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Abstract: The adsorption and photocatalytic reduction of toxic Hg(ll) in aqueous
solutions at different temperatures were investigated with synthesized TiO, nanoparticles
and TiOy/montmorillonite. The latter were tested by TGA, BET, TEM and XRD
methods. The 9.1nm diameter TiO, nanoparticles had a specific surface area exceeding
200 m?g*. High purity anatase TiO, nanoparticles were produced at 500 °C.
TiO,/montmorillonite was prepared by slurry reactions, resulting in average pore size of
3.10 nm with TiO, nanoparticles on the montmorillonite surface. TiO,/montmorillonite
with a 22 wt% TiO, load exhibited a specific surface area of 239 m?g™. The removal of
Hg(ll) in aqueous solutions at 25, 35 and 45 °C in darkness and under UV illumination
showed that the photocatalytic reduction of Hg(ll) increased with increasing
temperature, and a decline in adsorption was observed for a raise in temperature from

25 to 45 °C, following the exothermicity of the adsorption process. The adsorption
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behavior of Hg(l1) on the materials were well described by the Langmuir isotherm model,
and the adsorption rates were simulated by the Elovich equation. A first-order reaction
model was used to simulate the photocatalytic reduction reaction of Hg(ll) in aqueous
solutions, and a good fit was obtained with the experimental data.

Keywords: TiO,; montmorillonite; Hg(ll), photocatalyst, removal.



1. Introduction

The Hg(ll) in industrial wastewaters has received increasing attention as a serious
pollutant due to its toxic and bio-accumulative properties [1, 2]. In aquatic systems, Hg(ll)
are often converted by bacteria to methylmercury, which magnified pose a health risk to
humans and wildlife through the aquatic food chain [2]. Thus, it is necessary that
effluents from industrial installations be free from its compounds and/or the toxic Hg(ll)
salts ought to be removed from industrial liquid waste before being discharged into
waterways and the biosphere [1]. Several methods have been studied for the removal of
Hg(ll) in aqueous solutions including activated carbon adsorption, ion-exchange,
precipitation and photocatalytic reduction. The adsorption and photocatalytic reduction
techniques by TiO, materials appear to be most promising because of their high
efficiency and simplicity of operation. More importantly, Hg(Il) can be removed from the
solution by photocatalytic reduction with TiO,to elemental mercury which can be safely
recovered [3]. Some literatures have illustrated the adsorption and photocatalytic
reduction of Hg(Il) and Cr(VI) by the TiO, powders and the effect of only solution pH
has been covered [2-5].

It is well established that morphological and structural parameters strongly affect the
adsorption and photocatalytic activity of TiO, materials [6-9]. TiO, can exist in three
crystalline modifications: rutile (tetragonal), anatase (tetragonal), and brookite
(orthorhombic). Anatase TiO, nanoparticles are the most active allotropic and generally
display unique properties, such as quantum size effect, high surface area and short

interface migration distance, all of which achieve enhanced photocatalytic performance



[6, 10, 11]. Many methods such as solution phase synthesis [12-15], chemical vapor
deposition [16, 17], flame synthesis [18, 19], the alkoxide sol-gel method [20-22], and
others [23] have been developed to synthesize anatase TiO, nanoparticles. It is well
known that nanoparticles have a strong tendency to aggregate in concentrated state, and
the aggregation of TiO, nanoparticles would lead to the decrease in active surface area of
the catalyst, resulting in the decrease in catalytic activity. The anatase phase is also
thermodynamically less stable than the rutile phase, and its formation is kinetically
favored at lower temperature. Thus, it is not easy to synthesize TiO, nanoparticles with
high surface area, narrow size distribution and uniform anatase crystalloid [24, 25]. In
addition, the synthesis apparatus and product separation should be uncomplicated
preferably for low-cost commercial applications [26, 27].

Recently, TiO, composites have also been studied by preparing a series of
compounds such as microcrystalline TiO, pillared clays, mixed Ti/Si, Ti/V oxides,
nanocrystals of TiO, dispersed in inorganic media [28-34]. Some studies indicated that
TiO, supported on porous adsorbents is a potential catalyst system for the continuous
removal of contaminants from wastewaters [31, 35]. Especially, TiO,/montmorillonite
has been attracting much attention as a new low-cost type of photocatalyst, since its high
surface area and superior properties accelerate photocatalytic reactions [32, 35].

