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 Phosphate is the major nutrients of concern in river water. The main causes of water 

pollution are surface runoff, inappropriately wastewater treatment operation, agriculture 
and animal waste. Presence of phosphate in water bodies leads to algae growth and 

other aquatic plants in a pond or river. This study focuses on the low-cost adsorption 

material to reduce phosphate concentration in water and promoting the green 
technology for the preservation of environment. Alum sludge is the materials that can 

changes solid waste material to low cost effectiveness removal in wastewater treatment 

facilities. This researches attempts to determine effectiveness of alum sludge as media 
to reduce the phosphate concentration. The continuous flow test and modeling using 

Langmuir isotherm is used in this study. The result indicates that the alum sludge can 

remove higher and lower phosphate concentration. Alum sludge bed height also gives 
impact to phosphate reduction. Alum sludge from Malaysian waterworks has great 

potential as to reduce the phosphate from wastewater.   
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INTRODUCTION 

 

 Phosphate is the major nutrients of concern in river water. The main culprit cause water pollution are urban 

landscape runoff (fertilizer and plant waste), inappropriately operation of septic systems and animal waste [1]. 

Phosphate inside water bodies can increase the nutrients that leads to algal growth. Excessive phosphorus may 

accelerate the growth algal blooms in the river that leads to eutrophication [2, 3, 4]. Statistic from the Malaysian 

water quality report (2010), indicated that 50% are clean, 40%, slightly polluted and 10% polluted [5].  

 Raw water treatment generally includes a coagulation and flocculation stage. Alum Sulphate was used 

intensively in Malaysian water treatment plant as their coagulant material. The coagulant is added in coagulation 

process until the heavy mass accumulated known as alum sludge [3]. Alum sludge is discharge to the landfill 

and it can reduce the landfill lifespan. From economic angle, over disposal of alum sludge can generate the huge 

dumping cost to the country [6]. Alum sludge can be change into solid waste material to function as recycled 

product in wastewater treatment enhancement for phosphate reduction. 

 Very little study was conducted using Malaysian alum sludge from local waterworks. For other research, 

mostly of the studies is conducted using Irish waterworks alum sludge [7,8]. Treavor [2] has categorized alum 

sludge as one of the low-cost material for phosphorus removal. Mortula [9] discover that dewatered alum sludge 

can be used in on agriculture wastewater to remove phosphate. Study by Chu [10], found that using alum sludge 

can reduce several heavy metal. This study investigates the behavior of the Malaysian waterworks alum sludge. 

There is potential of using Malaysia alum sludge as adsorbent in reducing phosphate concentration from main 

wastewater sources before it discharges into river.  

 

Methodology: 

Material: 

 Raw alum sludge was collected from the local water treatment plant and has been dried at 105ºC for one day. 

Dried alum sludge is sieved to particle size of 2.36 mm. The dried alum sludge was prepared at 250 g, 500 g, and 
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1000 g for lower, standard and high for impact of bed height respectively. Potassium Dihydrogen Phosphate 

(KH2PO4) was used to make the synthetic phosphate water [6,7]. For alum sludge bed impact, initial phosphate 

concentration was set 2.6 ± 0.10 mg/L. For impact of different initial phosphate concentration, the initial 

phosphate concentrations was set 2.6 mg/L, 10.2 mg/L, 19.74 mg/L and 30.06 mg/L.  

 

Method: 

 The cylindrical column with the inner diameter of 7.4 cm and 100 cm long was used in this study. The 

wastewater sample was collected at the bottom of the column. The pump was used to recycle the wastewater for 

continuous flow until the end of the experiment. This study was operated with constant flow rate of 5.16 x10
-4 

m
3
/d and was monitored every three or four times a week. Figure 1 shows the diagram of the column test system. 

A spectrophotometer (HACH DR-2800) was used to analyze the sample according to the total phosphate HACH 

8180 standard methods. A Scanning Electron Microscope (SEM) was used to identify the physical characteristics 

of the alum sludge before and after adsorption. 

 

 
 

Fig. 1: Schematic Diagram of Column Test. 

