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ABSTRACT 

Aluminum ion adsorption capacity from tap water using zeolite was investigated in this study. Zeolite mineral with 20-100 mesh 

size was used. Aluminum ion removal efficiency was examined. Series of experiment were carried out under laboratory controlled 

batch condition in terms of different pH values, temperature and shaking speeds (rpm). The obtained results confirmed that high 

efficiency in Al removal was 86% at pH 5, 70% at 35 oC; both at 180 rpm shaking speed. 
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Introduction 

 

The presence of Aluminum (Al) in drinking 

water has given rise to discussions on possible health 

effects, because of its suspected connection with 

Alzheimer’s diseases or dialysis encephalopathy 

[15]. Kopeloff et al., [17] and Klatzo et al., [16] 

indicated that studies in which animals were exposed 

to Al under controlled conditions demonstrated a 

correlation between neuropathlogical disorders and 

Al intake. Crapper and Boni [9] observed a 

relationship between Al and both Alzheimer’s 

disease and dialysis encephalopathy in humans. 

Davidson et al. [11] found that kidney dialysis 

patients suffered dementia when their dialysis fluid 

contained an Al concentration of 80 mg/l. Removal 

of Al from the fluid prior to dialysis decreased 

symptoms of dementia in patients. 

Driscoll and Letterman [10] reported that 

dialysis patients exposed to elevated Al may exhibit 

dialysis encephalopathy, and/or bone mineralization 

disorders such as dialysis osteodystrophy. Martyn et 

al., [21], based on a survey of 88 county districts in 

England and Wales, reported that the rate of 

Alzheimer’s disease was 1.5 times higher in districts 

where the mean Al concentration exceeded 0.11 mg/l 

than in districts where concentrations were less than 

0.01 mg/l. Chronic exposure data are limited, but 

indicate that Al likely interferes with phosphorus 

absorption, and causes weakness, bone pain and 

anorexia. However, Al shows low acute toxicity. 

Baker and Schofield [6] reported that the 

hydroxide and fluoride complexes of Al are highly 

labile (inorganic) and may be more bioavailable and 

harmful than organic or particulate forms of Al. 

Driscoll et al., [12] also confirmed, based on Al 

toxicity studies, that positively charged Al hydroxyl 

species are much more toxic to fish than organic 

complexes. Nevertheless the bioavailability of Al 

species to humans is not known and hence definite 

conclusions cannot be drawn from these studies. 

The most widely used methods for removing 

metal ions are as follows; precipitation with chemical 

and electrochemical methods or sometimes using 

sulphides [24,19,8]. A major problem with this type 

of treatment is the disposal of the precipitated wastes. 

Ion exchange treatment which is the second most 

widely used method for metal ion removal does not 

present a sludge disposal problem and has the 

advantage of reclamation of Al (III) [25]. This 

method can reduce heavy metals to very low levels. 

However, ion exchange treatment does not appear to 

be economical. Activated carbon is also efficient for 

removal of trace elements from the waste water, but 

its high cost has prevented its wide usage. The 

adsorption phenomenon has still been found 

economically appealing for the removal of toxic 

metals from wastewater by choosing some 

adsorbents under optimum operation conditions. 

It has been reported that some aquatic plants 

[29,5], agricultural by-products [26,6,3], sawdust 

[23], clay [20], zeolite [14,1,28] and microorganisms 

[18] have the capacity to adsorb and accumulate 

heavy metals. Cost comparisons are difficult to make 

due to the scarcity of consistent cost information. 

Although many experiments have been accomplished 
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in the area of low-cost sorbents, a great deal of work 

is necessary to understand better low-cost adsorption 

processes and to demonstrate the technology. 

