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ABSTRACT

A new composite material has been synthesized by the incorporation of
conducting polymer into the inorganic matrix. It was characterized by us-
ing various instrumental techniques. The ion exchange characteristics of
material were studied. Physicochemical properties, pH titrations, effect
of temperature on the ion exchange capacity, effect of eluent concentra-
tion, and elution behavior were studied to exploit the ion-exchange capa-
bility of composite. The hybrid material exhibits improved therma sta-
bility. Sorption behaviour of metal ions on the material was studied in
different solvents at different concentration. On the basis of distribution
values, composite material was found to be selective for Pb(l1) ions. Some
analytically important binary separation of the metal ions has been
achieved on the column of this composite. This composite material has
been fruitfully applied for the treatment of heavy metals from synthetic
mixture and industrial waste water samples. The UV-Visible spectropho-
tometric studies revealed the enhanced adsorption ability of this material
towards organic pollutants like dyes. The effect of some important pa-
rameters such as initial concentration of dye, adsorbent dosage, and con-
tact time on the uptake of organic dye from agueous solution was also
investigated. © 2015 Trade Science Inc. - INDIA
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INTRODUCTION

Organic-inorganic composite materials have at-
tained agreat deal of attention because of their use-
ful integration of properties encompassing both or-
ganic and inorganic characteristics within a single
molecular-scale. A composite material consists of
two or more physically distinct components and ex-

hibits propertiesthat are entirely different fromtheir
origina components. They have been used as sorbents?,
ion exchanger®, catayst¥ andion selectivedectrode®.
Compositeexchangersarebeing preferred over organic
and inorgani c ion-exchangers asthey overcometwo
major drawbacks from which thelatter suffers. One
seriouslimitation of organicresinisitspoor thermd and
chemica stability (lessstablein highly acidicand basic
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medium) whilethe use of inorganicion-exchanger is
limited by itsnon-reproducibility!®. Furthermore, in-
solubleacid sdtsof polyvaent metal sproduced by mix-
ing rapidly the elementsof groupsof 111, IV and V of
periodic table possessing ion exchange propertiesare
reported to be not very much reproducible and granu-
lar thereby limiting their suitability for column opera-
tion'™. Recently, polyaniline(PANI) asan organic binder
has been used to prepare new composites. The or-
ganic binder polymer isinert and the active component
which possessestheion-exchange property isinorganic
ion-exchanger.

Water pollution caused by heavy meta ionsfrom
various industrial effluents is serious threat to the
living world®. These metals when present beyond
the certain concentration are not only toxic but al'so
can lead to serious health problemd?. So every care
should betaken to treat wastewaters before flowing
into public sewage, rivers and on land to prevent
environmental pollution. Therefore, itisbig dea to
devel op appropriate method for theremoval of meta
ionsto decrease the pollution load on the water sys-
tem. For this purpose, various competent technol o-
gies have been developed for the removal of these
metals from polluted water such as solvent extrac-
tion, membrane process, precipitation, adsorption
and ion-exchang€e'®*2. However, an ion-exchange
technique has been widely adopted in the removal
and determination of heavy metal ionsin wastewa
ter because of its simplicity and low operation
cost*3, Many industries such as textile, rubber,
leather, paper, cosmetics, plastics, food, and pulp
extensively use synthetic organic dyeswhich create
significant problem to the human health because of
its toxic, mutagenic and carcinogenic nature*+%,
Therefore, removal of dyesfrom thewastewater has
been an important environmental concern to mini-
mize the water and soil pollution. Among the vari-
ous method for the removal of dyes from wastewa
ters adsorption by ion exchanger isthe most promi-
nent and economic method(®,

Tin zirconium tungstate is new member in the
family of tetravalent based ion exchanger. By modi-
fying its mechanical and ion-exchange properties,
the new organi c-inorganic composite, tin zirconium
tungstate-polyaniline (SnZrW-PANI) wassynthesized
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and characterized for ion exchange propertiesto ex-
ploretheutility of thismaterial in the environmental
remediation.

EXPERIMENTAL

Reagents

Stannic chloride (E.Merck), zirconium oxychlo-
ride (E.Merck), and sodium tungstate (Loba Chem)
were used for thesynthesisof theexchangers. All other
reagents and chemicalsused were of analytica grade.

