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Abstract 

 

Abstract: We fabricate a novel ion exchanger of tin cerium phosphate, by incorporation of polyaniline conducting polymer by ex-situ 

polymerization method, as a potential candidate for environmental remediation based on the concept of composite material. The study 

showed its utility as ion exchanger in the separation chemistry. SEM image of composite showed its fiber like morphology. The distribu-

tion coefficient studies showed its selectivity towards Pb (II) and Bi (III) metal ions. The adsorption isotherm and kinetic study of dye 

adsorption on this material was carried out. This study implies that this hybrid material can be suggested as eco-friendly material for the 

environmental monitoring. 
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1. Introduction 

Water pollution due to toxic metals and organic compounds re-

mains a serious environmental and public problem. Heavy metal 

ions, aromatic compounds (including phenolic derivatives, and 

polycyclic aromatic compounds) and dyes are often found in the 

environment as a result of their wide industrial uses. They are 

common contaminants in wastewater and many of them are 

known to be toxic or carcinogenic. Therefore, removal of dyes 

from the wastewater has been an important environmental concern 

to minimize the water and soil pollution. Among the various 

method for the removal of dyes from wastewaters adsorption by 

ion exchanger is the most prominent and economic method. 

Nowadays the studies of organic–inorganic composite materials 

got great attention in the field of ion exchanger due to their unusu-

al properties by the combination of both organic and inorganic 

characteristics within a single molecular-scale. Composite ex-

changers have more advantages over organic and inorganic ion-

exchangers as they overcome two major drawbacks from which 

the latter suffers like thermal and chemical stability as well as 

reproducibility (Siddiqui et al. 2007). Inorganic ion exchanger 

based on organic polymeric matrix are interesting materials, as 

they possess mechanical stability due to the presence of organic 

polymeric species and the basic characteristics of an inorganic 

ion-exchanger regarding its selectivity for some specific metal 

ions. Due to these advantageous composite ion exchange materials 

have been extensively used in environmental remediation, analyti-

cal and electroanalytical processes such as waste water treatment, 

separation of metal ions, catalysis, polymer electrolyte membrane 

fuel cells and gas perm-selectivity (Niwas et al. 1999, Valaski et 

al. 2006, Yin X et al. 2006). 

Recently, polyaniline (PANI) as an organic binder has been used 

to prepare new composites. The organic binder polymer is inert  

 

 

and the active component which possesses the ion-exchange prop-

erty is inorganic ion-exchanger. Tin cerium phosphate is new 

member in the family of tetravalent based ion exchanger. By mod-

ifying its mechanical and ion-exchange properties, the new organ-

ic-inorganic composite, tin cerium phosphate-polyaniline (SnCeP-

PANI) was synthesized and introduced in this paper. 

The present paper is devoted to study the adsorption of the cation-

ic dye methylene blue (MB) as a model dye into SnCeP-PANI 

composite. The principle is based on the chelating properties at-

tributed to the electron-donating groups (amine and secondary 

amino groups) on the polyaniline polymers (Kong et al. 2011). 

Mahanta et al. (2008) used polyaniline emeraldine salt for the 

removal of sulfonated dyes. Ai et al. (2010) reported that the 

polyaniline microspheres possess potential efficiency to remove 

methyl orange from aqueous solutions. The difference between 

PANI nanofiber and the SnCeP-PANI composite toward the ad-

sorption of MB was studied. The experimental variables affecting 

optimal adsorption were investigated. Various isotherm models 

and adsorption kinetics also was investigated in detail. 

2. Materials and methods 

2.1. Reagents  

Stannic chloride (E.Merck), Ammonium Ceric Nitrate (E.Merck), 

Sodium dihydrogen phosphate (LobaChem) and aniline (E.Merck) 

were used for the synthesis of the exchangers. All other reagents 

and chemicals used were of analytical grade.  

