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Abstract: Red mud (RM), is a kind of industrial waste produced in the process of alumina production 
Because of the increasing demand for alumina during economic development, more and more RM is 
being produced. Hence, the disposal and management of RM remains a challenging issue to the 
alumina industry. This study examined the effect of acid activated red mud on phosphate removal. 
Thus, its use in phosphate removal can be also considered as a way of disposal. The removal capacity 
of RM for phosphate ions was studied as a function of solution pH, contact time, adsorbent dosage and 
adsorbate concentration. The maximum adsorption of the phosphate ions on the RM was observed at 
the pH values between 8 and 12. The equilibrium time was attained after 60 min. and the maximum 
removal percentage was achieved at an adsorbent loading weight of 0.5 gm/100ml. The equilibrium 
adsorption capacity of adsorbent used for phosphate was measured and extrapolated using linear 
Freundlich, Langmuir isotherms and the experimental data were found to fit the Freundlich isotherm 
model. The morphological characteristics of the adsorbent were evaluated by using a scanning electron 
microscope. SEM image for RM after adsorption of phosphate shows that phosphate ions appeared to 
cover the surface of RM. The optimized method was applied for the removal of phosphate from Zenin 
wastewater treatment plant (ZWWTP) and proctor and gamble (P&G) company for household 
products. The removal efficiency achieved was 94 %,74% in the ZWWTP sample, and 97% in the 
P&G sample.  
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INTRODUCTION 

 
 Red mud (RM), is a kind of industrial waste produced in the process of alumina production, not only takes 
up a large amount of farmland but also causes serious environmental pollution due to its large quantities and 
high alkalinity (Qinyan Yue, 2010; Zhou, H., 2008). Because of the increasing demand for alumina during 
economic development, more and more RM is being produced. It is estimated that about 90 million tonnes of 
RM are produced annually on the earth (Kumar, S., 2006), hence, the disposal and management of RM remains 
a challenging issue to the alumina industry. At present, RM produced from alumina plants is mostly treated by 
land filling and ocean disposal (Wang, S., 2008), only a small amount was utilized for land composting (Lombi, 
E., 2002), cement (Tsakiridis, P.E., 2004), building material additive (Yang, H., 2009) and metal recovery 
(Cengeloglu, Y., 2003) in the past decades. 
 As RM is rich in Fe, Al and Ti oxides, which are active in the adsorption of anion (Liu, C., 2007), 
researchers, have shown much interest in making adsorbents from RM. It has been applied to removal of 
pollutants, such as arsenate and fluoride (Tor, A., 2009), heavy metals (like Pb, Cd and Zn) (Santona, L., 2006), 
and dyes (Tor, A., 2006), from aqueous solution. In addition, the use of activated RM as an adsorbent for 
phosphate removal has also been proved feasible.  
 Phosphate in wastewaters is an essential nutrient for the growth of photosynthetic algae and other biological 
organisms in water bodies. But excess phosphate concentration in the effluent discharge can lead to 
eutrophication of the receiving confined water bodies (Ying Zhao, 2003; Rittmann, B.E., P.L. McCarty, 2001). 
Eutrophication can in turn disturb the balance of organisms present in the water and affect water quality, mainly 
through oxygen depletion as the algae decay. A reduced oxygen level harmfully affects fish and other aquatic 
life, microorganism and insects’ growth as well as it causes natural resorts degradation. Consequently, the 
amount of phosphate in domestic and industrial discharges must be controlled using wastewater treatment 
technology.  
 In wastewater treatment technology, many methods have been developed for phosphate removal (H.S. 
Altundogan, F. Tumen, 2002), which includes physical (Altundogan, H.S., F. Tumen, 2003), chemical 
(Mulkerrins, D., 2004) and biological methods (Li, Y., 2006). Physical methods have proved to be either too 
expensive, as in the case of electrodialysis and reverse osmosis (Altundogan, H.S., F. Tumen, 2003), or 
inefficient, removing only 10% of the total phosphorus (Mulkerrins, D., 2004). Enhanced biological treatment 
can remove up to 97% of the total phosphorus and it is low-cost. But the variability in chemical composition and 
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temperature of wastewater would make the implementation of this process not feasible for wastewater treatment 
(Karageorgiou, K., 2007). Chemical removal techniques are the most effective and well-established methods up 
to date. Lime, aluminum sulfate, and ferric chloride are common precipitants used for phosphate removal 
(Altundogan, H.S. F. Tumen, 2002). However, the cost associated with the use of metal salts and sludge 
production may hinder the widespread application (Karageorgiou, K., 2007). Therefore, alternative techniques 
for phosphate removal are being developed. 
 Recently, attention has been focused on phosphate adsorbents because of the most economical and 
applicable of adsorption. Successful results have been obtained using aluminum oxide (Galarnaeau, E., R. Gehr, 
1997; Tang, W.P., 1997; Johnson, B.B., 2002), iron oxide (Hongshao, Z., R. Stanforth, 2001; Lin, S.H., 2004; 
Juang, R.S., J.Y. Chung, 2004; Huang, X., 2004), fly ash (Agyei, N.M., 2000), slag (Oguz, E., 2005; Yamada, 
H., 1986), red mud (Akay, G., 1998; Koumanova, B., 1997), silicates (Shin, E.W., 2004; Kasama, T., 2004), 
activated carbon (Bhargava, D.S., S.B. Sheldarkar, 1993), and gas concrete (Oguz, E., 2003).  
 Although the RM was found to be a good phosphate removal medium for wastewater the direct use of RM 
without activation as adsorbent for water treatment is not appropriate due to the high dosage (LIU Chang-jun, 
2007). In this study, phosphate was removed using activated red mud. One of the main advantages of phosphate 
removal by using red mud over the other chemical treatment is the abundance of red mud and its easy 
availability. 
 The aim of this study is to assess the potential of RM to adsorb phosphate ions from wastewater. The effect 
of the solution pH, contact time, initial phosphate ions concentrations and adsorbent doses on the removal of 
phosphate ions was studied. The surface characteristics of RM were studied. The adsorption isotherm and 
probable mechanism are explained.  
 

