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a b s t r a c t

Phosphate in a water act as a primary nutrient for the algae and water bodies present in that water. 
This present phosphate is also responsible for the excess growth of algae through eutrophication in 
stationary water. High level of phosphate reduces the oxygen present in the water. Reduced oxygen 
is indirectly harmful to aquatic life present in the water. Excessive growth of algae can be reduced 
by removing the phosphate from water. Coal based fly ash (CFA) using adsorption method proved 
itself best technique for the removal of phosaphate from water. Oxides of aluminum iron and calcium 
in CFA is responsible for the phosphate adsorption from water. In this research work laboratory 
scale experiments were carried out using (CFA) and Modified coal based fly ash (MCFA). An effect 
of adsorbent concentration, contact time, pH and temperature were investigated for the phosphate 
removal from water. 

Keywords: Modified coal fly ash; Phosphate; Adsorption isotherm; Adsorbent

1. Introduction

Phosphorus is the highly available mineral on the earth. 
Naturally inorganic phosphorus is available in the forms 
of mineral apatite (Ca5F(PO4)3) as a phosphate. Phospho-
rus is the important nutrient for all the lives. Growth of the 
plants and water bodies present in water depends on the 
phosphorus. The phosphorus present in the effluent is act-
ing as a growth controlling agent and hence this phospho-
rus is used by the plants and water bodies present in the 
water. In natural water and wastewaters, phosphorus exists 
almost exclusively in the form of phosphates. Phosphate is 
also exists in the different forms, such as orthophosphate, 

polyphosphate, and organically bound phosphate. Ortho-
phosphate is produced by natural decay process in waste 
water. This form of phosphate in water is utilized by plants 
and water bodies for their growth. Phosphate acts as a fer-
tilizer for plants and food supplement for animals. Another 
form of phosphate is polyphosphate used in the treatment 
of boiler feed water. Breaking of organic pesticides is also 
responsible for the production of phosphate. If the concen-
tration of phosphate increases in the water, algae and other 
plants will flourish at high rate. This flourish mechanism 
decreases the dissolved oxygen in the water [1]. Concentra-
tion of polyphosphate in ground water increases due to dis-
charge of fertilizer, domestic waste and industrial effluent. 
In the next stage polyphosphate in water will converted to 
orthophosphate by degradation. This produced polyphos-
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phate is more reactive and act as nutrients for the plants 
and water bodies present in that water. This will lead eutro-
phication. In this phosphate reduces dissolved oxygen and 
disturb aquatic life [2]. Eutrophication is responsible for the 
excessive growth of algae in all the type of water due to 
presence of excessive phosphate. Waste water from indus-
try and municipal is responsible for increasing phosphate 
concentration. Hence to avoid Eutrophication, phosphate 
should be removed from water. Effluent quality can be 
improved by removing phosphate after secondary treat-
ment on applying adsorption methods. 

Coal based thermal power plant generates solid waste 
called fly ash in millions of tons worldwide. Production of 
fly ash is found to be 500 millions of tons or more worldwide 
[3]. In India coal is always a dominant fuel to meet energy 
demand. In recent, thermal power plant in India generates 
130 metric tons of coal fly ash (CFA) annually. CFA utili-
zation is very low as compared to available ash. Most of 
the CFA is used in terms of landfills and lagoons. Hence 
the disposal CFA seems serious issue [4]. CFA is generates 
in the fine powder form which leads different respiratory 
diseases when travels along the air. As an alternative utili-
zation, CFA can be used for the water treatment effectively. 

