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Novel hybrid exchanger poly-o-toluidine zirconium(IV) phosphotellurite was synthesized and physico-
chemical properties of the material were well studied by FTIR, XRD, TGA, SEM-EDX and TEM analysis. The
composite exchanger showed good ion exchange capacity and excellent removal potential towards US En-
vironmental Protection Agency listed priority pollutants like chlorobenzene and 1,4-dichlorobenzene. The
factors affecting the adsorption like time, pH and temperature were studied in detail using UV spec-
trophotometry. More than 90% of the pollutants were successfully removed using the exchanger. The
composite also showed selectivity towards heavy metal ions, especially mercury ions. The sorption ki-
netics of the material was studied in detail using pseudo first order and pseudo second order Kinetics.
The material followed pseudo second order kinetic model indicating chemisorption of the pollutants. The
composite can be successfully used for environmental remediation purposes.
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1. Introduction

Water is the basic necessity for life but the quality and avail-
ability of potable water is decreasing drastically. Water bodies
are seriously contaminated by various factors such as heavy met-
als, noxious chemicals, pesticides and fertilizers, radioactive wastes
etc. which are intentionally or unintentionally discharged into it
from diverse sources. Adsorption, ion exchange, oxidation, filtra-
tion, chemical precipitation, membrane separation, solvent extrac-
tion, electrodialysis etc are the various methods adopted for wa-
ter treatment and purification [1-5]. Among the various pollutants
that contaminate water bodies, priority pollutants are a class of
compounds of extreme concern. The US Environmental Protection
Agency (EPA) has listed 126 pollutants as priority pollutants which
include both heavy metals and specific organic compounds. Com-
pounds are categorized under priority pollutants on the basis of
their toxicity, degradability, persistence and effect on organisms.
This class of pollutants is mainly found in water bodies and pos-
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sesses high toxicity; hence removal of priority pollutants from wa-
ter bodies is absolutely relevant [6].

Ion exchange is a simple, attractive and widely used method
which has well established its significance in separation science
and metal ion recovery. The latest advance in this field is the com-
posite exchangers. Composite exchangers are new class of materi-
als which gained appreciable acceptance by overcoming the major
drawbacks of inorganic and organic exchangers. They are materi-
als containing an organic matrix and an inorganic moiety [7]. Ap-
plications of composite exchangers include water purification, sep-
aration of metal ions, radioactive waste removal, development of
fuel cells, ion selective membrane electrodes, catalysis etc [8-10].
Innumerable works has been carried out using newly synthesized
composite exchangers and the major application of composite ex-
changers is their environmental remediation capacity [11]. They are
widely used for their ion exchange property and adsorption capac-
ity towards various kind of pollutants. Though water purification
has been extensively carried out using composite exchangers, elim-
ination of priority pollutants using composite materials has not
been studied much [12]. Only negligible works have been carried
out in this area and considering this factor, the newly synthesized
exchanger was made used for the removal of priority pollutants.

The hybrid exchanger was studied for its capability to adsorb
priority pollutants such as chlorobenzene, 1,4-dichlorobenzene and
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mercury ions. Chlorobenzene (CB) and 1,4-dichlorobenzene (DCB)
are highly toxic organic compounds and are ranked 7th and 27th
in the priority pollutants list. Mercury on other hand is the 10th
priority pollutant among the heavy metals [6]. Chlorobenzene is
a colorless, flammable liquid widely used in the manufacture of
several chemicals such phenol, aniline, nitrochlorobenzene, triph-
enylphosphene, thiophenol etc. It is primarily used as solvent for
paints, resins and is an intermediate in the synthesis of insecti-
cide such as DDT and dyes. Pulp and paper industries, leather tan-
ning industries and chemical industries are the major industries
releasing chlorobenzene containing effluents. Inhalation or expo-
sure to CB may cause numbness, muscular spasm and lethal effect
on central nervous system.l,4-dichlorobenzene is mainly used as
fumigant for the control of moths. It is also used as intermediate
for synthesis of dyes, pharmaceuticals, plastics and various other
chemicals. They are highly carcinogenic in nature and its toxicity
includes mild effects such as headache, nausea, dizziness etc to
acute health effects such as damage of liver, kidney, central ner-
vous system etc. Mercury enters water bodies mainly from dental
amalgam, thermometer factories, refineries etc. Methyl mercury is
the prime organic mercury compound which can enter into food
chain and results in biomagnification. It mainly damages the ner-
vous system and is carcinogenic. Elemental mercury is also poi-
sonous since it leads to brain and kidney damage, insomnia, mem-
ory loss etc.

