do not remove residuals from waste waters that, as such, 
can still be detrimental for the environment. As opposed to this, adsorption re-
moves the complete molecule without leaving any parts in the water. This is es-
pecially important with dyes containing metals, where bound metal (e.g., Cr, Co, 
Cu) would remain in the waste water in cases of treatment methods other than 
adsorption, perhaps even in more harmful forms. 

Removal of a vat dye with waste ash obtained from the “Heating Station – 
Leskovac” was studied under various conditions. The adsorption depended on the 
contact time, initial dye concentration and solution pH. The equilibrium state was 
achieved after a contact time of 60 min, while the % adsorption on ash was re-
duced on increasing the initial dye concentration in the solution, although the ac-
tual quantity of adsorbed dye was increased. A Langmuir isotherm describes the 
adsorption characteristics of the adsorbent in a satisfactorily manner.  

The pseudo second order kinetics model fitted very well with the dynamic 
behavior of vat dye adsorption on natural waste ash under various conditions, 
with the remark that the adsorption is a very complex process. 

Based on the obtained results, it can be concluded that brown coal ash is an 
efficient adsorbent for the removal of vat dyes from water solutions with a reaso-
nable possibility of application on an industrial scale. 

_______________________________________________________________________________________________________________________

2010 Copyright (CC) SCS

Available online at www.shd.org.rs/JSCS/



 DECOLORATION BY WASTE ASH 871 

Acknowledgment. The financial support of the Serbian Ministry of Science and Techno-
logical Development (Project No. ТР-19040А) is gratefully acknowledged. 

И З В О Д  

ДЕКОЛОРИЗАЦИЈА ТЕКСТИЛНЕ РЕДУКЦИОНЕ БОЈЕ АДСОРПЦИЈОМ 
НА ОТПАДНОМ ПЕПЕЛУ 

МИОДРАГ ШМЕЛЦЕРОВИЋ, ДРАГАН ЂОРДЈЕВИЋ, МИЛЕ НОВАКОВИЋ и МИРЈАНА МИЗДРАКОВИЋ 

Univerzitet u Ni{u, Tehnolo{ki fakultet, Bulevar oslobo|ewa 124, 16000 Leskovac 

Адсорпциони процес уз помоћ јефтиних адсорбената могао би се декларисати као јед-
ноставна, селективна и јефтина алтернатива за пречишћавање обојених отпадних вода у од-
носу на конвенционалне физичко–хемијске поступке. У раду је истраживана примена при-
родног отпадног адсорбента – пепела за одстрањивање редукционе текстилне боје Ostanthren 
blue GCD заостале после бојења памучног текстила. Пепео добијен сагоревањем мрког угља 
у топлани у Лесковцу као отпадни материјал, коришћен је за пречишћавање отпадне воде 
текстилне индустрије, тј. отпадне воде настале после процеса бојење. Истраживан је утицај 
количине пепела, почетне концентрације боје, pH и времена мешања на адсорпцију. За опи-
сивање адсорпционе изотерме примењен је Ленгмиров модел. На основу аналитичког израза 
Ленгмировог модела нађене су константе, адсорпциони капацитет и енергија адсорпције. Ки-
нетички модели псеудо првог и другог реда су испитивани ради оцене кинетичких података. 

(Примљено 24. јула 2009, ревидирано 15. фебруара 2010) 
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