2.2. Apparatus and instruments 

A glass column was used for column operations. ELICO LI613 

pH meter was used for pH measurements. FT-IR Spectrometer 

http://www.sciencepubco.com/index.php/IJAC


International Journal of Advanced Chemistry 7 

 
model Thermo-Nicolet Avtar 370 for 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/DTA Analysis 

System for thermogravimetric analysis were used. UV-Visible 

Spectrophotometer model JASCO V660 was used for spectropho-

tometric measurements. 

2.3. Synthesis of the exchanger 

2.3.1. Synthesis of polyaniline 

Polyaniline gels were prepared by mixing of the acidic solutions 

of 10% aniline and 0.1 M ammonium persulphate in different 

volume ratios with continuous stirring by a magnetic stirrer keep-

ing the temperature below 10 °C for half an hour. Green colored 

polyaniline gels were obtained that were kept overnight in a re-

frigerator. 

2.3.2. Synthesis of tin cerium phosphate 

Ammonium ceric nitrate solution (0.05 M), stannic chloride solu-

tion (0.05 M) and sodium dihydrogen phosphate solution (0.05 M) 

were prepared. Sodium dihydrogen phosphate solution was added 

to the mixtures of ammonium ceric nitrate solution and stannic 

chloride solution with constant stirring in different volume ratios 

so that final volume was 500 mL. The yellow precipitates were 

obtained when the pH of the mixtures was adjusted to 1.0 by add-

ing aqueous ammonia or hydrochloric acid with constant stirring. 

The excess reagents were removed by filtration. 

2.3.3. Preparation of tin cerium phosphate-polyaniline 

(SnCeP-PANI) composite cation exchanger 

The gels of polyaniline were added to the yellow inorganic precip-

itates of tin cerium phosphate and mixed thoroughly with constant 

stirring. The resultant green colored gels were kept for 24 hrs at 

room temperature (25 ± 2 °C) for digestion. The supernatant liquid 

was decanted and gels were filtered under suction. The excess acid 

was removed by washing with deminerlized water (DMW) and the 

material was dried in an airoven at 50 °C. The dried products were 

immersed in DMW to obtain small granules. They were converted 

to H+ form by treating with 1.0 M HNO3 for 24 hrs with occasion-

al shaking, intermittently replacing the supernatant liquid with 

fresh acid. The excess acid was removed after several washings 

with DMW and the material was dried at 50 °C. The particle of 

the size of the range (∼125 μm) of the material was obtained by 

sieving and kept in desiccators for further studies. Hence, a num-

ber of samples of ‘SnCeP-PANI’ composite cation-exchanger 

were prepared and on the basis of Na+ ion-exchange capacity, 

yield and physical appearance of beads one sample was selected 

for detailed studies. 

2.3.4. Ion exchange capacity (IEC) 

The ion exchange capacity of the material was determined by 

column method. The ion exchange capacity of the material was 

determined by column method. 1.0 g of the exchanger in H+ form 

was taken in a glass column of 1.1 cm diameter. The H+ ions were 

eluted by percolating 100 mL of 1.0 M NaCl solution. The efflu-

ent was collected and titrated against standard sodium hydroxide 

solution. The ion exchange capacity, IEC in meqg-1 was calculated 

using the formula, 

av
IEC

w
   

Where, a is the molarity, v is the volume of alkali used during 

titration and, w is the weight of the exchanger taken (Vogel 1975). 

2.3.5. Effect of temperature on IEC 

The effect of temperature on ion exchange capacity was studied by 

heating several 1.0 g samples of the exchanger at different tem-

peratures for 2 hrs in an air oven and Na+ ion exchange capacity in 

meqg-1 was determined by the column method after cooling them 

to room temperature. 

2.3.6. PH titrations 

Topp and Pepper method (Topp & Pepper 1949) was used for pH 

titrations using NaOH/NaCl, KOH/KCl, systems. 0.5 g of ex-

changer was equilibrated with varying amounts of metal chloride 

and metal hydroxide solutions. At equilibrium (after equilibra-

tion), pH of the solutions was measured and plotted against the 

milliequivalents of OH- added. 