2. Material and methods

2.1. Modification of Coal based Fly ash (MCFA)

Fly ash was collected from NTPC Dadari, Haryana via 
Central Building of Research Institute (CBRI) Roorkee. CFA 
was washed using distilled water to remove other leachable 
matter. Washing of CFA was continuously with distilled 
water till water looks clear. Washed CFA was sieved thor-
ough 106 μm mesh to get required particle size. In the next 
step CFA was dried for further use. Different amounts of 
distilled water like 1 ml, 2 ml, 3 ml and 4 ml were added 
to 5 g of CFA in different beakers. Each mixture was stirred 
properly and then added with different quantities of con-
centrated sulfuric acid ranging from 0.1 to 1.0 ml per 5 g 
of CFA. The mixtures were agitated again and cured at 
100°C for 2–3 h till the mixtures became dry completely 
[5]. Obtained coal fly ash after the treatment was kept in 
air tight bottles till the final use. The optimum quantity of 
water and sulfuric acid for CFA modification was found 
to be 2 ml and 0.5 ml respectively where the phosphate 
removal was found greater than 99%. This MCFA was used 
as an adsorbent for proposed experimental work. The pres-
ence of functional group is responsible for the adsorption 
phenomena. Hence this functional group has been deter-
mined using FTIR technique for MCFA and CFA. The result 
of FTIR is shown in Fig. 1. Dissolved calcium in water react 
with phosphate and form calcium phosphate precipitate. 
Calcium oxide in water is responsible for the release of cal-
cium. In MCFA, sulphuric acid was responsible to form cal-
cium phosphate, aluminum phosphate and iron phosphate 
from soluble metal ions like calcium, aluminum and iron 
[6]. Hence MFCA improved immobility of phosphate. 

2.2. Adsorbate (Phosphate solution)

Potassium di-hydrogen ortho-phosphate (KH2PO4) of 
AR grade was taken as a source of PO4

3– element. Stock 

solution of 1000 mg/l was prepared on dissolving phos-
phate in distilled water.

2.3. Characterization

Characterization of fly ash was carried out using stan-
dard analytical equipments. Specific surface area was 
calculated by Brunauer–Emmett–Teller (BET) method 
using nitrogen adsorption isotherm (Micromeritics, 
CHEMISORB-2720). The Estimated surface area is 17.6 
m2/g for CFA and 26.9 m2/g for MCFA. The presence of 
functional group was determined using FTIR technique 
(Thermo scientific, NICOLET 6700) for CFA and MCFA 
separately. The FTIR spectrum of CFA and MCFA is shown 
in Fig. 1. In the obtained FTIR spectra, 1595.06 cm–1 of fre-
quency of CFA and 1624.23 cm–1 frequency of MCFA rep-
resents stretching of C=O bond, these stretching bonds 
denote active sites for the effective adsorption. The struc-
ture of CFA and MCFA was examined by scanning electron 
microscopy (SEM) couples with energy-dispersive X-ray 
analysis (EDX) for determination of elemental composi-
tion. The determined elemental composition of CFA and 
MCFA before adsorption is shown in Table 1. The SEM 
photograph of CFA and MCFA are shown in Figs. 2 and 

(CFA)

(MCFA)

Fig. 1. FTIR analysis of CFA and MCFA.
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3. The Elemental composition of MCFA before and after 
adsorption of phosphate is also given in Table 2.

2.4. Analytical equipment

Solution spectrophotometry is a required and perfect 
analytical method for the analysis of water, especially for 
the determination of nitrogen and phosphorus. Hence the 
UV Spectrophotometer (Shimadzu, Japan; model UV 1800) 
was employed in the measurement of phosphate solutions 
using stannous chloride method [7]. A wavelength of 650 
nm was used for this analysis. XRD analytical technique was 
used before and after adsorption of phosphate on MCFA. 
Adsorption rate of phosphate is directly affected by pH 
of solution [8,9]. The pH measurement was carried out by 
digital pH meter (EUTECH Instrument, Model pH 510). An 
Incubator shaker was used for all adsorption experiments.

 

 (CFA) (MCFA)

Fig. 2. SEM photograph of CFA and MCFA before adsorption.

 

 SEM photograph Elemental Spectra

Fig. 3. SEM and Elemental spectra of MCFA after adsorption. 

Table 1
Elemental composition of CFA and MCFA before adsorption 

Element 
(CFA)

Wt (%) Element (MCFA) Wt (%)

C 18.50 S 0.65

O 29.37 O 30.08
Mg 1.15 Mg 0.42
Al 16.68 Al 28.12
Si 26.47 Si 34.94
K 1.54 K 1.33
Ca 1.29 Ca 0.78
Ti 1.31 Ti 2.19
Fe 3.69 Fe 1.52
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2.5. Adsorption experiments

Set of different experiments were carried out using 50 
ml of phosphate solution. In order to see the effect of differ-
ent operating parameters, experiments were completed in 
250 ml Stoppard conical flask for the removal of phosphate 
from prepared solution of known concentration using CFA 
and MCFA. The flasks were shaken on a speed of 180 rpm at 
temperature of 35°C. The pH of solutions was adjusted by 
the addition of 0.1 N H2SO4 and 0.1 N NaOH. The effect of 
different operating parameters, like initial phosphate con-
centration, adsorbent dose, time of contact, pH, and tem-
perature were studied. Freundlich [10] and Langmuir [11] 
adsorption isotherm has been used to for the determination 
of equilibrium amount of phosphate adsorbed on CFA and 
MCFA. Similarly adsorption kinetic has been studied for 
the first order and second order model.

