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ABSTRACT KEYWORDS
In thiswork, acomparative study of the potential application of two highly Composite ion exchanger;
efficient ion exchange materials, Zirconium bismuth tungstate (ZBW) and Distribution studies;
its composite Poly-o-toluidine zirconium bismuth tungstate (POT-ZBW) Binary separation;
for the remediation of toxic metal ions and methyl red (MR) dye from Heavy metal ions;
aqueous solution has been investigated. The synthesized exchangers were Dye sorption etc.

characterized by some physicochemical propertieslike FTIR, XRD, TGA-
DTA and ion exchange propertiesto validate the structure and ion exchange
behavior. Surface morphology can be determined through SEM analysis.
The composite exchanger show high Na* ion exchange capacity than its
inorganic precipitate. The distribution studies of various metal ions showed
that ZBW and POT-ZBW were highly selective for Pb* and Th*. The ana-
Iytical application has been explored by achieving some binary separation
of heavy metal ions such as Pb*-Hg?, Th*-Al**, Th*-Ni?*, Pb?*-Mn?* etc.
Practical applicability of the material tested in industrial wastewaters in-
dicate that they be used successfully in the separation of toxic heavy metal
ions. In order to explore the environmental applicability of the newly syn-
thesized ion exchangers, their adsorption potential towards methyl red
dye was studied. The entire studies revealed that the novel exchangers are
effective adsorbents for the removal of toxic pollutants from agueous
solution. © 2015 Trade Science Inc. - INDIA

INTRODUCTION cury, Cadmium, Chromium etc., into the environ-

ment>91, Electroplating, painting, metallurgical, min-

Extensive use of metals, chemicals, natural and ing, textile, municipal incineration and chemical
artificial materialsin manufacturing sector within-  manufacturing industries all generate toxic heavy
effective treatment of effluent hasled to generation metalsof variouslevel g% 7. Thedischarge of textile
of variouslevelsof toxic heavy metalssuchasLead, effluents to the water bodies has raised much con-
Copper, Zinc, Iron, Nickel, Arsenic, Cobalt, Mer- cern because of potential health hazards associated
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with the entry of toxic components into the food
chains of humans and animals. Synthetic dyes are
extensively used for dyeing and printing in avariety
of industries. Methyl Red (MR) isacommonly used
monoazo dyein laboratory assays, textilesand other
commercia products; however, it may causeeyeand
skin sensitization’® and pharyngeal or digestivetract
irritation if inhaled or swallowed®. Furthermore,
MR is mutagenic under aerobic conditions: it un-
dergoes biotransformation into 2-aminobenzoic acid
and N-N’-dimethyl-p-phenylenel®,

lon exchange as a separation process is com-
paratively too s mple and energy efficient compared
to other established waste treatment techniques. In-
organic ion exchangers appeared as potential ad-
vanced materialsto thischallenging task exception-
ally well, as they have effective properties such as
good ion exchange characteristics, thermal stability
and chemical resistivity!™23, Application of selec-
tive inorganic ion exchangers is a known way for
recovery of heavy metalsasthey exhibit high affini-
ties for specific iond#*®, Zirconium based ion ex-
changers have received attention because of their
excellent ion exchange behavior, stability and some
important chemical applications in the field of ion
exchange, ion exchange membrane and solid-state
electrochemistry('®l, Composite materials are also
attractive for the purpose of creating high perfor-
mance that are expected to provide many possibili-
ties, termed as ‘organic-inorganic’ hybrid ion-ex-
changerd”2Y with better chemical, mechanical, and
thermal stabilities, reproducibility and possessing
good selectivity for heavy metalsindicating its use-
ful environmental applications.

In thismanuscript, we describe the synthesisand
ion exchange properties of two new inorganic ion
exchange materia's, Zirconium bismuth tungstate and

its composite exchanger poly-o-toluidine zirconium
bismuth tungstate. A comparative study of potenti-
alities of the synthesized materials as sorbents for
the removal of toxic metal ions and hazardous or-
ganic dyes from waste waters has been the focus of
thiswork.

