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Abstract
Nowadays different industrial sectors are highly contributing towards the discharge of heavy metal
in various environmental compartments and it is one of the foremost environmental concerns due
to their high toxicity and destructive impacts impact on human health. The effluents discharge
from paint and leather industries usually contain considerable amount of lead and mercury
which ultimately accumulates along the food chain and causes severe damage to the nervous
system. Various conventional methods have been reported in past for removing heavy metal ions
such as chemical precipitation, electrochemical deposition, solvent extraction, and adsorption.
Among these, adsorption is of immense importance because is effective and economical mean
for environmental remediation. In past adsorption studies have focused on the development and
application of different materials such as silica, titanium, vanadium, alumina, aluminosilicates,
chitosan, starch and cyclodextrin. Currently designing of aluminosilicate based materials gain
wide acceptance in multidisciplinary research areas due to their distinctive properties such as
high surface area, pore volume and low operational cost. In addition to these characteristic
features, the application of these materials are limited due to the lack of ion exchange ability
which restricts the mobility of metals during adsorption phenomenon The present study was
design to functionalize aluminosilicates with titanium chloride in order to enhance its ion
exchange properties and ability to reduce harmful state of toxic metals for instance, Hg (II). The
designed materials were subjected to different spectroscopic and quantitative techniques such
as fourier transform infrared spectrometry, scanning electron microscopy, X-ray diffractometry.
The objective of present research is to prepare aluminosilicate-Ti chloride by adapting simple
sol-gel protocol and its functionalization with titanium chloride with simple mixing method. The
synthesized material was applied adsorbent for entrapping different toxic pollutants such as
mercury and lead. The formation of alumino-silicates-Ti material is confirmed by the presence
of distinctive IR peak at 990 cm-1.Scanning electron microscopy of synthesized product reveals
the microstructures with small void spaces. The X-ray diffractometry (XRD) pattern reflects the
amorphous behaviour of synthesized material due to the modification of aluminosilicate with
titanium chloride.
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1. Introduction
The rapid expansions of human and industrial activities lead
towards unusual global and ecological changes. Under these
circumstances, the major research target for scientists is to
develop economical and environmental functional material by
adapting simple methods [3]. Alumino-silicates become the
centre of attention after modification with titanium chloride
due to its remarkable physiochemical properties such as high
surface area to volume ratio and ion exchangeable framework.
The replacement of Si with Ti in the alumino-silicate framework
enables the efficient use of these materials as adsorbent for
remediation of heavy metals, volatile hazardous substances
and persistent organic pollutants [9]. Recent reports in
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literature have revealed the possibility of producing aluminosilicate grafted zinc as nanotip by applying different synthesis
routes including plasma sprayed, chemical vapour deposition
and electrochemical anodization methods [4]. Within
anodization method electrolyte and metal variations during
synthesis process were reported and their effects were studied
on the morphologies of synthesized materials. Additionally,
these materials are preferable in the field of adsorption for the
remediation of various dyes such as congo red and methylene
blue, toxic metals (copper, nickel, lead and mercury) and
organic pollutants (pesticides and PCBs) etc from industrial
waste water samples [17]. Wang et al., 2012 reported about the
modification of silica and alumina with zinc and vanadium
to apply as adsorbent for efficient uptake of congo red from
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textile wastewater samples. These materials exhibit significant
removal of heavy metals due to its high porosity and large
surface area. Similarly after the successive development of
silica and alumina based materials, alumino-silicates were also
synthesized and modified with zinc extracted from rice husk
ashes and its potential application as adsorbent, drug carrier
and catalyst due to its high cation exchange capacity. [13]
The present study based on the synthesis of alumino-silicates
followed by its modification with titanium chloride by using
simple and economical sol-gel method. It is proposed that
sol-gel method is a possible route to achieve particles with
higher homogeneity and uniformity as compared to other
conventional means. Based on the economical viability and
environmental viable nature of the designed product it serve as
nanocage for entrapping various toxic metallic species such as
mercury and lead by batch adsorption experiments [6].

2. Materials and methods

3. Characterization
The synthesized material is subjected to following
characterization techniques such as FTIR (Fourier Transform
Infrared (FTIR-8400 Schimadzu, Japan) spectrophotometer,
XRD (STOE) and SEM (JEOL tsm-6490, Japan).
3.1 FTIR
The appearance of small IR peak at 997 cm-1 was assigned
due to the formation of Si-O-Al bond after condensation of
Si-OH and Al-OH groups [15] but modification of aluminosilicate with titanium chloride was confirmed by the shift in IR
peak from 997 - 990 cm−1 and it corresponds to the stretching
vibration of Si–O-Al [6] perturbed by the presence of vibration
band of the -Al-O- Ti–O–Si [11] fragment The reduction in the
intensity of IR peaks of alumino-silicate-Ti sample confirms
the modification (see Fig. 2).