MATERIALS AND METHODS 
 
Adsorbent: 
 The red mud used in this study was taken from  lececo company. The red mud samples were dried, ground 
and sieved to pass through a sieve pore size 90 µm. The effect of hydrochloric acid concentration on activation 
was tested by acidified raw red mud with a specified amount of known concentration (1 mol/L HCl) The 
samples was loaded into the glass reactor and the ratio of HCl to red mud was 20 ml/g. At the end of the 
experiment, the residue was washed with distilled water and dried at 100°C overnight. 
 The chemical compositions of the raw and activated samples are summarized in table (1).  
 This table showed that red mud is primarily a mixture of Ca, Si, Fe and Al oxides and the CaO content is 
the highest. 
 
Table 1: Chemical composition of the raw and activated red mud as oxides. 

Element  Quantitative composition (%) of raw red mud 
 

Quantitative composition (%) of activated red 
mud 

SiO2 
Fe2O3 
Al2O3 
CaO 
MgO 
TiO2 
K2O 
Na2O 

L.O.L* 
Ph 

19.14 
12.76 
6.93 

46.02 
1.15 
3.43 
1.20 
2.37 
5.73 

11.70 

17.96 
12.91 
9.85 
32.33 
1.73 
4.22 
0.56 
1.73 
1.98 
7.63 

Lol =loss of ignition 
 

 The activated red mud before and after adsorption were identified by Xray diffraction (XRD). using Philips 
X ray vertical diffract meter (type PW 1373, Holland). The analysis was run using Ni-filter and Cu-Kα 
radiation (λ= 1.5405 A0) at 40 KV and 40mA.  

 SEM was carried out to obtain morphology information of red mud before and after adsorption, using 
Inspects Scanning Electron Microscope USA, accelerated voltage = 30KV, beam current = 0.11nA. 

 
Preparation of phosphate Solutions And Analytical Methods: 
 Phosphate solution has been prepared and used in the laboratory. Simulated stock solution of phosphate 
ions (1000 mg/l) was prepared by dissolving required quantity of annular grade of respective salt in the distilled 
water. The salt used is: Anhydrous Potassium dihydrogen phosphate  KH2PO4 (0.2195 g). The stock solution 
was further diluted with distilled water to desired concentrations of 0.1, 0.5, 1, 2, 3, 4, 5, 10, 15, 20 and 25 mg/l 
were prepared. 
 Phosphate was determined by using the molybdate blue method according to standard methods for the 
examination of water and wastewater (Standard methods for the examination of water and wastewater, 2005). 



Aust. J. Basic & Appl. Sci., 6(10): 500-510, 2012 

502 
 

Ammonium molybdate react with phosphate to give molybdo phosphoric acid which reduced by stannous 
chloride to give molybdenum blue measured at 690 nm. 
 All the chemicals and reagents used in this study were of analytical grade. All glassware and sample bottles 
were soaked in diluted HCl solution for 12 h, washed and then rinsed four times with deionised water. 
Deionised water was used for the preparation of solutions. All experiments were conducted in duplicate and the 
average values were used for data analysis. 
 In order to widen the applicability of the proposed method, it was tested for the removal of phosphate 
from:- 
1-Municipal  wastewater. 
2-Industrial wastewater. 
* Municipal wastewater 
 Municipal wastewater sample were collected from primary and secondary treatment plant at Zenin 
wastewater treatment plant ZWWTP, El-Giza Governorate, Egypt Table 2 showed Physico-chemical analysis of 
municipal wastewater sample. 
The treatment process of ZWWTP can be summarized in the following step: 
 Screaning stage, which consist of four manual screens ,four mechanical screens and seven grift removal to 

prevent big solids like wood, plastics, papers and sand from the row wastewater. 
 Primary treatment stage, which consists of four primary aerator tanks to hold the wastewater to about 30 

min, to prevent harmful gases and to activate the aerobic bacteria, and four primary sedimentation tanks 
each of 36 meter diameter. In this stage the treatment TSS reduced to 20% of the influent content and the 
BOD reduced to about 40% of the influent content.  