 

Modeling: 

 Phosphate concentration was recorded in mg/L after being measured using Spectrophotometer (HACH 8180 

standard method). Langmuir equation was used to model the adsorption capacity because its reliability is based 

on correlation coefficient value (R
2
) as given in equation (2).   

            (2) 

 Where, qe is adsorption capacity (mg/g), qo is maximum adsorption capacity (mg/g), b is Langmuir constant, 

Ce is current phosphate concentration (mg/L). R
2
 value can be determined from graph slope. 

 

RESULTS AND ANALYSIS 
 

Surface structure on alum sludge: 

 Figure 2 shows the SEM image of surface structure on alum sludge. Physical characteristics of raw alum 

sludge were analyzed using the SEM equipment with 60,000X magnification length. Rough surface appeared at 

the alum sludge surface. This indicates that phosphate is adsorbed into phosphate the alum sludge surface area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: SEM Image of "Rough Surface" at the Alum Sludge Surface. 
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 Figure 3 shows the SEM image of overall surface structure on alum sludge. Physical characteristics of raw 

alum sludge were analyzed using the SEM equipment with 1000X magnification length. Figure 3 shows that the 

structure at alum sludge surface has potential to adsorb phosphate particles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: SEM Images for Overall Surface Structure on Alum Sludge. 

 

 Figure 4 shows the SEM-EDX analysis of raw alum sludge. The objective of SEM-EDX analysis is to 

determine the main element found in the alum sludge. The result indicates that the Aluminium (Al) appears at 

the alum sludge. Silicate (Si) and Oxygen (O) also appears at the alum sludge. The other element forms in alum 

sludge from the coagulation process. The other elements are excluded because they appear in small percentages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: The SEM-EDX Analysis of Raw Alum Sludge. 

 

 Table 1 shows the element in the alum sludge that was extracted as in Figure 4. The result indicates that the 

content of oxygen (O), aluminium (Al) and silicate (Si) are 56.85%, 18.53% and 24.62% respectively. It is 

believed that the presence of Al in alum sludge has the potential to adsorb phosphate particles. Mohammed [11] 

conducted chemical composition analysis and found 3.38% of aluminium in alum sludge and suggested that the 

presence of aluminium in alum sludge can adsorb the phosphate ions. Based Yang [14], aluminium has a strong 

affinity with phosphate lead to adsorption of phosphate into alum sludge surface. 

 
Table 1: Main Element on Raw Alum Sludge. 

Element Weight % 

O 56.85 

Al 18.53 

Si 24.62 

Total 100.00 

 

Alum Sludge after Adsorption Process: 

 Figure 5 shows the SEM-EDX analysis of alum sludge after adsorption process. The objective of SEM-

EDX analysis is to determine the main element found in the alum sludge after adsorption process.  

 The result indicates that Aluminium (Al) is an important element in alum sludge. Further, Silicate (Si), 

Oxygen (O) and Phosphorus (P) are also present in the alum sludge. P element appeared in a small percentage 

because the initial phosphate was prepared in small amount of phosphate concentration (mg/L). Table 2 shows 

the element in the alum sludge that was extracted as in Figure 5. 

 Figure 6 shows SEM image of phosphorus analysis in alum sludge. The physical characteristics of raw 

alum sludge after adsorption were analyzed using the SEM-EDX equipment with 600X magnification strength. 
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The presence of phosphorus indicates that the blue dot appears at alum sludge surface after adsorption as shown 

in Figure 6. This analysis shows that the P element has been adsorbed on the alum sludge surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5: The SEM-EDX Analysis of Alum Sludge after Adsorption. 

 
Table 2: Main Element on Alum Sludge after Adsorption. 

Element Weight % 

O 57.35 

Al 9.74 

P 3.77 

Si 29.14 

Total 100.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: (Left) The SEM Image for Alum Sludge after Adsorption. (Right) The SEM-EDX Images for 

Phosphorus Element (Blue Dot) Appears after Adsorption. 

 

 Figure 6 shows (Left) SEM images of the surface structure on alum sludge after adsorption and shows 

white grain particles appearing on the alum sludge surface. From the element separator analysis is believed that, 

white grain particle is a compound of phosphate. 

