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Abstract A new surfactant-based nanocomposite cat-
ion exchanger, sodium dodecyl sulfate-Th(IV) tungstate
(SDS-TT) was prepared by the sol-gel method. The SDS—
TT was characterized by FTIR, XRD, TGA, SEM, EDS
and TEM. The distribution studies for various metal ions
on SDS-TT were performed in different acidic mediums.
On the basis of distribution coefficient values, SDS-TT
was found to be selective for Cu?* metal ion. SDS-TT was
successfully used for the quantitative separation of Cu®"
from the synthetic mixture, pharmaceutical formulation
and brass sample. The regeneration studies were performed
which showed a decrease in the recovery of Cu** from 88
to 70 % after seven consecutive cycles.

Keywords Sodium dodecyl sulfate - Nanocomposite
cation exchanger - Brass alloy - Pharmaceutical
formulation - Environmental remediation

Introduction
The improvement in the characteristics of ion exchange

materials has always been an objective for the research-
ers by changing the inorganic, organic and polymeric
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ion exchangers to obtain the material with desirable ion
exchange properties, reproducibility and stability [1, 2]. In
the past few decades, a number of ion exchanger materials
have been synthesized. The inorganic ion exchangers are
thermally stable, while organic ion exchangers have good
mechanical and chemical strength and can be applied for the
treatment of large volume of waste effluents. By combin-
ing these two different materials having entirely different
properties, composite ion exchanger materials are produced
with unique properties which are distinct from the constitu-
ent’s material. In addition to other advantages, composite ion
exchangers are more stable at high temperature and radiation
fields [3]. The composite ion exchangers exhibit enhanced
characteristics by bridging the property gap between two
divergent types of materials [4, 5]. Thus, the composite ion
exchanger materials have been utilized for diverse applica-
tions such as quantitative estimations by ion selective elec-
trodes, catalysis, antimicrobial activity, bimolecular separa-
tions, chromatography, hydrometallurgy and environmental
science [4-8]. However, there are still some major limita-
tions. So, the efforts are continuously going on to improve
the mechanical, chemical and thermal stability and their
selectivity for heavy metal ions [9-12]. In this favors, the
advanced composite ion exchangers with nanodomain have
also been given consideration to summarize the desired
properties of both inorganic and organic counter parts into
single molecule. These nanocomposite ion exchangers have
been developed by adding organic polymer into the matrix of
inorganic precipitates by sol-gel method and have been used
in environmental applications [4, 9—13]. Water pollution by
heavy metals is an important environmental concern which
is related negatively with the health and economy. Various
kinds of health hazards are arising due to the contamina-
tion of heavy metals from the waste effluents of fast grow-
ing industries in the surrounding soils as well as ground and
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surface waters, i.e., in the food chain and drinking water. All
heavy metals are highly toxic, non-biodegradable and readily
accumulate to toxic levels [14]. Therefore, it is a main goal
to remove these toxic heavy metals from industrial wastewa-
ter which commonly includes Hg, As, Cu, Zn, Cd, Cr, and Pb
[15, 16]. Several methods have been applied for the removal
of toxic metals from aqueous solution such as reverse osmo-
sis, ultra-filtration, chemical precipitation, electrodialysis,
oxidation, ion exchange and adsorption on several low-cost
adsorbents [4-8, 17-21].

In separation science and technology, adsorption and
ion exchange are more attractive, cost-effective, simple
and widely used techniques for the treatment of wastewater
from industrial and domestic sources [4—8]. The adsorption
of metal ions on the ion exchanger surface in the presence of
surfactant is affected by the charge density of the interface
which helps and increases the selective adsorption of heavy
metals onto the porous surface of ion exchangers [22-26].
Surfactants are the amphiphilic substance having the hydro-
phobic tail made up of hydrocarbon chain and hydrophilic
charged or polar head group [27]. The capability of the
charged head group of surfactant molecules to bind with
the ions of opposite charge makes the ion exchanger quite
effective and selective in nature [22-26]. The head groups
of surfactant molecule bind metal ions reversibly through
complexation, electron attraction and/or charge neutraliza-
tion [22]. The higher moieties for heavy metal ions may be
due to higher binding constant for them on surfactant mol-
ecules in the matrix of inorganic precipitate [28].