The aim of the present investigation is to study the adsorption and photocatalytic
reduction of Hg(ll) in aqueous solutions by synthesized TiO, nanoparticles and
TiO2/montmorillonite. The synthesized materials were characterized by TGA, BET, TEM
and XRD. The effects of solution temperatures on the removal of Hg(ll) in aqueous

solutions were tested. The adsorption equilibrium at different temperatures was studied



by the Langmuir isotherm model. The kinetic models of adsorption and photocatalytic

reduction were tested with the experimental data.

2. Experimental

2.1 Materials
2.1.1 Preparation of TiO, nanoparticles

We tried to synthesize TiO, nanoparticles by applying a controlled acid catalyzed
sol-gel method using HNOg, ethanol and titanium alkoxides, which enables the synthesis
of oxide particles with a regulated particle growth through a gel state [24, 25, 35-38]. The
sol was prepared using HNOs, ethanol and titanium alkoxides following the hydrolysis
reaction of the Ti precursor in the solution with the temperature of 60-80 °C and the pH
of 2-4. The molar ratio of Ti(OC4Hg)4, ethanol, HNO3; and deionized water was
maintained at 1:20:0.05:3. Ti(OC4Hy)4 was added dropwise into the mixture solution of
ethanol, HNO;3 and deionized water under continuous stirring for 2 h, and a homogeneous
pale yellow-green solution was obtained. This was allowed to age at room temperature

for 48 h and then dried in an oven at 80 °C for 12 h. It was then calcined in ambient

atmosphere at 500 °C for 2 h in a conventional furnace.

2.1.2 Preparation of TiO,/montmorillonite
Some studies reported the preparation of TiO,/montmorillonite [28, 32, 33, 38, 39].
Typically, 40 ml of Ti(OC4Hg), were added dropwise into 250 ml of ethanol. The mixture

was then added gradually to the HNO3 solution of 1 mol/L under continuous stirring for 2



h to produce a transparent solution. Subsequently, the pH was adjusted to 2.5 with the
addition of 1 M NaOH resulting in a turbid colloid. The pH adjustment was necessary to
prevent the destruction of the structure due to reaction with acid. The molar ratio of
ethanol, Ti(OC4Hg)4 and HNO3 was 12:5:1.6. The montmorillonite used in this study was
the sodium-exchanged bentonite. The cation exchange capacity was 83 meqg. per 100 g. A
mass of 10 g of montmorillonite was saturated with water for half an hour and was firstly
modified by cetyltrimethylammonium bromide (CTAB) through an ion-exchange
reaction. The basal spacing was further expanded by the intercalation of dodecylamine
(DDA) of 20 molar ratio [40]. This was then mixed with a certain amount of TiO; sol,
stirred for 1 h, followed by a washing-centrifugation procedure to make the supernatant
nearly neutral. The mixture was dried for 24 h at 80 °C, calcined at 500 °C for 2 h to

remove the organic templates.

2.2 Characterization

The synthesized materials were tested using different techniques. The thermal
decomposition behavior of material precursors were examined using a thermo-
gravimetric analyzer (model SDT 2960 and thermal analyst 2000, TA instruments). The
specific surface areas were determined with the BET method using a Micrometric
Acusorb 2100E apparatus. The TiO, nanoparticles size was measured by Transmission
Electron Microscope (TEM; JEM 4010). The TiO, content in the TiO,/montmorillonite
was determined by elemental analysis using X-ray fluorescence method (Rigaku
Industrial Corporation, R1X-2000). The X-ray powder diffraction spectra of materials

were analyzed using a Shimadzu XRD-6000 powder diffractometer, where a Cu target



Ka-ray (operating at 40 kV and 30 mA) was used as the X-ray source. The particles

diameter was also estimated by Scherrer’s equation.

2.3 Removal of Hg(l1) in aqueous solutions

The experiments of Hg(ll) removal were carried out in a cylindrical glass reactor
containing 200 ml of HgCl, (c,,100 mg.L™) solutions with the temperature control. The
pH values of HgCl; solutions were adjusted to 6.0 by hydrochloric acid. A mass of 2 g of
the synthesized materials was used for the tests of Hg”** removal in dark conditions as
well as for the tests carried out under UV irradiation by a water-cooled 125 W medium
pressure mercury lamp. During the experiments, samples were collected at selected time
intervals. In a typical photocatalytic reduction run, the catalyst was suspended in the
solution in the dark for 2 hrs by stirring to reach the adsorption equilibrium prior to the
photo-reduction experiment under UV irradiation. The Hg(ll) concentrations (¢, mg/L) in
aqueous solutions were analyzed by Cold Vapor Atomic Absorption Spectrometry
(CVAAS). In a typical run, the catalyst of TiO, nanoparticles was suspended in the
solutions and the solutions were continuously stirred for the enhanced diffusion and
reaction. The spent materials after experiments were safely kept and treated according to

the laboratory regulation.