Literature review suggests that only few studies have been car-
ried out for the removal and adsorption of chlorobenzene and 1,4-
dichlorobenzene. Adsorption of CB using activated carbon has been
discussed and the adsorption kinetics has been detailed [13,14].
In another study, carbon nanotubes and graphene has been used
for the adsorption of chlororbenzene [15]. Use of other adsorbents
such as marine sediments [16] y-Al,03 has also been reported for
the removal of CB [17]. The degradation of 1,4-dichlorobenzene in
acetonitrile-water solution has been investigated and reported by
Qi Liu et al. [18]. The present study focuses on the synthesis and
characterization of novel composite exchanger poly-o-toluidine zir-
conium(IV) phosphotellurite (POT ZrPTe) and its efficacy in remov-
ing priority pollutants from aqueous system. Effect of various pa-
rameters that affect the adsorption and the kinetic aspects of re-
moval of the CB and DCB using the proposed composite exchanger
has also been studied and discussed.

2. Materials and methods
2.1. Chemicals and reagents

The main chemicals used were Zirconium oxychloride (E.
Merck), Sodium tellurite (E. Merck), Sodium orthophosphate (Loba
Chemie, India), O-toluidine (Loba Chemie, India), Chlorobenzene
(Loba Chemie, India) and 1,4-dichlorobenzene (Loba Chemie, India).
All other reagents and chemicals used for the synthesis were of
analytical grade. Double distilled water was used throughout the
synthesis process.

2.2. Instrumentation

For IR studies, FTIR spectrometer model IR Tracer-100, Shi-
madzu was used. X-ray diffractometer Rigaku Rint TTR-III for X-ray
diffraction studies and Shimadzu DTG-60H was used for thermo-
gravimetric analysis. SEM images were taken using Jeol JSM-7500F
and UV-Visible spectrophotometer model JASCO V660 was used for
spectrophotometric measurements. The transmission electron mi-

crographs (TEM) of the sample was acquired using a JEOL/JEM-
3200FS.

2.3. Synthesis of composite exchanger

2.3.1. Synthesis of poly-o-toluidine

Simple oxidative polymerization technique was used for the
polymerization of o-toluidine. 0.4M ammonium persulfate pre-
pared in 4.0 M HCI was continuously added to 10% o-toluidine pre-
pared in 2.0M HCl with stirring using a magnetic stirrer for 2
hours at 0 C till a dark green colored gel was obtained. The gel
obtained was kept for 24 hours at 0 C [19].

2.3.2. Synthesis of zirconium(IV) phosphotellurite

For the synthesis of inorganic part zirconium(IV) phosphotellu-
rite, 0.05M solution of sodium orthophosphate and sodium tellu-
rite were mixed vigorously by constant stirring maintaining the pH
in acidic range. The clear solution formed was then added to 0.05M
aqueous solution of zirconium oxychloride until a white gelatinous
precipitate was formed. The slurry was kept for digestion for 24
hours at room temperature.

