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ABSTRACT: Coal fly ash from Suratgarh and Kota Thermal Power Stations, Rajasthan was used to effectively
remove heavy metals from aqueous solution. Batch studies were performed to evaluate the adsorption process
and the effect of pH and metal ion concentration on removal process was investigated. Equilibrium adsorption
data were correlated with Freundlich adsorption isotherm model. The value of n >1 indicated that the sorption of
metal ions was favourable on the surface of FA-1 and FA-2. Also, the higher K values for all the four metal ions
indicate greater adsorption capacity. These values follow the same order as shown by solid/water distribution
ratio, Ky = Qe/Ce, determined at neutral pH 7 for FA-1, Pb (0.604) > Cu (0.080) > Zn (0.031) > Cd (0.012).
Similar ratios were also obtained for FA-2, and increased as pH increased indicating that the relative tendency
for different heavy metal ions to bind to them follows identical order. Fly ash from Suratgarh Thermal power
station has comparatively higher adsorption capacity due to smaller particle size and larger surface area as
examined by particle size analysis of fly ash samples. This work proved that fly ash from Rajasthan thermal
power stations can be used as an effective low-cost adsorbent for the removal of heavy metals from aqueous
solution.

KEYWORDS: Coal Fly Ash, Heavy metals, Batch sorption studies, Freundlich I1sotherm Model, Adsorption
Capacity

1. INTRODUCTION AND ORIGIN OF THE RESEARCH PROBLEM

Among different types of pollution, water pollution due to disposal of heavy metals from industrial
wastewaters continues to be a great concern worldwide since wastewater collected from municipalities and
industries must ultimately be returned to receiving waters or to land [1]. Heavy metals contaminate groundwater
resources leading to serious groundwater pollution [2] and cause direct toxicity to humans and other living
beings due to their presence in aquatic environment beyond the permissible limits. Therefore, treatment of
contaminated wastewater prior to its discharge to environment is essential and is a very difficult task due to the
high cost of treatment methods. Hence there is an urgent need to develop innovative technologies which are cost
effective, utilize non-conventional low-cost adsorbents, require low maintenance and are eco-friendly and
energy efficient [3]. The adsorption technique is one of the promising processes for the removal of heavy metals
from wastewater as it is economically favourable, technically simple and require minimum of the control system
[4]. Among the various low cost adsorbents fly ash has been utilized as an efficient pollutant removal, although
it is considered a by- product of thermal power plants and several studies have pointed out its efficiency in the
removal of heavy metallic ions in aqueous phase [5]. Utilisation of fly ash for the adsorptive removal of metal
ions is technically feasible as it is efficient even when the metal ions are present in low concentration of 1mg/I
[6]. Thus, adsorption of heavy metals by fly ash will not only reduce the environmental pollution caused by
heavy metals but will also enhance the economic benefits of fly ash utilization. In this study adsorption of four
heavy metals viz, Zn, Pd, Cd and Cu from their agueous solution onto fly ash will be evaluated under varying
experimental conditions. Adsorption studies will be conducted using fly ash from Suratgarh (TPS-1) and Kota
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(TPS-2) thermal power stations using Batch technique. The adsorption capacity of both the fly ashes will be
measured using Atomic Adsorption Spectrometer (AAS) and pH and metal concentration will be varied to study
its effect on metal sorption capacity of fly ash. The main objective of this study was to find out and compare the
adsorption capacities of fly ash from TPS-1 and TPS-2 and to identify the optimum removal conditions for each
metal ion for further reference in future research studies involving improvement of fly ash adsorption efficiency.

Il. LITERATURE SURVEY

Kumar (2003) [7]has reported that utilization of coal ash in India has been so far very low
compared to other developed countries in the world. In some countries in the west, utilization is
almost close to 100%, whereas in India, utilization is about 23% . These values point towards
increase in the utilization of ash at present compared to what was in early nineties. On the other hand
discharge of wastewater into environment containing elevated levels of heavy metals and toxic pollutants
without proper treatment has led to adverse environmental effects. Thus conventional methods like chemical
precipitation, filtration, chemical oxidation or reduction, ion exchange, electrochemical application and
biological treatment are applied for removing dissolved heavy metal ions from industrial wastewaters [8].

The adsorption technique involving non-conventional low cost adsorbents [9] has been shown to be highly
efficient for the removal of heavy metals due to significant advantages like low cost, simplicity, availability,
profitability, ease of operation and efficiency, in comparison with the conventional adsorbents which are highly
expensive and non affordable by most of the developing nations. Seco et al. [10] studied the adsorption of heavy
metal ions Cu, Cd, Zn and Ni onto activated carbon and reported that adsorption of Cu ions is less sensitive to
the presence of other metal ions, when compared to Ni, Cd and Zn. Aksu and Yener (1999) [11] used dried
activated sludge and fly ash as a substitute for activated carbon and compared the capacities achieved
with that of granular activated carbon. Several research studies were conducted to show the effectiveness of
fly ash in the removal of heavy metal ions [12-14] from aqueous solutions. However, there is a research need to
study more on the removal characteristics of fly ash and their effect on adsorption capacity under varying
experimental conditions to reduce its environmental and health effects as well as the hazards associated with the
use of heavy metals.

I11. MATERIALS AND EQUIPMENT

This paper presents the experimental procedures including details of laboratory tests; equipments and
test procedures followed in the present research work.