 Seacondary treatment stage,which consist of 30 final aeration tank, in which the effluent of the primary 
sedimentation tanks mixed with return activated sludge for four hours, and four final sedimentation tanks. 

 Final dosage stage ,which consist of a chlorinating system of treated wastewater before its final disposal in 
Nahia drain and a pumping system to the excess sludge to Abu Rawash treatment plant. 

 
Table 2: Physico-chemical analysis of municipal wastewater sample. 

Parameter Influent Effluent 
PH 8 8.2 
COD mg/l 210 148 
BOD mg/l 124 98 
Ammonia mg/l 10.5 5.0 
Nitrite mg/l 20 15 
Nitrate mg/l 0.5 0.5 
Total Phosphate mg/l 10 1.7 
CL mg/l 141 110 
SO4 mg/l 88 75 

**Industrial wastewater 

 
 Industrial wastewater sample were collected from effluent of proctor and gamble P&G company for 
household products, El-Giza Governorate, Egypt Table 3 showed Physico-chemical analysis of industrial 
wastewater sample. 
 
Table 3: Physico-chemical analysis of industerial wastewater sample. 

Parameters Result 
PH 10.25 
COD mg/l 560 
BOD mg/l 190 
Ammonia mg/l 14.2 
Nitrite mg/l 24 
Nitrate mg/l 32 
Total Phosphate mg/l 40 

 
Batch Adsorption Studies: 
 The adsorption of phosphate onto red mud was studied by batch technique. A known weight of adsorbent 
(e.g.0.1–3 g adsorbent) was equilibrated with 100mL of the phosphate ions solution of known concentration 
(0.1–25 mg/l) in 250mL of Erlenmeyer flasks and shacked at (60-200 rpm) at a room temperature of 27± 2 ◦C 
for a known period (5–120 min) of time. The effect of pH of the initial solution with an initial phosphate 
concentration of 25 mg/l on the uptake of phosphate ions was analyzed over a pH range from 3 to 12. pH of the 
solutions was adjusted with 0.1M NaOH or 0.1M HCL. After equilibration, the suspension of the adsorbent was 
separated from solution by filtration using Whatman No. 1 filter paper. Blank experiments were conducted to 
ensure that no adsorption was taking place on the walls of the flasks used. The concentration of phosphate 
remaining in solution was measured by spectrophotometer using molybdate blue method. All experiments were 
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conducted in triplicate and mean values were used. The percentage of phosphate removal was calculated using 
the following equation: 
 
Sorption (%) = [Co − Ce/Co] × 100                                           (1) 
 
 Where Co is the initial concentration (mg/l) of phosphate ions in solution and Ce is the equilibrium 
concentration (mg/l) of phosphate ions in solution. The amount of phosphate sorbed by weight of red mud was 
calculated using the following equation: 
 
qe (mg/g) = [(Co − Ce)V]/ m                                                     (2) 
 Where qe is the equilibrium adsorption capacity (mg/g), V is the volume of aqueous solution (L) and m is 
the dry weight of the adsorbent (g). 
 
Adsorption Isotherm Models: 
 Adsorption isotherms are important to describe the adsorption mechanism of a solute on adsorbent surface 
thus aid in optimizing the design of a specific adsorption process. In the present study, the equilibrium data 
obtained for phosphate removal using red mud was tested with two isotherm models available in the literature to 
reveal the best fitting isotherm. Adopted isotherm models were Langmuir and Freundlich. Isotherm coefficients 
and correlation coefficients (R2) were computed from linearized equations of these isotherms in Microsoft 
Excel. 
 
Langmuir Isotherm: 
 Langmuir isotherm has been extensively used for the adsorption of heavy metals, dyes, organic pollutants, 
etc. [38, 39]. It is applicable for monomolecular layer adsorption. This isotherm is described as a homogeneous 
one assuming that all the adsorption sites have equal adsorbate affinity and that the adsorption at one site does 
not affect the adsorption at an adjacent site (Langmuir, 1918). The Langmuir isotherm is used to obtain a 
maximum adsorption capacity produced from the complete monolayer coverage of adsorbent surface. The linear 
isotherm equation is represented as 
 
Ce/qe = 1/bqmax + (1/qmax) Ce                                      (3) 
 