3. Result and discussion 

3.1. Effect of adsorbent dose 

The effect of adsorbent (CFA and MCFA) dose on the 
removal of phosphate from waste water was carried out at 
temperature of 35°C, 60 min contact time and initial concen-
tration of 60 mg/l by varying the dose from 5 g/l to 80 g/l. 
Samples were collected at regular intervals and then ana-
lyzed for percentage phosphate removal. The results were 
plotted in terms of adsorbent dose Vs phosphate removal. 
It could be seen from Fig. 4 that for CFA the phosphate 
removal has been observed less with increasing adsorbent 
dose. Maximum phosphate removal was found up to the 
48% at 40 g/l dose. Due to less phosphate removal, CFA dose 
was increased up to 80 g/l but no more change is observed 
in phosphate removal. On using MCFA it was observed 
that, as the dose increases slightly adsorption increases. 
MCFA achieved 98.2% of phosphate removal at dosage of 
10 g/l. MCFA dose was kept continue up to 40 g/l but given 
slightly more removal. When the dosage increased to 20g/L, 
the phosphate removal increased slightly to 98.6% after that 

it become constant. The optimum dose was found 40 g/l for 
CFA and 10 g/l for MCFA for highest phosphate removal 
under given condition and which is shown in Fig. 4.

3.2. Effect of pH

pH of phosphate solution have significant effect on 
phosphate removal. The pH of solution is important 
because the solubility of phosphates decreases with an 
increase in pH. The effect of pH on adsorption of phos-
phate from waste water on CFA and MCFA was studied by 
varying the pH from 2 to 11. The pH was adjusted by using 
0.1 N sulfuric acid and 0.1 N sodium hydroxide. The pH 
was measured using digital pH Meter (EUTECH Instru-
ment, Model pH 510). The results were plotted in terms of 
pH v/s Phosphate removal which is shown in Fig. 5. Effect 
of pH on phosphate removal was carried out on MCFA 
and CFA at Contact time of 60 min, phosphate concentra-
tion (Co) 60 mg/l, and temperature 35°C with sufficient 
agitation. Adsorbent dose of 10 g/l (MCFA) and 40 g/l 
(CFA) was used, which was found optimum during effect 
of adsorbent dose. When CFA is used, it was observed that 
phosphate removal was not that much good, but there is 
a slight increment observed in phosphate removal with an 
increase in pH and maximum removal upto of 49% was 
found at the pH 8.4. While in case of MCFA, sharp increase 
in phosphate removal has been observed with an increase 
in pH from 2.5 to 4 and thereafter it increases slowly. It was 
observed that, towards acidic conditions, phosphate pre-
cipitation not found suitable [12]. Hence MCFA had max-
imum phosphate adsorption (>98%) over the pH range 
6.5 to 11. Phosphate immobilization was governed by pH 
of solution. In case of MCFA, the phosphate removal was 
mainly by adsorption not by precipitation hence phos-
phate removal is comparatively very low. The maximum 
removal was found at neutral pH and similar results were 
found in alkaline condition. The optimum pH value for 
CFA is 8.5 and for MCFA it is 7.0 respectively.