A. HEAVY METALS

In the present study heavy metals zinc, lead, cadmium and copper in the form of chloride salts
(Aldrich) were removed from their aqueous solutions using fly ash from TPS-1 and TPS-2. Fly ash which is
considered a by-product of thermal power stations is a strong alkali material with negatively charged surface at
high pH’s, so it can be used to remove metal ions from aqueous solution by precipitation or electrostatic
adsorption.

B. FLY ASH
Fly ash samples collected from TPS-1 and TPS-2 were initially sieved from sieve size of 75 pm, since
the maximum particles were in the range of 25 to 75 um as analysed by Particle Size Analyser (PSA).

C. CHEMICALS AND REAGENTS

1M solution of Hydrochloric Acid (HCI) and Sodium Hydroxide (NaOH) was used to adjust the pH
during adsorption and factorial design experiments when necessary.
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D. INSTRUMENTATION
The instruments and apparatus used during the course of experiment are listed below:
Table 3.1 Instruments used, their make and function

Instrument Make Function
PH meter CP 901 pH measurement
Electronic weight balance Sartorius Weight measurement
Atomic Adsorption
Spectrometer AAS Model GBC 932 Concentration measurement
Oven . . .
Shivaki Drying of samples
Shaker Environmental orbital shaker To stir the content

1IV. PROCEDURE

A. PREPARATION OF ADSORBENT

The raw coal fly ash samples (500g) collected from TPS-1 and TPS-2 were washed with double
distilled water four to five times (10 g with 100ml of water) and finally washed with deionized water (1000ml)
to remove the present unwanted inorganic matter. The fly ash samples were then dried in the electric oven at
120 °C for at least 24 hours and stored in vacuum desiccators for further use without any pre-treatment.

B. PREPARATION OF METAL IONS (ADSORBATE) SOLUTION

The analytical reagent [AR] grade [15] metal salts (Aldrich) used as heavy metal source were copper
chloride (CuCly,), zinc chloride (ZnCl,), lead chloride (PbCly) and cadmium chloride (CdCl,). Stock solutions of
metal concentration 1000 mg/l were prepared by dissolving the appropriate amounts of chloride salts of the four
heavy metals in fresh doubly distilled water. The concentrations of the metal solution of 50 mg/I to 400 mg/I
were prepared by diluting stock solution. The solutions were prepared using standard flasks.

C. ADSORPTION EXPERIMENTS

Batch adsorption experiments [16] were carried out by shaking fixed amount (10, 20 and 40g/l) of fly
ash samples FA-1 and FA-2 with 50 ml of aqueous solution of the chloride salts of copper, zinc, cadmium and
lead with initial concentrations of 10-400 mg/l, at a constant speed of 120 rpm for three hours at room
temperature. The pH of the solutions was adjusted from 3-10 with 1M HCI or NaOH and the solutions were
further agitated for different time intervals until the pH was stabilized. After through mixing, the solutions were
filtered through a 0.45 pm membrane filter and collected in polyethylene bottles. The residual concentration of
heavy metals in fly ash samples of TPS-1 and TPS-2 were determined by an atomic adsorption spectrometer
(AAS Model GBC 932).
D. OPERATING CONDITIONS FOR THE AAS
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Atomic Absorption Spectrometer (AAS Model GBC 932) equipped with hollow cathode lamp and air-
acetylene burner was used for determination of heavy metal concentration. Standard solution for the
establishment of calibration curves for each of the four metals was prepared and analysis of each sample was
carried out in triplicate to calculate mean wavelength (Adsorption maxima) for each set of values.

Table 4.1 Maximum Absorption Wavelength for Heavy Metals

S. No. Heavy metal Wavelength, nm
1. Copper 324.8
2. Zinc 213.9
3. Cadmium 228.8
4. Lead 217

Above table illustrates maximum wavelength used for each of the heavy metals.

E. EFFECT OF PH

100 ml of aqueous solutions containing 100 mg/l heavy metal ions and 20 g/l fly ash samples were
transferred into stopper conical flasks and pH was adjusted in the range of 3 to 10. The solutions were agitated
for 2 hours at room temperature with a constant speed of 120 rpm. After mixing, the solutions were filtered
through a 0.45 pum membrane filter and the residuals were analysed using atomic adsorption spectrometer. A
graph is plotted between pH and % Removal after calculating the value of Qe according to the following
equation:

Qe=V (Ci-Ce)/m (Eq 4.1)
% Removal = 100 ( Ci — Ce )/ Ci (Eq 4.2)
where
Qe = amount of metal ion adsorbed per unit mass of adsorbent
(mg/g adsorbent)

Ci = initial concentration of metal ion (mg/l)

Ce = equilibrium concentration of metal ion (mg/l)
V = volume of the metal ion solution (1)

m = weight of the adsorbent (g)

F. EFFECT OF METAL ION CONCENTRATION

100 ml of aqueous solution containing 50-300 mg/l heavy metal ions were added to 250 ml stopper
conical flasks. 20g/l or 2g/100ml fly ash dosage was added and the pH value was adjusted at the optimum value
for each metal obtained from the above experiments. After 2 hours shaking at room temperature with a speed of
120 rpm, the solutions were filtered using 0.45 um membrane filter and the residual was investigated for heavy
metal concentration using atomic adsorption spectrometer. A graph is plotted between % Removal and metal ion
concentration according to Eqg. 4.2

V. RESULT AND DISCUSSION

A. CHARACTERIZATION OF THE FLY ASH SAMPLES

5.1.1 Chemical composition of fly ash

Chemical composition of fly ash samples for assessing the quality of fly ash was analysed for following
inorganic compounds viz. silicon dioxide, aluminium trioxide, ferric oxide, calcium oxide, sulphur trioxide and
loss on ignition (LOI) by standard methods of complexometric titration and gravimetric analysis. For the sake of
easy reference fly ash from Suratgarh(TPS-1) and Kota(TPS-2) thermal power station are denoted as FA-1 and
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FA-2 respectively. The chemical composition of the fly ashes collected from Suratgarh and Kota thermal power
stations are given in Table 5.1.

