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Abstract Fly ash is currently being generated at a rate
of million tons every year and represents an important
waste problem. Bentonite and molasses are used in a
wide range of applications. The samples of Orhaneli
fly ash were analyzed by X-ray fluorescence, Fourier
transform infrared spectroscopy, and scanning electron
microscope. Depending on the results of the analysis,
morphology and chemical compositions of Orhaneli
fly ash were investigated in detail. Orhaneli fly ash,
bentonite (0 and 1 % in terms of fly ash, w/w), and
molasses (0-0.75 mL) were pelletized under 30 MPa
of pressure for zinc adsorption in wastewater. As a
result, it was seen that the usage of Orhaneli fly ash
was proper for zinc (Zn>") adsorption and an optimum
adsorption yield with 90 % was found at a compound
with Orhaneli fly ash (10 g), bentonite (0 %), and
molasses (0.25 mL) at 2.5 h of reaction time, pHS,
20 °C of reaction temperature, and 300 rpm of stirring
rate. Sorption isotherm and sorption kinetics for Zn®"
on fly ash (with bentonite and molasses) can be
explained by Freundlich isotherm and pseudo-
second-order kinetic models. Based on the experimen-
tal data, it was seen that Orhaneli fly ash and molasses
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waste could be evaluated for Zn®>" adsorption from
wastewater, environmentally.
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1 Introduction

Fly ash is a significant waste that is released from
thermal power plants and defined as very fine particles
that are drifted upward which are taken up by the flue
gases due to the burning of used coal. The emerging
amount of fly ash in the world is approximately 600
million tons per year (Bilodeau and Malhotra 2000).
In Turkey, thermal power plants produce approximate-
ly 13 million tons fly ash per year. It is expected that
this amount will increase in the coming years, depend-
ing on energy consumption. In our country, it is
expected that 50 million tons of waste ash per year
will occur until 2020. Released waste from the thermal
power plants has caused very significant problems as
known. Assessment of these wastes in construction
industry especially in the production of concrete and
cement has provided benefits in environmental, tech-
nical, and economic aspects. However, the occurring
fly ash volume is very large, and implementation of
additional utilization areas is extremely important.
The fly ash is capable of removing organic contam-
inants in consequence of high carbon content, a large
surface area per unit volume, and contained Al, Fe,
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Ca, Mg, and Si elements. Therefore, fly ash is used
as an effective coagulant and adsorbent (Johnson et
al. 1965; Deb et al. 1967; Cheremisinoff 1988;
Vandenbusch and Sell 1992).

The most general definition of water pollution is a
natural imbalance of water environment. Water pollu-
tion is one of the major environmental hazards in
Turkey. The tribulation showing the major case of
increased nutrients is from domestic, agricultural
wastewater, and leachate. Studies on the country and
the world of fly ash usage have increased in the last
25 years, and as a result of these studies, it has been
identified that fly ash for adsorption of heavy metals
from wastewater can be used as adsorbent materials.
This non-polluting, more economical, and more prac-
tical method is applied successfully. Sar1 and Bayat
(2002) studied about the effectiveness of fly ash as a
coagulant for decontamination of domestic wastewater
such as aluminum sulfate and ferric chloride and com-
paried fly ash and other coagulants. Ahmaruzzaman
(2008) examined in detail the role of fly ash at removal
of organic pollutants in wastewater. In this study, fly
ash was used for adsorption of various pollutants.
Yeheyis et al. (2010) made the characterization perfor-
mance and environmental evaluation of Atikokan fly
ash for environmental applications. In a different
study, Mohan and Gandhimathi (2009) used coal fly
ash as an adsorbent on the purpose of eliminating
heavy metal ions from municipal solid leakage waste-
water. Batch experiments were made in order to deter-
mine the amount of fly ash and the effects of contact
time in adsorption of heavy metal. Nascimento et al.
(2009) studied adsorption properties of synthetic
zeolite-produced Brazil fly ash. The most important
parameters affecting the adsorption capacity of zeo-
lites were temperature and duration of the synthesis of
zeolites, respectively. Erol et al. (2009, 2011) investi-
gated the influence of the binder and particle size on
the properties of sintered glass—ceramics produced
from industrial wastes as Orhaneli-Tuncbilek fly
ashes and on the crystallization kinetics. In addition,
Erol et al. (2007) studied the production of glass—
ceramics obtained from industrial wastes by means
of controlled nucleation and crystallization. The stud-
ies had clearly indicated that the materials as glass—
ceramics can be produced from fly ash by sintering
method. Overall results indicated that coal fly ash can
be used as a raw material to produce glass—ceramic
materials, and coal fly ash-based glass—ceramics have
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Table 1 Chemical composition of the Orhaneli fly ash