Natural zeolites have ion exchange and removal 

capacity. Clinoptilolite has high removal capacity of 

metal ions Pb+2, Cu+2, Zn+2, Cd+2, Ni+2, Fe+2 and 

Mn+2. Clinoptilolite exist at Balıkesir, Bigadiç and 

Gördes in Turkey. It is an economical ion exchange 

material comparing with the synthetic resin. Natural 

zeolites have been used as adsorbent and ion 

exchanger with discovering crystal feature and some 

chemical structure. Its physical structure looks like a 

selective sieve and named as molecular sieve by Mc 

Bain [22]. Natural zeolites were also uses at 

industrial fish ponds [2]. Chelischev [7] used zeolites 

as ion exchange for heavy metals. Similarly Sato and 

Fukagawa, 1976 used zeolites for nitrogen removal 

at detergent industry waste water. Ion exchange of 

capacity of some zeolites is given in Table 1. 

General formula of the Zeolites is X [(M+
1 , 

M++
1/2 ).(AlO2)].ySiO2.zH2O. M+ is a cation (Na+, K+, 

Ca++, Pb etc.) which ratio (y/x) changes from 1 to 5. 

M++ is a cation (Ca++, Mg++ and Ba++ etc.) change 

with M+
1. SiO2/AlO2 molar ratio (y/x) zeolite 

changes with zelite types from 1 to 5. SiO4 and AlO4 

octahedral are the monomers of the zeolites that Si or 

Al is centre of the structure and oxygen is on the 

corners.

 
Table 1: Ion Exchange of capacity of some zeolites [13] 

Mineral Chemical Composition 
Ion exchange of capacity (meq/g) 

 

   

    

Analsim Na16 (Al16 Si32 O96 ).16H2O 4.54  

Lavmontit Ca4 ( Al8 Si46 O108 ).16H2O 4.25  

Natrolit Na16 (Al16 Si24 O80 ).12H2O 5.26  

Mordenit Na8 ( Al8 Si40 O96 ).24H2O 2.29  

Flipsit (Na, K)10 (Al10 Si22 O64 ).24H2O 3.87  

Eriyonit (Na, K, Ca)9 (Al9 Si27 O72 ).27H2O 3.12  

Shabazit (Ca, Na)6 (Al12 Si24 O72 ).40H2O 3.81  

Clinoptilolit (K4 Na4)(Al8 Si40 O96 ).24H2O 2.54  

 

The aim of this research paper was to study the 

removal of ionic aluminum from the tap water using 

zeolites as a natural and economical material. 

 

Materials and Methods 

 

The used zeolite in this study (Clinoptilolit) was 

provided from Iran (Chem-lab, Co.). Its chemical 

analysis showed that it is member of hydrated 

alumina-silicate mineral containing mostly alkali and 

soil alkali metals originated in holes of volcanic 

rocks. They contain hydrate in holes connected each 

other. Chemical composition of the zeolites is given 

in Table 2. Particle size is 50-2000 µ of 82.56% 

materials and 2-50 µ others. Porosity ratio was about 

50% and natural hydrate capacity and ion exchange 

capacity were 25.68 % and 71.73 meq/100g, 

respectively. Materials used in this study were 

between 25-140 mesh sizes.

 
Table 2: Special composition of the zeolite used in this study 

Color (dry): 5Y 8/1 (White) 

Color (wet): 5Y 6/3 (Light Oliver) 

Sand (%): 82.56 

Clay (%): 3.44 

Silt (%): 14.00 

Structure: silty sand 

Density: 2.14 g/cm3 

Volume weight: 1.10 g/cm3 

Porosity: 48.47 

Natural hydrate capacity (%): 25.68 

Colorless point (%): 23.24 

Useful hydrate (%): 2.44 

Humidity (%): 5.84 

pH: 7.62 

Total salt (%): < 0.03 

CaCO3 (%): 1.25 

Organic matter (%): 0.34 

Total nitrogen (%): 0.0084 (84 ppm) 

Useful phosphorus (%): 0.0068 (68 ppm) 

Cation exchange capacity (me/100g): 71.73 

Useful heavy metals and microelements (ppm) 

Fe = 2.33 

Cu = 0.032 

Zn = 0.31 

Mn = 2.34 

Total Elements 

SiO2 (%) = 70.05 

Al2O3 (%) = 9.84 

Fe2O3 (%) = 0.96 

CaO (%) = 2.15 

MgO (%) = 0.58 

Na2O (%) = 0.24 

K2O (%) = 1.44 

MnO (%) = 0.05 

Pb3O4 (%) = 0.0014 

ZnO4 (%) = 0.0044 

Cu (ppm) = 1.56 

Zn (ppm) = 34.95 

Cd (ppm) = 0.09 

Ni (ppm) = 4.25 

Co (ppm) = 0.43 

Cr (ppm) = 2.36 

Mo (ppm) = trace 

Fire lost (%) = 14.06 

Changeable Cations (meq/100g) 