2.3.7. Distribution coefficient (KD) 

Distribution studies were carried out for various metal ions in 

demineralized water by batch process. In this method, 0.1 g of the 

exchanger (60-100 mesh) was equilibrated with 20 mL of the met-

al ion solutions for 24 hrs at room temperature. The metal ion 

concentrations before and after sorption were determined 

spectrophotometically/ complexometric titration against standard 

EDTA solution. In the complexometric method, the Kd values 

were calculated using the formula,  

 I F V
K

d F W


    

Where, I is the initial volume of EDTA used, F is the final volume 

of EDTA used, V is the volume of the metal ion solution (mL) and 

W is the weight of the exchanger (Vogel, 1975). 

2.3.8. Batch experiments for dye removal 

Batch experiments were performed according to Mahanta et al 

(2009). Briefly, 0.2 g of the SnCeP-PANI composite was agitated 

with 50 mL of dye solutions individually at 28 °C in a rotary incu-

bated shaker for 2 hrs. The shaking speed was maintained at 180 

rpm throughout the study. The dye solution was separated from 

the adsorbent by centrifugation at 6000 rpm. The dye concentra-

tion was analyzed by monitoring the absorbance of the dyes using 

UV-Visible Spectrophotometer (model JASCO V660). Experi-

mental variables considered were (i) the effect of dosage of com-

posite, (ii) initial dye concentration, (iii) effect of contact time and 

(iv) pH on the adsorption capacities. 

2.3.9. Desorption study 

The dye-loaded SnCeP-PANI composite, which were exposed to 

20 mg L−1 of dyes at 28 °C, was separated from the solution by 

centrifugation (6000 rpm) and washed several times with water. 

Later, composite was dried completely and used for desorption 

experiments. The dye-loaded composites (0.2 g) were then 

brought into contact with 1.0 M NaOH, 1.0 M HCl, 1.0 M HNO3, 

ethanol (95%), and acetone (99%), separately. The mixture was 

agitated on a rotary shaker (180 rpm) at 26 ◦C for 1 hr. After de-

sorption, the supernatant was centrifuged, with the remaining pro-

cedure being the same as for the sorption experiments. 

2.3.10. Data analysis 

The percentage of removal of dyes was calculated using the fol-

lowing formula: 

Removal (%) = 
     

  
X 100 

Where, Ci is the initial dye concentration and Ce is the equilibri-

um dye concentration in mg L−1. The maximum amount of dye 

adsorption at equilibrium was determined using the following 

equation: 

qe = (Ci − Ce)
  

 
 

Where Ci and Ce is the initial and equilibrium dye concentration 

(mg L−1), V the solution volume, and M the mass of the composite 

used. The resulted equilibrium data were modeled using the 
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Langmuir isotherm which can be expressed by the following equa-

tions (Langmuir 1916, Chowdhury & Saha 2010): 

Langmuir: 

1Ce Ce

q q K qe m eL

    

 

Where qm is the maximum adsorption capacity (mg g−1), qe the 

equilibrium adsorption capacity (mg g−1), Ce the equilibrium 

adsorbate concentration in solution (mg L−1), and KL is the Lang-

muir constant (L mg−1). 

Adsorption kinetics was performed using both pseudo first- and 

second-order kinetics using the following equation (Ho & McKay 

1999, Ho 2004): 

Pseudo first order: 

Log (qe − qt) = log (qe) −   
  

     
   

 

Pseudo second order: 

t 1 1
t

2qt 2
qk q ee

 
    

 
  

 

Where qe is the amount of dye adsorbed at equilibrium (mg g−1), qt 

the amount of dye adsorbed at time t (mg g−1), k1 (min−1) is the 

pseudo first-order rate constant of the equation calculated from the 

slope of the plot log (qe − qt) vs. t, k2 (g mg−1 min−1) is the pseudo 

second-order rate constant. A plot of t/qt vs. t yields a straight line 

with a slope of 1/qe. The value of k2 is determined from the inter-

cept of the plot. Experiments were repeated for two times and 

mean values were considered. Blank experiments were carried out 

without adsorbents to ensure that the sorption of dye on the walls 

of flasks was negligible. 