2.3.3. Synthesis of poly-o-toluidine zirconium(IV) phosphotellurite
composite (POT ZrPTe)

The ex-situ polymerized gels of poly-o-toluidine were added to
the white gelatinous inorganic precipitate of zirconium(IV) phos-
photellurite carefully with constant stirring at room temperature
until a green colored thick slurry was formed . The slurry was then
kept for digestion at room temperature. The gel was filtered and
the excess acid was removed by continuous washing with dem-
ineralized water (DMW). The filtered out material was dried in an
air oven at 30 C. After drying, the material was converted to H*
form by keeping it in 1.0 M HNOj3 solution for 24 hours with occa-
sional shaking, intermittently replacing the supernatant liquid with
fresh acid. The excess acid was again removed using DMW and
then dried at 30 C and kept in desiccator.

2.4. lon exchange capacity (IEC)

Column method was used for the determination of ion ex-
change capacity [20]. A glass column of 1.1cm diameter plugged
with cotton wool at the bottom was taken, to which 1g of the ma-
terial in H* form was added. 100mL of 1.0M NaCl solution was
poured to it in order to elute the H* ions from the exchanger,
maintaining the flow rate at 1 mLmin~'. The H* ion content in the
effluent was then determined by titrating it against a standard so-
lution of 0.05M NaOH solution. From the titre value, the ion ex-
change capacity in meqg~! was calculated using the relation,

[EC = av/w

where a and v are the molarity and volume of NaOH used during
titration and w is the weight of the exchanger taken [20].

2.5. Distribution studies

Distribution coefficient, K; is defined as the ratio of the con-
centration of a metal ion in the exchanger and in the solution
[20]. Distribution coefficient of the composite exchanger for var-
ious metal ions in DMW was studied by batch method [21]. For
this, 0.1g of the exchanger was equilibrated with 20mL of the
metal ion solutions for 24 hours at room temperature. The metal
ion concentration before and after sorption were determined by
complexometric titration against standard EDTA solution. In the
complexometric method, the K; values were calculated using the
formula,

_(-F) Vv
I(d—TXW
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where, I and F are the initial and final volume of EDTA used, V is
the volume of the metal ion solution (mL) and W is the weight of
the exchanger taken [20].

2.6. Binary separation

To carry out quantitative separation of metal ions, 1g of ex-
changer packed in glass column was thoroughly washed with
DMW and the mixture of two metal ions was poured into it. After
loading the metal ions on to the column, they were eluted using
suitable solvents. The flow rate was maintained at constant level
throughout the elution process. The effluents were then titrated
with standard EDTA solution.

2.7. Pollutant adsorption studies

Batch method was followed for carrying out the adsorption
study [22]. 20mL of 50 ppm solutions of chlorobenzene and 1,4-
dichlorobenzene were shaken with known amounts of POT ZrPTe
in a rotary incubator until equilibrium time was reached. After
attaining the equilibrium time, the supernatant solution was an-
alyzed spectrophotometrically to find out the residual concentra-
tion of the pollutants in the solution. The temperature dependence
was studied by shaking known amount of POT ZrPTe with 20 mL
of 50 ppm solutions of pollutants at room temperature and at ele-
vated temperature. Effect of pH was also studied by following the
same procedure along with varying the pH of the solution from
2 to 12. The change in concentration was calculated spectrophoto-
metrically by measuring the Amax at 262 nm for chlorobenzene and
272 nm for 1,4-dichlorobenzene respectively [23].

2.8. Kinetic studies

For evaluating the kinetic parameters, 20 mL of 50 ppm solu-
tions of CB and DCB were treated with 0.2g of POT ZrPTe in stop-
pered conical flasks at room temperature for different time inter-
vals, maintaining neutral pH. The supernatant liquid was analyzed
at definite time intervals so as to study the concentration variation.

3. Results and discussion
3.1. Synthesis, nature, stability and ion exchange capacity
The composite cation exchanger poly-o-toluidine zirconium(IV)

phosphotellurite was synthesized by mixing different volume ra-
tios of the reagents at specific pH and temperature (Table 1). From

Table 1
Synthesis conditions of various samples of POT ZrPTe composite exchanger.