In the present research works, we have synthesized a
surfactant-based nanocomposite cation exchanger sodium
dodecyl sulfate-Th(IV) tungstate (SDS-TT) via a sim-
ple sol-gel method. This nanocomposite ion exchanger
was subjected for different physiochemical analyses and
the results demonstrated that the addition of SDS into the
matrix of TT improved the ion exchange capacity, thermal
stability and selectivity toward metal ions. Specifically,
this nanocomposite ion exchange material was found to be
highly selective for Cu?" metal ion, and hence, it has been
exploited for the remediation of toxic Cu>* ion from aque-
ous medium. Copper is greatly used in the industries such
as mining, plating, smelting, electroplating industries, brass
manufacture and petroleum refining. These industries gen-
erate much wastewater and sludge having Cu®* ions with
various concentrations which have harmful effects on the
water environment [29]. According to the World Health
Organization, the maximum permissible limit of Cu(Il) in
drinking water is 1.5 mg L™ [30]. Hence, the level of Cu*"
ions must be reduced to the level that satisfies environmen-
tal regulations for various bodies of water. SDS-TT was
successfully used for the adsorption of Cu®*" ion from the
synthetic mixture of metal ions, pharmaceutical formula-
tion and brass alloy sample.
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Experimental
Reagents and instruments

The main reagents used for the synthesis of SDS-TT were
sodium dodecyl sulfate, thorium nitrate and sodium tung-
state. These reagents were purchased from Sigma Aldrich,
Germany. All other reagents and chemicals were of analyti-
cal reagent grade.

The main instruments used during the study were sin-
gle electrode pH meter (Orion 2 star, Thermo Scien-
tific, USA), automatic thermal analyzer (V2.2A Du Pont
9900), FTIR spectrophotometer (Nicolet 6700, Thermo
Scientific, USA), atomic absorption spectrometer (AAS,
Perkin Elmer, USA), a PW 1148/89 based X-ray diffrac-
tometer (Phillips, Holland), high-performance scanning
electron microscope with a high resolution of 3.0 nm
(JSM-6380 LA, Japan), transmission electron microscope
(H-7500, Hitachi, Japan) and a water bath incubator shaker
(SW22/9550322, Julabo, Germany).

Preparation of SDS-TT nanocomposite cation
exchanger

To get a stable product with good ion exchange proper-
ties, several samples of SDS-TT nanocomposite cation
exchanger were synthesized at different reactants volume
ratios by sol-gel mixing method [4]. Initially, 0.005 M
sodium dodecyl sulfate solution was added into 0.1 M
thorium nitrate solution with constant stirring for 30 min.
Subsequently, 0.1 M sodium tungstate solutions was added
drop wise into the aforementioned mixture of sodium
dodecyl sulfate and thorium nitrate at pH 1.8 and mixed
thoroughly with constant stirring for 2 h at 25 £ 2 °C
(Scheme 1). The white precipitate so formed was allowed
to stand for 24 h and then washed with Milli-Q water to
remove the excess reagents. The product was dried at
30 &£ 2 °C in an oven. The dried product was then kept in
Milli-Q water for cracking and converted into H* form by
placing in 0.01 M HNO; solution and washed with Milli-Q
water to remove excess acid and finally dried at 35 £ 2 °C.
The sample S-7 was selected for detailed studies due to its
better ion exchange capacity among all samples (Table 1).

Column ion exchange capacity and thermal stability
of SDS-TT

1.0 g of SDS-TT (H* form) was packed in a column (inter-
nal diameter-0.6 cm) fitted with glass wool at the bottom.
250 mL of 0.1 M solution of numerous metal nitrates was
applied to elute the HT ions completely from the column.
The effluent was titrated against a standard solution of
0.1 M NaOH solution to check the total amount of H" ions
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Table 1 Synthesis of SDS-TT nanocomposite cation exchanger at different conditions

Sample Mixing volume ratio

pH of the mother liquor with Temperature (°C) Na™ ion exchange capacity

inorganic precipitate (meq g™h)
0.1MTR (mL) 0.1 MTU (mL) 0.005M SDS (mL)
S1 100 100 - 1.0 25+2 0.50
S2 100 100 50 1.0 2542 0.90
S3 100 100 50 1.8 25+2 1.20
S4 100 100 100 1.8 2542 1.40
S5 100 100 200 1.8 2542 1.45
S6 200 100 100 1.8 2542 1.3
S7 100 200 100 1.8 25+2 2.4
S8 100 300 100 1.8 25+2 24

TR thorium nitrate, TU sodium tungstate, SDS sodium dodecy] sulfate

released which was equivalent to the metal ions retained by
the material [22].