Fly ash Compound Amount (%)
Orhaneli Si0, 52.9

Al,O4 25.5

Fe,03 8.70

CaO 4.75

MgO 3.10

SO; 2.10

K,0 2.00

TiO, 0.63

Na,O 0.40

several desirable properties that would make them
attractive for industrial use in construction, tiling,
and cladding applications.

The purpose of this study is to investigate the
possibility of using Orhaneli fly ash as low-cost
adsorbents for zinc adsorption. Unlike the previous
studies, Orhaneli fly ash, bentonite, and molasses were
pelletized by using a different technique with labora-
tory pellet machine and pellets were used for Zn**
adsorption. In this way, molasses which is a waste of
sugar production process could be evaluated by using
with Orhaneli fly ash differently from the literature. In
first stage, the sieve analysis of Orhaneli fly ash was
carried out with usage of various sieves. In second
stage, Orhaneli fly ash was characterized by using X-
ray fluorescence (XRF), Fourier transform infrared
spectroscopy (FT-IR), and scanning electron micro-
scope (SEM) analysis to determine morphology and
chemical compositions in detail. The optimum adsorp-
tion yield (90 %) was provided for a compound with

Table 2 Chemical composition

of the bentonite Compound  Amount (%)

Si0, 67.10
ALO; 23.10
Fe,0, 431
SO, 2.00
cl 1.40
Rb,0 1.00
Ca0 0.24
TiO, 0.12
K,O 0.089
MnO 0.01
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Fig. 1 SEM images: a
Orhaneli fly ash (x1,000
magnification), b bentonite
(x1,000 magnification)

Orhaneli fly ash (10 g), bentonite (0 %), and molasses
(0.25 mL) at 2.5 h of reaction time, pHS5, 20 °C of
reaction temperature, and 300 rpm of stirring rate. It
was seen that adsorption yield (in percent) was
effected by amounts of bentonite (in percent) and
molasses (in milliliter). Adsorption models (Freund-
lich and Temkin) were compared for describing the
sorption equilibrium of Zn?" on Orhaneli fly ash.
Freundlich model was more suitable for describing
the sorption equilibrium of Zn** on Orhaneli fly ash.
The kinetics of Zn** adsorption was proper to the
model of the pseudo-second-order.

2 Experimental
2.1 Materials

The Orhaneli fly ash was acquired from Ares Cement
Construction Incorporated Company. The molasses
was supplied by a sugar refinery. The bentonite
obtained from the Bensan Activated Bentonite Com-
pany was produced by the special modification of the
raw bentonite provided from the Edirne Region,
Turkey.

2.2 Methods

Orhaneli fly ash was characterized by XRF, SEM, and
FT-IR which was used in adsorption of wastewater.
Firstly, Orhaneli fly ash was sieved by using 20-, 60-,
100-, and 200-mesh sieves and dried at 105 °C for
24 h. Moisture (in percent), CaO (in percent), and loss
of ignition (LOI) (in percent) of fly ash were deter-
mined as appropriate with TS EN 450-1 (2006) and TS
EN 1744-1 (2000) standards. Then, fly ash, bentonite
(0 and 1 % in terms of fly ash, w/w), and molasses (0,
0.25, 0.5, and 0.75 mL) were pelletized by a labora-
tory pellet machine with 4 cm diameter of pellets and
under 30 MPa of pressure. Pellets were dried at 105 °C
for 24 h. Subsequently, the pellets were sintered in a
high-temperature furnace at 1,200 °C. One hundred
parts per million of synthetic wastewater (Zn>" solu-
tion) was prepared with a magnetic stirrer for 2 h of
reaction time, 500 rpm of stirring rate, and 20 °C of
temperature. Pellets were used for Zn*" as a heavy
metal adsorption and the reaction parameters for ad-
sorption were 20 °C of reaction temperature, 300 rpm
of stirring rate, and 2.5 h of reaction time. The effect of
bentonite (in percent) and molasses (in milliliter) on
adsorption yield was examined. As a result, it was

Fig. 2 FT-IR spectra
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seen that adsorption yield (in percent) was effected by
amounts of bentonite (in percent) and molasses (in
milliliter).