 Thus, a plot of Ce /qe versus Ce should yield a straight line if Langmuir isotherm is obeyed by the adsorption 
equilibrium. qmax and b values will be calculated from the slope and intercept of the graphed line, respectively 
where b is the adsorption equilibrium constant in L/mg related to the apparent energy of adsorption, qmax is the 
maximum quantity of adsorbate required to form a single monolayer on unit mass of adsorbent in mg/g, A 
further analysis of the Langmuir equation can be made using a dimensionless equilibrium parameter, the 
separation factor RL as given by Eq. (4): 
RL = 1/1 + b Co                                                          (4) 
 
 For a favorable adsorption, the value of RL should lie between 0 and 1; RL > 1 represents an unfavorable 
adsorption, RL = 1 represents linear adsorption, whereas RL = 0 translates into irreversible adsorption (Gupta, S., 
B.V. Babu, 2009). 
 
Freundlich Isotherm: 
 
 Freundlich expression is an exponential equation and therefore assumes that, the concentration of adsorbate 
on the adsorbent surface increases with the adsorbate concentration. Theoretically, using this expression, an 
infinite amount of adsorption can occur (Freundlich, H.M.F., 1906). The equation is widely applied in 
heterogeneous surfaces with sites that have different energies of adsorption and are not equally available. The 
Freundlich isotherm is more widely used but provides no information on the monolayer adsorption capacity in 
contrast to the Langmuir model and can be written in linearized  form as: 
 
log (qe) = log Kf+ 1/n log (Ce)

                                                  (5) 
 
 Where: Kf = experimental constant (Freundlich constant indicative of the adsorption capacity of the 
adsorbent (l/mg) and n = experimental constant indicative of the adsorption intensity of the adsorbent. By 
plotting log qe versus logCe, values of Kf and n can be determined from the slope and intercept of the plot. The 
magnitude of the exponent 1/n gives an indication of the favorability of adsorption. Values of n, where n > 1 
represent favorable adsorption condition. In general, as the Kf value increases, the adsorption capacity of the 
adsorbent, for the given adsorbate, increases,  n values between 1 and 10 show beneficial adsorption if n is close 
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to 1, the surface heterogeneity could be assumed to be less significant and as n approaches 10 the impact of 
surface heterogeneity becomes more significant (Davila-Jimenez, M.M., 2005). 
 

RESULTS AND DISCUSSION 
 
Influence of Process Variables: 
Effect of pH: 
 The pH value of the aqueous solution is an important controlling parameter in the adsorption process. These 
pH values affect the surface charge of adsorbent, the degree of ionization and speciation of adsorbate during 
adsorption. Thus the effect of pH (H+ ion concentration) in the solutions on the adsorption percentage of 
phosphate ions was studied at different pH ranging from 3 to 12. Results are shown in Fig. 1. It was observed 
that the sorption was 20% at an initial pH value of 3. Phosphate adsorption by red mud increased with the 
increase in pH and reached a maximum in the pH range of 8–12. it is known that both high pH and high ca 
concentration are crucial for calcium precipitation and reaction mechanism with calcium ingredients was 
through deposition as phosphate salt rather than trapped in ca hydroxides floc. These results and explanations 
were in agreement with H Soner Altundoğan et al.,  (2002). 
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Fig. 1: Effect of initial pH (initial concentration of phosphate, 3 mg/L; red mud dosage, 0.1 mg/L; contact time, 

120 min., Rpm 180). 
 

Effect of Contact Time: 
 Figure (2) shows the effect of contact time on the removal of phosphate ions from aqueous solutions by 
RM. The uptake is rapid in the first 30 min. of contact period. Beyond the 60 min. contact time, the amount of 
phosphate adsorbed on the RM remains constant as shown in Figure (2) these data indicate that, the equilibrium 
is attained after 60 min. The nature of adsorbent and the available adsorption sites affect the rate of adsorption 
of phosphate. The mechanism of solute transfer to the solid includes diffusion through the fluid film around the 
adsorbent particle and diffusion through the pores to the internal adsorption sites. In the initial stages of 
adsorption of phosphate, the concentration gradient between the film and the available pore sites is large, and 
hence the rate of adsorption is faster. The rate of adsorption decreases in the later stages of the adsorption 
probably due to the slow pore diffusion of the solute ion into the bulk of the adsorbent (Genc, H., 2006). 
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Fig. 2: Effect of contact time (initial concentration of phosphate, 3 mg/L; red mud dosage, 0.1 mg/L; pH, 7, 

Rpm 180). 
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Effect of Adsorbent Dosage: 
 The effect of RM dose was studied by varying the dose between 0.1 and 3 g/100ml. It was observed that the 
adsorption percentage of phosphate ions onto the RM increased rapidly with the increasing of adsorbent 
concentration (Fig. 3). This result is expected because the increase of adsorbent dose leads to greater surface 
area. When the adsorbent concentration was increased from 0.1 to 0.5 g/100ml, the percentage of phosphate ions 
adsorption increased from 86% to 100%. At higher dosage, the equilibrium uptake of phosphate ions did not 
increase significantly with increasing RM dosage. Such behavior is expected due to the saturation level attained 
during an adsorption process. This finding agrees with B. Koumanova et al., (1977). For subsequent studies, a 
dose of 0.5 g/100ml of RM was selected. 
 