Apparatusand instruments

A glass column was used for column operations.
FT-IR Spectrometer model Thermo-Nicolet Avtar
370for IR studies, X-ray Diffractometer Bruker AXS
D8 Advance for X-ray diffraction studies, JEOL
Model JSM - 6390LV for scanning electron micro-
scopic analysis, TG Perkin Elmer Diamond TG
Analysis System for thermogravimetric analysis
were used. UV-Visible Spectrophotometer model
JASCO V660 was used for spectrophotometric mea-
surements

Synthesis
(a) Tin zirconium tungstate (SnZr W)

Zirconium oxychloride solution (0.05 M), stan-
nic chloride solution (0.05 M) and sodium tungstate
solution (0.05 M) were prepared. Sodium tungstate
solution was added to the mixture of zirconium oxy-
chloride solution and stannic chloride solution with
constant stirring in different volume ratios so that
final volume was 500 mL. The resulting white gel,
tin zirconium tungstate (SnZrW) was kept for 24 hrs
at roomtemperaturemaintaining thepH at 1. pH was
adjusted with 1.0M NaOH/1.0 M HNO,. It wasthen
filtered, washed with deionized water and dried.
The exchanger was then converted into the H* form
by treating with 1.0 M HNO, for 24 hrs with occa-
sional shaking and intermittent changing of acid. It
was then washed with deionized water to remove
the excess acid, dried and sieved to obtain particles
of 60- 100 mesh.

(b) Polyaniline (PANI)

150 mL of Polyaniline gels were prepared by
mixing acidic solutionsof 0.05M anilineand 0.05M
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ammonium persul phate with continuous stirring by a
magnetic stirrer keeping thetemperaturebelow 10°C
for haf an hour. Green coloured polyanilinegelswere
obtained that werekept overnight inrefrigerator.

(c) Tin zirconium tungstate-polyaniline (SnZrW-
PANI)

Tinzirconium tungstate slurry prepared by above
method is mixed with prepared gel of polyaniline
and the pH of the mixture was adjusted to 1.0 by
adding agueous ammoniaand hydrochloric acid with
constant stirring. The dark green coloured gel ob-
tained was then filtered, washed with deionized
water and dried. The exchanger was then converted
intotheH* form by treatingwith 1.0 M HNO, for 24
hrswith occasional shaking and intermittent chang-
ing of acid. The excess acid was removed by wash-
ing with deionized water and then dried and sieved
to obtain particles of 60- 100 mesh.

| on exchange capacity

The ion exchange capacity of the material was
determined by column method™” and the effect of
temperature on ion exchange capacity was studied.
The chemical resistivity of the samplewas assessed
in minera acidslike HCI, HNO, and H,SO,, bases
like NaOH and KOH and organic solventslike ace-
tic acid, acetone, ethanol and diethyl ether. For this,
0.5 g of the samplewas soaked in 50 mL of different
solvents, kept for 24 hrs and changesin colour, na-
ture and weight of the sample were noted.

pH titration

Topp and Pepper method*® was used for pH ti-
trationsusing NaOH/NaCl, KOH/KCl, systems. 0.5
g of exchanger was equilibrated with varying
amounts of metal chloride and metal hydroxide so-
lutions. At equilibrium (after equilibration), pH of
the solutions was measured and plotted against the
milliequivalents of OH added.

Distribution coefficient (K )

Selectivity studies were carried out for various
metal ions in demineralized water by batch pro-
cess'’.. The effect of temperature on distribution
vaueof metal ionswas studied.

Elution behavior

—=  Pyll Peper

Tofind out the optimum concentration of the el uent
for complete elution of H* ions, afixed volume (100
ml) of NaCl solution of varying concentrations was
passed through acolumn containing 1.0 g of the ex-
changer intheH* formwith aflow rate of 0.5 ml min'.
Theeffluent wastitrated againgt astandard akali solu-
tionof 0.1 M NaOH for the H* ionseluted out. Since
an optimum concentration of 1.0 M NaCl for acom-
plete elution of H* ions was observed for sample, a
column containing 1.0 g of the cation exchanger in H*
formwasel uted with NaCl solution of thisconcentra-
tionindifferent 10 ml fractionswithminimumflow rate
asdescribed above. Each fraction of 10 ml effluent was
titrated against astandard dkali solution for theH* ions
eluted out. tofind out thee ution behavior.