3. Results and discussion 

A number of samples of ‘organic–inorganic’ composite cation-

exchanger tin cerium phosphate-polyaniline (SnCeP-PANI) were 

prepared by mixing polyaniline into tin cerium phosphate in dif-

ferent mixing volume ratios. The composite material formed as 

black solid material (10% polyaniline) has the ion exchange ca-

pacity of 1.28 meqg-1 selected for further study. It was also no-

ticed that the Na+ ion-exchange capacity of the composite materi-

als higher as compared to inorganic ion-exchanger tin cerium 

phosphate (0.92 meqg−1). 

In order to check the reproducibility of the prepared composite, it 

was synthesized four times under identical conditions of the con-

centration of reagents, mixing ratio and drying temperature. Ion-

exchange capacity and yield of each product were examined. The 

averages and standard deviation of the ion-exchange capacity and 

yield were found to be 1.28 meqg−1 and ± 0.03%, respectively. 

Fig.1 shows the FTIR spectrum of SnCeP-PANI. In the spectrum 

of the material, a strong and broad band around 3440 cm-1 is found 

which can be ascribed to –OH stretching frequency. A sharp peak 

around 1600 cm-1 can be attributed to H–O–H bending band, 

which represents the strongly bonded –OH groups in the matrix. A 

strong and broad band around 1000 cm-1 may represent the pres-

ence of ionic phosphate groups. An assembly of two sharp peaks 

in the region 500–800 cm-1 may be due to the presence of metal 

oxygen bond. Another assembly of two peaks in the region 1300–

1400 cm-1 may be ascribed due to the stretching vibration frequen-

cy of C–N in the material, as it also resembles the stretching vibra-

tion frequencies for C–N found in polyaniline (Rao 1963). This 

indicates that the tin cerium phosphate was modified with 

polyaniline. 

 

 
Fig. 1: FTIR of SnCeP-PANI 

 

The TGA curve (Fig. 2) of both samples recorded continuous 

weight loss of mass up to 150 °C, which may be due to the remov-

al of external water molecule (Duval 1963). In the case of compo-

site material there was a sudden weight loss at 550 °C it may be 

due to the decomposition of organic part. From 601 °C onwards, a 

smooth horizontal section represents the complete formation of the 

oxide form of the material. 

 

 
Fig. 2: TGA curves of SnCeP and SnCeP-PANI 

 

X-ray diffractogram (Fig. 3) showed no prominent peaks which 

suggested amorphous nature of the composite material. 

 

 
Fig. 3: XRD of SnCeP-PANI 

 

The SEM images (Fig. 4) showed that the surface morphology of 

composite material is totally different from their individual inor-

ganic components. The morphology of the composite material is 

essentially different due to the binding of polyaniline with tin 
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cerium phosphate. The composite material indicated that its fiber 

like morphology. 

 

 
Fig. 4: (a) SEM image of SnCeP and (b) SEM image of SnCeP-PANI 

 

PH titration curve obtained under equilibrium conditions for each 

of NaOH/NaCl and KOH/KCl system showed two inflection 

points which indicate the bifunctional behaviour of the material 

(Fig. 5). It appears to be a strong cation exchanger as indicated by 

a low pH (~2.1) of the solution when no OH- ions were added to 

the system. The exchange capacity obtained from the curve is in 

agreement with that obtained by the column  method. 

 

 
Fig. 5: pH titration curve of SnCeP-PANI 

 

It was observed that on heating at different temperatures for 2 hrs, 

the mass, and ion-exchange capacity of the exchanger were 

changed as the temperature increased (Fig. 6). The composite 

cation exchange material was found to possess good thermal sta-

bility as the sample maintained about 60% of the initial mass by 

heating up to 400 °C. However, in respect to ion exchange capaci-

ty, this material was found to possess better thermal stability as 

the sample maintained 70% of the ion-exchange capacity up to 

150 °C and it retained about 31% of the initial ion-exchange ca-

pacity by heating up to 300 °C and 11% up to 500 °C whereas tin 

cerium phosphate retained only 8% of ion exchange capacity up to 

500 °C. 