3. Results and Discussion

3.1 Characterization of TiO, nanoparticles and TiO,/montmorillonite



The TGA results of the precursors of two materials before calcination are shown in
Figure 1. The main mass loss values were about 14-17% below 500 °C for TiO;
nanoparticles and the DTG curve showed decomposition peaks at 350 °C, which may be
due to the removal of chemisorbed water and structural hydroxyl groups. The TGA curve
of the TiO,/montmorillonite showed a significant mass loss in the region of 200-450 °C
with a maximum at 310 °C from DTG curve, caused by the decomposition of surfactant
molecules and the removal of structural hydroxyl groups. The results also indicated the
exchange of Na" ions with the bulky organic cations CTA" in the clay mineral [39-41].
The organic matter degradation in the precursor of TiO,/montmorillonite is mainly based
on CyHy decomposition, and water and CO, are continuously released, resulting in
increase of the basal spacing in layer structure [39-41]. The specific surface area, pore
diameter and pore volume for the two materials were determined using nitrogen
adsorption/desorption isotherm and multi-point BET analysis, the results of which are
shown in Table 1. It can be seen that the specific surface area of the TiO, nanoparticles
were higher than 200 m? g™. A significant result was that the TiO,/montmorillonite
exhibited the larger specific surface area of 239 m? g™*. The synthesized materials were
tested and characterized by XRD method. All peaks of XRD patterns of the TiO,
nanoparticles can be indexed to anatase TiO,. They were in good agreement with the
standard spectrum (JCPDS no.: 21-1272), and no significant peaks of rutile and brookite
were observed. The TiO; characteristic reflections were observed from the XRD pattern
of TiOy/montmorillonite. Table 2 shows that the TiO, content of 22 wt% in the
TiO,/montmorillonite was dramatically higher than that in the purified montmorillonite.

The XRD pattern of the pure montmorillonite showed reflections at 26 = 6.820, 18.921,



28.316. The XRD patterns of the TiO,/montmorillonite exhibited one diffraction line in
the low angle range at 26 =3.168, which corresponded to a layer spacing expansion [39].
TEM micrographs of the TiO, nanoparticles and the TiO,/montmorillonite (Figure 2)
indicated that the TiO, nanoparticles obtained by the acid catalyzed sol-gel method were
highly dispersed and without great aggregation. Montmorillonite layered silicates exist as
platelets of 2-to-1 with a central row of silicate octahedral flanked by two inward-
pointing rows of magnesia or alumina. As can be seen from Figure 2(b), the TEM
patterns of the TiO,/montmorillonite showed a cross-linked layer structure, and an
aggregated oxide nanoparticles structure is also observed on the surface. Hydrolysis of
Ti(OC4Hy), results in formation of either TiO, nanoparticle that heterogeneously nucleate
on montmorillonite surface to form a shell or some nanoparticles that homogeneously
nucleate to form larger nanoparticles. The particles are included in the layer structure and
should be less than 3.1 nm, and others of larger sizes were not present in the interlamellar
spacing of montmorillonite, and heterogeneously deposited on the external surface [41,

42].

3.2. Formation mechanisms of TiO, nanoparticles and TiO,/montmorillonite

It is interesting to note that the synthesized TiO, nanoparticles in this work were
uniform anatase, and their size was quite small. It was mentioned earlier that anatase is a
thermodynamically less stable phase than rutile. Its formation is typically favored at
temperatures of less than 600 °C [30, 43]. This lower temperature could explain the high
surface area of the catalysts. The hydrolysis/polycondensation model for the formation of

titanium dioxide from the reaction of titanium alkoxides with water in solution phase was



shown in some studies [22, 43-45]. The enhancement effect of solution pH value in the
overall hydrolysis reaction is quite straightforward. The dehydroxylation and the
dealcoholation are accelerated to increase the overall surface hydrolysis process by acid
[45]. During this acid catalyzed sol-gel process, both the formation of sol particles and
the gelation process took place, which increased the local pH, resulting in the
hydrolyzation of the Ti precursor, and created a dispersion of colloidal particles [22, 43-
45]:

TiO? + 20H — TiO(OH); (sol) (R1)

Further reaction caused bonds to form between sol particles, resulting in a network
of titanium oxyhydroxide gel [45]:

TiO(OH),(sol)- x H,O — TiOg+ x (OH),-2 x (gel) (R2)

Therefore, the nanoparticles by sol-gel preparation had very small sizes, small pores
and single dispersal thus preventing agglomeration.