Binary separation

Quantitative separations of someimportant metal
ions were achieved on tin zirconium tungstate-
polyaniline columns. 1.0 g of exchanger in H* form
was packed in aglass column (0.5 cm, interna di-
ameter) with a glass wool support at the bottom.
The column was washed thoroughly with deminer-
alized water and the mixture of two metal ions (each
withinitial concentration of 0.1 molL*) was |oaded
onto it and allowed to pass through the column at a
flow rate 5-20 drops min* until the level was just
above the surface of the material. The process was
repeated twice or thricein order to ensure the com-
plete sorption of metal ions on the bead. The sepa-
ration of metal ion was achieved by collecting the
effluent in 10 ml fraction and titrated against the stan-
dard solution of disodium salt of EDTA (0.01 mol
L.

Waste water treatment

Industrial wastewater was collected from bat-
tery industries. Sampleswerefirst filtered to remove
any solid particles and then it was neutralised. The
colour producing substances were removed by ad-
sorption using charcoa. The treated samples were
the chemically treated for the detection and separa-
tion of any heavy elements presents. 100 ml of the
samplewas passed and repeated 3-4 timesusing efflu-
ent collected a the bottom. Thiswasfor the maximum
uptake of cation. Carewastaken to restrict theflow by
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0.5 ml/minutes. Theeduent used for Pb(ll) was0.5M
HNO,. Finally theionswere el uted out using respec-
tive eluents and then determined titrimetrically with
EDTA solution.

Adsor ption Experiments

The adsorption study was conducted in a batch
system in which 200 mg tin zirconium tungstate-
polyaniline adsorbent was mixed with 50 mL of MB
dye solution of 20 mgL* for 2hrsin a 100 mL coni-
cal flask and the mixturewas shaken in an electrical
shaker at aconstant agitation speed. The sample so-
[ution withdrawn from each flask after 1 hr were
then analysed by using UV-Visible diffuse reflec-
tance spectrophotometer with 1 cm path length quartz
cell by measuring absorbance at Amax of dyes (MB
— 663 nm). All experiment results were conducted
in duplicate and the average value was used in the
dataanalysis.

The experiments were repeated by varying the
following parameters: contact time, temperature,
adsorbent concentration, pH and dye concentration.

The amount of dye sorbed at any time, g, was
calculated from;

o

At equilibrium, g=q, and C=C therefore, the
amount of sorbed dye, was calculated from

q=(C-C

oy

6,=(C-CJ;
WhereC, C and C_aretheinitial concentration, con-
centration at any time and equili brium concentrations of
dye solution (mgL?), respectively, V isthevolume of
solution (L) and W isthe mass of adsorbent (mg).

Thedyeremoval percentage can becal culated as
follows

[y 3

Removal (%) = “—— =X 100

Desor ption study

The dye adsorbed exchangers were separated
from the solution and dried compl etely and used for
desorption experiments. The dye-loaded materials
(200 mg) werethen brought into contact with 10 mL
of 1.0 M NaOH, 1.0 M HNO,, and ethanol (95%),
separately. The mixture was kept for 24 hrs. After
desorption, the supernatant liquid was collected and
estimated.

RESULTS& DISCUSSION

The composite exchanger tin zirconium tungstate-
polyaniline obtained is dark green in colour and is
found to be stablein mineral acids and organic sol-
vents. Chemica compositionanaysis, EDSmeasure-
ment (Figure 1) and CHN analysis of SnZrwW-PANI
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Figure 1: EDS of SnZrW-PANI
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show the atom percent composition of Sn, Zr, W, C,
H,OandNis13.61, 14.05,32.32,16.13,1.61, 19.53
and 2.75. Sodiumion exchange capacity of composite
prepared is1.37 megg™.

The affinity sequence for alkali and alkaline
earth metal ionson SnZrW-PANI hasfoundto bethe
order ie Li(l) <Na&(l) < K(I1) and Mg(ll) < Ca(ll) <
Ba(ll), respectively (TABLE 1). Thissequenceisin
accordance with the hydrated ionic radii. Usually at
low agueous concentrations and ambient tempera-
ture the extent of exchange increases with increas-
ing valence of ingoing ionsi.e. Ca(ll) > Na(l). The
ion exchange capacity should increase with decreas-
ing hydrated radii and increases with electrode po-
tential. The ions with smaller hydrated ionic radii
eads |y enter the pores of exchanger, resultingin higher
sorption.