Table 1 it is clear that the inorganic counterpart sample ZrPTe-
4 showed maximum ion exchange capacity and hence that vol-
ume ratio was chosen for the synthesis of composite exchanger.
Polymerization of o-toluidine was carried out by oxidation us-
ing ammonium persulfate in acidic medium (Scheme 1 ). To the
dark green colored gels of poly-o-toluidine formed, the inorganic
counterpart ZrPTe was added and mixed thoroughly to obtain the
composite exchanger (Scheme 2 ). The composite exchanger POT
ZrPTe exhibited black shining crystalline appearance and the in-
organic counterpart ZrPTe was white granular in nature. The ma-
terial showed good chemical stability in acidic medium, basic
medium and in various organic solvents without any change in na-
ture and appearance. The ion exchange capacity of POT ZrPTe was
1.45meqg~! whereas the inorganic part showed only a much less
value of 0.63meqg~".

3.2. Material characterization

3.2.1. FT-IR analysis

The FT-IR spectrum of the inorganic component ZrPTe and its
poly-o-toluidine composite POT ZrPTe were taken by KBr pellet
method. The spectrum bands clearly indicate the formation of
ZrPTe and its composite with poly-o-toluidine (Fig. 1). Fig. 1(a)
is the IR spectrum of ZrPTe in which the bands at lower fre-
quency ranging from 500cm~! to 800cm~! is contributed by
metal-oxygen bonding viz: Zr-O and Te-O [24]. The peak observed
at 1052cm~! is the phosphate group stretching frequency [25]. A
strong peak at 1671 cm~! is due to the presence of interstitial wa-
ter molecule in the material. The broad band near 3402cm~! can
be assigned to the characteristic O-H stretching frequency [26].
Fig. 1(b) gives the IR spectrum of POT ZrPTe in which the for-
mation of the composite can be justified by the sharp peak at
1381cm~! due to the sp3 C-H bend and an additional peak at
3210cm~! which indicates the N-H stretching frequency [25].

3.2.2. TG analysis

The TG analysis of both ZrPTe and POT ZrPTe were carried
out in order to compare the thermal stability of the materials.
Fig. 2 gives the thermogram comparison of these materials. At
around 100 C an initial weight loss of about 10% and 15% takes
place in composite and inorganic part respectively, which may be
due to the loss of water molecules. From the data, it is clear that
ZrPTe withstands major mass loss till around 580 C after which a
5% loss is observed which can be due to any change of phase in
the material. With further increase in temperature gradual weight
loss was observed and almost 68% weight was retained when the
temperature reached 900 °C.

Mixing volume ratio

Samples A B c D pH Temperature Appearance Na* IEC (meqg")
ZrPTe-1 1 1 1 - 1 25+2C White powder 0.53

ZrPTe-2 1 2 1 - 1 25+2 C White powder 0.48

ZrPTe-3 2 1 1 - 1 25+2C White granular 0.59

ZrPTe-4 1 1 2 - 1 25+2C White granular 0.63

POT ZrPTe-1 1 1 1 1 1 25+2C Green powder 11

POT ZrPTe-2 1 2 1 1 1 25+2C Dark green powder 0.97

POT ZrPTe-3 2 1 1 1 1 25+2C Black granular 1.26

POT ZrPTe-4 1 1 2 1 1 25+2 C Black granular 1.45

A - 0.05M ZrOCl,.8H,0 in DMW.
B - 0.05M Na,HPO4 in DMW.

C - 0.05M Na;TeO3 in DMW.

D - poly-o-toluidine.
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n NH:.HCl + n(NHs) S20s

CHs

V

CH; CH; ah N

+n HCl + n HaSOs + n (NHe)2 SOs

Scheme 1. Synthesis of poly-o-toluidine.