Table 5.1: Chemical Composition of Suratgarh (TPS-1) and Kota (TPS-2)

Fly Ash
Components or Property Suratgarh Fly ash (%) Kota Fly ash (%)
Silicon dioxide (SiO,) 58.23 56.07
Aluminium trioxide (Al,Os) 29.11 26.69
Ferric oxide (Fe,0O3) 5.72 8.03
Calcium oxide (CaQ) 1.3 1.2
Sulphur trioxide (SO3) 0.67 0.18
Loss on Ignition (LOI) 0.13 0.8

It is evident from the above results that the fly ash is predominantly composed of SiO, and Al,O5; with small
amounts of Fe,O3; which together account for 93.06%and 90.79% by mass of the total ash content from TPS-1
and TPS-2 respectively. CaO content of fly ash has a relatively low value of 1.3 and 1.2 for TPS-1 and TPS-2.
According to the ASTM C618, this fly ash can be classified as class F for having a less than 10% CaO content
and a greater than 70% content of SiO,, Al,Oz and Fe,O; altogether [17]. The loss on ignition (LOI), a measure
of unburnt carbon in the fly ash was reported to be having a low value of 0.13 and 0.8 for TPS-1 and TPS-2

respectively. These LOI values can be used as an indicator for the efficiency of the combustion chamber at the
thermal power station.

5.1.2 Particle Size Analysis

Particle size distribution of fly ash samples was analysed using particle size analyser (CILAS PARTICLE SIZE
ANALYSER 920L) which provides diffraction data and stores it as volume percentage against the particle size
as shown in Fig 5.1 and 5.2.
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Fig 5.1. Particle Size Distribution of Fly Ash from TPS-1
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Fig 5.2. Particle Size Distribution of Fly Ash from TPS-2
Results of particle size analysis of fly ash samples collected from TPS-1 and TPS-2 are represented in Table 5.2:

Table 5.2: Particle size analysis of FA-1 and FA-2

Particles finer than (ol %) Diameter (um) at
10 Vol% | 50Vol% | 90 Vol% 100 Mean
Sample 10 5 2 1 of of of Vol% of Dia
(mu) (mu) | (mu) (mu) | particles | particles | particles | particles (mu)
(dio) (dso) (dgo) (d100)
TPS-1 9.34 4.84 1.88 0.78 10.60 42.79 92.19 180.00 48.35
TPS-2 6.19 3.60 1.27 0.40 15.35 48.74 85.90 140.00 50.52

Particle size distribution shows weather a material is fine, coarse, well graded or poorly graded and helps in the
classification of the coal ashes. The particle size distribution of fly ash mainly depends on firing condition,
initial pulverization of coal and sedimentation in lagoons, which has the greatest influence on the grading of fly
ash [18]. Granulometric data for fly ashes and their size fractions in Table 3.2 show that d o) and dsg) values are
92.19 and 42.79 for FA-1 and 85.90 and 48.74 for FA-2, respectively. The particle size of the fly ash from TPS-
1 ranges from 0.30 to 180 um and from TPS-2 ranges from 0.30 to 140 um. It can be seen that there are some
significant differences in particle size distribution of both the fly ashes. Fly ash from TPS-1 has a higher
percentage of finer particles than TPS-2 as indicated by granulometric data in Table 3.2. The size of fly ash
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particles plays an important role in determining its adsorptive capacity. It was observed that for effective
adsorption smaller particle size and larger surface area gives higher adsorbate removal at equilibrium [19]. With
smaller particle size, equilibrium is more easily achieved and nearly full adsorption capability can be attained
owing to reduction in internal diffusion and mass transfer limitation for penetration of the adsorbate into the
adsorbent. The effective specific surface area decreases with increasing particle size, as a result of which the
saturation adsorption per unit mass of the adsorbent will also decrease [20]. Therefore, FA-1 exhibited higher
adsorption capacity in comparison to FA-2 as increase in percentage of finer particles in FA-1 resulted in the
increase in total surface area which provided more active sites for the adsorption of phenol at smaller particle
sizes [21, 22].