EXPERIMENTAL

Reagentsand chemicals

Bismuth nitrate, zirconium oxy chloride, sodium
tungstate and o-toluidine were obtained from
E.Merck (India). All other chemicals and reagents
used were of analytical grade.

Instrumentation

pH measurements were performed using an
ELICO L1613 pH meter. Spectrophotometry was
done on a UV- Visible Spectrophotometer model
JASCO V660 with diffusereflectance accessory (in-
tegrated sphere). IR studies were made using an
FTIR spectrometer model Thermo Nicolet
Avtar370and thermogram was run on Perkin Elmer
Diamond TG/DTA Anayzer. X-ray diffractometer
BrukerAXSD8Advancefor X-ray diffraction stud-
iesand an el ectric temperature controlled shaker was
used for shaking. Chemical composition was deter-
mined using EDS. A glass column was used for col-
umn operations

EXPERIMENTAL

Reagentsand chemicals

Different samples of ZBW were prepared by
adding 0.05M sodium tungstate solution to a mix-
ture of 0.05M zirconium oxy chloride solution and
0.05M bismuth nitrate solution in different volume

TABLE 1: Synthesis and properties of various samples of ZBW

Volumer atios

Sample 21 Bi-W pH Appearance IEC (meg/g)
ZBW-1 111 1 0.65
ZBW-2 112 1 0.79
ZBW-3 113 1 All 0.92
ZBW-4 121 1 White 0.66
ZBW-5 213 1 solids 0.69
ZBW-6 123 1 0.76
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ratios with intermittent shaking of the mixture and
keepingthepH at 1.0asgiveninTABLE 1.Thepre-
cipitates were filtered, washed with deionized wa-
ter and dried. Thewhite coloured precipitate formed
was kept for digestion for 24 hours at room tem-
perature.

Synthesisof poly-o-toluidine

Poly-o-toluidine was prepared by mixing simi-
lar volumeratiosof 0.4 M ammonium persulfate pre-
pared in 4.0 M HCI into 10% o-toluidine prepared
in 2.0 M HCI with continuous stirring by amagnetic
stirrer for 2 hours at 0 °C; a green colored gel was
obtained. The gel was kept for 24 hours at 0 °C?2,

Synthesisof POT-ZBW

The synthesis of Poly-o-toluidine zirconium bis-
muth tungstate composite was carried out by simple
stirring process. The ex-situ polymerised gels of
poly-o-toluidine were added to the white inorganic
precipitate of zirconium bismuth tungstate and mixed
thoroughly with constant stirring resulting in thefor-
mation of green colored slurry. The green colored
slurry was kept for digestion at room temperature
for 24 hours. The supernatant liquid was decanted
and the gel was filtered. The excess acid was re-
moved by washing with demineralised water
(DMW) and the material wasdried inanair oven at
30°C. Thedried products wereimmersed in DMW
to obtain small granules. They were converted to H*
form by treatingwith 1.0 M HNO, for 24 hourswith
occasional shaking, intermittently replacing the su-
pernatant liquid with fresh acid. The excess acid
was removed with DMW and then dried at 30 °C
and was kept in desiccator.

CHARACTERISATION OFTHE EXCHANG-
ERS

Column ion-exchange capacity and thermal ef-
fect on ion exchange capacity

The IEC of the material was determined by the
column process?¥; 1.0 g of the exchanger (H* form)
was packed in a glass column of 1.1cm diameter.
The H* ions were eluted by adding 100ml of 1M
sodium chloride sol ution. The effluent was collected

—= Fyll Peper

and titrated against standard sodium hydroxide so-
lution. The exchange capacity in meg/g was cal cu-
lated using theformula:

IEC= %

Where ‘a’ is the molarity, v’ is the volume of alkali
used during titration and ‘w’ is the weight of the
exchanger taken.

In order to determine the effect of heating tem-
perature on ion exchange capacity, 1g sample of the
exchanger in H* form was heated at different tem-
peratures for one hour in an air oven and Na' ion
exchange capacity in meq g* wasdetermined by the
column method after cooling them to room tempera-
ture.

