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Abstract: This study determines application of alum sludge in phosphate phosphorus 
(PO4

3-/P) removal from contaminated water. For the study the alum sludge was collected 
from Mahankal Water Treatment Plant and dewatered by drying in micro oven under 
1050C and crumble to average particle size of 5 mm. 10.7 ppm Synthetic PO4

3-/P solution 
was prepared by dissolving Na2HPO4.2H2O. Batch test was conduct to determine the 
PO4

3-/P removal efficiency and to develop adsorption isotherm. The phosphorus removal 
efficiency was tested for 8 g, 16 g, 24 g, 32 g and 40 g alum sludge per L PO4

3-/P solution 
for different contact time. The PO4

3-/P content in the sample solution was determine by 
L-Ascorbic Acid method using Spectrophotometer (Shimadzu UVmini-12400) in the lab 
of Pulchowk Campus, Institute of Engineering Tribhuvan University. The PO4

3-/P removal 
efficiency was found to be 95.5% for 8 g/L dosing and 98.4% % for 40 g/L. The contact 
time decreases with increase in dosing 50 min for 8 g/L and 5 min for 40 g/L dosing. The 
adsorption process best fit Freundlich isotherm with higher correlation coefficient (R2 
= 0.87) and Freundlich intensity parameter (1/n) less than unit (1/n = 0.76) upto 50min 
contact time and beyond 50min contact time intensity parameter (1/n) greater than unit. 
The adsorption capacity determine from isotherm indicate increase in adsorption capacity 
with increase in dosing. The adsorption capacity increases from 1.39 to 28.07 mg/g when 
contract time varies from 1 to 120min.

Key words: Dewater alum sludge, phosphate phosphorus, adsorption isotherms, batch 
test

1. Introduction

During early period, when population was low, the waste produce was limited and was not complex. 
Most of the waste generated were from domestic activities and were organic in nature. But with the 
increase in the pace towards development and rapid growth of population, the demand and need 
of people are also increasing rapidly. Agriculture and the urban activities are the major sources of 
nutrient which get released in the environment [3]. Particularly, the waste water from farmland, 
textile, leather industry etc. contain phosphorous and nitrogen which are not easily degradable. 
Excessive nitrogen and phosphorus in waste water will cause eutrophication and affect the aquatic 
ecosystem. The phosphate present in the contaminated water can be removed using physical 
chemical and biological process [7]. The phosphorus present in the wastewater is removed by 
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the process of sedimentation, filtration, adsorption, plant and microbial uptake. Plant uptake, 
microorganism is an important sink for P in short term whereas substrate is the main sink of the P 
[6].  Often the P removal traditional constructed wetland which uses gravel and sand as the main 
substrate is found to be poor due to their low P adsorption capacity [8].

The alum sludge is the byproduct of the water treatment process using Alum (Al2(SO)4.18H2O) as 
coagulant. It has estimated that worldwide aluminum water treatment sludge to be 10, 000 t/day 
and keep on increase until the aluminum compounds remain major coagulant in water treatment 
industry [5]. The sludge has a gelatinous and typically contains high concentrations of aluminum 
with a mixture of organic and inorganic materials and hydroxide precipitation [2]. Alum sludge is 
derived from the residual of raw water which contains mainly turbidity, color and humic material 
with no toxic substances in most case [11]. In the present contest the alum sludge were being 
disposal as the waste in landfill site. Therefore, sustainable management of such sludge continues 
to become an increasing concern in the water industry. In this regards the alum sludge can be 
use for the removal of phosphorus from the wastewater and various study has shown the varying 
degree of phosphorus removal. The use of alum sludge not only helps to remove the phosphate 
phosphorus (PO4

3-/P) but also effective in management of alum sludge, which is the major concern 
of water treatment industry.

2. Methodology

For the study the alum sludge was collected from Mahankal Water Treatment Plant and dewatered 
by drying in micro oven under 105o C and crumble to average particle size of 5 mm. 10.7 ppm 
Synthetic PO4

3-/P solution was prepared by dissolving Na2HPO4.2H2O. Batch test was conducted 
to determine the PO4

3-/P removal efficiency of alum sludge and compare the removal efficiency 
with increase in dosage and contact time. 250 mL of 10.7 ppm PO4

3-/P was taken in conical flask 
and per-weighted amount of Dewatered Alum Sludge (DWAS) (2, 4, 6, 8 and 10g) was added in 
the conical flask. Then the conical flask was placed in the orbital shaker. After the specific contact 
time, 1, 2, 5, 10, 15, 20, 30, 40, 50, 60, 75, 90, 105, and 120 min, sample was withdrawn from flask 
and filtered through whatman filter paper (cat No 1000 125) and the PO4

3-/P concentration was 
determined by L-Ascorbic Acid method using Spectrophotometer (Shimadzu UVmini-12400) in 
the lab of Pulchowk Campus, Institute of Engineering Tribhuvan University.

               

	         Fig. 1: Orbital Shaker		  Fig. 2: Spectrophotometer
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3. Results and Discussions

3.1 Results

The results and discussions were based on the outcome of the lab experiment conducted in the 
laboratory of Institute of Engineering, Pulchowk Engineering Campus, Tribhuvan University. The 
PO4

3-/P removal efficiency of DWAS were determine for the different contact time (1, 2, 5, 10, 15, 
20, 30, 40, 50, 60, 75, 90, 105, and 120 min) and also for different dosing (8, 16, 24, 32 and 40 g/L).  
The experiment was conducted with 10.7 ppm initial concentration of PO4

3-/P synthetic solution.