Table 2
Elemental composition of MCFA

Element 
(Before)

Wt (%) Element (After) Wt (%)

O 30.05 C 2.07
Mg 0.42 O 18.39
Al 28.12 Mg 0.40
Si 34.94 Al 20.40
S 0.65 Si 37.13
K 01.33 P 6.10
Ca 0.78 S 0.64
Ti 02.19 K 3.87
Fe 01.52 Ca 0.98
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Fig. 4. Effect of adsorbent dose on phosphate removal (Temp. = 
35°C, Co = 60 mg/l, Contact time = 60 min).
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3.3. Effect of temperature

Obtained results were plotted for the temperature against 
phosphate removal which is shown in Fig. 6. For CFA, phos-
phate removal was decreased from 38.54 % to 28.18 % with 
increase in temperature from 25 to 50°C. For MCFA, change 
in the phosphate removal was negligible. Phosphate removal 
for MCFA was almost constant around 99 % with the increase 
in temperature. This condition is due the active participation 
of phosphate in precipitation mechanism rather than adsorp-
tion on MCFA. The temperature of 35°C found effective opti-
mum for both the CFA and MCFA to remove more phosphate 
at 60 min contact time with initial concentration of 60 mg/l. 
Optimum ph of 8.4 and 7, similarly dose of 40 g/l and 10 g/l 
for CFA and MCFA was maintained to find the effect of tem-
perature on phosphate removal. 

3.4. Effect of contact time

It was observed that adsorption of phosphate by MCFA 
was rapid and hence equilibrium was reached in between 5 
to 15 min. Further increases in contact time upto 60 min no 
significant effects on phosphate removal observed. Result 
were plotted and shown in Fig. 7. Time required to reach 
equilibrium by MCFA was less, which is indicates that phos-
phate removal is carried out by precipitation reaction. Simi-
lar trends were reported by Ugurlu and Salman (1998) for the 
adsorption of phosphate using fly ash [13]. In CFA adsorp-
tion only 40% phosphate removal achieved in first 60 min 
contact time, hence contact time was increased up to 360 min 
to find more phosphate removal, but only 50% was achieved 
in 360 min. The optimum contact time for MCFA and CFA 
from experiments was found to be 60 min respectively.

3.5. Effect of initial phosphate concentration 

Effect of initial phosphate concentration was studied for 
the effective phosphate removal from given water samples. 
Phosphate concentration was varied for 60 ppm, 200 ppm, 
300 ppm, 400 ppm, 500 ppm and 1000 ppm using MCFA.   

Initial concentration of 60 ppm had given highest phosphate 
removal at 60 min contact, temperature 35°C and pH of 7, 
same condition was considered for above mentioned con-
centration level. The results were plotted which are shown 
below in Fig. 8. Phosphate removal upto 99% achieved at 60 
ppm and 200 ppm within 15 min, after that seems constant 
up to 60 min. After increasing phosphate concentration 
from 200 ppm to 1000 ppm phosphate removal decreases 
continuously. At 1000 ppm concentration only 50% phos-
phate removal was obtained. At higher phosphate concen-
tration higher energy sites get saturates and adsorption will 
starts on lower energy sites which results lower removal of 
phosphate. Phosphate removal at low concentration (60–200 
ppm) is very important in terms of industrial applications 
using MCFA. Similar results were reported by P. Pengtham-
keerati et al.
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Fig. 5. Effect of pH on phosphate removal (%) using MCFA (Ad-
sorbent dosage = 10 g m/l, Temp. = 35°C, Co = 60 mg/l, Contact 
time = 60 min) and CFA (adsorbent dosage = 40 g m/l, Temp. = 
35°C, Co = 60 mg/l, Contact time = 60 min).
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Fig. 6. Effect of temperature on phosphate removal using MCFA 
(Adsorbent dosage = 10 g m/l, pH = 7.0, Co = 60 mg/l, Contact 
time = 60 min) and CFA (adsorbent dosage = 40 g m/l, pH = 8.4, 
Co = 60 mg/l, Contact time = 60 min).

-50 0 50 100 150 200 250 300 350 400

0

20

40

60

80

100

Ph
os

ph
at

e 
Re

m
ov

ol
 (%

)

Time (Min)

 MCFA
 CFA

Fig. 7. Effect of contact time on the phosphate removal using 
MCFA (adsorbent dosage = 10 g m/l, pH = 7.0, Co = 60 mg/l, 
Temp = 35°C) and CFA (adsorbent dosage = 40 g m/l, pH = 8.4, 
Co = 60 mg/l, Temp = 35°C).
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Initial phosphate concentration from 10 ppm to 80 ppm 
was varied to find out phosphate removal using CFA at pH 
of 8.5 and temperature 35°C. Due to less capacity to remove 
phosphate by CFA initial concentration was considered 
less (10, 20, 40, 80 ppm) as compared to MCFA. Obtained 
results were plotted and shown in Fig. 9. Contact time was 
extended to 360 min to find out more removal by CFA, but 
not found significant, only lowest concentration (10 ppm) 
achieved 60% removal in 360 min. On comparing the results 
of CFA and MCFA, MCFA has more affinity to remove phos-
phate up to 200 ppm, which was very high as compared to 
CFA at same temperature (35°C). 

