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Abstract-In this study, the thermodynamic property of isothermal adsorption of aluminum ion from aqueous solutions was
investigated with activated carbon absorbent. The isothermal adsorption of aluminum ion by activated carbon absorbent was found
to be an endothermic process. The adsorption of ion increases when temperature is elevated. Thermodynamic parameters were
obtained. The values of AG, AH and AS are -1127.3, 4716.5, 19.6 j/mol. g(dsorventy respectively. The adsorption was observed to bea
spontaneous process. The adsorption of aluminum ion on activated carbon did not follow the Langmuir isotherm for liquid
adsorbate on solid adsorbent. However, the adsorption follows the Freundlich isotherm. The nature of adsorption is physisorption.
This investigation studied all effective parameters involved in the adsorption process: concentration of adsorbate, level of adsorbent,
contact time, pH, and temperature. It was found that the adsorption of aluminum ion from aqueous solutions increases by increasing
the concentration of adsorbate. The study concluded that the amount of adsorption increases by increasing the time of contact
between adsorbate and adsorbent and also by increasing the level of absorbent. The study also revealed that maximum adsorption
occurs at pH 5, and adsorption decreases at pH levels lower and higher than 5.
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l. INTRODUCTION

Activated carbon as an adsorbent has numerous applications. It is widely used for adsorption of gases and liquids: carbon
dioxide [1, 2], oxygen [3], hydrogen sulfide [4, 5], ammonia [6], hydrocarbons and its chlorinated derivatives [7-9], methyl-
tert-butyl ether(MTBE) [10], phenol and its derivatives [11,12] and pesticides [13]. Activated carbon is also used in the
adsorptive removal of harmful metal ions, anions and other poly anions from water solutions: nickel [14], chromium [15], lead
and cadmium [16], uranium [17], arsenic [18, 19], copper [20], fluoride [21], bromate [22] and sulfate [23]. The present
investigation studies the isothermal adsorption of aluminum ions from aqueous solutions with the use of activated carbon as an
adsorbent. The presence of aluminum ions in a body seems to have no positive impacts on living cells. In high quantities,
aluminum affects the nerve systems and blood circulation [24]. Aluminum is absorbed more from food stuffs than water [25].
A few studies have revealed that consumption of acidic food sand liquids containing aluminum could result a considerable
increment of aluminum absorption [26]. Aluminum sulfate(Alum) and poly aluminum chloride (PAC) have long been used as
primary mineral coagulants are used to remove color and turbidity in the water treatment industry [27-30]. Typically, a portion
of these coagulants dissolve and remain in the final treated water. Even trivial amounts of aluminum in potable water cause
numerous health problems that include Alzheimer’s disease and dialysis encephalopathy. The Environmental Protection
Agency (EPA) has set the maximum acceptable limit for aluminum in drinking water as0.2 mg/L(milligram per liter). Ideally,
the concentration of aluminum in drinking water should be less than 0.05 mg/Land no more than0.2 mg/L. Having access to
safe drinking water is considered among the essential needs of any community. Growing human population, developing cities
and increasing industrialization have polluted the environment, and sources of drinking water in particular [31-32]. Preserving
the quality of water in terms of aluminum levels and controlling potential contaminations by resources requires planning and
research; aluminum extent was, therefore, measured on a very small scale while attempts were simultaneously made to reduce
or remove it from industrial effluents [33].

In this study, activated carbon was used to adsorb aluminum ions from aqueous solutions. Parameters affecting the
adsorption process are temperature, concentration of aluminum ion, contact time, pH of the solution and level of adsorbent.
Thermodynamic parameters AG, AH and AS are obtained. Langmuir isotherm for adsorption of adsorbate from the solution and
Freundlich isotherm were studied.

Il. EXPERIMENTAL

A. Materials and Reagents

Hydrochloric acid (Merck), sulfuric acid (Merck), sodium chloride (Merck), ethylenediaminetetraacetic acid, widely
abbreviated asEDTA (Merck), buffer (sodium acetate, Merck), Eriochrome Cyanine R (Merck);tetrazole aluminum (Merck;
aluminum (I11) chloride salt in water, equivalent to 1000 micrograms aluminum was used to produce the standard aluminum
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ion solution). All solutions were made of deionized water with less than one micro Siemenselectrical conductivity. Activated
carbon in mesh size of 20 was used in all experiments.