It was observed that on heating at different tem-
peraturesfor 2 hrs, theion-exchange capacity of the

—=  Pyll Peper

dried sample material was changed as the tempera-
ture increased as shown in Figure 2. The composite
cation-exchange material was found to possess
higher therma stability as the sample maintained
about 40.4% of theinitial mass by heating up to 300
°C. However, in respect to ion exchange capacity,
thismaterial was found to possess thermal stability
as the sample maintained 60% of the ion-exchange
capacity up to 100 °C.

The composite was found reasonably stable in
some organi ¢ solvents (ethanol, acetonitrile), acids
(HCI, HNQ,, H,S0,) and bases (sodium hydroxide,
potassium hydroxide) up to 1.0 M. Thus, the ex-
changer was chemically resistant to these solvents
and could be successfully used with these solvents
in column operation.

FTIR spectra of SnZrW-PANI (Figure 3a) show
a broad band in the region ~3444 cmr* which is as-
signed to symmetric and asymmetric—OH stretching™.

TABLE 1 : Effect of hydrated ionic radii and charge on IEC

Metal ion Hydrated ionic radii (A°) |EC (meqg™)
Li(l) 3.40 1.22
Na(l) 2.76 1.37
K(1) 232 1.45

Mg(ll) 7.00 121
Ca(ll) 6.30 1.79
Ba(ll) 5.90 211
14 -
~ -
‘on 121 =%
E 10 -
0B - p—
E. 4
> on-
4 W%
04 -
¥ > 3%
§ 21 —— 2%
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Figure 2 : Effect of temperature on IEC
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Figure3: a. FT-IR, b. XRD, c¢. TGA and d. SEM image of SnZrW-PANI

Bandsat ~507 cm! may be dueto the presence of metd
oxygen bond. A band at 798 cm® indicates the out of
plane C-H bending mode. In plane C-H bending bands
occur intheregion 1000-1200 cm'®. Another assembly
of peaksintheregion 1300-1400 cm™ may beascribed
dueto thestretching vibration frequency of C-N in the
materid, asit dso resemblesthedretching vibrationfre-
guenciesfor C-N found in polyaniline®”. Thisconfirms
theformation of tin zirconium tungstate-pol yanilinecom-
posite.

X-ray diffractogram (Figure 3b) shows amor-
phous nature of the composite materia . Scanning € ec-
tron microscopy (SEM) study was performed to ex-
aminethe surface morphology of composite material.
SEM photograph of SnZrW-PANI depicteditsirregu-
lar shape (F gure 3d) and therough surfacewith pleets.

The thermogram of SnZrW-PANI (Figure 3c)
showed that the weight loss (about 25%) of theion

Wotzrioly Science mmm—

exchanger upto 150 °C is due to the removal of free
external water molecules?!. Further, agradual loss
of mass (about 7%) up to 400 °C may be due to the
condensation of hydroxyl groupsalong with thedight
degradation of organic part. An endothermic peak at
600 °C is observed in the case of SnZrW-PANI
which suggeststhe polyaniline degradation.

The pH-titration curves of SnZrW-PANI were
obtained under equilibrium conditions with NaCl/
NaOH and KCI/KOH (Figure 4). The functionality
of theion-exchanger was determined with the help
of these curves. However, it is a general observa
tion that the shape of thetitration curvesand thefunc-
tionality depend upon the time of contact of the so-
lution containing OH- ions with the ion exchanger
until equilibriumisobtained. Sometimesthesysemtakes
several daysif itisat roomtemperaturewithintermit-
tent shaking. In the present case, for attaining equilib-
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Figure 4 : pH titration curve of SnZrW-PANI
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Figure 5 : a. Effect of eluent concentration on ion-exchange capacity, and b. Elution behavior of SnZrW-PANI

rium amost 3dayswastakenwhichiscloseagreement  cation-exchanger i.e. strong acidic groups of the com-
with theabove mentioned factor. Thefunctionality of ~ posite cation-exchanger are completely converted to
the systemswas observed to bemonofunctional inna-  theNa' form. Thus, the maximum capacity (theoretica
tureasshownin Figure 3. Thisshowed that thecom-  capacity) of the strong acidic groupsof the composite
positematerid isastrong cation-exchanger asindicated  was cal culated as 1.35 meqg?, from the amount of ti-
by alow pH (~2) of thesolutions, when no OH-ions trant added up to the point wherethe steepriseinthe
were added tothe system. With theadditionof NaOH, pH occursi.e. at equilibrium.