To see the effect of heating temperature on the ion
exchange capacity of this material, 1.0 g of SDS-TT in
H* form was heated at different temperatures in a muffle
furnace for 1 h and Na™ ion exchange capacity was found
after cooling them at room temperature by standard column
process as described above.

Effect of eluent concentration and elution behavior
To get the optimal concentration of the eluent for the com-

plete elution of HT ions, 250 mL of NaNOj; solution of
different concentrations was passed through the columns

which had 1.0 g of the SDS-TT nanocomposite cation
exchanger (H* form). The effluents were titrated against
a standard solution of 0.1 M NaOH to find the eluted H*
ions.

To study the elution performance, NaNO; solution of opti-
mal concentration was passed through the column contain-
ing 1.0 g of the SDS-TT nanocomposite cation exchanger
(H" form) for the complete elution of H' ions. The collected
effluent was titrated against a standard alkali solution.

Instrumental characterization

The Fourier transform infrared spectroscopy (FTIR)
absorption spectra of TT inorganic ion exchanger and
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SDS-TT nanocomposite cation exchanger were recorded
between 450 and 4000 cm™!. For X-ray powder diffraction
(XRD) analysis, manganese-filtered CuKa radiation wave-
length (150.1542 nm) at 298 K was utilized. The instrument
was equipped with graphite monochromator and operating
at 40 kV and 30 mA. Thermogravimetric analysis (TGA) of
SDS-TT was performed at a heating rate of 10 °C min~! up
to 1000 °C in the air atmosphere. To see the morphology,
scanning electron micrographs (SEM) of TT and SDS-TT
were performed using an electron microscope. TEM study
was carried out to know the particle size of SDS-TT cation
exchanger.

Distribution studies (K;)

The values of distribution coefficient (K;) for different
metal ions, viz., Mg?t, Ca®*, Sr**, Ba’", Hg?t, Cd*",
Pb>*, Fe’*, Cu?* and Zn>* were evaluated by batch method
in different acidic mediums. Various portions of (300 mg
each) the SDS-TT exchanger in H form were taken in
flasks and mixed with 30 mL of the above metal nitrate
solution in the required medium and shaken for 5 h in the
temperature controlled shaker at 25 £ 2 °C to achieve the
equilibrium. The quantity of metal ion was determined by
EDTA titration. The distribution coefficient values were
evaluated using the equation

100 mL using Milli-Q water. Different quantities of stock
solutions were taken into the glass column which had 1.0 g
SDS-TT nanocomposite cation exchanger. The solution was
passed through the column with 0.5 mL min~" flow rate. The
effluent was recycled through the column to make the max-
imum adsorption of Cu?* and it was eluted with a 0.01 M
HNO; solution and treated against 0.01 M EDTA solution.

A piece of brass alloy sample (0.5 g) was dissolved in
10 mL aqua regia solution and the mixture was evaporated
to remove the excess acid. It was diluted to 100 mL with
Milli-Q water and then utilized as a stock solution. Differ-
ent quantities of stock solutions were poured into a glass
column using the same method as described above.

Kinetics and isotherm studies

Kinetics studies were carried out by varying the concentra-
tion of Cu** (C,» 20 and 40 mg L~!). The samples were
collected at different time gaps until equilibrium achieved.
Isotherm studies were performed at different reaction tem-
peratures (25, 30 and 40 °C) and initial concentration of
Cu?* solution (20-100 mg L.

Desorption and regeneration studies

Desorption and regeneration studies were performed by
batch process. 100 mL of 10 mg L' Cu?* solution was

Amount of metal ion retained in one gram of the exchanger phase (mg g~ ')

Kq= ey
¢ Amount of metal ion in unit volume of the supernatant solution (mg mL~")

(1 — F)/300 mg treated with 0.5 g of SDS-TT in conical flask for 1 h.

Kq = After 1 h, the SDS-TT was washed with Milli-Q water to

F/30 mL )

where [ is the initial amount of the metal ion in the solu-
tion phase and F is final amount of metal ion in the solution
phase after treatment with the exchanger.