The possible formation mechanism of mesoporous TiO,/montmorillonite includes
the intercalated quaternary ammonium cations and neutral amines as co-surfactants to
direct the interlamellar hydrolysis and condensation polymerization of neutral inorganic
precursor [32, 40, 41, 46]. Thus the pore size becomes controllable, and the thermal
stability is improved. The montmorillonite has also been proved to be suitable host clay
material for the controlled syntheses of catalytically active transition metal particles [32,
35, 46]. Unlike commonly reported microporous pillared structure, a TiO, cluster
structure in the present study was observed, the purified montmorillonite was firstly
modified by cetyltrimethylammonium bromide (CTAB) through an ion-exchange

reaction [40, 47]. The basal spacing was further expanded by the intercalation of

10



dodecylamine (DDA), and then TiO, was dispersed and attached in the structure and
surface of montmorillonite by hydrolyzing TiO(OH), sol using Ti(OC4Hg), as the
precursor. Figure 3 shows a schematic of the preparation of TiO,/montmorillonite. The
low hydrolysis reaction will result in the formation of smaller, uniform titanium hydrate
and fine TiO, particles. The amount of TiO, introduced and remaining in the
montmorillonite depends on the duration of impregnation and/or the ion exchange
procedure. The general schemes for the production of functional nano-structured
materials based on delaminated layered silicate particles have also been discussed by
some investigators [32, 48]. The other possible mechanisms in forming the
TiO2/montmorillonite included the spaces or pores generated by the 3D co-aggregation of
the particles, which was related to the preparation method of nano-structured materials

[46].

3.3 Removal of Hg(I1) in aqueous solutions

A series of experiments of Hg(Il) removal from aqueous solutions by two materials
in the dark and under UV illumination were carried out at different temperatures. The
experiments in darkness indicated the adsorption of Hg(Il) onto the surface of materials.
Under the UV illumination, the removal of Hg(ll) in aqueous solutions was related to

photocatalytic reduction reaction.

3.3.1 Adsorption of Hg(ll)

The experimental results of the adsorption of Hg(ll) onto the materials at different

times are shown in Figure 4. The results showed the adsorption amount of Hg(Il)
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decreased with increasing temperatures and TiO,/montmorillonite had a higher
adsorption activity compared to TiO, nanoparticles. The higher adsorption capacity by
TiO2/montmorillonite could be attributed to its high BET surface area and nanoparticles
attached on surface. Hg(Il) adsorption isotherm equilibrium on the TiO, nanoparticles
and TiO2/montmorillonite at different temperatures are presented in Figure 5. The
adsorption behaviors of Hg(ll) on the solid materials may be described by the Langmuir

adsorption model:

q :QOKLCe
° 1+Kc,

1)

where Q° (mg g?) and K. (L mg™) are the Langmuir parameters, related with the
maximum capacity of adsorption and with the binding energy of adsorption, respectively;
Ce and g are the equilibrium liquid-phase concentration of Hg(Il) and capacity of solid
sample, respectively.

From the corresponding Langmuir parameters, it could be calculated the

dimensionless parameter r or separation factor, which is defined as:

1
r=——
1+ K¢,

)

According to the calculated r values, r = 0 corresponds to irreversible adsorption, 0
< r < 1 to the favorable equilibrium, r = 1 to the linear case and r > 1 to unfavorable
equilibrium [49, 50].

The Langmuir isotherm adsorption assumes that ions are adsorbed on definite sites
that are monoenergetic on the adsorbent surface and each site can accommodate only one

molecule or ion. The adsorbed ions cannot migrate across the surface or interact with

neighboring molecules. The results by the Langmuir isotherm modeling are shown in
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Figure 6. The parameters results by the Langmuir isotherm modeling are shown in Table
3. The adsorbed Hg(ll) may be considered to form a tetrahedral complex as
[Hg(OH),(H,0),] [51]. The Langmuir maximum adsorption capacities (Q°) decreased
with increasing the temperatures, which indicates the exothermic nature of the physical
adsorption. The results show that the adsorption isotherm equilibrium of Hg(ll) on the
TiO, nanoparticles and the TiO/montmorillonite can be described well by the Langmuir
adsorption model.