B. BATCH STUDIES
5.2.1 Effect of pH on Adsorption

The pH of the solution is one of the most important variables that has a marked influence on the uptake
of heavy metals since it determines the surface charge of the adsorbent and the degree of ionisation of the
adsorbate. Figure 5.3 and 5.4 shows the effect of pH on % removal of four heavy metals zinc, lead, cadmium
and copper at a heavy metal concentration of 100 mg/l and a fly ash concentration of 20 g/l. Figure 5.3 shows
the % removal by fly ash from TPS-1 and figure 5.4 shows the % removal by fly ash from TPS-2. It was evident
from the plots that generally the amount of heavy metal adsorbed increased as pH increased and sharply reached
90% at a fixed pH value for each metal ion. As pH increased from 3 to 8 fly ah particles became more
negatively charged as a result of which electrostatic attractive forces increased cationic metal ion adsorption.
However the % removal of heavy metal ion by FA-1 and FA-2 was different for each metal ion as well as for
the type of fly ash used. Maximum pH was fixed at 10 to obtain high adsorption and prevent the precipitation of
heavy metal ions.

Fly ash from TPS-1 showed that more than 90% of the four metal ions were removed at pH 8 beyond
which metal ions started precipitating. Optimum sorption capacity for zinc was reported 95.226% at ph 8
whereas for copper it was 96.335% at pH 6. Cadmium removal increased with increasing pH from 0% at pH 3
to 93.876% at pH 8. For lead amount adsorbed sharply increased from 73.13% at pH 4 to 99.821% at pH 6.

According to the plots obtained for the effect of pH on % Removal of metal ions by fly ash from TPS-
2, it was obtained that the maximum metal removal occurred over a narrow pH range of 5 to 8. In the case of
zinc, adsorption increased from 25.704% at pH 3 to 94.157% at pH 8. The maximum removal of 94.543% for
lead occurred at pH 5. With the increasing pH value, the copper removal rate increased and maximum removal
94.004 % occurred at pH 6. Cadmium ions showed maximum adsorption at pH 8 with 91.995% metal removal.

The results obtained above are in close agreement with those obtained by other research studies. It was
shown by Widi et al. that at pH value higher than 6, metal precipitation occurs for lead ions so consequently
beyond this pH lead adsorption decreases and maximum adsorption occurred at pH 5 [23]. Jinjing et al. showed
that at pH 6, the removal rate of copper reached the maximum of 99.60% [24]. According to Agarwal et al.
when the Zn2+ ions concentration was 20 mg/l, the maximum removal efficiency of Zn2+ ions has been
increased from 49.05% to 98.7% with the increase in pH of the solution from 5.89 to 8.5 [25]. Batch studies
conducted by Rao et al. showed that fly ash removed 93% of the cadmium in the wastewater in the pH range 7
to 8 [26].

The results showed that the adsorption of heavy metal cations is strongly dependent on pH and the
percent ion sorbed increases sharply over a narrow pH range. The oxides of SiO,, Fe,05 and Al,O; found on the
surface of the fly ash particles are covered with hydroxyl groups, S-OH (‘S’ denotes the surface), which are
amphoteric in nature. At low pH their surface is positively charged and at high pH values it is negatively
charged. Adsorption on the surface of fly ash occurs through the formation of metal surface species on the
surface hydroxyl sites (SiOH, AIOH, MeOH). The decreased adsorption [27] at low pH can be attributed to the
neutralization of negative charges on the adsorbent surface by excess hydrogen ions, which compete with metal
ions for active sites reducing the attraction between metal ions and adsorbent. At very high pH precipitation of
metal ions takes place inhibiting the process of adsorption [28].
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The increase in adsorption with increasing pH over a narrow range can also be explained by metal
cation hydrolysis reactions [29]. Divalent metal cations in aqueous solutions hydrolyse according to the
following generalized expression shown below-

M?" (aq) + nH0 = M (OH),™ + nH*

Hydroxyl-metal complexes adsorb with higher affinity as compared to hydrated metal ions because free energy
required for adsorption is reduced by hydroxyl group formation on the metal ion [30]. The distribution of
various hydroxyl complexes depends on pH of the solution, therefore the adsorption of metal ions can be related
to the change in availability of hydroxyl metal complex. At low pH the surface of adsorbent is positively
charged which will adsorb the M(OH),™" complex formed in the solution. However, at very high pH formation
of metal hydroxides and precipitation decreases the rate of adsorption [31].

Effect of pH on removal of heavy metal ions using other adsorbents was also investigated by several
other studies and their values were compared with those obtained by fly ash. It was shown by Omar et al. that
Cu®" and Zn*" were effectively adsorbed in the pH range 4 to 8 and the maximum adsorption using peanut husk
charcoal occurred at pH 6 and 7, respectively, while the maximum adsorption of Cu** and Zn** ions using
natural zeolite occurred at pH 6 and the maximum adsorption for fly ash occurred in the pH range 6 to 8 [32].
Similar results were also obtained by Rodda et al. [33] for heavy metal ions sorption onto agricultural waste
sorbents. The effect of solution pH on the removal of Pb** and Cd*" with pine sawdust was studied by Hidalgo
et al. and optimum pH range obtained was 3 to 9 [34]. The maximum biosorption of Cd*" and Pb?* on dried
activated sludge was shown to be at pH 6 and 4 respectively by Wang et al [35]. Hence, it can be explained that
% Removal of heavy metal ions increases by increasing pH, because at higher pH the adsorbent surface is
negatively charged and deprotonated which facilitates the attraction between metal cations and adsorbent
surface [36].