Quantitative separations of Cu>* ion from synthetic,
pharmaceutical and alloy samples

For the selective separation of Cu’*, three sets of syn-
thetic mixture of metal ions, viz., Hg>*, Cd**, Fe’*, Pb*™,
Cu?* and Zn>* were taken wherein the amount of Cu’*
was changed and the amount of rest metal ions was kept
constant. The mixture of these metals was poured onto
the top of columns and permitted to flow down at a rate
of 0.5 mL min~'. It was recycled through the columns to
ensure complete adsorption of the metal ions. The separa-
tion of metal ions was achieved by collecting the effluent i
and titrated against the standard solution of 0.01 M EDTA.

The I-Vit antioxidant (Two tablets) was treated with
10 mL conc. HCI and heated to evaporate the excess acid.
The aliquot was filtered and the filtrate was diluted to
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remove the excess of Cu**. Then, SDS—TT was treated with
100 mL of 0.01 M HNO; solution in other flask for 1 h to
desorb Cu**. The solution was then filtered and the filtrate
was treated against the standard solution of 0.01 M EDTA
to check the desorbed Cu*". The desorption studies of Cu*"
was also done in several other acids (0.01 M formic acid,
0.01 M hydrochloric acid, 0.1-0.01 M acetic acid, 0.01 M
succinic acid and 0.01 M H,SO,) by following the afore-
mentioned procedure.

For the regeneration study, 0.5 g of SDS-TT was saturated
with 100 mL of 10 mg L~! Cu®* solution for 1 h. After 1 h,
the SDS-TT was washed several times with Milli-Q water to
remove excess of Cu>*. To regenerate the exhausted SDS—
TT, it was treated with 100 mL of 0.01 M HNO; solution.
The same procedure was repeated for four consecutive cycles.

Results and discussion

Various samples of SDS-TT nanocomposite cation
exchange material were prepared under different reaction
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Table 2 Ion exchange capacity of various exchanging ions on SDS-TT nanocomposite cation exchanger

Exchanging ions Salt solution used pH of the salt solution Hydrated ionic radii A) Tonic radii (A) IEC (meq gfl)
Lit Lithium nitrate 6.2 10.0 0.68 0.95

Na* Sodium nitrate 5.5 7.90 0.97 2.4

K* Potassium nitrate 5.4 5.30 1.33 2.8

Mgt Magnesium nitrate 5.6 10.80 0.78 1.12

Ca’* Calcium nitrate 5.5 9.60 1.06 1.78

St Strontium nitrate 5.6 9.40 1.27 2.46

Ba’* Barium nitrate 6.3 8.80 1.43 2.94

Table 3 Effect of heating temperature on the ion exchange capacity
of SDS-TT nanocomposite cation exchanger

Temperature °C IEC % Retention of IEC
50 2.40 100.00
100 2.00 83.33
200 1.90 79.17
300 1.68 70.00
400 1.50 62.50
500 1.42 59.17
600 1.00 41.67
700 0.92 38.33

conditions by sol-gel mixing method [5]. Table 1 shows
that the volume ratio and the concentration of the reactants
as well as the pH affected the ion exchange capacity of
the SDS-TT cation exchanger. Once the surfactant (SDS)
was added into the matrix of inorganic cation exchanger
Th(IV) tungstate, the ion exchange capacity was enhanced
because the surfactant minimized the interfacial tensions
between the liquid and solid phases [22, 23]. Furthermore,
when the ratio of sodium tungstate (anionic part) in the
reaction mixture was increased, the ion exchange capac-
ity was also enhanced because the replaceable hydrogen
groups were attached to this group which is anionogenic
group [4]. Whereas, an increase in the cationic part (tho-
rium nitrate) did not increase the ion exchange capacity of
SDS-TT nanocomposite cation exchanger. The optimum
pH for the synthesis of the material was found to be 1.8. In
all samples, S-7 had better Na* ion exchange capacity and
good reproducible behavior as SDS-TT was synthesized in
various batches under identical conditions and there was
no any significant change in the ion exchange capacities.
So, sample S-7 was selected for detailed studies. The bet-
ter ion exchange capacity of SDS—TT in comparison to its
inorganic counterpart [Th(IV) tungstate] was owing to the
addition of sodium dodecyl surfactant. Actually, sodium
dodecyl sulfate enhanced the wettability of surface by
minimizing the interfacial tensions between liquid and
solid phases and, therefore, gave better interaction chance