For POT ZrPTe, a much rapid loss in weight was observed after
100 °C which may be due to the decomposition of organic part in
the composite. At 900 °C, less than 65% weight of POT ZrPTe was
retained which indicates that the inorganic part has better ther-
mal stability than the composite. This may be because of the high
polymer content in the material.

3.2.3. X-ray diffraction study

X-ray powder diffraction study was carried out for ZrPTe and
POT ZrPTe and the XRD data are shown in Fig. 3. The data re-
veal that ZrPTe (Fig. 3(a)) is amorphous in nature with broad peaks
whereas POT ZrPTe (Fig. 3(b)) displayed highly intense sharp peaks
exhibiting the polycrystalline nature of the material. The planes
(111) and (210) corresponding to 26 values 28.26° and 27.06° cor-
respond to the planes of Te [27,28]. Other major planes (221) and

+ o i
n X+ —-NH NH— NH— NH— =
\ / a a "
N\
CH; CH; CH; Hs

X = Zirconum(IV)
phosphotellurite matrix

+ o ikt
NH NH— NH— NH—
\ / ¥ v
CH; CH; o

(330) corresponding to 26 values 36.74° and 55.36° can be as-
cribed to that of Zr and P [29].

3.2.4. SEM and EDX analysis

In order to explore the surface morphology of the materials,
SEM analysis was carried out. SEM images of ZrPTe and POT ZrPTe
(Fig. 4 (a) & (b)) showed drastic difference indicating the morpho-
logical change happened after the addition of polymer to the in-
organic part. The surface of ZrPTe (Fig. 4(a)) was irregular in na-
ture with scattered appearance. The composite material POT ZrPTe
(Fig. 4(b)) showed better surface morphology with uniform surface.

The EDX analysis of POT ZrPTe (Fig. 4(c)) confirmed the forma-
tion of composite with the presence of elements Zr, P and Te. The
histogram was free of any kind of impurity.

V

x

Poly-o-toluidine zirconium(IV) phosphotellurite

Scheme 2. Synthesis of poly-o-toluidine zirconium(IV) phosphotellurite.
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3.2.5. TEM analysis and colour mapping

The TEM data (Fig. 5 (a)) of POT ZrPTe was taken to find out
the particle size of the composite. The TEM image confirmed the
nano size (100nm) of the composite and hence the material can
be categorized as nanocomposite. The corresponding colour map-
ping (Fig. 5(b-d)) of elements Zr, P and Te clearly reveals that the
elements are homogeneously dispersed on the polymeric matrix.

3.3. Distribution coefficient study

Distribution coefficient K4 denotes the selectivity of the mate-
rial towards a particular ion. The Ky value of POT ZrPTe towards
some heavy metal ions in DMW was studied. POT ZrPTe showed
excellent affinity towards Hg(Il) ions which can be attributed to its
high ion exchange capacity and improved morphology. Table 2 il-
lustrates the Ky value of POT ZrPTe towards various heavy metal
ions.

The Ky values indicate that it is possible to carry out the sorp-
tion of Hg(Il) ions from effluents containing mercury. When the Ky
value difference between two metal ions are large, it is possible to
separate those metal ions from a solution. Greater the separation
factor the easier will be the separation [30]. In this case, since the

1)
1488 -

(b)
1200 4
1000 -
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)
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Fig.3. XRD of (a) ZrPTe and (b) POT ZrPTe.
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Fig.4. SEM images of (a) ZrPTe and (b) POT ZrPTe and (c) EDX of POT ZrPTe.

separation factor between the various metal ions are high, binary
separation of metal ions are thus possible, which is also an impor-
tant analytical application.

3.4. Binary separation and quantitative removal of mercury ions

Quantitative separation of metal ions Pb(II), Bi(Ill), Ni(Il) and
Th(IV) from synthetic binary mixtures were carried out using the

Table 2
Distribution coefficients in water and other electrolytes.

