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ABSTRACT

In the present investigation Methyltrioctylammonium Chloride modified Aluminium isopropoxide was
prepared under ultrasonicator. The IL-Aluminium isopropoxide was characterized using FTIR and X-ray
diffractometer (XRD). The Prepared IL-Aluminium isopropoxide was tested for the adsorption of Pb2+ from
aqueous solution and isotherms were determined. The Pb2+ adsorption performance of the prepared samples
was studied by Atomic Adsorption Spectroscopy (AAS) method. Adsorption of Pb2+ on the chemically
modified Aluminium isopropoxide was correlated well with the Langmuir model. Correlation coefficients
(R2) of Langmuir adsorption isotherms was 0.9994. Efficient synthesis strategy and high adsorption efficiency
of IL-Aluminium isopropoxide showed a best ability to remove Pb2+ metal ions from water.

Keywords: Methyltrioctylammonium Chloride, Adsorption, Ultrasonication, Aluminium isopropoxide.

Introduction

Lead ions commonly exist in industrial and agricul-
tural wastewater and acidic leachate from landfill
sites in relatively high concentration. They are quite
harmful to human and living things (Machida et al.,
2006). The maximum allowable level of lead in
drinking water has been set at a concentration of 100
ppb by the World Health Organization
(Orumwense, 1996). Lead contamination of drinking
water is often a result from corrosion of lead-con-
taining plumbing (Halttunen et al., 2007). Long-term
drinking water containing high level of lead ion
would cause serious disorders, such as nausea, con-
vulsions, coma, renal failure, cancer, and subtle ef-
fects on metabolism and intelligence (Li et al., 2005).
Up to now, many techniques have been applied to
remove Pb (II) ion from wastewater, such as ion ex-

change, coprecipitation, cloud point extraction,
membrane filtration, flocculation, reverse osmosis,
adsorption (Rao et al., 2007; Ghaedi et al., 2009;
Uluozlu et al., 2010; Karbassi and Nadjafpour, 1996;
Soylak, 2010; Gupta and Ali, 2004) and so forth.
Among these methods, adsorption-based methodol-
ogy is highly efficiency, cost-effectiveness, simple
operation, and environmental friendliness (Huang et
al., 2011). Normally, adsorption is strongly depen-
dent on the pore structure and surface area of the
adsorbents whereas metal ion uptake is largely as-
cribed to ion exchange or chemical adsorption on
specific adsorption sites (Kuchta et al.,
2005). Thus, modification of the surface chemistry
strongly influences the metal ion adsorption process
(Hyung et al., 2007). Several kinds of adsorbents
have been used to remove Pb (II) ion from wastewa-
ter. Some of the adsorbents are natural and the oth-
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ers are synthetic. In this paper, we report a novel
ionic liquid modified Aluminium isopropoxide ad-
sorbent used to adsorb Lead ions from wastewater.
Methyltrioctylammonium Chloride was used as an
ionic liquid to modify the adsorption properties of
Aluminium isopropoxide under ultrasonicator.

Materials and Methods

Chemicals and Instruments

Chemicals used in the work were obtained from
various companies, such as Methyl
trioctylammonium Chloride was procured from
Sigma Aldrich, Aluminium isopropoxide and Etha-
nol were purchased from MERCK.

Sonicator used in this study was of Microsil
model no. GB2500B ultrasonic bath cleaner (with a
frequency of 40 KHz and capacity of 2500 ml) and
FTIR spectra of the samples were obtained by using
FT-IR Spectrometer (FTLA2000 spectrophotometer
using KBr disc method). The phases of the synthe-
sized adsorbent were determined by an X-Ray
diffractometer (XRD) (Maker: Broker, Model: D8
Advance. Adsorption was analysed by UV-260 (UV-
260, Shimadzu)

Results and Discussion

Synthesis of Methyltrioctylammonium chloride
modified Aluminium isopropoxide

4 mmol of Methyltrioctylammonium Chloride was
added in 15 ml of Ethanol and was sonicated for 30
min. at room temperature. Then 10 ml of Ethanol

was added to 10 mmol of Aluminium isopropoxide
and sonicated for 30 min. at room temperature. Af-
ter this both solutions of ionic liquid and Alu-
minium isopropoxide were mixed and sonicated for
4 hr at 40oC to form a colloid. Temperature is well-
ordered by adding cold water in ultrasonicator bath
after every 15 minutes. Then, colloid was put into
oven to endure solvent evaporation process. The fi-
nal product will be gained after grinding with pestle
mortar.

Characterization

To study the functional groups and bonds character-
istic of the IL-Aluminium isopropoxide, Fourier-
transform infrared spectroscopy (FTIR) and X-Ray
diffraction was carried out on specimens.

FTIR Analysis

The FT-IR spectra of the activated Aluminium
isopropoxide was recorded by Perkin Elmer 100
spectrometer using potassium bromide (KBr) disc
method.

Peak at 1461.484 cm-1 due to C=C stretch. Peak at
3043.451 cm-1 due to OH stretch. Peak at 1378.304
cm-1 due to aromatic overtones. Peaks falling in the
range of 1088.565 cm-1 and 722.229 cm-1 are due to C-
H wags of alkenes.