 
Fig. 6: Temperature effect on Ion exchange capacity of SnCeP and PANI-
SnCeP 

3.1. Distribution studies 

In order to explore the potentiality of the new composite cation 

exchange material in the separation of metal ions, distribution 

studies for different metal ions were performed in different solvent 

systems shown in Table 1. The distribution studies of metal ions 

showed that the exchanger has very high affinity towards Pb(II) 

and Bi(III) ions in comparison to other metal ions studied. The 

selectivity was found to be in the order Pb(II) > Bi(III) > Co(II) > 

Cu(II) > Zn(II) > Ca(II) > Mn(II) > Ni(II) > Hg(II) > Mg(II). The 

effect of electrolyte concentrations on distribution coefficients 

showed that the value decreases with increase in electrolyte con-

centrations. 

 
Table 1: KD values of various metal ions in different electrolyte 

Metal 

ion 
DMW 

0.001M 

HNO3 

0.01M 

HNO3 

0.1M 

HNO3 

0.001M 

NH4NO3 

0.01M 

NH4NO3 

0.1M 

NH4NO3 

Pb(II) 300.00 256.00 200.00 166.00 288.00 201.00 156.00 
Zn(II) 40.00 25.00 12.12 NA 35.00 10.20 NA 

Mn(II) 27.00 11.90 2.32 NA 22.00 3.67 NA 

Ni(II) 17.00 1.12 NA NA 15.00 NA NA 

Hg(II) 14.00 2.19 NA NA 10.00 NA NA 

Ca(II) 38.00 29.00 19.00 9.00 34.00 25.00 12.00 

Cd(II) NA NA NA NA NA NA NA 
Co(II) 75.75 64.12 34.00 19.01 70.12 59.00 29.12 

Cu(II) 72.00 56.99 23.70 14.55 70.01 59.90 24.50 

Bi(III) 
Mg(II) 

185.00 
8.50 

177.12 
NA 

134.22 
NA 

100.00 
NA 

182.34 
NA 

123.90 
NA 

99.90 
NA 

3.2. Removal of dye 

Methylene blue (MB) was selected for this study. Adsorbent dos-

age is an important factor which must be carefully optimized dur-

ing wastewater treatment. The effect of adsorbent dosage (0.1–0.5 

g) on 20 mg L-1 concentration of MB dye solution was studied at 

28 °C and neutral pH for 2 hrs, and the results are presented in 

Fig. 7(a). Initially, a rapid removal of dyes with the increasing 

adsorbent dosage was attributed to the availability of reactive sites 

(Almeida et al. 2009). A further increase in the composite dosage 

from 0.2 g to 0.5 g did not show much increase in the removal rate 

and adsorption equilibrium. Thus, further experiments were car-

ried out using 0.2 g of the adsorbent, as it exhibits appreciable 

removal capacity for the optimization of adsorption parameters. 

The adsorption of MB dye solution on composite at different ini-

tial concentrations (20–100 mg L−1) was analyzed for 2hr at 28° C 

and neutral pH. The removal rate of the MB was varied according 

to the initial concentration of dye (Fig. 7(b)). At low concentration 

(20 mg L−1), 98.2% of dye was adsorbed by the composite. The 

enhanced removal at low concentration could be due to the faster 

movement of dye into the activated sites of composite. However, 

in higher concentration (100 mg L−1) the removal rate was de-

creased (77.8%) because the dye molecules needed to diffuse to 

the adsorbent sites by intraparticle diffusion. In addition, steric 

repulsion between the solute molecules could slow down the ad-

sorption process and there by decreases the removal rate. A simi-

lar trend was observed for the adsorption of methyl violet by agri-

cultural waste (Hameed 2008). 