Distribution coefficient (Kg)

Metal
ions HNO; NH4NOs
DMW

0.001M 0.01M 01M 0.001M 0.01M 01M
Hg(1I) 336 57.6 50.8 42 310 53.5 47.6
Cu(1r) 125 15.6 3.0 NS 113 9.4 31
Pb(1I) 106 84.2 76.3 61.2 97.7 80.6 77.0
Bi(III) 100 92 88.3 80.5 94 80.8 62.9
Co(II) 52 38.7 215 10 50.2 46.4 16
h(1v) 38 24 13 11 32.7 15 8
Ni(11) 30 12 9 NS 27 10 NS
Zn(II) 17 10 NS NS 15.3 9 NS
Cd(In) NS NS NS NS NS NS NS

NS, no observable sorption.

exchanger (Table 3). Column method was employed for the binary
separation. Metal ions which have least affinity towards the ex-
changer get eluted first followed by the strongly bound ones. Along
with the separation of metal ions from synthetic mixtures, quanti-
tative separation of Hg(Il) ions from real samples were also carried
out using the exchanger. For this, waste water containing Hg(Il)
from wood industry effluents were collected. The samples were
filtered, neutralized and were chemically treated to analyze the

Table 3

Binary separation of metal ions on POT ZrPTe.
Separations Metal ion (mg) Efficiency
achieved  Eluent —_— %

Loaded Eluted

Hg(II) 1M HNO; +0.1M NH4NO3 513 5.01 97.66
Pb(II) 0.1M HNO; +0.1M NH4NO; 2.38 2.01 84.55
Hg(1I) 1M HNO3 +0.1M NH4NO; 5.05 4.98 98.61
Bi(III) 1.0M HNOj3 +0.1M NH4NO3 211 2.05 97.15
Hg(1I) 1M HNOj3 +0.1M NH4NO3 5.67 538 94.88
Ni(II) 0.2M HNO; +0.1M NH4NO; 1.97 1.78 90.35
Hg(II) 1M HNOj3 +0.1M NH4NO3 5.58 5.44 97.49
Th(IV) 0.05M HNO; +0.1M NH4NO3 2.23 211 94.61
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Table 4
Quantitative removal of Hg(Il) from wood industry effluents.
Sample Metal ion  Eluent used In mg/100 mL
Wood industry wastewater (I) Hg(1I) 0.5M HNO3 0.95
Wood industry wastewater (II)  Hg(II) 0.5M HNO3 0.89

metal ions present in it. 100 mL of the sample was then allowed
to pass through the column, enabling the exchange to take place
and was collected at the bottom. The experiment was repeated
3-4 times and the flow rate was restricted to 0.5 mL/minute. For
eluting out Hg(Il) ions, 0.5M HNO3; was used and the concentra-
tion of Hg(II) ions were found out by titration using EDTA solution.
0.95mg and 0.89 mg of mercury were eluted from 100 mL samples
of wood industry effluents using POT ZrPTe (Table 4).

3.5. Priority pollutant removal study

The supreme application of POT ZrPTe is its capacity to
eliminate priority pollutants like chlorobenzene (CB) and 1,4-
dichlorobenzene (DCB). The material successfully removed about
93% of CB and 96% of DCB from aqueous solution. The equilib-
rium time for maximum adsorption was studied for both CB and
DCB. After obtaining the equilibrium time for adsorption, the ef-
fects of pH and temperature on adsorption were studied by shak-
ing the pollutants with known amount of POT ZrPTe. The change
in concentration of the pollutants can be obtained by measuring
their absorbance at Amax 262 nm for CB and 272 nm for DCB using
UV spectrophotometer. Since absorbance is directly proportional to
concentration of the solution, the percentage of pollutant adsorbed
can be calculated using the simple relation,

Uptake(%) = (C, - Cf)/Cl x 100

where C; and C; are the concentration of pollutants before and af-
ter adsorption in ppm [31].
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Fig.9. FT-IR spectra of (a) POT ZrPTe (b) POT ZrPTe_CB (c) POT ZrPTe_DCB.