between the mobile phase and the ion exchange mate-
rial [22]. The order of ion exchange capacities for alkali
and alkaline earth metal ions was K™ > Na™ > Li* and
Ba’" > Sr’* > Ca’* > Mg?", respectively (Table 2). This
sequence was in agreement with the hydrated ionic radii.
The smaller hydrated radii ions easily entered the pores
of SDS-TT nanocomposite cation exchanger, resulted in
higher adsorption [31]. According to Kossel [32] and Paul-
ing [33], the attraction between anions and cations in ionic
crystals obeys Coulomb’s law. A small ion will be attracted
either to a greater force or held more tightly than a larger
ion. So, the ion exchange capacity should increase with
decreasing hydrated radii and increase with electric poten-
tial. The effect of temperature on the ion exchange capac-
ity of SDS-TT nanocomposite cation exchanger is pre-
sented in Table 3 which demonstrated that the ion exchange
capacity of SDS-TT was decreased as the temperature
increased (Table 3). The material was found thermally sta-
ble up to 500 °C as the sample retained 59 % of its ini-
tial ion exchange capacity. The loss in the ion exchange
capacity might be due to the loss of external water mol-
ecule and condensation of material. The variations of ion
exchange capacity with concentration suggested that the
ion exchange capacity of SDS-TT depended upon the con-
centration of eluent (NaNO;). The highest capacity was
observed with 1.0 M NaNOj solution after that it became
almost constant (Figure is not given). The elution behav-
ior of the SDS—TT confirmed that all the exchangeable H™
ions were eluted out at 130 mL of the effluent (Figure is
not given). From this observation, it has been found that the
efficiency of the column was quite satisfactory.

The infrared spectra of Th(IV) tungstate and sodium
dodecyl Th(IV) tungstate nanocomposite cation exchanger
are shown in Fig. la, b, respectively. The inorganic cation
exchanger Th(IV) tungstate showed the presence of extra
water molecule in addition to —OH groups and metal oxides
present in the material. A broad peak around 3500 cm™!
might be due to water molecule [8]. A sharp peak at
1660 cm™! represented the free water molecule (water
of crystallization) and strongly bonded OH group in the
matrix [8]. The peaks at 790 and 550 cm~' were owing to

@ Springer



1682

JIRAN CHEM SOC (2015) 12:1677-1686

Transmittance %

2500 2000 1800

Wavenumber (cm™)

C 10000 — : ‘ .

8000

4000 -

Intensity (cps)

L1

2000 4000
20

Transmittance %

Weight %

20 ]

WV/ ‘W U'm I i

2500

15

10

1800 2000 1600

Wavenumber (cm™!)

100 §

28

96

94

92

90

600 900 1000

Temperature (°C)

100 200 300 400 500 700 800

Fig. 1 aFTIR spectrum of TT. b FTIR spectrum of SDS-TT. ¢ X-ray diffraction (powder) pattern of SDS-TT and d TGA curve of SDS-TT

the presence of WO42_ and metal oxides groups, respec-

tively [34]. In addition to the above peaks, SDS—TT nano-
composite cation exchanger showed the peak at 1130 cm™!
which indicated the presence of sulfate group in the mate-
rial, while the weak peaks at 2940 and 1430 cm~! showed
the presence of methyl and/or methylene groups, respec-
tively [4]. These three peaks (1130, 1430 and 2940 cm™)
confirmed the presence of organic part (SDS) in the SDS—
TT nanocomposite cation exchanger. The X-Ray diffrac-
tion pattern of SDS-TT (Fig. 1c) was recorded and the
sharp peaks between 35° and 50° suggested a good crys-
talline nature of SDS—TT nanocomposite cation exchanger.
To know the mechanism of ion exchange and adsorption
phenomenon in a better way, the crystalline nature of any
ion exchange material is a very good property [35]. As
apparent from the thermogravimetric analysis (TGA) of
SDS-TT nanocomposite cation exchanger (Fig. 1d), an ini-
tial weight loss of 3.9 % up to 190 °C was due to the loss of
external water molecules as well as partial removal of sur-
factant molecules (SDS) from the SDS-TT nanocomposite
cation exchanger [36]. The weight loss of 2.3 % observed
from temperatures 200-390 °C was owing to the removal/
decomposition of remaining surfactant molecules from the
ion exchanger material. Further weight loss up to 450 °C
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might be assigned due to the decomposition of the complete
organic part, present in the material [36]. Above 450 °C,
the weight of SDS-TT nanocomposite cation exchange
material became almost constant which demonstrated the
complete conversion of the material to the oxide form [22].
The surface morphologies of TT and SDS-TT are shown in
Fig. 2a, b, respectively, which exhibited the rough surface
with different-sized particles of Th(IV) tungstate inorganic
cation exchanger. It was observed that the surface mor-
phology of SDS-TT nanocomposite cation exchanger was
totally different from Th(IV) tungstate which was due to
the binding of inorganic precipitate (Th(IV) tungstate) with
the organic part (SDS). The EDS analysis (Fig. 2c¢) showed
that Cu®>* element appeared after the adsorption of Cu’*
which confirmed the adherence of Cu®* over SDS-TT sur-
face. The TEM image of SDS-TT showed that the particle
size was around 20 nm which revealed that SDS-TT was
nanocomposite cation exchanger (Fig. 2d).