Ca++ = 21.00 

Mg++ = 12.00 

Na+ = 11.52 

K+ = 27.18 
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Gallenkap (U.K.) thermostatic shaker incubator 

was used for batch experiments. Al concentrations 

were measured by Dr. Lange Cadas-200 

Spectrophotometer (Germany). pH was adjusted to 

the required values using Jenway 3010 pH meter. 

Gec-Avery VA/WA Analytical Balances was used to 

weighing procedure for preparation of solution. 

Zeolite in 25-140 mesh size was treated with 

acid or base solution in different concentrations to 

improve its adsorption capacity. For this process, 2.0 

grams of zeolite in 100 ml distilled water containing 

different amounts of acid or base was shaken at 

different shaking speed and temperature, and finally 

1 h 200 rpm and 23 h 100 rpm at 30 oC stable 

temperature. Seven Erlenmeyer flasks were used, 3of 

them contained alkali and 3 of them contained acid 

solution, the last one is control. Then they were 

placed in a thermostatic shaker. Zeolite samples were 

washed twice with distilled water after treating with 

acid or alkali solution. With this procedure, the best 

activation media was determined as 2.0 ml 1 M HCl 

additions. For this reason, activated Zeolite samples 

with 2.0 ml 1 M HCl were used in the following 

experiments. After designing the activation media, to 

optimum adsorbent amount, each 2 grams of 

activated zeolite was added in 100 ml tap water 

containing different concentration of Al+3. After 1 h 

contact time in batch reactor, zeolites were filtered 

with fine nylon filter and Al+3 concentrations were 

measured using Curvette test via Cadas 200 UV-Vis 

spectrophotometer. Effect of pH on the adsorption 

capacity of 2 grams of zeolite was tested by adjusting 

pH of the 100 ml sample solution (containing 40 mg-

Al/L) via adding different amount of acid or base. 

Effect of temperature was also investigated. 

Experiments were run at the temperatures of 10, 20, 

30, 40 and 50 oC.  

 

Results: 

 

Effect of initial Al (III) concentration by the zeolite 

adsorption: 

 

Determination of effective Al+3 concentrations 

on removal efficiency of zeolite was studied with 

addition of 2.0 grams of activated adsorbent in 

different concentration of Al+3 in 100 ml water 

solutions. Figure 1 shows that the maximum removal 

efficiency was obtained with 0.5 mg/L Al+3 

concentrations, a little decrease was found below 

from this values. Later on, decreasing removal 

efficiency was detected with increasing initial heavy 

metal concentrations in the solutions. It is likely that 

a given mass of adsorbent material has a finite 

number of adsorption sites, and that as metal 

concentrations increase, these sites become saturated. 

That is, there is some metal concentration that 

produces the maximum adsorption for a given 

adsorbent mass, and thereafter, adding more metal 

cannot increase adsorption because no more sites are 

available because they all are occupied [3].

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  

 

   

 

 

Fig. 1: Al+3 removal efficiency of zeolite from aqueous solutions. 

 

 

Effect of adsorbent doses on the Al+3 adsorption 

by the zeolite was investigated. Different adsorbent 

doses from 1.0 to 4.0g were applied. The maximum 

removal efficiencies have been achieved to be 92% 

with 6.0 g zeolites /100 ml solution (Figure 2).  

 

Effect of pH on adsorption capacity: 

 

Effect of pH on the adsorption of Al+3 by the 

zeolite was also investigated with the changing of pH 

values from 3.0 to 9.0. The results elucidate that, the 

dependence of the Al+3 removal as a function of pH 

shows that the maximum removal efficiencies have 

been achieved to be 86 % at pH 5.0 (Figure 3). 
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According to different pH values Al ions may 

present in different forms. For this reason, Al+3 ions 

dominates at pH < 6 and Al (OH)3 dominates at pH > 

5 [3]. 