86 89

99 100 98 98 97.5 97.8

0

10

20

30

40

50

60

70

80

90

100

adsorbent dose (g)

p
h
o
sp

h
at

e 
re

m
o
ve

l 
%

removal 86 89 99 100 98 98 97.5 97.8

0.1 0.2 0.4 0.5 0.8 1 2 3

 
 
Fig. 3: Effect of red mud dosage (initial concentration of phosphate, 3 mg/L; pH, 7; contact time, 120 min., 

Rpm 180). 
 
Effect of Adsorbate Concentration: 
 The effect of initial adsorbate concentration on the adsorption was investigated by varying the initial 
concentration of phosphate between 0.1 and 25 mg/L. The experimental data were illustrated in Figure 4. 
 The results show that, with an increase in the phosphate concentration from0.1 to 25 mg/L, the percentage 
removal increases from 8% to 97.7% and the increase in the percentage removal of phosphate can be explained 
with the fact that, the higher adsorption rate and utilization of all active site available for the adsorption at higher 
concentration (Koumanova, B., et al., 1997). 
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Fig. 4: Effect of initial concentration of phosphate (pH 7; red mud dosage, 0.1 mg/L; contact time, 120 min., 
Rpm 180). 
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Effect of Agitation Speed: 
 The effect of agitation speed was studied by varying Rpm between 60 and 200. It was observed that the 
adsorption percentage of phosphate ions onto the RM increased with the increasing of agitation speed reaching 
maximum 86% at 180 Rpm then decreased with the increasing of agitation speed reaching 75% at 200 Rpm 
(Fig.5).   
 It found that the removal of metal ions increased with increased in rpm to some extent. This is due to 
disperse of the adsorbent particles in the aques solution which lead to reduce the boundary o mass transfer and 
even it may increase the velocity of particles, so that increases the percent removal of metal ions (Kwon, J.S., 
2005). 
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Fig. 5: Effect of Agitation Speed (initial concentration of phosphate, 3 mg/L; red mud dosage, 0.1 mg/L; contact 

time, 120 min., pH7). 
 
Adsorption Isotherms: 
 The Langmuir and Freundlich adsorption isotherms were determined at pH 7 for phosphate ions 
concentrations range of 3 mg/l. All solutions contain a fixed specific mass of RM (0.1 g/100ml). The adsorption 
constants and correlation coefficients of the Langmuir and Freundlich  isotherms were given in Table 5.The 
Langmuir constants, b and monolayer sorption capacity, qm were calculated from the slope and intercept of the 
plot between Ce/qe and Ce (Fig. 6). The Langmuir constant qm, which is a measure of the monolayer adsorption 
capacity of RM, is obtained as -0.78 mg/g. The Langmuir constant, b which denotes adsorption energy, is found 
to be -1.39L/mg. The high value of coefficient of determination R2 = 0.9929) obtained indicates a good 
agreement between the experimental values and isotherm parameters but, negative values for the Langmuir 
isotherm constants indicate the inadequacy of the isotherm model to explain the adsorption process (Mohamed, 
M.A., 2006).  
 The Freundlich constants, Kf and n are obtained by plotting the graph between log qe versus log Ce as shown 
in Fig. 7. Freundlich parameters (KF and n) indicate whether the nature of sorption is either favorable or 
unfavorable (Nese Öztürk, T. Enn˙il Bektas, 2004). The intercept KF [(mg/g)/(mg/l)1/n] is an indicator of 
sorption capacity and the slope 1/n is an indicator of sorption strength and a measure of the deviation from 
linearity of the adsorption. Smaller values of n 0.264 (<1) (i.e. 1/n>1  a steep slope) mean that, sorption intensity 
is good or (favorable) at high concentrations but much less at lower concentrations (Nese Öztürk, T. Enn˙il 
Bektas, 2004), the adsorption bond is weak, a physical adsorption rather than chemical is probably dominant in 
phosphate adsorption by RM. It can be seen from the obtained data that, Freundlich equation can be fitted with a 
desirable R2 =0.9682.  
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Fig. 6: Langmuir isotherm model for the phosphate adsorption onto red mud. 
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Fig. 7: Freundlich isotherm model for the phosphate adsorption onto red mud. 

 
Table 5: Isotherm constants and regression data for adsorption isotherms for adsorption of phosphate on red mud. 