3.5.1. Equilibrium time

20 mL of 50 ppm solutions of CB and DCB were shaken in sep-
arate beakers with 0.2g of POT ZrPTe at room temperature, till
equilibrium state was reached. The rate of adsorption was evalu-
ated by recording the absorbance of the solutions after every hour.
Fig. 6 gives the equilibrium time UV plot of CB and DCB at room
temperature.

About 79.3% of CB got adsorbed within 1 hour and the ad-
sorption percentage decreased gradually with time (Fig. 6(a)). The
high rate of adsorption during the initial stage can be due to
the availability of vacant sites on the material. Equilibrium time
was achieved within 3 hours and 88% of CB got adsorbed by POT
ZrPTe, after which no considerable adsorption was observed. Hence
for CB, 3 hours was chosen as the equilibrium time for carrying
out further studies. For DCB, around 56.2% got adsorbed within
first two hours and the equilibrium was attained after 4 hours
(Fig. 6(b)). The maximum uptake percentage after 4 hours was 92%
for DCB and the study of all other parameters were carried out by
treating DCB with POT ZrPTe for 4 hours.

3.5.2. Effect of pH
pH is an important parameter which determines the rate of ad-
sorption. In order to study the pH effect, 0.2g of POT ZrPTe was

shaken with 50 ppm solution of CB and DCB at different pH start-
ing from 2 to 12 at room temperature. For both CB and DCB, max-
imum adsorption was observed at acidic pH rather than basic pH.
Fig. 7 demonstrates the UV spectra of CB and DCB at pH 2, 7 and
12. For both CB and DCB, maximum adsorption was observed at pH
2 and minimum adsorption at pH 12. Almost 92.7% of CB got ad-
sorbed at pH 2 on treatment with POT ZrPTe for 3 hours, whereas
only 81% got adsorbed at pH 12 (Fig. 7(a)).

In case of DCB (Fig. 7(b)), 94% got removed at pH 2 when
treated with POT ZrPTe for 4 hours but at basic pH, the adsorp-
tion percent was as low as 55%. Hence it can be concluded that
the adsorption is favored in acidic pH rather than basic pH.

3.5.3. Effect of temperature

To study the effect of temperature, the pollutants were equili-
brated with 0.2g of POT ZrPTe at 50°C at different pH range. The
observations are shown in Fig. 8 and it is clear from the UV spectra
that the rate of adsorption increases with increase in temperature.
93% removal was achieved for CB at pH 2 when it was treated with
POT ZrPTe for 3 hours. For pH range 7 and 12, the percentage re-
moval was 90.5% and 84% respectively (Fig. 8(a)).

DCB also showed a similar trend of adsorption when tempera-
ture was increased. An appreciable removal percentage of 96% was
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Fig.10. Thermograms of POT ZrPTe, POT ZrPTe_CB and POT ZrPTe_DCB.

achieved when DCB was treated with POT ZrPTe at pH 2 for 4
hours. Comparatively low rate of adsorption of 82% and 63% was
observed at pH 7 and 12 respectively at 50 C (Fig. 8(b)).

The adsorption of CB and DCB on to the hybrid exchanger was
further confirmed by recording the FT-IR of POT ZrPTe after ad-
sorption of the pollutants. The presence of C-Cl bonding gives IR
peak in the range 660cm~! [32]. The IR spectrum of POT ZrPTe
after adsorption clearly exhibited additional peaks corresponding
to C-Cl stretching frequency at 665cm~! and 661cm~! for POT
ZrPTe_CB and POT ZrPTe_DCB. The FT-IR data of POT ZrPTe before
and after adsorption of CB and DCB is shown in Fig. 9.