MB solution (50 mL, 20 mg L-1) was treated with 0.2 g of ex-

changer for different periods of time (20-120 min) at 28° C and 

neutral pH. The rapid removal was observed during the first 20 

min and gradually decreased with laps of time until equilibrium. 

The increased activity at initial stage could be due to the availabil-

ity of more adsorption sites on composite surface, and gradual 

occupancy of these sites reduced the reaction rate and the adsorp-

tion becomes less efficient. At this point, the amount of dye being 

adsorbed onto the composite was in a state of dynamic equilibrium 

with the amount of dye desorbed from the composite. The time 

required to attain this state of equilibrium was termed as equilibri-

um 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 Fig. 7(c) that the 
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contact time needed to attain the equilibrium condition for MB 

was about 2 hrs. 

Several studies reported the significant role of pH in adsorption 

reaction. Crini et al. (2007) reported that the pH of the solution 

influences the surface charge and functional groups of the adsor-

bent. In addition, pH influences the degree of ionization of the 

materials present in the solution and solution chemistry. Hence, 

0.2 g of the composite was mixed with 50 mL of dye solutions (20 

mg L−1) at different pH values (2–12) and kept for 2 hrs shaking. 

The pH was measured before the addition of the composite. From 

Fig. 7(d), it was observed that in basic pH composite adsorbs dye 

molecules, while in acidic pH the dye adsorption is comparatively 

low. The maximum adsorption of dyes (99.8%) was observed at 

pH 12 and minimum adsorption (78.8%) was observed at pH 2. 

Lower adsorption percentage of MB on composite at highly acidic 

conditions is probably due to the presence of high concentration of 

H+ ions on the surface of adsorbent competing with methylene 

blue (cationic dye) for adsorption sites in the adsorbent. With an 

increase in the solution pH, the electrostatic repulsion between the 

positively charged methylene blue and the surface of adsorbent is 

lowered. Consequently removal efficiency is increased. 

 

 

 
Fig. 7: (a) Effect of adsorbent dosage, (b) effect initial dye concentration, 

(c) effect of contact time and (d) effect of pH on the removal methylene 

blue by SnCeP-PANI. 

3.3. Equilibrium isotherms 

Adsorption equilibrium isotherm is one of the most important 

parameter required to understand the behavior of adsorption pro-

cess. The shape of an isotherm gives the idea about the affinity of 

dye molecules and possible mechanism of adsorption. The adsorp-

tion isotherm study was carried out for 20 mg L-1 solution of MB 

at 28° C and neutral pH using 0.2 g of exchanger. In the present 

study, the experimental data were fitted to the Langmuir models. 

Langmuir isotherm has found successful applications in many 

other real sorption processes of monolayer adsorption. It depends 

on the assumption that intramolecular forces decrease rapidly with 

distance and consequently predicts the existence of monolayer 

coverage of adsorbate on adsorbent. The isotherm equation further 

represents that adsorption takes place at the specific homogenous 

sites within the adsorbent. A plot of Ce vs. (Ce/qe) resulted in a 

linear graphical relation indicating the application of the above 

model for MB (Fig. 8). The Langmuir model helps to estimate the 

maximum adsorption capacity (qm) when these could not be exper-

imentally determined. The qm values observed for MB is 322.58. 

The correlation coefficient constant R2 value of dye is approxi-

mately close to unity and which indicate that the adsorption reac-

tion follows Langmuir isotherm model. 

The amount of dye adsorbed, Qe (mg g-1) onto unit mass of 

SnCeP-PANI composite, PANI nanofiber, and SnCeP are equal to 

5.38 mg g-1, 4.48 mg g-1, and 0.61 mg g-1, respectively. Qe was 

calculated from the mass balance equation given by: 

  1Qe Co Ce Vm    

Where Co is the initial dye concentration in liquid phase, Ce is the 

liquid phase dye concentration at equilibrium, V is the volume of 

dye solution used, and m is the mass of adsorbent used. It is ob-

served that adsorbed amount of MB increases in the following 

series: SnCeP-PANI composite > PANI nanofiber > SnCeP. The 

binding sites of the interactions available in the SnCeP-PANI 

composite would be larger due to synergetic effect of inorganic 

counterpart and polyaniline along with the fiber like morphology; 

hence, more intensive interaction with the cationic dye MB oc-

curs. 