 

Langmuir Model of Effect of Initial Phosphate Concentration: 

 This experiment was carried out to investigate the adsorption capacity of effect of initial concentration. The 

experiment was run continuously at 866 hours. The experiment was set at constant alum sludge bed height and 

constant flow rate. A graph was plotted using Langmuir isotherm equation. Figure 7 shows the modelling 

absorption capacity at different initial concentrations. 

 The result shows a linear line in order to fit into the linearization of Langmuir equation. R
2 

value shows the 

correlation coefficient of each adsorption parameters. R
2
 values are 0.9396, 0.9877, 0.992, 0.9983 for 2.6 mg/L, 

10.2 mg/L, 19.74 mg/L, 30.5 mg/L respectively. Higher R
2
 value is seen at initial phosphate concentration 19.74 

mg/L and not far from R
2
 value for higher initial concentration 30.5 mg/L. Based on Razali [7], R

2
=0.99 

indicates higher adsorption rate. The experiment was run continuously at 866 hours in order to make sure that 

phosphate adsorption reaches the adequate equilibrium adsorption. The ranking (lower adsorption to higher 

adsorption) of adsorption capacity from Langmuir Modelling is determined that is 2.6 mg/L > 10.2 mg/L > 

19.74 mg/L > 30.5 mg/L. Results from Jingxi [12] shows that the R
2
 value is 0.9887 using alum sludge dried at 

100ºC and the lowest R
2
 value is 0.9661 using alum sludge dried at 500ºC. This study uses alum sludge dried at 

100ºC and shows similarity of R
2
 value with Jingxi[12]. Dayton[13] indicated that the important effects of 

adsorption capacity are particle size, initial concentration and equilibration time. 
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Fig. 7: Langmuir Isotherm of Effect of Initial Phosphate Concentration. 

 

Langmuir Model of Effect of Alum Sludge Bed Height: 

 The experiment was conducted to investigate the effect of alum sludge bed height using phosphate synthetic 

water. The experiment was set at constant initial phosphate concentration, constant flow rate and ran 

continuously for 866 hours. The graphs are plotted using Langmuir adsorption equation, Ce/qe against Ce. Figure 

8 shows the absorption capacity equation model on effects of alum sludge bed height.  

  

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 8: Langmuir Isotherm of Effect of Alum Sludge Bed Height. 

 

 Result R
2
 is 0.9391, 0.942, and 0.9522 for alum sludge bed height at 6 cm, 12 cm and 24 cm respectively. 

Higher result R
2
 at alum sludge bed height 24 cm. Lower value of R

2
 at alum sludge bed height 6 cm which is 

R
2
=0.9391. R

2 
value shows a little different value of each alum sludge bed height. The ranking (lower 

adsorption to higher adsorption) of adsorption capacity from Langmuir Modelling is determined that is 6cm > 

12cm > 24 cm. The available adsorptive sites are larger than the available phosphate concentration that can 

remove phosphate from the remaining solution [7]. The pattern of adsorption can be observed in relation to the 

R
2
 value. The R

2
 value shows an increase from lower alum sludge bed to higher sludge bed height. Mortula[9] 

have defined the R
2
 value to be 0.72 using orthophosphate and 0.17 using total phosphorus.  

 

Conclusion: 

 Alum sludge was dried and sieved accordingly. Physical characteristics of alum sludge indicate that rough 

surface is important for phosphate adsorption. Phosphate particle has been found adsorbed at the alum sludge 

surface by SEM-EDX analysis. For Initial phosphate concentration impact, The ranking (lower adsorption to 

higher adsorption) of adsorption capacity from Langmuir Modelling is determined that is 2.6 mg/L > 10.2 mg/L 

> 19.74 mg/L > 30.5 mg/L. The ranking indicate alum sludge workability of phosphate removal can remove up 

to 30 mg/L. For Alum Sludge bed height impact, the ranking (lower adsorption to higher adsorption) of 

adsorption capacity from Langmuir Modelling is determined that is 6cm > 12cm > 24 cm. The result indicates 

that the higher alum sludge bed is the best phosphate removal rate. From the result, alum sludge from Malaysian 

waterworks has performed well in reducing the phosphate concentration. This study contributes to the available 

options to dispose alum sludge and helps sustain the environmental in Malaysia. 
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