2.2.1 Determination of CaO (in Percent)

The sample (1 g) was dissolved in 50 mL of ethylene
glycol. This solution was filtrated and filter paper was
washed with 30 mL of ethylene glycol. Then, bromoc-
resol green indicator was added to filtrate, and the
filtrate was titrated with 0.1 N HCI. The percentage
of free CaO was calculated according to Eq. (1) (TS
EN 450-1 2006):

CaO(%) = 0.28 x V x F/M. (1)

V, F, and M are the consumption of HCI (in milli-
liter), factor of 0.1 N HCI (~0.98), and amount of
sample (in gram), respectively.

2.2.2 Determination of LOI (in Percent)

The sample (1 g) put in porcelain crucible was settled
into a controlled calcinating furnace at 1,000 °C. Con-
stant mass cooled and weighed at every time was
determined by successive 15 min range sinterization.
If weighing difference of two mass was less than
0.0005 g, constant mass was qualified. The percentage
of LOI was calculated according to Eq. (2) (TS EN
450-1 2006; TS EN 1744-1 2000):

LOI(%) = [m; — (my —m3)] x 100/m;. (2)

my, m,, and ms are mass of sample (in gram), final
mass after sinterization (in gram), and mass of hollow
porcelain crucible (in gram), respectively.

Sieve size (mesh)
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40 -
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20 - {
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(%)
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0 0.2 04 0.6 0.8 1

Sieve diameter (mm)

Fig. 3 Sieve analyses of Orhaneli fly ash
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Table 3 The amount of free CaO (in percent) for Orhaneli fly
ash

Fly ash Consumption of titration (mL) Free CaO (%)

Orhaneli 1.43 % 39.23

2.2.3 Determination of Moisture (in Percent)

The sample (1 g) was dried at 105 °C, cooled, and
weighed. The percentage of moisture was calculated
according to Eq. (3) (TS EN 450-1 2006):

Moisture(%) = [B — A] x 100/A. (3)

A and B are the mass of dried sample (in gram) and
mass of wet sample (in gram), respectively.

2.3 Characterizations

XRF, FT-IR, and SEM were carried out by using
Panalytical-Minipal4, Perkin Elmer-Spectrum One in-
strument and Cam Scan-Apollo 300, respectively.

3 Results and Discussion
3.1 Characterizations of Materials

Characterizations of Orhaneli fly ash, bentonite, and
molasses were investigated for use on Zn>" adsorp-
tion. Bentonite and molasses were used as a binder in
Orhaneli fly ash which has high amount of silicon
dioxide (Si0O»,).

3.2 Characterizations of Orhaneli Fly Ash, Bentonite,
and Molasses

Distribution of the compounds of Orhaneli fly ash
used in this study was shown in Table 1. The SiO,
and aluminum oxide (Al,Os) contents were 52.9 and
25.5 %, respectively. Orhaneli fly ash consisted mostly
of SiO,, which was present in two forms: amorphous

Table 4 The amount of LOI (in percent) for Orhaneli fly ash

Mass of hollow Fly ash Mass of Final mass LOI (%)
porcelain sample after

crucible (2) sinterization (g)

12.9330 Orhaneli 1.0013  13.9271 0.719
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Table 5 The Zn>" adsorption experiments for Orhaneli fly ash (20 °C, 300 rpm, pHS5)

Fly ash Bentonite (in terms Molasses (mL)  Formation of pellet ~ Adsorption yield (%)
(10 g) of fly ash, w/w) (%)
30min - 60 min -~ 90 min 120 min 150 min 180 min

Orhaneli 0 0 - - - - - - -
0 0.25 + 27 54 67 83 90 90
0 0.50 + 9 10 11 12 14 15
0 0.75 + 22 29 31 31 40 41
1 0 - - - - - - -
1 0.25 + 23 27 28 28 28 28
1 0.50 + 6 11 12 14 20 23
1 0.75 + 14 20 21 21 24 25

and crystalline, Al,O; and iron oxide (Fe,Os). The
total amount of SiO,, Al,Os3, and Fe,O3 of Orhaneli
exceeded 70 % as in previous study (Turhan et al.
2010). Orhaneli fly ash was generally heterogeneous,
consisting of a mixture of various identifiable crystal-
line phases such as quartz, zeolite, and iron oxide. The
iron (Fe,05) content was found to be high in Orhaneli
fly ash. The Al,O3 + SiO, contents were higher than
65 wt% for the fly ash (CaO being correspondingly
lower) (Bayat 1998).