Chemical stability

The chemical stability of the exchanger was as-
sessed in mineral acid like HCI, HNO,, and H,SO,,
baseslike NaOH and KOH and organic solventslike
acetic acid, acetone, ethanol and diethyl ether. For
this 500mg of the exchanger was kept separately in
50ml of different solvents at room temperature for
24 hours. The change in colour and weight were
noted.

pH titration

Topp and Pepper method? was used for pH ti-
tration using NaOH/NaCl, KOH/K Cl systems. 0.5g
of exchanger was equilibrated with varying amounts
of metal chloride and metal hydroxide solutions.
After equilibrium the pH of each solution was mea-
sured and plotted against milliequivalents of OH-
ions.

Adsor ption (Distribution) studies(K )

Distribution studies were carried out for vari-
ous metal ionsin demineralised water by batch pro-
cess. In this process 100mg of the dry exchanger in
H* form were equilibrated with 20ml of different
metal ion solutions and kept for 24 hours at room
temperature. The determination before and after
equilibrium were carried out volumetrically using
EDTA as the titrant. The K, values as depicted in
Figure 6, were obtained by the formula:

K :ﬂxi
d F w

Where ‘T’ is the initial volume of EDTA used, ’F’ is
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thefinal volumeof EDTA used; ‘V’is the volume of
the metal ion solution and ‘W’ is the weight of the
exchanger.

Quantitative separation of metal ionsfrom syn-
thetic binary mixtures

Separations of somemetal ionsof analytical util-
ity were achieved on the column of the exchangers
by knowing the effect of electrolyte concentration
on distribution coefficients. This was studied by
equilibrating known amount of exchanger with metal
ion solution in electrolytes of varying concentrations
(0.1 M, 0.01 M, 0.001 M NH,NO, and HNO,. The
column (30cm x 0.69cm internal diameter) onwhich
the separations were to be carried out was filled
uniformly with the exchanger (5g). First of all dis-
tilled water was added to pack the granules so that
no air bubblesget stuck. Then themixtureof the meta
ion solutions of concentration about 0.005 M (10
ml) was slowly added. The process was repeated
for maximum sorption. The exchanged metal ions
were eluted using suitable eluent. The rate of flow
in al separations was 0.2 ml per minute. The con-
centration of metal ion in the solution was deter-
mined by collecting known volume of effluent at
regular intervals. Binary separations were carried
out on the column.

Quantitative separation of metal ionsfrom indus-
trial waste water

Industrial wastewater was collected from tex-
tileindustry and phosphate fertilizer plant. Samples
werefirst filtered to remove any solid particles and
then it was neutralised. The colour producing sub-
stances were removed by adsorption using charcodl .
The samples were chemically treated for the detec-
tion and separation of any heavy element present.
Thegranular ion exchanger having greater selectiv-
ity towards heavy metals were packed in acolumn,
100 ml of the sample was passed through the col-
umn. The flow rate was maintained at 0.3-0.5 mL/
min. Finally the ions were separated using eluents
and determined quantitatively.

Adsor ption of methyl red (MR):

Aqueous solution of methyl red (MR) (20 ml,
40 ppm) were equilibrated with 200mg of exchang-

ers for 24 h. The sample solutions were then fil-
tered and centrifuged to remove the adsorbent prior
to analysis. The dye concentration was analyzed by
monitoring the absorbance of the dye before and af -
ter attainment of equilibrium with the exchangers
using UV—Vis Spectrophotometer (UV-1800
Shimadzu, Japan) at a wavelength of 521 nm. The
percentage of removal of dyeswas calculated using
thefollowing formula:

Removal (%) ==X 100

)
Where, Ci istheinitia dye concentration and Ceis
the equilibrium dye concentrationinmgL ™.