 
Fig. 8: Langmuir isotherms for the adsorption of MB on SnCeP-PANI 
composite. 

 

3.4. Adsorption kinetics 

The kinetic study of the adsorption processes often used to de-

scribe the efficiency of adsorption and feasibility of scale-up oper-

ation. Kinetics of adsorption equilibrium is also needed to evaluate 

the effectiveness of the adsorbate (Dogan et al. 2009). For the 

kinetic study 20 mgL-1 concentration of dye solution was treated 

with 0.2 g of exchanger. Pseudo first-order and second-order ki-

netic models were used to gain a better understanding of the ad-

sorption processes. First, the kinetic data were fitted to the pseudo 

first-order kinetic model. The validity of the model is checked by 

the regression coefficient (R2), and the equilibrium sorption capac-

ities appeared that the pseudo first-order model was not fit well 

with the experimental data. Hence, the kinetic data were further 

modeled with the pseudo second-order kinetic equation. The ap-

plicability of the pseudo second-order kinetic model for MB dye 

0 2 4 6 8 10 12

0.00

0.05

0.10

0.15

0.20

0.25

0.30

 

 

C
e/q

e (g
 L

-1
)

C
e
 (mg L

-1
)



International Journal of Advanced Chemistry 11 

 
was examined by the linear plots of (t/qt) vs. t (Fig. 9). The ad-

sorption correlation coefficient R2 was approximately close to 

unity, which fits the experimental data better than the pseudo first-

order for the entire adsorption process. The kinetics of the adsorp-

tion followed pseudo second-order rate expression, which demon-

strates that intraparticle diffusion plays a significant role in the 

adsorption mechanism. In other words, the adsorption of MB fa-

vorably follows pseudo second-order model, and the rate of the 

reaction appeared to be controlled by the chemical process. 

 

 
Fig. 9: Pseudo second-order kinetics plots for MB on SnCeP-PANI com-

posite. 

 

3.5. Desorption study 

After confirming the fact that SnCeP-PANI is capable of adsorb-

ing the dye molecules onto its surface, it becomes necessary to 

know the process by which the dye molecules remain adhered to 

the surface of the composite. The adherence of dye molecules onto 

the surface of the composite was purely chemical interactions, 

involving chemical binding of the substances. The chemical bond-

ing can be elicited by subjecting the adhered material to desorp-

tion and regeneration process (Adamson 1960). In this study, de-

sorption experiments were conducted using 1.0 M NaOH, 1.0 M 

HCl, 1.0 M HNO3, ethanol, and acetone to ascertain the nature of 

binding of dye molecules onto the composite surface. Treatment 

with HNO3 (1.0 M) shows the considerable recovery of the dyes 

(84%). Under acidic condition, the positively charged sites in-

crease onto the composite surface, and it acts as a driving force for 

the elution of dye by electrostatic repulsion. However, negligible 

recovery of dyes was observed after treatment with 1.0 M NaOH. 

In the series of five sorption and desorption cycle, the loss in the 

sorption capacity was less than 7%. Hence, composite can be easi-

ly regenerated and reused for the practical purposes. 

4. Conclusion  

The synthesized thermally stable fibrous tin cerium phosphate-

polyaniline cation exchanger is a novel ion-exchange material. 

The fibrous like morphology and the synergetic effect of tin ce-

rium phosphate and polyaniline, helps this material as potential 

candidate for the removal of MB. The equilibrium data have been 

analyzed using Langmuir isotherm model and represented the 

equilibrium adsorption data. Kinetic studies point to the fact that 

the adsorption dynamics of dye is predicted more accurately by 

the pseudo-second order model. Thus, this new composite is 

promising for environmental applications in wastewater treatment 

in textile or other industries dealing with heavy metal ions as well 

as dyes. 
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