The Kinetic process of adsorption of Hg(ll) on solid materials may be described by
the Elovich equation, which was established by the work of Zeldowitsch in 1934. In
earlier years, the equation has been widely used to describe the kinetics of adsorption of
gases onto solids [52]. Recently, the Elovich equation has also been used extensively to
describe the adsorption of pollutants from aqueous solutions on solids especially when
the adsorption rate decreases with time due to an increased surface coverage of the

material [53-57].

da, _ _
o - 2ePEA) 3)

where g (mg/g) is the amount of Hg(l1) adsorption at time t (min), & (mg g™* min™)
is related to the initial adsorption rate, £ (g mg™) is the constant related to the surface

coverage of the materials.

L . : 1
To simplify Elovich’s equation, some researchers assumed t>>-— and by
a,

applying the boundary conditions of ;=0 att =0 and g: = q: att =t , then Eqg. (3)

becomes [54-60]:

13



a =(%)ln(aﬂ)+(%)ln(t) (4)

The amount of Hg(ll) adsorbed onto the materials, g; was found by a mass balance

relationship:
Vv
Q. = (Co - C)V_V (5)

where V (L) the volume of the solution and W (mg) the mass of the corresponding
solid sample.

The equation (6) can be obtained:

L o) +o (6)
W W
where ¢ = _,BCOV ;0=1 o In(ap)

The linear relationship of c/co and Int is shown in Figure 7, and the parameters of

the Elovich equation including « , #, and correlation coefficients (R) are presented in

Table 4. The results show that the Elovich equation can describe this process well. The

assumption t >> _,B is justified and the value of « for TiO,/montmorillonite is larger at
o

a given temperature than that for TiO, nanoparticles, which indicates a higher rate of

adsorption using TiO2/montmorillonite.

3.3.2 Photocatalytic reduction of Hg(I1)
With the UV illumination, when TiO, materials were added into Hg(l1) solutions the
white TiO, turned black with time, indicating Hg was produced. The time profiles of

Hg(ll) photo-reduction catalyzed by the TiO, nanoparticles and TiO,/montmorillonite
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samples are presented in Figure 8. The removal of Hg(ll) in aqueous solutions increased
with increasing temperatures, and under the 90 min UV illumination at 45 °C, decrease
percentages of more than 80% and 90% Hg(ll) were achieved with the synthesized TiO,
nanoparticles and TiO,/montmorillonite, respectively. Hg(ll) concentration in the liquid
solutions remained almost constant after 50 min. The dispersed titanium oxides deposited
on the surface of montmorillonite or included in layers cavities were used as the
photocatalyst showing high efficiency of Hg(ll) removal in aqueous solutions. Some
studies explained there may due to catalysts having a tetrahedral coordination; resulting
in high, characteristic photocatalytic reactivity compared with that the bulk TiO, powder
catalyst [61]. Considering the influence of the reduction reaction of Hg(ll) on catalyst
activity, the activity may be high during the initial period. The metallic mercury was then
produced and could deposit on the surface of solids to decrease catalyst activity.
Moreover, the Hg(ll) can become trapped on the surface according to the following
reaction [62]:

Hg* (1) + Hg" (s) <> Hg;" () (R3)

The overall process of photocatalytic reduction can also be decomposed into several
steps including: (a), transfer of the reactants in the fluid phase to the surface; (b),
adsorption of the reactants; (c), reaction in the adsorbed phase; (d), desorption of the
product; (e), removal of the products from the interface region. The photocatalytic
reaction occurs in the adsorbed phase [6]. In the presence of a photocatalyst and UV
illumination, Hg(ll) can be reduced to Hg by the excited electrons. The photocatalytic
reduction of Hg(Il) was summarized by the following mechanism [3]:

2hv + TiO, — TiO, + 26~ +2h" (R4)
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Hg**(aq) — Hg*"(ads) (R5)

Hg?*(ads) + 2e” — Hg°(ads) (R6)
2H,0 — 2H* + 20H" (R7)
20H + 2h" — H,0 + 0.50, (R8)

The net reaction is:

Hg**(aq) + H,0 —™™% 5 Hg%ads) + 2H" + 0.50, (R9)

We can illustrate the method of data interpretation with a kinetic model for
photocatalytic reaction assuming a first order kinetic model for the reaction rate [3, 34, 63.
64]:

C=C, exp(—k,t) (8)

where ka is the apparent kinetic constant.

The effect of temperature on ka can also be obtained by changing the temperatures of
solutions, and the activation energy for the photocatalytic reduction reaction was further

determined by using the following Arrhenius equations:
e = Ky (- %) ©
RT

where ko is the frequency factor.