thesolutionisprogressively neutralized and at thesame The column elution experiment indicated a de-
timetheion-exchangeisdriventocompletion. Thus, pendenceof the concentration of theeluent ontherate
thepH titration curveof thision-exchanger showeda of eution, whichisausua behavior, for such materias.
gradual risein pH at theearly stage of titrationanda A maximum &l ution was observed with the concentra:
steepriseat the point of completeneutraization of the  tionof 1.0 M NaCl asindicated in Figure 5a. The du-

——, P otrioly Seience
ﬂuVWMW




284

Polyaniline embedded tin zirconium tungstate compositeion exchange material

MSAIJ, 13(9) 2015

Full Paper - o

tion behavior of theexchanger (Figure5b) revea sthat
therate of exchangeis quitefast as only 100 mL of
NaCl solution (1.0 M) issufficient for dmost complete
elution of H* ionsfrom thecolumn containing 1.0 g ex-
changer. Hence, fast kineticwouldfacilitatethe opera-
tion of thecolumn for the separation of metd ions.
Inorder to explorethe potentiaity of the new hy-
brid cation-exchangematerid inthe separation of meta
ions, distribution studiesfor metal sionswere performed
indifferent solvent systems (Figure6). Itisclear from
thedatagivenin Figure6 that theK , valuesvary with
the composition and nature of the contacting solvents.
The sdlectivity for metal ionsisintheorder of Pb(I1) >
Hg(l1) > Mn(11) > Cd(1l) > Cu(ll) > Ni(ll) > Mg(ll) >

Co(ll) > Bi(l11) > Zn(11). It was observed fromthe K
value studiesthat the uptake of Pb(Il) isexceptionally
highinall solvents, whiletheremainingmeta ionsare
poorly sorbed. Thus, the composite cation-exchanger
can bevery wdll utilized for the separation of leadions
fromwesteeffluents. Thetemperaureeffect onK  vaue
showed that the K , valuewas not changed even after
high temperaturetreatment with the exchanger. While
condderingthel EC vaueit wasdightly decreas ngwith
temperature. Eventhough theretaining of K , valueof
exchanger may be dueto the structural change of the
materia with theorganic part present onit. Dueto the
slight decomposition of the organic part may helpto
deveop the poreinthe surface of theexchanger. Soon

B DMW
M 0.001M HNO3
200 + ¥ 0.01M HNO3
M 0.1M HNO3
M 0.001M NH4NO3
= | 0.01M NH4NO3
M 0.1M NH4NO3
100 -
0 - i i' ka ll Y ll | " LI.
Pb(Il) Zn(Il) Mn(I) Ni(Il) Hg(l) Ca(Ill) Co(lI) Cu(Il) Mg(Il) CA(II) Bi(III) AI(III)
Figure 6 : K, values of various metal ions in different electrolyte
TABLE 2 : Binary separation of metal ions on SnZrW-PANI
. Separ ation Separation Metal ion (mg) %
Materials achieved Factor Eluent Loaded Eluted Efficiency
Co(ll) o 30,\'/?(?41'\'}/'031“(?3 w192 1% 98.96
Ph(ll) 25.64 NH,NO, 2.80 2.75 98.21
Ni(ll) g N 320 310 96.88
) ,+ 0.
SZrW- Pb(ll) 13.37 NH.NOs 2.80 2.67 95.36
PANI Cu(ll ﬁ/IIOI%IIEIAOH-’:I(gEOII\/:Is 2.80 2.72 97.14
3 .
Pb(Il) 10.20 NH,NO, 2.80 2.69 96.07
Zn(il Oﬁ‘ﬁN'\éﬂN% %3 280 277 98.93
3+ 0.
Pb(ll) 51.54 NHaN Os 2.80 2.75 98.21

TABLE 3 : Selective separation of Pb(l1) from synthetic mixtures containing Pb(I1), Cu(l1) [2.57 mg], Mg(l1) [2.97

mg], Hg(I1) [4.70 mg] and Ni(ll) [1.93 mg]

Amount of metal Amount of metal

0,
ion loaded (mg) ion found (mg) Recovery (%) Eluent used Volume of duent (mL)
4.10 4.03 98.29 05 M HNO;, 70
3.92 3.85 98.21 05 M HNO; 50
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higher temperaturetreated exchanger; adsorption may
a so play themgjor rolefor the separation of metd ions.