 

Effect of sample temperature on Al+3   removal 

capacity of zeolites: 

 

Activated 2 grams of zeolite in 100 ml water at 

pH 5.0 was tested for adsorption of Al+3 at different 

sample temperature between 10 to 50oC. Results 

show that optimum working temperature was about 

35 oC (Figure 4). Removal of Al+3 from the water 

was 70 %. The percentage removal of Al was 

decreased at lower and higher temperature.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Effect of different adsorbent dose of zeolite on Al+3 adsorption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Effect of pH on removal efficiency of Al+3 from water. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Effect of temperature on the zeolite removal efficiency of Al+3 
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The equilibrium adsorption isotherm for Al+3 on 

activated zeolite was plotted for varying adsorbent 

dose changing from 0.25 to 3.0 g/L and fixed initial 

Al+3 concentration (1.6 mg /L) at pH 5.0. The 

percentage of Al+3 adsorption decreased with 

increasing adsorbate amount, which indicates that the 

adsorption depends upon the availability of the 

binding sites for Al+3. In order to determine the 

adsorption capacity of the activated zeolites, the 

equilibrium data for the adsorption of Al+3 were 

analyzed in the light of adsorption isotherm models. 

Mostly used adsorption isotherms are Langmuir and 

Freundlich equations which were given below, 

respectively (Eqs. 1 &2).

 

1 1 1 1

/x m a ab c
            (1) 

 

1x
In Ink Inc

m n
            (2) 

 

where x/m is the amount of Al+3 adsorbed per 

unit weight of adsorbent (mg/g), c is the 

concentration of Al+3 at equilibrium (mg/L), 1/ab is 

the slope for plot with 1/a contact point on y axis for 

Langmuir adsorption isotherm, and 1/n is the slope 

for plot with contact point of lnk constant on crossing 

point of y axis for Freundlich adsorption isotherm. 

The straight line nature of the graph indicates that the 

adsorption confirms the Langmuir model. The 

experimental data points were fitted to the Langmuir 

equation (Figure 5), but it was not fit well to the 

Freundlich equation. 

Chemical kinetic of Al+3 removal was also 

investigated in batch reactor for 60 min. contact time 

that checked with o0, o 1, o2 and o3 order reaction 

equations. The obtained data is quite well fit to 2nd 

order reaction kinetic (Figure 6). Square of 

correlation coefficient was R2=0.9806 which 

confirms good relation between contact time and 

concentration change by experimental period. 

Reaction kinetic of Al+3 removal from the aqueous 

environment by zeolites 2nd order that adsorption of 

zeolite was physical character and it is suitable for 

reuse.
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Fig. 5: Langmuir adsorption isotherm plot for Al+3 adsorption of activated ziolite 
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Fig. 6: Reaction kinetic (2nd

 order) plot for the Al+3 adsorption of activated zeolite (1.6 mg/L Al+3 

concentration and 15 min contact time period). 
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Discussions: 

 

The results of Al+3 ions removal from aqueous 

solution using common naturally occurring zeolites 

were carefully investigated in the study. Operational 

parameters such as initial Al+3 concentrations, 

adsorbent dose, pH of the solution, temperature, and 

contact time clearly affect the removal efficiency. 

The optimum Al+3 removal was obtained at pH 5. At 

pH higher than 6, Al+3 removal probably resulted 

primarily from precipitation rather than adsorption. 

According to the results reported in this study, Al+3 

adsorption mechanisms by zeolite may be explained 

as follows: 

1. Vander-walls and hydrogen binding of Al+3 

with hydroxyl group of zeolite surfaces.  

2. Ion exchange between Al+3 ions and 

exchangeable cations (Na, K etc.). 

3. Diffusion of Al+3 through selective sieve of 

zeolite named as molecular sieve [22].  

 

Based on the obtained results from this study, it 

is worth to highlight that zeolite is considering as an 

effective absorbent for Al in tap water. However, 

further studies are recommended, since different 

metals and different adsorbents are known to have 

different properties structures. 
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