The chemical analysis of bentonite was shown in
Table 2. The higher percentage of SiO, in the benton-
ite was due mainly to a slight admixture of quartz,
flusston, and iron sulfide as similar to previous study
(Davraz and Gunduz 2008).

SEM is one of the best and most widely used
techniques for the chemical and physical characteriza-
tion of fly ash (Kutchko and Kim 2006). SEM was
used to determine morphological structure of products.
Particle size of Orhaneli fly ash changed in range of 1—
18 um (Fig. 1a). Under the SEM, bentonite particles
were seen as platelets separated from each other. The
particle diameters of bentonite were in range of 5—
22 um (Fig. 1b).

The characteristic band of Orhaneli fly ash centered
at 1,015.35 cm™" and this is due to centimer (Si—O—Si)
asymmetric stretching vibration, similar to the previ-
ous study (Celik et al. 2008). As in a previous study
(Paluszkiewicz et al. 2008), the spectrum of bentonite
corresponds to stretching and bending vibrations of
quartz (1,003, 789, 721, and 702 cmfl) and bentonite
(1,467, 1,080, and 915 cm™"). It can be noticed that the
intensities of the main bands due to quartz and ben-
tonite are at 1,003 and at 1,467 cm ', respectively.
Furthermore, FT-IR spectroscopy was used to charac-
terize the molasses. A band at 3,278 cm ' was ob-
served in the IR spectra, corresponding to stretching
vibrations of O—H similar to the previous study
(Keshk et al. 2006; Fig. 2).

3.3 Sieve Analysis Results

Before the pelletization studies, analysis was per-
formed with 20-, 60-, 100-, and 200-mesh sieve
and the mechanical shaker was used for sieve
analysis. The result was presented in a graph of
percent retained in each sieve versus the sieve size
as shown in Fig. 3. Sixty mesh of sieve size was

Fig. 4 The effect of molas- a b

ses (in milliliter) and ben- 100 100

tonite (in t f fly ash, w/ g g

onle(lnzfrrnso y ash, w g 0| ——0.25 ml of E‘SO | —e—0.25 ml of

W) on Zn~ concentration in : molasses B molasses

wastewater: a Bentonite: 2 60 4 —® 0,50 mlof g 60 4 -

0 %, b Bentonite: 1 % £ ol © ] —#— 050 mlof
Z 40 molasses = molasses
<
g ——075mlof| g —&—0.75 ml of
- 20 1 molasses g 201 molasses
S =

0 . N o T
0 100 200 0 100 200
Time (min) Time (min)

@ Springer



1367, Page 6 of 10

Water Air Soil Pollut (2013) 224:1367

proper for pelletization due to more amount of fly
ash retained in this sieve.

3.4 The Results of CaO (in Percent) and LOI
(in Percent)

Two classes of fly ash are defined by ASTM C618:
class F fly ash and class C fly ash. The differences
between class F fly ash and class C fly ash are the
amount of calcium, silica, alumina, and iron content in
the ash. The burning of harder, older anthracite and
bituminous coal typically produces class F fly ash.
This fly ash is pozzolanic in nature and contains less
than 10 % lime (CaO). Fly ash produced from the
burning of younger lignite or subbituminous coal pro-
duces class C fly ash. This fly ash generally contains
more than 20 % lime (CaO) (Christy and Tensing
2011). Table 3 showed the amount of CaO (in percent)
and Orhaneli fly ash was class C in respect to ASTM
C618 similar to the previous study (Mollamahmutoglu
et al. 2009).

LOI is a measure of unburnt carbon in fly ash (Obla
2008). According to TS EN 450-1 (2006), the result of
LOI (in percent) showed that Orhaneli fly ash was
class A of fly ash (Table 4). ASTM C618 had an
LOI limit of 6 %; the limit was appropriate with the
experimental result (0.719 %).