XRD Analysis

XRD spectra of Aluminium isopropoxide and IL-
Aluminium isopropoxide were recorded. The differ-
ent phases of the Aluminium isopropoxide and IL-
Aluminium isopropoxide were examined by an X-
Ray diffractometer (XRD). Comparison of both spec-

Fig. 1. FT-IR spectra of Methyltrioctylammonium Chloride modified Aluminium isopropoxide
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tra was done, and it was investigated that no charac-
teristic peak of unmodified Aluminium
isopropoxide appeared. The crystalline phase ap-
peared in the IL-Aluminium isopropoxide from the
three peaks at position 12o, 16o and 24o. Other peaks
were broad expressing amorphous nature of synthe-
sized compound.

Adsorption Essay

Stock solutions of 1000 mg l–1 of lead Pb (II) in dis-
tilled water was prepared from the salt precursor
Pb(NO3)2·4H2O. By diluting the stock solutions, the
working solutions for adsorption test was prepared.
The adsorption isotherms were performed under
favourable conditions for the Lead, as previously
determined: initial pH of Lead solution was 3 at
room temperature (approximately 35oC). The con-
centration of metal ion varied from 10 to 500 mg l–1.
The initial pH of the metal solutions was adjusted by
adding 0.1 M HNO3 or 0.1 M NaOH. After reaching
equilibrium, the mixture was filtered through
Whatman filter paper. The content of Pb(II) in the
filtrate were analysed with Atomic Absorption
Spectrophotometer (Perkin Elmer 3100) provided
with hollow cathode lamps for lead (= 217.0 nm).

The adsorption capacity of Aluminium
Isopropoxide was calculated as follows:

qe = V (Ci – Ce)/m

qe is the adsorption capacity (mg g–1) at equilib-
rium, V is the volume of solution in litres, Ci is the
initial concentration of the metal in solution (in mg
l–1), and Ce its concentration at equilibrium. In liq-
uid–solid systems, the isotherm models most used is
Langmuir isotherm. The linearized form Langmuir
of this isotherm is represented by the following
equation:

Where Ce is the concentration of adsorbate (mg l–

1) at equilibrium, qe is the amount of adsorbate re-
tained per gram of adsorbent (mg g–1), qmax (mg g–

1) is Langmuir constants related to the maximum
adsorption capacity and b (l mg–1) is Langmuir con-
stants related to the maximum adsorption energy.

Effect of initial concentration

Figure 5 shows the adsorption curves of Pb2+ at dif-
ferent initial concentration and the pH values of the
solution was kept original without any treatment
(pH 7). It is observed that the adsorption capacity of

Fig. 2. XRD spectra of unmodified Aluminium
isopropoxide

Fig. 3. XRD spectra of Methyltrioctylammonium Chlo-
ride modified Aluminium isopropoxide

Fig. 4. Langmuir isotherm for the adsorption of Pb2+( pH
at 7.0, Temperature at 35oC)

Pb2+ increases with increasing the initial concentra-
tion, while the removal percentage decreases. This
may be attributed to the fact that the driving force
provided by high initial dye concentration can over-
come the mass transfer resistance between the aque-
ous and solid phases ((Nuengmatcha et al., 2014;
Kumar et al., 2013). The ratio of available surface-
active sites to the dye  molecule decreases at higher
concentrations, resulting in the decreases of remove
percentage. The absorption capacity of Pb2+ in-
creases from 45.4 mg g-1 to 265.6 mg g-1 with the in-
creasing of concentration from 30 mg l-1 to 270 mg l-

1 CeCe/qe = +
bqmax qmax
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Fig. 5. The adsorption curves of Pb2+ at different standard
reaction conditions i.e. (pH :- 7, Time:- 60min.,
Temp:- 35oC)

1. Based on the above discussion, the most
favourable adsorption of Pb2+ is seen at concentra-
tion of 220 mg L-1. With further increase in concen-
tration of the solution the adsorption capacity be-
comes constant and no increase in adsorption capac-
ity.

Effect of pH

The pH of solution is a very vital factor in the ad-
sorption process. The effect of pH was studied in the
range of 2–7 for Pb2+. The adsorption capacities of
Pb2+ increase with increasing solution pH. Maxi-
mum adsorption capacity 250 mg/gm obtained at 7
pH.

Effect of Contact Time

The adsorption capacity of Pb2+ increases sharply at
the initial stage, then become slower and gradually
reaches the equilibrium. This is probably due to the
existence of a large number of absorption sites and
the strong driving force for absorption at the initial
stage (Cechinel et al., 2014; Pokhrel and
Viraraghavan, 2104). As the time prolongs, the more
and more absorption sites can be occupied by Pb2+,
which leads to the slow rate of absorption, and even-
tually approaches equilibrium after 1 h.

Effect of Temperature

The adsorption capacity increases with an increase
of temperature from 25 oC to 40 oC then declines as
the temperature increased further. The maximum
adsorption capacity (250 mgg-1) can be obtained at
35 oC.
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