 Langmuir parameters 
 

qmax  b R2 
-0.77809   -1.39 0.9929 

Freundlish parameters Kf n R2 
0.5086 0.2645 0.9682 

 
Surface Characterization of Red mud: 
 X Ray Diffraction: 
 x ray diffraction of activated red mud before and after adsorption as shown in Figs. 8 reveal the presence of 
phosphate after adsorption process 
 

 
Fig. 8: x ray diffraction of activated red mud before and after adsorption.Symbol: CA: calcium aluminate; c: 

calcite; n: nepheline; DS: dicalcium silicate; phosphates  are marked by rhombus (♦). 
 

 Scanning Electron Microscopy Analysis (SEM): 
 The morphological characteristics of the adsorbent were evaluated by using a scanning electron microscope. 
SEM images for RM before and after adsorption of phosphate are shown in Figure (10 a,b,c). As shown in 
figure (10 a) RM before activation has a relatively smooth and flat surface contract to the acid treated specimen 
RM-HCl ,provides clear evidence for the new surface area generated by acid treatment figure (10 b), from figure 
(10 c) after adsorption of phosphate ions appeared to cover the surface of RM (Yahya, S. Al-Degsa, 2006). 
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            a                                                                                      b 
 

 
              c 
 
Removal of Phosphate From Municipal and Industrial Wastewater: 
 In order to widen the applicability of the removal technique, the optimized method was applied for the 
removal of phosphate from ZWWTP and P&G (Table 6). The removal efficiency achieved was 94%,74% in the 
ZWWTP sample, and 97% in the P&G sample, As shown in table 6 RM also achieved good results for removal 
of COD, BOD and Nitrite at ZWWTP and at table 7 RM achieved good result for removal of pH, COD, BOD, 
Ammonia, Nitrite and Nitrate at P&G. 
 The present study thus reveals that, the RM is an excellent adsorbent for phosphate removal from aqueous 
solution. The investigations are quite useful in developing an appropriate technology for designing a wastewater 
treatment plant. The process is economically feasible and easy to carry out. 
 
Table 6: Physicochemical analysis of ZWWTP before and after treatment with RM. 

Parameter Influent 
(before) 

Influent 
(after) 

Removal % Effluent 
(before) 

Effluent 
(after) 

Removal % 

pH 8 8.2 - 8.2 8.3 - 
COD mg/l 210 100 52.4 148 22 85.1 
BOD mg/l 124 75 39.5 98 14 85.7 
Ammonia mg/l 10.5 6 42.9 5.0 0.6 88 
Nitrite mg/l 20 13 35 15 8 46.7 
Nitrate mg/l 0.5 0.2 60 0.5 0.2 60 
Total Phosphate mg/l 10 0.55 94.5 1.7 0.44 74.1 
CL mg/l 141 30 78.7 110 101 8.2 
SO4 mg/l 88 54 38.6 75 65 13.3 

 
Table 7: Physicochemical analysis of P&G before and after treatment with RM. 

Parameter industrial  wastewater Before 
adsorption 

industrial wastewater after 
adsorption 

Removal %  

pH 10.25 9.97 - 
COD mg/l 560 320 42.8 
BOD mg/l 190 131 31 
Ammonia mg/l 14.2 11.8 16.9 
Nitrite mg/l 24 22.9 4.5 
Nitrate mg/l 32 24 25 
Total Phosphate mg/l 40 1.17 97 
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Conclusions: 
 Based on the present study, it is clearly shown that red mud produced in the process of alumina production   
is an effective adsorbent for the removal of phosphate ions from wastewater. The adsorption process is strongly 
affected by parameters such as time, pH, adsorbent dosage, and initial phosphate ions concentrations and 
agitation speed. The equilibrium time for phosphate ions is determined as 60 min. The adsorption isotherms 
followed the Freundlich model predict the physical nature of the adsorption. Taking into consideration of the 
above results, it can be concluded that the red mud is a suitable adsorbent for the removal of phosphate ions 
from wastewater in terms of low cost, industrial byproduct and abundant availability. 
 

REFERENCES 
 

Agyei, N.M., C.A. Strydom, J.H. Potgieter, 2000. An investigation of phosphate ion adsorption from 
aqueous solution by fly ash and slag, Cement Concrete Res., 30: 823-826. 

Akay, G., B. Keskinler, A. Cakici, U. Danis, 1998. Phosphate removal from water by red mud using 
crossflow microfiltration,Water Res., 32(3): 717-726. 

Altundogan, H.S., F. Tumen, 2002. Removal of phosphates from aqueous solutions by using bauxite. I. 
Effect of pH on the adsorption of various phosphates, J. Chem.Technol. Biotechnol., 77: 77-85. 

Altundogan, H.S., F. Tumen, 2003. Removal of phosphates from aqueous solutions by using bauxite. II. 
The activation study, J. Chem. Technol. Biotechnol., 78: 824-833. 