3.5 Pelletization Results

The performance of pelletization process is a func-
tion of the engineering properties of the material
pelletized, the amount of moisture in the medium,
and the mechanical process parameters such as the
angle of balling drum or disc to the normal and

—_
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Fig. 5 Zn”" adsorption yield depending upon time for optimum

conditions by using Orhaneli fly ash (with bentonite and
molasses)
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Fig. 6 Linear plot of Freundlich isotherm of Zn>" sorption on
Orhaneli fly ash (with bentonite and molasses)

the revolution speed. When a fine-grained material
is moisturized, there forms a thin liquid film on
the surface of the grains, which forms meniscus
between the grains, structures like bridges. In case
the particles are rotated in a balling drum or disc,
then they form ball-shaped structures with en-
hanced bonding forces between grains due centrif-
ugal and gravitational forces (Baykal and Ddven
2000). In this study, the pellets were prepared by
using a laboratory pellet machine as distinct from
previous study to increase surface of contact.

A series of pelletization experiments were carried
out to show the effect of bentonite (in percent) and
molasses (in milliliter) addition on the formation of fly
ash pellets. The amount of bentonite was 0 and 1 %.
The amount of molasses ranged 0-0.75 mL (50 % of
molasses+50 % of distilled water). The pelletization
results showed that molasses was a fundamental bind-
er for Orhaneli fly ash and the pellets were broken
down even with the usage of bentonite when molasses
was not used for a binder.

Table 6 The constants and

correlation coefficients of Isotherm Parameters
Freundlich and Temkin isotherm
models for Zn>" sorption on Freundlich
Orhaneli fly ash K¢ 0.0248
n 0.9967
R? 0.9999
Temkin
A (L/g) 0.076
B (J/mol) 1.087
R 0.9368
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Fig. 7 Linear plot of Temkin isotherm of Zn®" sorption on
Orhaneli fly ash (with bentonite and molasses)

3.6 Adsorption Experiments

On the surface of the fly ash, the functional oxidized
groups are present as SiO, and Al,O3. The surface of
silica (SiO,) has a high affinity towards metal ions as
Zn, Cu, and Pb (Mohan and Gandhimathi 2009). In
this study, Orhaneli fly ash was used as an adsorbent
which benefits from the advantage of its high affinity.
Firstly, synthetic wastewater (100 ppm Zn>") was pre-
pared for adsorption experiments and adsorption pro-
cess was carried out at 20 °C of reaction temperature,
300 rpm of stirring rate, 2.5 h of reaction time, and pH
5 (Table 5). During the experiment of Zn*" adsorption
from wastewater, synthetic wastewater samples were
taken in 30, 60, 90, 120, 150, and 180 min. The
samples were analyzed using ICP-OES instrument.
The results of analyses were given at Fig. 4. The
optimum pelletization conditions were determined in
terms of adsorption yield (in percent) as 10 g of
Orhaneli fly ash, 0 % of bentonite, and 0.25 mL of

Fig. 8 Pscudo-first-order 1 -
sorption kinetic of Zn*" on

molasses and the maxiumum adsorption yield of 90 %
for 150 min was found (Fig. 5).

3.7 Sorption Isotherms

Langmuir, Freundlich, and Temkin isotherms were
tested to fit the experimental data, but the calculations
of Langmuir isotherm did not fit the experimental
results. Therefore, Freundlich and Temkin isotherms
were compared and the best fit was achieved using a
Freundlich isotherm.

3.7.1 Freundlich Isotherm

The Freundlich equation is an empirical model that
considers heterogeneous adsorptive energies on the
adsorbent surface (Subramanyam and Das 2009).
The Freundlich equation is expressed as Eq. (4):

ge = Ki x CM" (4)

where Ky and n are Freundlich constants being the
sorption capacity of the adsorbent and »n giving an
indication of favorability of the sorption process. C,
is unadsorbed adsorbate concentration in solution at
equilibrium. To determine the constants K¢ and n, the
Freundlich equation can be described by the linearized
form as Eq. (5) (Fig. 6):

log g. = log K¢+ 1/n x log C. (5)
ge = (Co — C1)V /m (6)

where Cy and C; (in milligrams per liter) are the liquid
phase concentrations initially and at equilibrium,
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Fig. 9 Pseudo-second-order 600 -
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respectively. V' is the volume of the solution (in liter),
m is the mass of dry adsorbent used (in gram), and ¢,
(in milligrams in gram) is the amount of adsorbed at
equilibrium as Eq. (6). The constants Ky and n are
calculated from the intercept and slope of the plot
and are listed in Table 6.