The separation capability of thematerial hasbeen
demonstrated by achieving some analytically impor-
tant binary separations of someimportant metal ions
viz Co(ll)-Pb(ll), Ni(l)-Pb(ll), Cu(I1)-Pb(Il) and
Zn(I1)-Pb(I1) (TABLE 2). TABLE 2 summarizesthe
sdient features of these separations. Theseparation was
based on sequentid e ution of ionsthrough thecolumn
depending upon themetd -l uting ligand (dluent) sability.
It wasalso observed that P(I1) retained strongly onthe
cation-exchanger column. Theweskly retained metd ions
get dutedfirgt, followed by thestronger one. Itisevident
from datathat the separationsarequite sharp, quantita-

—=  Pull Paper

tiveand reproducible.

The practical utility of the composite material
was demonstrated by separating lead and cadmium
from synthetic mixtures (TABLE 3 & 4) aswell as
from paper and battery industrial wastes water re-
spectively (TABLE 5).

Around 1.0 mg/ 100mL lead metal ions were
separated from the paper and battery industrial efflu-
entsusing SnZrW-PANI ion exchanger column.

Removal of methyleneblue

Methylene blue (MB) haswider applicationsdue
to its good solubility, like coating for paper stock,
coloring paper, coloring leather products, dyeing

TABLE 5 : Quantitative removal of Pb(ll) from textile industry effluent using column of SnZrW-PANI

Sample Metal lon Eluent used In mg/100mL
Sample A Pb(l1) 05 M HNOs 1.15
Sample B Pb(l1) 05 M HNO, 1.23
- 2 -
™71 (a) (b
3 ;s
- - =
E‘ §- A
“ E
i b b -
o E we.
] -]
&0 - ﬂ 2
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Figure 7 : (a) effect of contact time, (b) effect of adsorbent dosage, (c) effect of initial dye concentration and (d)
effect of pH on the removal methylene blue by SnZrW-PANI
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cottons, wools, and temporary hair colorant, etc. Al-
though M B isnot strongly hazardous, it can render sev-
eral harmful effects. Acute exposureto MB will cause
increased heart rate, shock, Heinz body formation, vom-
iting, quadriplegia, cyanosis, jaundice, and tissue ne-
crosisinhumang?23, Itisharmful whenitisbreathed
and in contact with skin and whenit isswallowed4,
The compositetin zirconium tungstate-polyaniline ex-
hibits good adsorption ability for theremoval of MB
from aqueous solution. Theadsorption capability of tin
zirconium tungstate-pol yaniline were anaysed experi-
mentally.

The contact time between the pollutant and the
adsorbent is of significant importance in the waste-
water treatment by adsorption. In physical adsorp-
tion, most of the adsorbate species are adsorbed
withinashort interval of contact time. However, strong
chemical binding of the adsorbate with adsorbent re-
quiresalonger contact timefor the attainment of equi-
librium. M B solution (50 mL, 20 mg L) wastreated
with 0.2 g of exchanger for different periods of time
(10-60 min) at 30° C and neutral pH. The rapid re-
mova wasobserved duringthefirst 20 minand gradu-
ally decreased with Iaps of time until equilibrium.
Theincreased activity at initial stage could be dueto
the avail ability of more adsorption sites on compos-
ite surface, and gradual occupancy of these sites re-
duced the reaction rate and the adsorption becomes
less efficient. At this point, the amount of dye being
adsorbed onto the composite was in a state of dy-
namic equilibrium with the amount of dye desorbed
from the composite. The time required to attain this
state of equilibrium was termed as equilibrium time,
and the amount of dye adsorbed at the equilibrium
time reflected the maximum adsorption capacity of
the adsorbent under these particular conditions. It is
evident from Figure 7athat the contact timeneeded to
attain theequilibrium condition for MB wasabout 1hr.

Theeffect of adsorbent dosage on theremoval of
MB hasshownintheFigure 7b. To study the effect of
adsorbent dose on dye adsorption, different amounts of
adsorbents varying from 100 mg to 500 mg werere-
spectively added to initial concentration of 20 mgL-
1 of MB solution of 50 mL and kept for 1 hr. Removal
of dyewith increasing adsorbent dosagewas observed

Wotarioly Science mm——

whichisduetotheavailability of reactivesites?. The
remova of MB ranged from 96.8 t0 99.1 % for 1 hr
when treated with different doses of exchanger.