Table 5.3 Effect of pH on % Removal of Heavy Metals by FA-1

zZinc Lead Cadmium Copper

pH
Qe % Rem Qe % Rem Qe % Rem Qe % Rem
3 0.15147 | 30.294 0.08038 16.076 0.00 0.00 0.291055 | 58.211
4 0.18152 | 36.305 0.36565 73.13 0.126545 | 25.309 0.30496 60.992
5 0.25168 | 50.336 0.485545 97.109 0.20186 40.372 | 0.357345 | 71.469
6 0.35269 | 70.538 0.499105 99.821 | 0.158925 | 31.785 | 0.481675 | 96.335
7 0.43188 | 86.376 0.4959 99.18 0.358065 | 71.613 0.47078 94.156
8 0.47613 | 95.226 0.495525 99.105 0.46938 93.876 0.46617 93.234
9 0.47554 | 95.108 0.49493 98.986 0.46889 93.778 | 0.465965 | 93.193
10 0.47549 | 95.098 0.49452 98.904 | 0.467745 | 93.549 | 0.464495 | 92.899
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Table 5.4 Effect of pH on % Removal of Heavy Metals by FA-2

zZinc Lead Cadmium Copper
pH
Qe % Rem Qe % Rem Qe % Rem Qe % Rem
3 0.12852 25.704 0.08549 17.098 0.00 0.00 0.271605 | 54.321
4 0.17334 34.668 0.37884 75.768 0.13206 26.412 | 0.317245 | 63.449
5 0.26888 53.776 0.472625 | 94.543 0.19493 38.986 | 0.351205 | 70.241
6 0.366155 73.231 0.469435 | 93.887 0.17782 35.564 0.47002 94.004
7 0.443365 88.673 0.467705 | 93.541 0.35383 70.766 0.46449 92.898
8 0.470785 94.157 0.46491 92,982 | 0.459975 | 91.995 | 0.458275 | 91.655
9 0.46962 93.924 0.462195 | 92.439 0.45337 90.674 0.45786 91.572
10 0.469725 93.945 0.461805 | 92.361 | 0.452955 | 90.591 | 0.456095 | 91.219
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Figure 5.3 Effect of pH on % Removal of Zinc, Lead, Cadmium and Copper by FA-1
(Adsorbent dosage of 20g/1, Ci of 100 mg/I)
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Figure 5.4 Effect of pH on % Removal of Zinc, Lead, Cadmium and Copper by FA-2
(Adsorbent dosage of 20g/1, Ci of 100 mg/I)

5.2.2 Effect of Metal lon Concentration on Adsorption

The rate of adsorption depends on the initial concentration of the adsorbate as it provides important
driving force to overcome all mass transfer resistance of the metal between the aqueous and solid phase [37].
The effect of changing the initial concentration of metal ions on adsorption, while keeping the dosage of fly ash
constant at room temperature and optimum pH values are illustrated in Fig. 5.5 to 5.12. With the increasing
concentration from 50 to 100 mg/L, removal rate of metal ions was increased, while when the metal ion
concentration increased from 100 to 300 mg/L, the tendency of removal rate was decreased.

The influence of initial metal ion concentration to the removal rate was investigated for fly ash from
TPS-1. It was observed that cadmium showed highest percentage removal of 98.165% from the aqueous
solution at 100 mg/lI metal ion concentration. It is evident that the % removal of zinc decreases from 99.187% to
89.763% at 50mg/l to 300mg/l, whereas % removal of lead decreases from 99.871% to 86.413% at the same
metal ion concentration. Copper showed highest removal of 99.538% at 100mg/I after which it decreased with
increasing metal ion concentration.

Fly ash from TPS-2 showed approximately similar results for the effect of metal ion concentration on
percentage removal of heavy metals. Cadmium and zinc showed highest removal of 95.769% and 97.457% at an
initial metal concentration of 100mg/I respectively. Removal of lead was highest of 98.816% at an initial metal
concentration of 50 mg/l and copper also showed maximum removal of 98.785% at the same initial metal ion
concentration. When the concentration of metal ions increased from 100mg/I to 300mg/I, significant decrease in
removal efficiency was observed for all the four metal ions. Therefore, it is evident from the above data that all
the metals showed above 95% removal at or below 100mg/l of initial metal ion concentration.

All the results reported above are compatible with the results obtained by earlier researchers. It was
reported by Jinjing et al. [38] that with the increasing concentration from 5 to 50 mg/l, removal rate of copper
increased to 99.52% which decreased with further increasing concentration to 400mg/I. It was shown by Sridevi
et al. that as initial lead ion concentration increases, the percentage removal of lead ion decreases from 90.817%
at 40 mg/l to 83.523% at 140 mg/l [39]. Reza et al. reported that at 100 mg/l the removal efficiency of zinc was
above 90% which decreased subsequently with an increasing metal ion concentration [40]. In similar studies
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conducted by Kumar et al., it was shown that the % removal of cadmium ions decreased above 100mg/l to
60.96% at 250 mg/l [41]. Based on the above studies optimum metal ion concentration for heavy metal removal
by fly ash from TPS-1 and TPS-2 was fixed at 50mg/l for copper and lead whereas 100mg/I for cadmium and
zinc.