Analytical and environmental applications
To explore the applicability of SDS-TT nanocomposite

cation exchange material for the metal ions separation,
distribution studies of different metal ions were evaluated



JIRAN CHEM SOC (2015) 12:1677-1686

1683

Cu Na

Fig. 2 a SEM image of TT. b SEM image of SDS-TT. ¢ EDS spectrum of SDS-TT and d TEM image of SDS-TT

Table 4 Distribution
coefficients of different metal

Metal ion  Nitric acid (0.01 M)

Formic acid (0.01 M)  Acetic acid (0.01 M)  Succinic acid (0.01 M)

ions on SDS-TT nanocomposite Mgt 58

cation exchange material Ca2t 7

columns in different acidic a

mediums S 92
Ba*t 120
Hg** 85
cd** 202
Pb** 248
Fe’t 64
Cu?t 582
Zn>* 64

66 78 98
82 92 104
105 130 156
130 146 177
89 108 123
298 345 384
386 398 446
144 246 324
547 645 648
64 75 90

in different acidic systems (Table 4). It is apparent from
Table 4 that SDS-TT was selective for Cu’>" metal ion
because Cu’" had the higher K values in comparison to
other metal ions in all solvent systems. It was also noted
that all metal ions had the lowest K, values in nitric acid
medium which may be due to the presence of high strength
of H" ions which reversed the process of adsorption and the

process of regeneration predominated over the process of
removal. The high K values of Cu®" in all solvent systems
enabled its selective separation from the synthetic mixture
(Hg?*, Cd**, Fe**, Cu®* and Zn*"), pharmaceutical formu-
lation (I-Vit) and brass alloy sample (Table 5). The results
indicated the high efficiency of the column and the percent-
age recovery was more than 83 % which suggested that
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Table 5 Selective separation of Cu>* from synthetic mixture of metal ions, pharmaceutical and brass alloy samples on a column of SDS-TT

nanocomposite cation exchange material

Sample Separations achieved Amount loaded (mg) Amount found % Recovery % Error Volume of eluent  Eluent
(mg) = RSD (n =5) used

Synthetic mixture® Cu** 1.2 1.0+ 0.13 83.3 —-16.7 60 0.01 M HNO;
2.0 1.7+ 0.15 85.0 —15 60
35 2.94 +0.06 84.0 —16 60

I-Vit tablet Cu** 0.08 0.08 £0.21 100 0.0 60 0.01 M HNO;
0.16 0.14 £0.11 87.5 -125 60
0.32 0.28 £ 0.06 87.5 -125 60

Brass alloy Cu** 2.0 1.8 £0.09 90.0 -10 70 0.01 M HNO;
4.0 3.440.12 85.0 —15 70
6.0 5.0+0.11 83.3 —-16.7 70

2 Synthetic mixture of metal ions Hg>*, Cd**, Fe**, Pb**, Cu®* and Zn>*

SDS-TT was suitable for the removal and recovery of Cu**
in synthetic as well as real samples.

Adsorption kinetics and isotherms

The kinetics for the adsorption of Cu?* onto SDS-TT was
analyzed using pseudo-first-order and pseudo-second-order
kinetic models.

The pseudo-first-order equation is expressed as:

kit
2.303

where, g, and g, are the amounts of Cu’>" adsorbed at time
t, and at equilibrium, respectively, and k, is the rate con-
stant for pseudo-first-order adsorption (min~'). The values
of rate constant were determined from the slope of the plot
log (g, — q,) versus t.