Bhargava, D.S., S.B. Sheldarkar, 1993. Use of TNSAC in phosphate adsorption studies and relationships, 
literature, experimental methodology, justification and effects of process variables,Water Res., 27: 303-312. 

Cengeloglu, Y., E. Kir, M. Ersoz, T. Buyukerkek, S. Gezgin, 2003. Recovery and concentration of metals 
from red mud by Donnan dialysis, Colloids Surf, A223: 95-101. 

Christophi, C., L. Axe, 2000. J. Environ. Eng., 126: 66.  
Davila-Jimenez, M.M., M.P. Elizalde-Gonzalez and A.A. Pelaez, 2005. Colloids Surf. A: Physicochem. 

Eng. Aspects, 254: 107. 
Freundlich, H.M.F., 1906. J. Phys. Chem., 57: 385. 
Galarnaeau, E., R. Gehr, 1997. Phosphorus removal from wastewaters: experimental and theoretical support 

for alternative mechanisms, Water Res., 31: 328-338. 
Garg, U.K., M.P. Kaur, V.K. Garg, D. Suda, 2007. ″Removal of hexavalent chromium from aqueous 

solution by agricultural waste biomass″, J. Hazard. Mater, 140: 60-68. 
Genc, H., Fuhrman, H. Bregnhøj, D. McConchie, 2006. Arsenate removal from water using sand-red mud 

columns, Water Res., 39(13): 2944-29 
Gupta, S., B.V. Babu, 2009. ″Removal of toxic metal Cr(VI) from aqueous solutions using sawdust as 

adsorbent: equilibrium, kinetics, and regeneration studies″, Chem.Eng. J., 150: 352–365. 
Hongshao, Z., R. Stanforth, 2001. Competitive adsorption of phosphate and arsenate on goethite, Environ. 

Sci. Technol., 35: 4753-4757. 
Huang, X., 2004. Intersection of isotherms for phosphate adsorption on hematite, .Colloid Interf. Sci., 271 

296-307. 
Johnson, B.B., A.V. Ivanov, O.N. Antzutkin, W. Forsling, 2002. 31P nuclear magnetic resonance study of 

the adsorption of phosphate and phenyl phosphates on _-Al2O3, Langmuir, 18: 1104-1111. 
Juang, R.S., J.Y. Chung, 2004. Equilibrium sorption of heavymetals and phosphate from single- and binary-

sorbate solutions on goethite, J. Colloid Interf. Sci., 275: 53-60. 
Karageorgiou, K., M. Paschalis, G.N. Anastassakis, 2007. Removal of phosphate species from solution by 

adsorption onto calcite used as natural adsorbent, J. Hazard.Mater, A139: 447-452. 
Kasama, T., Y. Watanabe, H. Yamada, T. Murakami, 2004. Sorption of phosphates on Al-pillared smectites 

and mica at acidic to neutral pH, Appl. Clay Sci., 25: 167-177. 
Koumanova, B., et al., 1997. Resources, Conservation and Recycling, 19: 11-20. 
Koumanova, B., M. Drame, M. Pogangelova, 1997. Phosphate removal from aqueous solutions using red 

mud wasted in bauxite Bayer’s process, Resour. Conserv. Recy., 19: 11-20. 
Kumar, S., R. Kumar, A. Bandopadhyay, 2006. Innovative methodologies for the utilization of wastes from 

metallurgical and allied industries, Resour. Conserv. Recycl., 48: 301-314. 
Kwon, J.S., S.T.Yun, S.O. Kim, B. Mayer and I. Hutcheon, 2005. Chemosphere, 60: 1416-1426. 
Langmuir, 1918. ″The adsorption of gases on plane surfaces of glass, mica and platinum″, J. Am. Chem. 

Soc., 40: 1361-1367. 
Li, Y., C. Liu, Z. Luan, X. Peng, C. Zhu, Z. Chen, Z. Zhang, J. Fan, Z. Jiaz, 2006. Phosphate removal from 

aqueous solutions using raw and activated red mud and fly ash,J. Hazard. Mater, B137: 374-383. 
Li, Y., et al., 2006. Journal of Hazardous Materials, B137: 374-383. 
Lin, S.H., H.C. Kao, C.H. Cheng, R.S. Juang, 2004. An EXFAS study of the structures of copper and 

phosphate sorbed onto goethite, Colloids Surf., A234: 71-75. 



Aust. J. Basic & Appl. Sci., 6(10): 500-510, 2012 

510 
 

LIU Chang-jun, LI Yan-zhong1, LUAN Zhao-kun, CHEN Zhao-yang,ZHANG Zhong-guo, JIA Zhi-ping, 
2007. Adsorption removal of phosphate from aqueous solution by active red mud Journal of Environmental 
Sciences, 19: 1166-1170.  