As an extension study, the thermal stability of POT ZrPTe was
examined after pollutant adsorption. The TG analysis was carried
out to check whether any kind of thermal instability occurred to
the material after adsorption of the pollutants. The thermogram of
POT ZrPTe after adsorption is given in Fig. 10 which clearly indi-
cates that no thermal instability has occurred after the adsorption
of pollutants since the thermogram of POT ZrPTe, POT ZrPTe_CB
and POT ZrPTe_DCB showed almost similar degradation pattern.

12 4 @)
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Table 5
Parameters of adsorption of chlorobenzene for pseudo-first order and pseudo-
second order kinetics models.

Pseudo-second order
Qe (mgfg) K, (g/mgmin) R
9.3283

Pseudo-first order
Qe (mg/g)  K; (min" R

4.08804

0.0178 0.9805 0.0107 0.9976

Only a slight change in the weight loss of about 4% was observed
in POT ZrPTe after adsorption.

3.6. Kinetic studies

The adsorption kinetics of CB and DCB on to POT ZrPTe was
analyzed by pseudo-first order and pseudo-second order Kkinetic
models. The rate constant k; for pseudo-first order was studied
using the Lagergren rate equation [33] and pseudo-second-order
equation given by of Ho and McKay was used for the obtaining
the rate constant k, [34].

Pseudo-first-order:

log(qe — q¢) = logqe — kqt/2.303

Pseudo-second-order:

t_ 1 .t
QG koge? Qe

where e and q; are the adsorption capacities at equilibrium at
time t; k; and k, are pseudo-first-order and pseudo-second-order
rate constants respectively. k; can be determined from the slope of
the plot log (qe- q¢) versus t and k, from the intercepts of the plot
t/qc versus t.

Fig. 11(a) and (b) is the linear plot of pseudo first order model
of CB and DCB onto POT ZrPTe, and Fig. 12(a) and (b) is the pseudo
second order model of CB and DCB onto POT ZrPTe. The kinetic
parameters calculated from the plots are given in Tables 5 and 6.
The comparison of R? value in both cases suggests that the pseudo
second order is the more suitable model for adsorption which in-
dicates that the nature of adsorption is chemisorption [34].
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Fig.11. Linear plots of pseudo-first order kinetic model of (a) POT ZrPTe_CB and (b) POT ZrPTe_DCB.
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Fig.12. Linear plots of pseudo-second order kinetic model of (a) POT ZrPTe_CB and (b) POT ZrPTe_DCB.

Table 6
Parameters of adsorption of 1,4-dichlorobenzene for pseudo-first order and
pseudo-second order kinetics models.

Pseudo-second order
Qe (mgfg) K, (g/mgmin)  R?

14.5524 0.0368

Pseudo-first order
Qe (mg/g)  K; (min~')  R?

5.0118 0.0092 0.9730

0.9998

4. Conclusion

The nanocomposite exchanger poly-o-toluidine zirconium(IV)
phosphotellurite was synthesized by simple sol gel method. The
material was stable in various solvents and showed better ion ex-
change capacity than its inorganic counterpart. It was character-
ized using different instrumental techniques like FT-IR, TGA, XRD,
SEM-EDX and TEM. The composite exchanger displayed good se-
lectivity towards Hg(Il) ions. Binary separation of metal ions from
synthetic mixtures and waste water treatment of wood industry
effluent containing Hg(II) ions were also carried out. The main ap-
plication of the material was its ability to adsorb organic priority
pollutants like chlorobenzene and 1,4-dichlorobenzene from aque-
ous solution. Different parameters which affect the rate of adsorp-
tion like time, pH and temperature were studied and the material
could successfully remove about 93% of CB and 96% of DCB at pH 2.
It took about 3 hours for maximum adsorption of CB and about 4
hours for DCB. The material retained its thermal stability even after
the adsorption of the pollutants. The kinetic aspects of adsorption
were also studied in detail. Kinetic parameters suggest that pseudo
second order model is the more suitable kinetic model. The results
clearly validate that the material POT ZrPTe is an excellent agent
for salvation of environment from pollutants.
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