At the beginning when the initial concentration of metal ions is high, the percentage of removal is high
due to larger area of the ash being available for the adsorption of metal ions. When the concentration becomes
greater than 100mg/l, the percentage removal decreases due to saturation of active sites present in the adsorbent
at certain concentration [42]. Adsorbent has a limited or fixed number of active sites and at a certain metal ion
concentration the active sites becomes used up and saturated and any further increase in the concentration of
metal ion will only lead to a decrease in the percentage removal as the active sites are already occupied, hence
more metal ions will be remain in solution after adsorption. However, amount adsorbed (Qe) increases with
initial metal ion concentration. This is due to the fact that increase in the concentration of metal ions led to an
increase in the number of metal ions available for binding to the active sites of fly ash which in turn increased
collision between the ions and adsorbent and hence increased the driving force to overcome resistance to mass
transfer and thus an increase in adsorption amount was observed [43]. Hence, this is the major mechanism of the
effect of the metal ion concentration in aqueous phase on adsorption process.

Table 5.5 Effect of Heavy Metal Conc. on % Removal of Heavy Metals by FA-1

Metal Zinc Lead Cadmium Copper

((-;?3/% Qe Roe/om Qe Roe/om Qe Roe/om Qe Roe/om
50 0.247968 | 99.187 | 0.249678 | 99.871 | 0.244185 | 97.674 | 0.248035 | 99.214
100 0.49337 98.674 | 0.494755 | 98.951 | 0.490825 | 98.165 | 0.49769 | 99.538
150 0.725738 | 96.765 | 0.69273 | 92.364 | 0.715733 | 95.431 | 0.734063 | 97.875
200 0.93986 93.986 | 0.89125 | 89.125 | 0.90723 | 90.723 | 0.94378 | 94.378
250 1.144275 | 91.542 | 1.090388 | 87.231 | 1.099963 | 87.997 | 1.137338 | 90.987
300 1.346445 | 89.763 | 1.296195 | 86.413 | 1.291635 | 86.109 | 1.346775 | 89.785

Table 5.6 Effect of Heavy Metal Conc. on % Removal of Heavy Metals by FA-2

Metal Zinc Lead Cadmium Copper

((?7?3/% Qe Roe/om Qe Roe/om Qe Roe/om Qe Roe/om
50 0.242815 | 97.126 | 0.24704 | 98.816 | 0.238993 | 95.597 | 0.246963 | 98.785
100 0.487285 | 97.457 0.49051 98.102 | 0.478845 | 95.769 0.49107 98.214
150 0.717383 | 95.651 | 0.724883 | 96.651 | 0.693383 | 92.451 | 0.703988 | 93.865
200 0.93762 | 93.762 | 0.94874 | 94.874 | 0.90271 | 90.271 | 0.88763 | 88.763
250 1.154063 | 92.325 | 1.158913 | 92.713 1.1123 88.984 | 1.084925 | 86.794
300 1.363185 | 90.879 | 1.351905 | 90.127 | 1.328415 | 88.561 | 1.28508 | 85.672
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Figure 5.5 Effect of metal concentration on % Removal of Zinc by FA-1
(Adsorbent Dosage of 20 g/l and pH 8)
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Figure 5.6 Effect of metal concentration on % Removal of Lead by FA-1
(Adsorbent Dosage of 20 g/l and pH 6)
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Figure 5.7 Effect of metal concentration on % Removal of Cadmium by FA-1
(Adsorbent Dosage of 20 g/l and pH 8)
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Figure 5.8 Effect of metal concentration on % Removal of Copper by FA-1
(Adsorbent Dosage of 20 g/l and pH 6)
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Figure 5.9 Effect of metal concentration on % Removal of Zinc by FA-2
(Adsorbent Dosage of 20 g/l and pH 8)
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Figure 5.10 Effect of metal concentration on % Removal of Lead by FA-2
(Adsorbent Dosage of 20 g/l and pH 5)
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Figure 5.11 Effect of metal concentration on % Removal of Cadmium by FA-2
(Adsorbent Dosage of 20 g/l and pH 8)
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Figure 5.12 Effect of metal concentration on % Removal of Copper by FA-2
(Adsorbent Dosage of 20 g/l and pH 6)

V1. ADSORPTION ISOTHERM

In order to successfully represent the dynamic sorptive behaviour and to examine the relationship
between sorbed (Qe) and aqueous concentrations (Ce) at equilibrium it is important to have a satisfactory
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description of the equilibrium state between the two phases composing the sorption system. Equilibrium
adsorption processes in this study are described by Freundlich isotherms, governing the distribution of metal
ions between liquid phase and the adsorbent at a constant temperature.

Freundlich isotherm is commonly empirical and is used to describe the adsorption characteristics for
the heterogeneous surface [44]. Freundlich isotherm is used to describe adsorption in aqueous systems and
supposes that the ratio between the amount of adsorbed metal ions and the concentration of metal ions in the
liquid phase is not a constant at different concentrations. Freundlich isotherms were obtained by agitating the
metal ion solution of a different concentration with fixed dosage of the adsorbent for a contact time greater than
the equilibrium time, given in Table 5.5 and 5.6 above.

The Freundlich equation can be described by the following linearised form [45]:
Log Qe =log K + (1/n) log Ce,

where,

Qe = amount adsorbed (mg/g)

Ce = equilibrium concentration (mg/l)
K = adsorption capacity

n = adsorption intensity

A plot of log Qe against log Ce gives straight line, the slope and intercept of which corresponds to 1/n
and log K.