Liu, C., Y. Li, Z. Luan, Z. Chen, Z. Zhang, Z. Jia, 2007. Adsorption removal of phosphate from aqueous 
solution by active red mud, J. Environ. Sci., 19: 1166-1170. 

Lombi, E., F.J. Zhao, G. Wieshammer, G. Zhang, S.P. McGrath, 2002. In situ fixation of metals in soils 
using bauxite residue: biological effects, Environ. Pollut, 118: 445-452. 

Mohamed, M.A., A. Daher, M. Aghareed Tayeb, Y.H. Magdy, 2003. B23-26. 
Mulkerrins, D., A.D.W. Dobson, E. Colleran, 2004. Parameters affecting biological phosphate removal 

from wastewaters, Environ. Int., 2(30): 249-259. 
Nese Öztürk, T. Enn˙il Bektas, 2004. J. Hazard. Mater., B112: 155. 
Oguz, E., 2005. Thermodynamic and kinetic investigations of PO4 3− adsorption on blast furnace slag, J. 

Colloid Interf. Sci., 281: 62-67. 
Oguz, E., A. Gurses, N. Canpolat, 2003. Removal of phosphate from wastewaters, cement Concrete Res., 

33(8): 1109-1112. 
Qinyan Yue, Yaqin Zhao, Qian Li, Wenhong Li, Baoyu Gao, Shuxin Han, Yuanfeng Qi, Hui Yu, 2010. 

Research on the characteristics of red mud granular adsorbents  (RMGA) for phosphate removal Journal of 
Hazardous Materials, 176: 741-748. 

Rittmann, B.E., P.L. McCarty, 2001. Environmental Biotechnology: Principles and Applications, McGraw-
Hill, Singapore, 2001. 

Santona, L., P. Castaldi, P. Melis, 2006. Evaluation of the interaction mechanismsbetween red muds and 
heavy metals, J. Hazard. Mater, B136: 324-329. 

Shin, E.W., J.S. Han, M. Jang, S.H. Min, J.K. Park, R.M. Rowell, 2004. Phosphate dsorption on aluminum-
impregnated mesoporous silicates: surface structure and behavior of adsorbents, Environ. Sci. Technol., 38:  
912-917. 

Soner Altundoğan, H., 2002. Fikret Tümen Journal of Chemical Technology and Biotechnology, 77(1)  77-
85. 

Standard methods for the examination of water and wastewater, 2005. 21st edition. J. Am. Water Works 
Assoc. (AWWA), Washington, D.C. 

Tang, W.P., O. Shima, A. Ookubo, K. Ooi, 1997. A kinetic study of phosphate adsorption by boehmite, J. 
Pharm. Sci., 86: 230-235. 

Tor, A., N. Danaoglu, G. Arslan, Y. Cengeloglu, 2009. Removal of fluoride from water by using granular 
red mud: batch and column studies, J. Hazard. Mater, 164: 271-278. 

Tor, A., Y. Cengeloglu, 2006. Removal of congo red from aqueous solution by adsorption onto acid 
activated red mud, J. Hazard. Mater, B138: 409-415. 

Tsakiridis, P.E., S. Agatzini-Leonardou, P. Oustadakis, 2004. Red mud addition in the raw meal for the 
production of Portland cement clinker, J. Hazard. Mater, B116: 103-110. 

Wang, S., H.M. Ang, M.O. Tade, 2008. Novel applications of red mud as coagulant, adsorbent and catalyst 
for environmentally benign processes, Chemosphere, 72: 1621-1635. 

Yahya, S. Al-Degsa, Musa I. El-Barghouthia, Ayman A. Issaa, Majeda A. Khraishehb, Gavin M. Walkerc, 
2006. Wat. Res., 40: 2645. 

Yamada, H., M. Kayama, K. Saito, M. Kara, 1986. A fundamental research on phosphate removal by using 
slag,Water Res., 20: 547-557. 

Yang, H., C. Chen, L. Pan, H. Lu, H. Sun, X. Hu, 2009. Preparation of double-layer glassceramic/ceramic 
tile from bauxite tailings and red mud, J. Eur. Ceram. Soc., 29: 1887-1894. 

Yang, X., B. Al-Duri, 2005. ″Kinetic modeling of liquid-phase adsorption of reactive dyes on activated 
carbon″, J. Colloid Interface Sci., 287: 25-34. 

Yanzhong Li,Changiun Liu, Zhaokun Luan, 2006. Journal of Hazardous Materials, B137: 374-383. 
Ying Zhao, JunWang, Zhaokun Luan, Xianjia Peng, Zhen Liang, Li Shi, 2009. Removal of phosphate from 

aqueous solution by red mud using a factorial design Journal of Hazardous Materials, 165: 1193-1199. 
Zhou, H., D. Li, Y. Tian, Y. Chen, 2008. Extraction of scandium from redmudbymodified activated carbon 

and kinetics study, Rare Metals, 27: 223-227. 