3.7.2 Temkin Isotherm

The Temkin isotherm (Zheng et al. 2009) has been
generally applied in the following form Eq. (7):

ge =R X T/b+1n(4 x C,) (7)
and can be linearized as:

ge=BxIn A+ BxIn C, (8)

where B = R x T/b, b is the Temkin constant related
to heat of sorption (in joules per mole), A4 is the

Time (min)

Temkin isotherm constant (in liters per gram), R is
the gas constant (8.314 J/mol/K), and T is the absolute
temperature (in Kelvin) as Eq. (8).

Figure 7 shows the linear plot of Temkin iso-
therm for Zn®" sorption on Orhaneli fly ash at
25 °C. The constants 4 and B are calculated from
the intercept and slope of the plot and are listed in
Table 6.

As seen in Table 6, different isotherm models
(Freundlich and Temkin) were compared, and the
Freundlich isotherm fits quite well with the exper-
imental data (correlation coefficient R*>0.99) de-
scribing the sorption equilibrium of Zn?" on
Orhaneli fly ash. The n value was observed to be
very close to the value of “1,” thus indicating that
the adsorption is favorable for Zn*" as in a previ-
ous study in literature (Mohan and Gandhimathi
2009).

Table 7 Kinetic model rate constants for adsorption of Zn**on Orhaneli fly ash

Lagergren pseudo-first-order (Ho 2004)

Parameter Bentonite (0 %, w/w)
Molasses (mL) 0.25 0.50
q. (mg/g) 227 0.376
ky 0.036 0.028
R 0.9341 0.7136

Lagergren pseudo-second-order (Ho 2004)

Parameter Bentonite (0 %, w/w)
Molasses (mL) 0.25 0.50
qe (mg/g) 2.27 0.376
ko 0.0017 0.0510
R 0.9363 0.9594

Bentonite (1 %, w/w)

0.75 0.25 0.50 0.75
1.025 0.71 0.578 0.62
0.028 0.032 0.038 0.021
0.8057 0.9668 0.6567 0.9028
Bentonite (1 %, w/w)

0.75 0.25 0.50 0.75
1.025 0.71 0.578 0.62
0.0176 0.2046 0.0024 0.0485
0.9432 0.9994 0.6685 0.9897

@ Springer
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3.8 Sorption Kinetics

The conformity between experimental data and the
model values was expressed by the correlation coeffi-
cient R?. A relatively high R* value indicates that the
model successfully describes the kinetics of Zn*" ad-
sorption. The data of sorption of Zn**on Orhaneli fly
ash were plotted according to the pseudo-first-order
(Fig. 8) and pseudo-second-order models (Fig. 9).
From Table 7, the correlation coefficient R? was the
highest one given by the model of the pseudo-second-
order for Zn>" adsorption.

4 Conclusion

Orhaneli fly ash and molasses are an adsorbent and
binder, respectively, that are inexpensive and available
waste in Turkey. Orhaneli fly ash, bentonite, and mo-
lasses were pelletized under determined conditions for
using on Zn*" adsorption differently from the previous
studies. Characterization results showed that the SiO,
and Al,Oj3 contents for Orhaneli fly ash were 52.9 and
25.5 %, respectively. It was determined in class C with
respect to ASTM C618 in terms of the amount of CaO
(in percent). According to TS EN 450-1 (2006), the
result of LOI (in percent) showed that Orhaneli fly ash
was class A of fly ash. As a result of sieve analysis, it
was seen that 60 mesh of sieve size was proper for
pelletization due to amount of fly ash retained in this
sieve. Optimum adsorption yields of Zn*" are 27, 54,
67, 83, 90, and 90 % for 30, 60, 90, 120, 150, and
180 min, respectively, for composition of Orhaneli
fly ash (10 g), bentonite (0 %), and molasses
(0.25 mL) for 2.5 h of reaction time, pHS5, 20 °
C of reaction temperature, and 300 rpm of stirring
rate. As seen in sorption and kinetics studies,
Freundlich model was very suitable for describing
the sorption equilibrium of Zn*" on Orhaneli fly
ash (R*>0.99). The correlation coefficient R* was
the highest one given by the model of the pseudo-
second-order for Zn®" adsorption. By this way, it
was seen that molasses was used as binder and
molasses which is a waste of sugar production
process could be evaluated with fly ash. From
the scope of these studies, it was seen that Orha-
neli fly ash can be evaluated for Zn** adsorption
from wastewater and the positive results could be
obtained environmentally.
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