The materials such as sodium silicate, aluminium nitrate,
cetyl trimethylammonium bromide, titanium chloride and
NaOH were the reagents used for synthesis and purchased
commercially from Sigma Aldrich. Apparatus include a Flame
Atomic Absorption spectrophotometer (AA 220, Varian) for
metal analysis.
2.1. Synthesis of aluminosilicate products
Fig. 1 shows the synthesis of aluminosilicate by selecting
sodium silicate and aluminium nitrate as primary precursors
for silica and alumina. For this purpose, alumino-silicate
was prepared by dissolving equal proportion (50:50) of both
precursors (sodium silicate and aluminium nitrate) in 96
ml of double deionised water. The homogeneous solution is
further processed by the addition of 0.7 ml of 2 M NaOH with
continuous heating and vigorous stirring at 80 °C for 30 min
followed by uniform mixing of 0.5 g of surfactants (CTAC).
The resultant product was washed with distilled water, filtered
and then dried in oven to get white powder which was calcined
at 600 °C for 5hrs [19]. The prepared product was further
functionalized with titanium chloride by simple mixing
method. For this purpose, alumino-silicate fine powder was
added in titanium chloride solution in (75:25) ratio. The
titanium chloride was dissolved in less ratio because highest
concentration of it will affect the integrity of the synthesized
product [2].The prepared product was coded as AlSi-Ti.

Fig 2. FTIR spectra of alumino-silicate-Ti based material
2. ábra Titán-aluminoszilikát FTIR spektruma

3.2 SEM
SEM micrograph of AlSi-Ti seen in Fig. 3 showed aggregation
of particles [12] with large number of small void spaces. This
might be due to the effect of high calcinations temperature or
attributed to the addition of cationic surfactant (CTAC) during
synthesis [3].

Fig. 3. SEM of alumino-silicate-Ti based material
3. ábra Titán-aluminoszilikát elektronmikroszkópos felvétele

3.3 XRD
Fig. 1. Synthesis protocol of aluminosilicate material
1. ábra Aluminoszilikát szintézis protokollja

XRD pattern of synthesized specimen scanned at 10-71of 2θ
by steps of 0.015 with Cu K α radiation (λ = 1.54059) clearly
depicts the amorphous nature of synthesized material. It is
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attributed to the instability of AlSi-Ti material under acidic
conditions which may lead towards the dealumination and
collapse of atomic structures. This study is also supported by
the Lin et al., 2015 which reveals the reduction in the peak
intensities of the crystalline kaolinite after modification with
Ti [18], see Fig. 4.

active sites [1] and rapid diffusion of lead ions may accelerate
the affinity of adsorbent to remove lead at initial time but
quick decline after 10 minutes till 20 minutes is attributed to
the surface coverage of alumino-silicate-Ti adsorbent results in
the formation of metal complexes [10] (see Fig. 5.b)
Comparative adsorption studies of alumino-silicates-Ti with
both metals (lead and mercury) suggest Accordingly it can
be found that regular incline is observed for the removal of
mercury as compared to lead. This adsorption trend is allied
with the generation of unsaturated negative charge due to
replacement of Si4+ ions by Al3+ in the alumino-silicate skeleton.
Consequently lowest percentage removal of lead is observed at
20 min is due to the long-distance diffusion of lead ions into
the internal pores of alumino-silicates framework [16].

4. Conclusions

Fig. 4. XRD of alumino-silicate-Ti based material
4. ábra Titán-aluminoszilikát röntgendiffraktogramja

3.4 Batch adsorption experiment
A batch method was employed to study the adsorption of
mercury and lead from aqueous solutions onto the aluminosilicate matrix. For this purposes, adsorbent 10 mg was
suspended in 30, 50 and 70 mg/L of aqueous solution. Known
concentration of adsorbate (0.03 mg/L) is pipetted out in the
flask containing 10 mg of adsorbent (alumino-silicate), after
the contact of every 5 minutes and analysed under flame
atomic absorption spectrometer (FAAS) [7]. Percent removal
was calculated by using following equation:
R%= Ci-Co/Ci
It is proposed on the basis of experimental results that
alumino-silicate modified titanium composites reveal (69%)
uptake of mercury after 15 min minutes as shown in Fig. 5.a.
It is attributed to the availability of large surface area and
number of free binding sites. The slight decrease in adsorption
of mercury ions is associated with the aggregation of available
active sites as a result electrostatic attraction diminishes
between mercury ions and adsorbent surface. This ultimately
decreases the diffusion path length of the adsorbent [5].

Fig. 5. Removal percentage (a) mercury, (b) lead
5. ábra Eltávolítási hányadok (a) higany, (b) ólom

In addition, gradual uptake of Pb2+ ion (49 %) was recorded
at initial 10 minutes is due to the quick saturation of all empty
96

It is concluded that physicochemical properties of aluminosilicates after modification serve as superior material for
various industrial applications due to its bidimensional oxide
structure in which the metals are bound to the Al2O3 matrix
by SiO-Ti bond. Specific advantages to be gained by using
alumino-silicates-Ti nanoparticles include facile adsorption,
desorption, separations and catalysis applications. Efficient
removal of mercury as compared to lead is observed due to the
presence of electrostatic interactions between negative surfaces
of alumino-silicates-Ti with the positive charge of mercury
ion whereas removal of lead was significantly low due to the
neutral charge of lead ion. It is concluded that modification of
alumino-silicates with titanium chloride was favourable due to
its potent economical and environmental benefits.
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