The pseudo-second-order kinetic rate equation is given
as [24]:

log (ge — 1) = logge — ©)

t 1 t

a k@ a @
where k, is the rate constant of the pseudo-second-order
sorption (g/mg min). The values of k, were determined
from the intercepts of the plot #/g, versus time.

Both kinetic models are given in Fig. 5. The values of
different constants and correlation coefficients are shown
in Table 6. The fitted linear regression plot showed that the
experimental data were well fitted to the pseudo-second-
order model with better value of correlation coefficient
(R*>0.990).

In the present study, the isotherm results were evaluated
using the Langmuir and Freundlich isotherms.

Langmuir isotherm model can be given as:
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Table 6 Kinetic model parameters for the adsorption of Cu?* onto
SDS-TT

Kinetic models Parameters 20 ppm 40 ppm
Pseudo-first order  k, (min~!) 1.61 x 1072 1.38 x 1072
R? 0.952 0.966
Pseudo-second ky (gmg ' min™!) 1042 x 107 4.89 x 107*
order R 0.994 0.991
1 1 1
—= §)

qe Om bOmCe

where, ¢, is the amount of Cu* adsorbed (mg g, C,is
the equilibrium concentration of Cu®>* (mg L™, O, and
b are the Langmuir constants related to maximum mon-
olayer adsorption capacity and energy of adsorption,
correspondingly.

The values of Q,, and b were evaluated from the inter-
cept and slope of linear plots of 1/q, versus 1/C, (Fig. 3),
respectively, which are given in Table 7.

The linearized form of Freundlich isotherm is given as:

1
log g. = log Ky + - In C, 6)

where, K and n are the Freundlich adsorption constants
which were determined from the intercept and slope of the
linear plots of log g, versus log C, (Fig. 4), respectively.
The values of correlation coefficients were higher for Fre-
undlich isotherm which showed the better applicability of
this model.

To make adsorption process economically feasible
it is essential to testify the regeneration potential of ion
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Fig. 3 Plots of kinetic models for the adsorption of Cu?* ions onto
SDS-TT a pseudo-first order and b pseudo-second order

Table 7 Isotherm model constants and correlation coefficients for
the adsorption of Cu?* onto SDS-TT

Equilibrium Parameters 25 °C 30 °C 40 °C
model
Langmuir 0, (mg g~y 166.66 181.82 250.0
isotherm 5 ([ mg=1)  10.9 x 1072 16.17 x 1072 16.6 x 1072
R, 0.31 0.24 0.23
R? 0.945 0.960 0.961
Freundlich  K;(Lmg™") 16.74 27.92 33.34
isotherm 1.79 1.77 1.63
R? 0.984 0.980 0.980

exchangers. Adsorption/desorption and regeneration stud-
ies were carried out in batch mode using SDS-TT. The
optimum recovery of Cu*" was 89 % by 0.01 M HNO;
(Fig. 5). To check the reusability of exhausted SDS-TT
nanocomposite cation exchanger, regeneration studies were
conducted for seven consecutive cycles (Fig. 5). It was
noticed that the adsorption was reduced from 90 to 80 %,
while desorption reduced from 88 to 70 %, after seven
consecutive cycles. The regeneration studies showed that
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4 DX
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Fig. 4 Plots of isotherm models for the adsorption of Cu?* ions onto
SDS-TT a Langmuir and b Freundlich isotherm models

SDS-TT was an excellent nanocomposite cation exchanger
which could be utilized for the removal and recovery
of Cu?* without any considerable loss in the adsorptive
performance.

Conclusion

In the present study, a new nanocomposite cation
exchanger SDS-TT was synthesized by sol-gel method.
The X-Ray diffraction pattern suggested a good crystalline
nature of SDS-TT nanocomposite cation exchanger. The
TEM image of SDS-TT showed that the particle size was
around 20 nm. SDS-TT showed a high affinity for Cu*"
in comparison to other metal ions studied. On the basis of
this behavior, SDS-TT was successfully used for the sep-
aration of Cu?* quantitatively from the synthetic mixture
of metal ions, pharmaceutical formulation and brass alloy
sample. Freundlich isotherm and pseudo-second-order
kinetic models were obtained as the most suitable models
for the adsorption of Cu®>" onto SDS-TT nanocomposite
cation exchanger. The adsorbed Cu®* was recovered using
0.01 M HNOs; solution and the regenerated SDS-TT was
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