RESULTSAND DISCUSSION

Synthesisand char acterization of exchangers

Zirconium bismuth tungstate samples of differ-
ent composition were synthesized and ion exchange
capacity was determined (TABLE-1). On increas-
ing theratio of anionic part (sodiumtungstate) inthe
reaction mixture enhances the ion exchange capac-
ity as the replaceable hydrogen/ ionogenic groups
are attached to the WO, group whereas an increase
in the cationic part did not show any appreciable
change in the ion exchange capacity. Among these
the sample, ZBW-1, having maximum IEC
(0.92meqg?) was selected and was tried to incor-
porate in to the polymeric matrix of poly-o-tolui-
dine. Analysisof |IEC of composite material reveals
that it shows higher IEC (1.12meg/g) than itsinor-
ganic counterpart, may be due to more number of
freely movable H* ionsand H,O molecules situated
in the cavities of the polymeric matrix.

lon exchange capacity of the material was also
affected by heating. On heating at different tempera
turesfor 1 hour, theion exchange capacity and physi-
cal appearance of the dried sample were changed
asthetemperatureincreased (TABLE 2). Themate-
ria ZBW wasfound thermally stable up to 600°C as
the sample retained 57% of itsinitial ion exchange
capacity without any changein its color and appear-
ancewhereasin the case of itspoly-o-toluidine com-
posite, only 51% of initial capacity was retained up
to 600°C even though itsion exchange capacity was
higher than those of ZBW. Decreaseinion exchange
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TABLE 2 : Effect of temperature on IEC

ZBW POT-ZBW
Temperature (°C) IEC Retention |EC Retention
Appearance . oig)  of IEC(%)  (PPEANCe nenig)  of IEC (%)
100 WE: e 0.92 100 Dark green e 100
200 Whit 0.87 9456 Dark green 0.96 96.43
300 Wh: tg 0.80 86.96 Dark green 089 85.71
400 . 0.74 8043 Dark green 071 79.46
500 o kre{e 0.62 67.39 Black 057 63.39
600 grey 0.53 5761 Black ' 50.89
L
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Figure 1: pH titration curves of (a) ZBW and (b) POT-ZBW

(b) |

Figure 2: Thermal analysis of (a) ZBW and (b) POT-ZBW

capacity withincreasing temperatureisattributed to
the condensation of structural hydroxyl groups.

The materials were found to be quite stable in
different concentrations of mineral acidssuch as10
M HNO,, 5.0M H,SO, and 12 M HCl, 0.05M solu-
tions of bases and organic solvents like ethanol, ac-
etone, CCl,,DMSO,DMF etc.

pH titration curves of ZBW and POT-ZBW were
shownin Figure 1(a) and 1(b), revea sthat the func-
tiondity of thematerial changed from monofunctional
to bifunctional when poly-o-toluidine compositeis

formed by the encapsulation of organic part to the
matrix of inorganic precipitate which contains only
one ionogenic group. The ion exchange capacities
obtained from the curves are in agreement with that
obtai ned from the column method.

Thermograms of the synthesized materialswere
shownin Figure 2(a) and 2(b). thermogram of ZBW
shows 8% weight |oss due to the evaporation of ex-
ternal water molecules and condensation of struc-
tural hydroxyl groups. The endothermic pesak a 100°C
confirms the evaporation of external water mol-
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Figure3: FTIR Spectra of (a) ZBW and (b) POT-ZBW
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Figure 4 : XRD patterns of (a) ZBW and (b) POT-ZBW

ecules. Above this temperature, the material is a-
most stable up to 900°C asthe sampleretained 87%
of itsinitial weight at thistemperature. Figure 3 (b)
illustratesthat weight loss of about 9% up to 100°C,
dueto the evaporation of external water molecules.
The decrease in weight observed up to 338°C may
be due to the elimination of interstitial water mol-
ecules. The sample retained 68% of its original
weight till the temperature reaches 900°C. This
clearly reveals that the materials were quite stable
at high temperatures and can be used in high tem-
perature applications.