B. Instrumental Setup and Method

A standard procedure was followed to prepare the aluminum ion solutions in all experiments. 1 g of activated carbon was
added to 50 ml of aluminum ion solution with a specific concentration. The container was mixed for one minute using a stirrer
at a speed of 360 rpm. Then the content of the container was filtered, and the solid residue was removed. The remaining
aluminum in filtrate was measured through aluminum measurement standard number 3500-A 1B (Erio chrome Cyanine R
Method) using a spectrophotometer at a wavelength of 535nm. Jar test apparatus equipped with a stirrer model LOVIBIND
was used for sample preparation; uv-vis spectrophotometer (Thermo Fisher scientific / GIOS UV-VIS) was used to determine
the amount of aluminum ion left in the solution after the adsorption process.

I11. RESULTS AND DISCUSSION

There are many studies that deal with the removal of harmful materials from water [34-39]. However, few studies have
been reported about the removal of aluminum from water [40]. An isothermal adsorption describes the equilibrium of the
adsorption of an adsorbate from thesurface of an adsorbent at constant temperature. It represents the amount of adsorbate
boundon the surface of adsorbent as a function of the adsorbate present in the solution. The adsorption process is either
endothermic or exothermic. End other mic adsorption occurs when the system absorbs energy from its surroundings in the
form of heat. In contrast, during exothermic adsorption the system releases energy in the form of heat. This study investigated
the isothermal adsorption of aluminum ion on activated carbon adsorbent. Effective parameters involved in the adsorption
process are concentration of aluminum ion, level of adsorbent, contact time, pH, and temperature.
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Fig. 1 The effect of aluminum ion concentration on adsorption process
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Fig. 2 The effect of time of contact between the adsorbate and adsorbent in adsorption process

At a very low concentration (1-10 ppb) all aluminum ions were absorbed by the adsorbent. When the concentration of
aluminum ion was raised to 20, 50, 80 and 100 ppb; 99.5%, 99.3%, 98.8% and 98.5% of aluminum ion were adsorbed and
removed from the solutions. At a very high concentration (5000 ppb) 62.7% of aluminum ion was adsorbed from the solution.
Fig.1 demonstrates the effect of adsorbate concentration on the adsorption process. Next,the effect of contact time on the
adsorption process was studied. The contact time between one gram of activated carbon and 50 milli liter of solution having an

-77-
DOI: 10.5963/JWRHE0401006



Journal of Water Resource and Hydraulic Engineering Jan. 2015, Vol. 4, Iss. 1, PP. 76-82

aluminum ion concentration of 3 milligrams per liter was varied between one to ten minutes. Fig. 2 demonstrates that a contact
time of five minutes a mixing velocity of 360 rpm suffices for the completion of the operation of aluminum adsorption. In
order to investigate the pH effect on the adsorption of aluminum ion process; the experiments were carried out at different pH

levels varying from 2 to 10.
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Fig. 3 The effect of pH of solutions on adsorption process
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Fig. 4 The effect of adsorbent levels on adsorption process

The results (Fig. 3) revealed that adsorption of aluminum ions would be more efficiently carried out at pH 5. At a higher
pH the adsorption decreases because aluminum ion (Al***) may be convertedto aluminate [Al(OH),]-ion. At a pH lower than 5
the adsorption of aluminum ion decreases again. This could be due to a competition that occurs between adsorption of
aluminum ions and hydrogen ions with positive charges. In addition, in the decrease in adsorption process could also be due to
the change in morphology of adsorbent which may occur at a lower pH. The effect of changing absorbent levels was studied
for adsorption of on centration of aluminum ion in aqueous solutions. Fig. 4 demonstrates that up to a certain level adsorption
increases with increasing adsorbent levels, but after that adsorption remains constant. Furthermore, investigations were carried
out on the heat o a specific cf adsorption of aluminum ions on activated carbon. The effect of temperature on the adsorption
process was studied for a certain concentration of aluminum ions on one gram of activated carbon in the range of 298°K and
353°K.It was found that the amount of adsorption increases with elevated temperature. Therefore the adsorption of aluminum
ions on activated carbon is an endothermic process. The adsorption process is depicted in Equation (1).