Freundlich adsorption isotherms for zinc, lead, cadmium and copper for FA-1 and FA-2 are shown in
fig 6.1 to 6.8. Freundlich isotherm constants determined from the plot of log Qe versus log Ce are summarized
in Table 6.2 and 6.4. The values of the Freundlich constants (K and n), indicating capacity and intensity of
adsorption, respectively, are greater than unity for adsorption of all the four metal ions fulfilling the Freundlich
isotherm condition of favourable adsorption.

The Freundlich isotherms are mainly empirical with a little theoretical basis and are suitable for a
highly heterogeneous surface over a restricted range of concentration, indicating a multi-layer adsorption [46].
The constant K is an approximate indicator of adsorption capacity and ease of separation of heavy metal ion
from aqueous solution, while 1/n is a function of distribution of bonded ions on the adsorbent surface and the
strength of adsorption in the adsorption process [47]. Values of n between 1 and 10 represents beneficial
adsorption, equals to 1 represents that the two phases are independent of the concentration and the values of K
and n determine the steepness and curvature of the isotherm [48, 49].

From the data in table 6.2 and 6.4, it is evident that the value of n >1 indicating that the sorption of
metal ions is favourable on the surface of FA-1 and FA-2. Also, the higher K values for all the four metal ions
indicate greater adsorption capacity. The value of K in case of FA-1 for lead (0.468) is greater than that of
copper (0.465) which in turn is greater than that of zinc (0.387) and cadmium has the least (0.300) value. The
values of K for FA-2 also increase in the similar manner, lead (0.341) > copper (0.332) > zinc (0.243) >
cadmium (0.175), although they are low in comparison to FA-1. These values follow the same order as shown
by solid/water distribution ratio, K4 = Qe/Ce, determined at neutral pH 7 for FA-1, Pb (0.604) > Cu (0.080) > Zn
(0.031) > Cd (0.012). Similar ratios were also obtained for FA-2, and increased as pH increased indicating that
the relative tendency for different heavy metal ions to bind to them follows identical order. Hence, it is evident
from the above data that the adsorption capacity and intensity of fly ash from TPS-1 and TPS-2 gives
satisfactory results on Freundlich adsorption isotherm.

Table 6.1 Parameters of Freundlich isotherms for adsorption by FA-1

zZinc Lead Cadmium Copper
NSC')_ Log Ce Log Qe Log Ce Log Qe Log Ce Log Qe Log Ce Log Qe
1 -0.39094 | -0.6056 | -1.19044 | -0.60262 | 0.06558 | -0.61228 | -0.40561 | -0.60549
2 | 0.122544 | -0.30683 | 0.020775 | -0.30561 | 0.263636 | -0.30907 | -0.33536 | -0.30304
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3 0.685966 | -0.13922 | 1.058957 | -0.15944 | 0.835912 | -0.14525 | 0.50345 | -0.13427
4 1.080193 | -0.02694 | 1.337459 -0.05 1.268438 | -0.04228 | 1.050921 | -0.02513
5 1.325208 | 0.05853 | 1.504097 | 0.037581 | 1.47723 | 0.041378 | 1.352809 | 0.05589
6 1.487294 | 0.129189 | 1.610245 | 0.11267 | 1.619855 | 0.11114 | 1.48636 | 0.129295

Table 6.2 Adsorption isotherm constant for adsorption of heavy metals on FA-1

Heavy Metals T Freundllc: Equation -
Zinc 0.387 2.724 0.981
Lead 0.468 4.291 0.964
Cadmium 0.300 2.531 0.92
Copper 0.465 3.267 0.884
Table 6.3 Parameters of Freundlich isotherms for adsorption by FA-2
zZinc Lead Cadmium Copper
NSC')_ Log Ce Log Qe Log Ce Log Qe Log Ce Log Qe Log Ce Log Qe
1 | 0.157457 | -0.61472 | -0.22768 | -0.60723 | 0.342719 | -0.62161 | -0.21645 | -0.60737
2 | 0.405346 | -0.31222 | 0.278296 | -0.30935 | 0.626443 | -0.31981 | 0.251881 | -0.30886
3 | 0.814481 | -0.14425 | 0.701006 | -0.13973 | 1.053981 | -0.15903 | 0.963906 | -0.15243
4 1.096075 | -0.02797 | 1.010809 | -0.02285 | 1.289098 | -0.04445 | 1.35168 | -0.05177
5 1.283018 | 0.06223 | 1.260489 | 0.064051 | 1.439964 | 0.046222 | 1.518711 | 0.0354
6 1.437164 | 0.134555 | 1.47157 | 0.130946 | 1.535509 | 0.123334 | 1.633307 | 0.10893

Table 6.4 Adsorption isotherm constant for adsorption of heavy metals on FA-2

Heavy Metals

Freundlich Equation

K (mg/g) n R
Zinc 0.243 1.862 0.958
Lead 0.341 2.341 0.986
Cadmium 0.175 1.760 0.971
Copper 0.332 2.898 0.965

Copyright to IJIRSET

DOI:10.15680/1JIRSET.2017.0602062

2471



http://www.ijirset.com

@
ISSN(Online) : 2319-8753

[JIRSET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An 1SO 3297: 2007 Certified Organization)