3.6. Adsorption isotherm

Phosphate adsorption was increases with increase in 
the initial phosphate concentration on MCFA up to 200 
ppm but it was limited on CFA, only 60 % adsorption was 
achieved for 10 ppm even increasing contact time up to 360 
min. MCFA is more favorable for the phosphate adsorption 
as compared to CFA. The phosphate adsorption isotherms 
of MCFA and CFA are shown in Fig. 10. The phosphate 
adsorption capacity (mg of phosphates/g of fly ash) was 
found high in MCFA as compared to CFA. Adsorption iso-
therm such as Freundlich and Langmuir isotherm was used 
to describe the adsorption data. Optimization of adsorption 
was completed by the approximate correlation among equi-
librium curves. Freundlich and Langmuir isotherm equa-
tions were used for this correlation. These isotherms are 
shown in Figs. 11, 12 and 13.

ln ln / lnq K n Ce f e= + 1  (1)
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where ‘qe’ is the amount of phosphate adsorbed per unit of 
sorbent (mg/g), ‘Kf’ and n are constants related to adsorp-
tion capacity and energy of adsorption, ‘Ce’ is the phos-
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Fig. 8. Effect of initial concentration with respect to time on 
MCFA (contact time = 60 min, dose = 10 gm/l, pH = 7, Temp = 
35°C).

-50 0 50 100 150 200 250 300 350 400

0

10

20

30

40

50

60

Ph
os

ph
at

e 
Re

m
ov

al
 (%

)

Time (Min)

 10 ppm
 20 ppm
 40 ppm
 80 ppm

Fig. 9. Effect of initial concentration with respect to time on CFA 
(contact time = 360 min, dose = 40 g/l, pH = 8.4, Temp = 35°C).
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Fig. 10. Phosphate adsorption isotherm for MCFA and CFA.

0 1 2 3 4 5 6
2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

ln
 q

e

ln Ce
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phate concentration in equilibrium solution (mg/l), ‘qm’ is 
the Langmuir sorption maximum or monolayer capacity 
(mg/g) and ‘KL’ is a constant related to the binding strength 
of phosphate.

Experimental data was examined to meet the Freun-
dlich model. The intercept values of Kf and slope of 1/n was 
determined on plotting ln Ce with ln qe for both MCFA and 
CFA separately which is shown in Figs. 11 and 12. The val-
ues of Freundlich constants of MCFA and CFA are shown 
in Table 3. Values in Table 3 shown that Freundlich fitted 
best for MCFA as compared to CFA, which indicates MCFA 
is favorable for better adsorption of Phosphate present in 
water. Langmuir isotherm is given by Eq. (2), in which con-
stant was determined by plotting Ce with Ce/qe for CFA and 
MCFA separately. The plotted graph is shown in Fig. 13 and 
obtained vales of constants in Table 4. It can be seen from 
Fig. 13 and Table 4 Langmuir isotherm model best fitted as 

compared to Fraundlich for MCFA with coefficient of 0.999. 
The higher K1 value of MCFA as compared to Kl values of 
CFA indicates that rate of adsorption is fast on MCFA than 
that of CFA. The Langmuir constant (qm) was 27.77 mg/g for 
MCFA, which is much greater than the Langmuir constant 
(qm) of 0.9532 mg/g for CFA.

3.7. Adsorption kinetic 

In proportion to find the mechanism of phosphate 
adsorption on MCFA and CFA, pseudo first order and 
pseudo second order kinetic model were used. The inte-
grated equations proposed by Ho, Y.S [14] were used in the 
developing of kinetics. The kinetics of phosphate adsorp-
tion was reported for both CFA and MCFA. The order of 
model was determined by using Eqs. (3)–(7) developed by 
Ho, Y.S [14] and P. SethilKumar [15].