FTIR spectrum of ZBW (Figure 3(a)) shows a
broad band in the region 3200-3500cm* and asharp
peak at 1612 cm?, justify the presence of -OH
stretching and bending modes. The sharp bands at
1406 cm* and 1362 cn? are attributed to the pres-
ence of W-O bond. The bands observed in the re-
gion 851- 537 cnt isdue to the symmetric and asym-
metric stretching of M-O-H bond®!. The peak val-
ues of FTIR spectra (Figure 3(b)) of POT-ZBW in-

dicatethat the band centered at 3412 cm* showsthe
characteristics of free N-H stretching vibrationg?el.
An assembly of bandsin the region 1379- 1600 cmr
! ' may be ascribed to the stretching vibration fre-
guency of C-N bonds. The band at 1173 cm™* indi-
cated the presence of C-H group in semiquinoid ring
and the band at 1110 cm? is attributed to the pres-
ence of C-C methyl substituted semiquinoid and
quinoid rings?1. A sharp band at 797 cm showsthe
presence of parasubstituted aromatic rings, indicat-
ing polymer formation. Other characteristic bands
associated with inorganic precipitate are reflected
with dight shift in the composite material. The spec-
tra give evidence for the formation of POT-ZBW
composite material.

The XRD patterns provide significant informa-
tionsinrelation to the nature and size of the sample.
The X-Ray diffraction patterns of inorganic precipi-
tate and its poly-o-toluidine composite were shown
inFigure4(a) and 4(b). XRD pattern of ZBW sample
shows an amorphous nature whereas the XRD pat-
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Figure5: SEM images of (a) ZBW and (b) POT-ZBW
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Figure 6 : Distribution studies of various metal ions in
DMW on ZBW and POT-ZBW

tern of POT-ZBW shows two sharp intensity peaks
at around 25° and 33° and a number of small peaks,
signifying the crystalline nature of the composite
material. The crystalline size of the material is esti-
mated from the peak width (FWHM) using Scherrer’s
formuld®;
_ KA

BogrosE
Where, A is the X-Ray wave length, K is the
Scherrer’s constant of the order of unity for usual
crystals (hereK =0.9), g, isfull width at half maxi-
mum (FWHM) of a diffraction pesk and Y is the
diffraction angle. The average crystalline size of the
sample was found to be 22.034 nm. Hence XRD
studies expose that formation of compositefromin-
organic precipitate leads to change in crystallinity
from amorphousto nanocrystalline.

The scanning electron micrograph (SEM) of
ZBW and POT-ZBW were represented in Figure 5
(@) and 5 (b). It is clear from the photographs that
after the formation of poly-o-toluidine composite

with inorganic precipitate of ZBW, the morphol ogy
of thematerial has been changed.

Even though SEM images of the samples show
granular nature which makes it suitable for column
operations. Porous natureincreasesthe surface area.

In order to explore the potentiality of the synthe-
sized exchangersin the separation of metd ions, dis-
tribution studies of different metal ions were per-
formed in DMW. It is apparent from the figure that
both the exchangersare highly selectivefor Pb?* and
Th**, have been painstaking as the key pollutantsin
water. The order of selectivity of the studied metal
ions was depicted in Figure 6.

Quantitative separation of metal ionsfrom syn-
thetic binary mixtures

The difference in the K values of metal ions
indicated the separation possibilities of certain metal
ions of analytical importance and which has been
demonstrated by achieving some difficult binary
separations (TABLE 3 and 4) such asHg**-Pb?* and
Al¥-Th* on ZBW and Mn#-Pb?* and Ni?*-Th* on
POT-ZBW. The separation was based on sequential
elution of ions through the column using different
eluting agents such as NH,NO, and HNO,. The se-
quential elution of ions from the column depends
up-on the stability of metal-eluting ligand. The
weakly retained metal ionseluted first and the stron-
ger one at the last. The separation was quite sharp
and recovery was quantitative and reproducible.