Website: www.ijirset.com
Vol. 6, Issue 2, February 2017

0 | Y=0367x-0412
' R2=0.981 /
0O

0.5

-0.5 0190

Log Qe
o
w

0.7 Log Ce

Figure 6.1 Freundlich adsorption isotherm of Zinc by FA-1
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Figure 6.2 Freundlich adsorption isotherm of Lead by FA-1
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Figure 6.3 Freundlich adsorption isotherm of Cadmium by FA-1
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Figure 6.4 Freundlich adsorption isotherm of Copper by FA-1
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Figure 6.5 Freundlich adsorption isotherm of Zinc by FA-2
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Figure 6.6 Freundlich adsorption isotherm of Lead by FA-2
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Figure 6.7 Freundlich adsorption isotherm of Cadmium by FA-2
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Figure 6.8 Freundlich adsorption isotherm of Copper by FA-2
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VII. CONCLUSIONS AND FUTURE SCOPE

Summarised results with major conclusions drawn from this research are as follows:

»

Suratgarh Thermal Power Station (TPS-1), the first Super Thermal Power Station of Rajasthan has a
total planned installed capacity of 1500 MW. Kota Thermal Power Station (TPS-2), Rajasthan's first
major coal-fired power plant has 7 units with an installed capacity of 1240 megawatts.

Total coal consumed during the year 2012-2013 at TPS-1 and TPS-2 is 6.8178 mtpa and 6.2243 mtpa
respectively. Fly ash generation and utilization in various fields at TPS-1 and TPS-2 in the year 2012-
2013 was 2.125903 and 88.40% and 1.850390 and 123.71% respectively.

No work has so far been reported in adsorption of heavy metals and phenol from fly ash generated
from TPS-1 and TPS-2.

According to the ASTM C618, FA-1 and FA-2 can be classified as class F for having a less than 10%
CaO content and a greater than 70% content of SiO,, Al,Oz; and Fe,0; altogether. Siliceous or class F
fly ash is responsible for pozzolanic activity, which decreases by loss of ignition and such type of fly
ash is produced by burning of anthracite or bituminous coal and possesses pozzolanic properties. This
pozzolanic property of fly ash makes it a significant resource to be used in making cement and other
ash based products. Therefore, amount of metal removed was high in case of class F fly ash on account
of greater silico- aluminous content.

Granulometric data for fly ashes and their size fractions in show that dgg) and dso) values are 92.19 and
42.79 for FA-1 and 85.90 and 48.74 for FA-2, respectively. The particle size of the fly ash from TPS-1
ranges from 0.30 to 180 um and from TPS-2 ranges from 0.30 to 140 um. It was found that there were
some significant differences in particle size distribution of both the types of fly ashes.

Fly ash from TPS-1 has a higher percentage of finer particles than TPS-2 as indicated by granulometric
data. The size of fly ash particles plays an important role in determining its adsorptive capacity. It was
observed that for effective adsorption smaller particle size and larger surface area gives higher
adsorbate removal.

Therefore, FA-1 exhibited higher adsorption capacity in comparison to FA-2 as increase in percentage
of finer particles in FA-1 resulted in the increase in total surface area which provided more active sites
for adsorption of the metal ions and phenol at smaller particle sizes.

It can be concluded that generally the amount of heavy metals adsorbed increased as pH increased and
sharply reached more than 90% at a fixed pH value for each metal ion. Therefore it can be attributed
that the pH of the solution is one of the most important parameters that has a marked influence on the
uptake of heavy metals since it determines the surface charge of the fly ash and the degree of ionisation
of the adsorbate.

it was observed that when the concentration becomes greater than 100mg/l, the percentage removal
decreased due to saturation of active sites present in the adsorbent at certain concentration. So it was
concluded that fly ash has a limited or fixed number of active sites and at a certain metal ion
concentration the active sites becomes used up and any further increase in the concentration of metal
ion will only lead to a decrease in the percentage removal, hence more metal ions will be remain in
solution after adsorption.

The equilibrium data could be described by the Langmuir and Freundlich isotherm equations.
However, the Freundlich model better represented the adsorption process, in comparison to the
Langmuir model as indicated by correlation coefficient values obtained for both the approaches.

It was evident that the value of n >1 indicated that the sorption of metal ions was favourable on the
surface of FA-1 and FA-2. Also, the higher K values for all the four metal ions indicated greater
adsorption capacity. The value of K in case of FA-1 for lead (0.468) was greater than that of copper
(0.465) which in turn was higher than that of zinc (0.387) and cadmium has the least (0.300) value. The
values of K for FA-2 also increased in the similar manner, lead (0.341) > copper (0.332) > zinc (0.243)
> cadmium (0.175), although they were low in comparison to FA-1.
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» Therefore, it is evident that the adsorption capacity of fly ash from TPS-1 was found to be higher in
comparison to TPS-2 giving satisfactory results on Freundlich adsorption isotherm.

e Recommendations and suggestions for future work:

» More studies should be carried out on how to improve the adsorption capability of coal fly ash by
subjecting it to physico-chemical treatments to increase its specific surface area and to enhance
development of micropores within the fly ash, in order to change its adsorption capacity.

» Adsorption capacity of fly ashes from different power stations can be compared and subjected to direct
treatment of waste streams to gauge their suitability and efficiency to promote large scale use of non-
conventional adsorbents.

» The waste water generated from any industry may have many other pollutants besides studied heavy
metals, thus adsorptive removal of these adsorbates in the presence of other metal ion / pollutant may
be performed.

» Physical and chemical characterisation study for exposed and unexposed fly ash may be done to have
direct evidence of adsorptive removal of heavy metals.
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