Plots of the changing concentration of Hg(ll) with initial time given by Eqg. (8) at
different temperatures are shown in Figure 9. The linear relationships between Ink,and
1/T were well satisfied for the runs, as shown in Figure 9, indicating the kinetic model
with the first-order reaction was in excellent agreement with the experimental data. The
determined parameters of activation energy and pre-exponential factor are given in Table

5. The apparent activation energies of 25.0 and 22.6 kJ mol™ in Table 5 are in agreement

16



with the reported value range for Hg(ll) photoreduction using photocatalysts, and some

studies also indicated the 10-40 kJ mol™ for photocatalysts [6, 65].

4. Conclusions

In this work, we have demonstrated some approaches to the synthesis of TiO;
nanoparticles and of TiO/montmorillonite, and to the removal of toxic Hg(ll) in aqueous
solutions both by the adsorption and photocatalytic reaction at different temperatures. It
was found that the TiO, nanoparticles had a narrow size distribution, and the average
particles diameter was 9.1 nm. The TiO,/montmorillonite exhibited the highest specific
surface area of 239 m? g and average pore diameter of 3.10 nm. High purity anatase
TiO, nanoparticles were produced by heat treatment at 500 °C. The experiments were
carried out to test the removal of Hg(Il) in aqueous solutions from 25 °C to 45 °C. The
results showed that the concentrations of Hg(ll) in aqueous solutions increased with
increasing temperature within the stated range, indicating a decrease in the
adsorption process. TiOz/montmorillonite exhibiting TiO, clusters introduced (and
attached) in the montmorillonite is found to behave differently from bulk TiO, and
exhibit excellent catalytic and adsorption properties. The adsorption of Hg(ll) on the
materials can be described by the Langmuir isotherm model and the kinetics can be given
by the Elovich equation. A kinetic model of a first-order reaction simulated the
photocatalytic reduction rate with a good fit, and the activation energies and pre-

exponential factors were calculated according to the Arrhenius equation.
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Table 1. Properties of the two materials synthesized.

Material Specific surface area Pore volume Avg. pore size
(m* g™ (cm®g™) (nm)
TiO; nanoparticles 210.1 0.213 0.82
TiOz/montmorillonite 239.0 0.558 3.10

Table 2. Chemical compositions of the purified montmorillonite and

TiO,/montmorillonite, (wWt%b).

Material Si0, AlLO; TiO, CaO MgO Na,O Others
Purified montmorillonite 69.8 125 0.1 3.0 3.3 2.6 8.7
TiOs/montmorillonite 55.5 9.1 22.0 0.5 1.9 0.3 10.7

Table 3. Langmuir parameters corresponding to the fitting of the experimental

equilibrium data.

Materials TP Q°(mggh) K.(Lmg?h r R

Ti0O, nanoparticles 25 101.1 0.0056 0.641 0.99993
35 98.1 0.0053 0.654 0.99901
45 90.4 0.0051 0.662 0.99854

TiOz/montmorillonite 25 123.8 0.0054 0.650 0.99531
35 118.3 0.0044 0.694 0.99889
45 116.5 0.0037 0.730 0.99995
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Table 4. Parameters of Elovich equation.

Samples T R @ 0 o B (x107%)
°c (mg g™* min™) (g mg™Y)
TiO, nanoparticles 25 0.9940 -0.359 1.976 54.4 2.79
35 09906 -0.329 1.908 48.8 3.03
45 0.9944 -0.288 1.803 41.8 3.47
TiOz/montmorillonite 25 09935 -0.396 2.029 65.5 2.52
35 0.9960 -0.373 1.995 58.6 2.68
45 0.9886 -0.355 1.979 52.3 2.82

Table 5. Activation energies and pre-exponential factors.

Material R E, (kJmol™) k, (min™)
TiO, nanoparticles 0.9962 25.0 24%x107*
TiO,/montmorillonite 0.9998 22.6 9.3x10°°
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Fig. 1. TG-DTG curves of the two material precursors.
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Fig. 2. TEM images of (a) TiO, nanoparticles and (b) TiO,/montmorillonite.

DTG (%/min)

29



TiO(OH); (sol)

TiO,/montmorillonite

Montmorillonite

Fig. 3. Schematic diagram of the preparation method of TiO,/montmorillonite.
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temperatures in aqueous solutions.
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Fig. 5. Experimental equilibrium results of the adsorption of Hg(I1).
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Fig. 6. Fitting results of Langmuir isotherm model.
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