The studieson theremoval of MB by exchanger
were carried out at different concentration of dye
from 10 mgL* to 50 mgL* by keeping the fixed ad-
sorbent dosage of 200 mg at 30° C and neutral pH
shown in Figure 7c. The percentage of removal de-
creased with the increase in initial concentration.
From the figure, it was revealed that there was sig-
nificant removal of dyes even at higher concentra-
tion a so possible with this exchanger. The percent-
ageremoval decreaseswith theincreasein dye con-
centration indicated that there exists areduction in
immediate solute adsorption, owing to the lack of
available active sites required for the high initial
concentration of dye. The enhanced removal at low
concentration could be due to the faster movement
of dye into the activated sites of composite. How-
ever, in higher concentration (50 mgL*) theremoval
rate was decreased to 77.8 % because the dye mol-
ecules needed to diffuse to the adsorbent sites by
intraparticle diffusion. In addition, steric repulsion
between the solute molecules could slow down the
adsorption process and thereby decreases the re-
moval rate. A similar trend was observed for the
adsorption of methyl violet by agricultural waste?l,

pH of the solution influencesthe surface charge
and functional groups of the adsorbent and it has
significant rolein the adsorptive removal of dye?".
In addition, pH influences the degree of ionization
of the materials present in the solution and solution
chemistry. The results (Figure 7d) show that by in-
creasing solution pH, the extent of dye removal in-
creases. Lower adsorption percentage of MB on ex-
changersat highly acidic conditionsis probably due
to the presence of high concentration of H* ions on
the surface of adsorbent, competing with MB (acat-
ionic dye) for adsorption sites in the adsorbent!?3.
With anincreasein the solution pH, the el ectrostatic
repulsion between the positively charged MB and
the surface of adsorbent is lowered. Consequently
removal efficiency is increased at higher pH. Fi-
nally the adsorption process proceeds through the
el ectrostati c attraction between thetwo counter ions.

Figure 8 shows the effect of temperature on ad-
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Figure 8 : Effect of temperature on the removal methylene blue by SnZrW-PANI

sorption of dye onto exchanger. Theincreasein tem-
perature (from 30 to 50 °C) leads to a decrease in
dye uptake. With increasing temperature, the de-
creaseinthe uptakeindicatesthat an exothermic pro-
cess controls the adsorption of dye?’. The adsorp-
tion capacity decreaseswith increasing temperature
indi cating that the adsorption process occursthrough
physical interactions.

After confirming the fact that tin cerium phos-
phate-polyaniline composites is capable of
adsorbing the dye molecules onto its surface, it be-
came necessary to know the process by which the
dye molecules remain adhered to the surface of the
exchanger. Theadherence of dye moleculesonto the
surface of the exchanger isapurely chemical inter-
action, involving chemical binding of the substances
exchanger and the dye. All the three composites pos-
sess structural hydroxyl groups. Therefore the dyes
can bond to the sorbent either by hydrogen bonds or
weak Van der Waalsforces. The bonding nature be-
tween the adsorbent and dye was checked by sub-
jecting theadhered material to desorption and regen-
eration process®. Treatment with NaOH (1.0 M),
ethanol and HNO, (1.0 M) shows the considerable
recovery of thedyeswhichisrepresentedin Figure9.
Under acidic condition, thepositively charged sitesin-
crease on the surface of exchanger, and thisact asa

driving forcefor desorption of dye by e ectrostatic re-
pulsion.
CONCLUSION

Tin zirconium tungstate-polyaniline composite
material showed thermal stability with respect to
the ion exchange capacity losswith increasing tem-
perature. pH titration studiesrevealed astrong acidic

SnZrW-PANI

SnZrW-PANI
90%
80%
| | 30% ‘ ‘
1MHNO3 1M NaOH Ethanol

Figure 9 : Percentage of desorption of dye (recovery of
dye) from SnZrW-PANI
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nature. Thedistribution studies depi cted that the mate-
rial ishighly selectivefor the Ph(ll). Itisevident from
theresultsthat the quantitative and efficient separations
of lead fromvariousmetd ionsarefeasibleontin zirco-
nium tungstate-polyanilinecolumn. Theresultspresented
inthiswork have shown that the exchanger can beused
for theadsorption of dyeevenat low aswell ashigher
concentration of dye. In addition theadsorbent can be
recycled thricewithout any lossinitscapacity and effi-
ciency by treatment with 1.0 M HNO, solution. The
selective behavior of thiscomposite cation exchanger
isimportant from theenvironmenta pollution chemistry
point of view, where an effective separation method is
needed for Pb(I1) aswell as organic pollutant likedye
from other pollutants.
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