3 3.
A|+ (soln) + C(adsorbent) « A1+ .C (adsorbed aluminum ion) (1)

When C, is the initial concentration of aluminum ion in aqueous solution; Cethe concentration of remaining aluminum ion
after adsorption process (equilibrium concentration); the distribution constant K4 between adsorbed aluminum ion and the
remaining aluminum ion can be obtained using Equation (2).

CO0 — Ce @

Kd = Co
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Fig. 5 The plot of Ln K versus 1/T

The distribution constant was measured for all temperatures (298°K-353°K). Gibbs free energy yields the change of free
energy of adsorption process Ag,gsaS Seen inEquation (3).

AGads = -RTLnKd ?3)
AGads = AHads + T ASads-RTLnKd = AHads- T ASads @)
LnKd = — AHads + ASads (5)

RT R

The plot of Ln Ky versus 1/T was obtained, the values of AH,gsand AS,qsWere determined from the slope and intercept of
the line, Fig. 5.

The values of AGags, AHags and ASqs are -1127.3, 4716.5, 19.6 j/mol. geasomenyrespectively. Since AGyg; IS a negative value
and AS,gs is a positive value the adsorption is a spontaneous process. The positive value of AH,g States that the adsorption is an
endothermic process. The Langmuir isotherm for adsorption from liquid solution is described in Equation (6):

Ce_Le, _ 1 (6)
ge qgm qgmk(ads)

Where C.is the amount of adsorbate in the solution (after adsorption process or equilibrium concentration)%; Qeis the
amount of adsorbed adsorbate on solid adsorbent% ; Omis the amount of adsorbate necessary for formation of a monolayer%;
and Kags is an adsorption constant.

ge = (Co — Ce) X % (7)

Where v is volume of the solution L; and m is mass of adsorbent mg. Langmuir isotherm was obtained by plotting%

versus C.. This study demonstrated that the adsorption of aluminum ions on activated carbon does not follow Langmuir
isotherm. The Freundlich isotherm [41] is one of the equations that relate the amount of material adsorbed to the concentration
of material in the solution.
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Fig. 6 The plot of Log m versus Log C
The Freundlich isotherm equation is shown in Equation (8):
M = KygC" ®)

Here m is the number of grams adsorbed per gram of adsorbent; C is the concentration;K,4s and n are constant. By
measuring m as a function of C and plotting Log m versus Log C, the values of n and K,4s can be determined from the slope
and intercept of the line. The Freundlich isotherm was studied for adsorption of aluminum ion solution on one gram of
activated carbon. The result is presented in Figure 6. The adsorption of aluminum ions on activated carbon follows Freundlich
isotherm with n = 1.09 and K4 = 9.36. Since n is a positive number, a physisorption of aluminum ions occurred on activated
carbon. Rajan has reported a similar study about in vitro adsorption of aluminum by an edible biopolymer (Y -glutamic acid)
[42]. The following similarities were observed when our results of adsorption of aluminum on activated carbon were compared
with those reported by Ranjan. The adsorption process is very fast. Low adsorption occurs at low pH. Maximum adsorption
occurs at moderate pH.

IV.CONCLUSION

In this study the isothermal adsorption of aluminum ions in aqueous solutions was investigated using activated carbon as an
adsorbent. The adsorption did not follow Langmuir isotherm in the solution, but it followed the Freundlich isotherm. The
Freundlich isotherm revealed that the nature of adsorption is physisorption. Thermodynamically this adsorption is a
spontaneous and endothermic process, adsorption increases whenthe temperature is elevated. All parameters involved in the
adsorption process were examined. Since this adsorption is an endothermic process, temperature elevation causes an increase
in adsorption. A contact time of five minutes suffices forthe completion of the adsorption process. The pH level of the solution
affects the adsorption of aluminum ions on adsorbent. The maximum adsorption occurred at pH 5. Adsorption decreases when
pH levels of the solution increased or decreased. We conclude that activated carbon is a suitable adsorbent for the removal of
aluminum ions from aqueous solutions.
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