Quantitative separation of metal ionsfromindus-
trial wastewater

The specificity of ZBW and POT-ZBW towards

==  [I01fanic CHEMISTRY

A Tudian Yowrnal



Efficiency of newly synthesized ion exchangers

FPull Paper
TABLE 3: Quantitative separation of metal ions on ZBW

Metal ion (mg)

Separ ations Separation

ICAIJ, 10(1) 2015

achieved factor Eluent | oaded Eluted % Effidency
Hg?* 29 06 0.01M HNO, 501 4.78 9541
Pb* ' 0.4M HNQ; + 04M NH;NO; 515 4.97 96.50
APR* 24 98 0.01M HNO, 167 1.52 91.02
Th'* ) 0.4M HNO; + 04M NH4NO; 5.80 5.62 96.89

TABLE 4 : Quantitative separation of metal ions on POT-ZBW
Separ ations Separation Metal ion (mg) .

achieved factor Eluent | oaded Eluted % Effidency
Mn? 1854 0.01M HNO;, 1.37 1.32 96.35
Pb* ’ 0.4M HNO; + 0.4M NH;NG; 515 5.01 97.28
Niz* 29 79 0.01M HNO;, 146 1.38 9452
Th'* ) 0.4M HNO; + 0.4M NH,NO; 5.80 5.69 98.10

TABLE 5 : Quantitative separation of metal ions from industrial wastewater effluents

On ZBW column

Conc. of metal ion

On POT-ZBW column

Sample M etal in water sample Est ima’ged conc. of Removal Estimated conc. of Removal
1ons metal ion eluted metal ion
loaded (mg) % %
— (mg) eluted(mg)
Pantindustry oy, 2,87 0.82 7143 059 79.44
effluents
Phosphate Th* 1.94 0.59 69.59 048 75.26
fertili zer plant
lead and thorium was the promising feature of the Loy —
materials, aslead and thorium arethe key pollutants 0.7+ —— MR removal by ZBW
intheenvironment. In order to demonstrate the prac- 0s- M remoralhy FOTAEN
tical utility of thematerials, quantitative separations 0.5 -
of lead from paint industry effluentsand thorium from 0.4 -

phosphatefertilizer plant have been achieved on the
materials (TABLE 5). Resultstabul ated showed that
the poly-o-tol uidine compositeis more efficient than
the inorganic precipitate in removing these metal
ionsfrom industrial wastewater.

REMOVAL OFMETHYL RED (MR) DYE

Another important applicability of the synthe-
sized materials in environmental remediation was
achieved by the removal of hazardous organic dye
methyl red from agueous sol utions. Both the exchang-
ers havethe ability to adsorb methyl red dye ontheir
surfaces and the adsorption experimentsare studied
with the help of UV-Visible Diffuse Reflectance
Spectrophotometer. The absorption spectrum of me-
thyl red before and after attainment of equilibrium
with the exchangerswas shown in Figure 7. The ef-

Abscrbance
g2k

42 ' L ' L ' L
4am = 00 700

Wave length (am)
Figure 7 : Absorption spectra of MR on ZBW and POT-
ZBW

fectiveness of the exchangersin removing MR from
agueous solution was confirmed by the drastic
change in intensity of original peak at absorption
maxima

Fromfigureit isobserved that greater than 83%
of MR is removed by POT-ZBW within 24 hours
under normal conditions. Where as about 58 % of
initial MR only isremoved by ZBW under the same
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conditions. This indicates that the composite poly-
o-toluidine was more effectivein removing organic
dyes from aqueous solution than its inorganic pre-
cipitate. However both the exchangersare applicable
in wastewater treatment for the removal of organic
pollutants.

CONCLUSION

Two new ion exchangerszirconium bismuth tung-
state and its composite poly-o-toluidine zirconium
bismuth tungstate were synthesized and were char-
acterized. The poly-o-toluidine composite exhibits
good ion exchange properties in comparison with
theinorganic precipitate.

The physico-chemical characterizationsreveaed
its nano crystalline nature. Since both the exchang-
ers are selective for lead and thorium, these metal
ions were quantitatively separated from synthetic
binary mixtures and also from industrial wastewa-
ters. UV-Visible DRS studies on methyl red adsorp-
tion enhances the environmental applicability of the
synthesized materials towards waste remediation.
Over dl studies revea that the composite ion ex-
changer isthe most efficient adsorbent for environ-
mental remediation than itsinorganic counter part.
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