3.7.1. Pseudo first order model

In the investigation of phosphate adsorption mecha-
nism on CFA and MCFA pseudo first order equation is 

dq
dt

K q qe t= −( )1  (3)

where, qt is the amount of adsorbate at time t (mg/g), 

q
v C C

m
t

o t
=

−( )
; qe is the adsorption capacity in equilibrium 

(mg/g), k1 is the rate constant of pseudo-first order model 
(min–1); t is the time (min); v is the volume of solution taken; 
m is the amount of adsorbent; Co is the initial concentration 
of the solution; Ct is the concentration of solution at time t.

The resulting integrated equation with the initial condi-
tions qt = 0 at t = 0 and qt = qt at t = t, the equation is

log  logq q q
K

e t e
t−( ) = − 1

2 303.
 (4)

Rate constant (k1) for the adsorption of phosphate was 
determined from the slope on plotting the graph of log (qe – 
qt) vs. time for different phosphate concentration. The graph 
of log (qe – qt) vs. time for MCFA and CFA is shown in Fig. 
14 and Fig. 15. From the same graphs equilibrium adsorp-
tion capacity (qe, cal) was determine by taking the intercept of 

Table 3
Values of Freundlich isotherm 

Adsorbent Kf (l/mg) 1/n R2

MCFA 14.425 0.120 0.985
CFA 0.1142 0.530 0.818

Table 4
Values of Langmuir isotherm 

Adsorbent KL (l/mg) qm (mg/g) R2

MCFA 0.6925 27.77 0.999
CFA –0.0766 0.9532 0.960
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Fig. 12. Freundlich isotherm plot of CFA (contact time = 360 
min, dose = 40 g m/l, pH = 8.4, Temp = 35°C).
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Fig. 13. Langmuir isotherm plot of MCFA (contact time = 60 
min, dose = 10 g m/l, pH = 7, Temp = 35°C) and CFA (contact 
time = 360 min, dose = 40 g m/l, pH = 8.4, Temp = 35°C).
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curves. Obtained values of correlation coefficients (R2), rate 
constants (K1) and equilibrium adsorption capacity (qe,cal) are 
shown in Table 5 for the different phosphate concentration 
using CFA and MCFA as an adsorbent.

3.7.2. Pseudo second order model

The pseudo-second order model equation is

dq
dt

k q qs e t= −( )2  (5)

where ks is the rate constant of pseudo-second order model 
(g/mg·min). 

The resulting integrated equation with the initial con-
ditions qt = 0 at t = 0 and qt = qt at t = t is given by following 
equation

t
q k q

t
qt s e e

= +
1

2  (6)

The initial sorption rate, h (mg/g min), as t = 0 can be 
defined as:

h k qs e= 2  (7)

The graphs for t/qt vs. time for CFA and MCFA was plot-
ted for the determination of rate constant (ks) from pseudo 
second order on taking slope of curves and from the inter-
cept equilibrium adsorption capacity (qe, cal) was calculated 
for different phosphate concentration. The graph of t/qt vs. 
time for CFA and MCFA is shown in Figs. 16 and 17.
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Fig. 14. Pseudo-first-order plot for adsorption of phosphates on 
MCFA for different phosphate concentration. (pH = 7.0, adsor-
bent dosage = 10 g m/l, temperature = 30°C).
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Fig. 15. Pseudo-first-order plot for adsorption of phosphate on 
CFA for different phosphate concentration. (pH = 8.4, adsorbent 
dosage 36 g/L, temperature = 30°C).
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Fig. 16. Pseudo-second-order plot for adsorption of phosphate 
on MCFA for different phosphate concentration. (pH = 7.0, ad-
sorbent dosage = 10 g m/l and Temp. 35°C).
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Fig. 17. Pseudo-second-order plot for adsorption of phosphate 
on CFA for different phosphate concentration. (pH = 8.4, adsor-
bent dosage = 36 g m/l and Temp. 35°C).
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4. Adsorption of phosphates on MCFA was rapid, 
hence adsorption of the phosphate could reach max-
imum (>95 %) in 5–15 min. 

5. Adsorption of phosphate on MCFA is best described 
by Langmuir adsorption isotherm.

6. Phosphate immobilization capacity by MCFA has 
been improved significantly with the help of pro-
ducing aluminum phosphate, calcium phosphate 
and iron phosphate in water. 

7. Hence MCFA have more affinity towards the 
phosphate removal from water and can be used 
economically as an alternative low cost adsor-
bent. 
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