Fig. 3: PO4
3-/P removal efficiency for different dosing and contact time

The removal efficiency of alum sludge varies from 83.5% to 95.3%, 85.9% to 96.2%, 89.9% 
to 96.5%, 92.2% to 96.4% and 96.6% to 98.6% for doing 8g/L, 16g/L, 24g/L, 32g/L and 40g/L 
respectively when contact time varies from 1 to 120 min. Although the study was conducted for 
different contact time varying from 1 to 120 min but for the 90% removal of PO4

3-/P from the 
solution effective contact time was determine. As per Amatya [1] contact time is calculated as the 
required for 90 % adsorption of the amount adsorbed in equilibrium time.

Fig. 4: Alum sludge dosing and contact time relationship

The graph shows the relation between alum sludge dosing and contact time. It shows contact 
time decreases with increase in dosing. But increasing dosing beyond 30 g/L does not decrease 
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the contact time effectively and decreasing of dosing beyond 10 g/L increase the contact time 
sharply. So, the optimum dosing range of DWAS is between 10 to 30 g/L. To determine the PO4

3-/P 
adsorption capacity of DWAS adsorption isotherm was plotted. The data best follow the freundlich 
isotherm and same was used.  The Fig. 5 shows the freundlich isotherm at 50 min contact time and 
similar isotherms were also plotted for contact time 1, 2, 5, 10, 15, 20, 30, 40, 60, 75, 90, 105, and 
120 min.

 Fig. 5: Freundlich Isotherm curve at 50 min Contact time

Table 1: Freundlich adsorption capacity factor and intensity parameter
      Freundlich 

                Coefficient
Contact
Time (min)

Kf 1/n qm R2

1 0.40 0.53 1.39 0.84
2 0.47 0.60 296 0.95
5 0.47 0.62 2.03 0.83
10 0.47 0.61 2.00 0.88
15 0.59 0.80 3.94 0.76
20 0.65 0.86 4.96 0.75
30 0.69 0.81 4.61 0.89
40 0.56 0.66 2.64 0.89
50 0.60 0.75 3.58 0.87
60 0.77 1.02 8.62 0.67
75 0.99 1.10 13.43 0.85
90 0.65 0.78 4.18 0.88
105 0.98 1.12 17.36 0.82
120 5.06 2.40 28.07 0.59

qm Freundlich maximum adsorption capacity (mg/g), 

Kf Freundlich capacity factor, (mg adsorbate/g alum sludge) (L water/mg adsorbent)^(1/n),  
1/n = Freundlich intensity parameter.

Application of Alum Sludge in Phosphate Phosphorus Removal from Contaminated Water 



145Ojha et al.

As per Fierro et al. [4] adsorption phenomenon is considered to be satisfactory when the value of 
n is in between 1 to 10. The Table 1 shows the value of 1/n is less than unit up to 50 min contact 
time, i. e. value of n is greater than 1. Beyond 50min contact time the value on 1/n is greater than 
unit, i. e. value of n is less than unit indication unfavorable adsorption phenomenon.

3.2 Discussion

The removal efficiency of dewatered alum sludge varies from 83.5% -95.3% for 8 g /L dosing. 
Similarly the removal efficiency for 16, 24, 32, and 40 g alum sludge/L solution varies from 85.9% 
- 96.2%, 89.9% - 96.5%, 92.2% - 96.4% and 96.6% - 98.6% respectively. The result agreed with the 
result of Zahari et al. [10] which indicate the P removal efficiency of 91.5% and 92.3% in synthetic 
PO4

3- solution. During the study it was found, the increase in the dosing decrease the P uptake 
by the alum sludge decrease. As the dosing increase from 8 to 40 g/L PO4

3-/P uptake decreases 
from 1.2 to 0.3 mg P/g dewater alum sludge. It might be due to decrease in adsorption site due to 
aggregation of the adsorbent and also the adsorption amount and the mass of adsorbent has inverse 
relationship. The study indicated the adsorption capacity of alum sludge from Mahankal Water 
Treatment Plant is 3.6 mg/g alum sludge at contact time of 50 min. The result is in good agree with 
in the result of Yang et al. [9] who claim the adsorption capacity of 0.7 to 3.5 mg/g when pH range 
from 9-4.3. The adsorption capacity of alum sludge increases from 1.39 to 28.07 mg/g when contract 
time varies from 1 to 120 min.

4. Conclusion

The research was conducted to determine the possible use of alum sludge in PO4
3-/P removal from 

contaminated water. The work concluded the application of alum sludge in PO4
3-/P removal. The 

study shows PO4
3-/P removal efficiency upto 98.6% at contact time 120 min for 40 g/L dosing. The 

PO4
3-/P adsorption capacity of DWAS was found to be varies between 1.39 to 28.07 mg/g from 

freundlich isotherm. The adsorption isotherm shows the favorable adsorption upto 50min contact 
time. The relation between dosing and contact time shows the optimum dosing range of DWAS is 
10 to 30 g/L. The present works also reveal the alternative use of alum sludge which was consider 
as waste. So, the alum sludge produced from water treatment industry can be used as cost effective 
media for the treatment of contaminated water which further help in management of alum sludge.
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