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The performance of the FesOs-CeO2-NH2/chitosan/Polyvinyl alcohol nanohybrid
synthesized by casting method was investigated for the adsorption of Cu (I1) and Ni
(1) cations from water system. The synthesized nanohybrid adsorbents were
characterized by FESEM, BET and FTIR analyses. The effect of single and binary
oxides content, Fes04-CeO2-NH2 content, pH, initial cation concentration, contact
time and temperature on the adsorption capacity was evaluated in a batch system. The
results showed that the adsorption capacity significantly increased after modification
of adsorbent with FesO4-CeO2-NH2 nanoparticles. The kinetic and equilibrium data
were accurately evaluated by the double-exponential and Redlich-Peterson models,
respectively. The maximum adsorption capacity of nanohybrid adsorbent was
estimated to be 246.9 and 88.6 mg/g at 45°C for Cu (Il) and Ni (Il) cations,
respectively. Thermodynamic investigation indicated an endothermic and spontaneous
adsorption for both metal cations; and adsorption was favored at higher temperature.
The synthesized nanohybrid can be easily regenerated after five cycles of adsorption-
desorption.
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Extended Summary

Introduction

Water metal pollutants such as copper and nickel cations are toxic for human, animals, and plants. Therefore, the
elimination of the pollutants from environment is necessary prior to their discharge from metal plating, mining,
electroplating and other industries. Among the methods, the adsorption is the best method due to the simple
operation, low energy consumption and easy recovery. Nano oxides (single and binary oxides), polymers and
nanocomposites can be used as adsorbents in adsorption process. The use of bare nano-oxides as adsorbents is not
suggested because they have tendency to agglomerate in the solution. To overcome these limitations, bare nano
oxides can be modified with polymers such as chitosan and PVA. In this research, a Fe304-CeO,-
NHoa/chitosan/Polyvinyl alcohol nanohybrid was synthesized by casting method for the adsorption of Cu (Il) and
Ni (1) cations from wastewater. The synthesized nanohybrid adsorbents were characterized by FESEM, BET and
FTIR analyses. The effect of single and binary oxides content, Fe304-CeO2-NH_, pH, initial cation concentration,
contact time and temperature was also evaluated. Furthermore, kinetic, isotherm and thermodynamic modeling
was performed. The recovery of the adsorbed Cu (11) and Ni (1) cations and repeated use of the synthesized cast
adsorbent were evaluated after five cycles of adsorption-desorption.

Materials and methods

Co-precipitation method was used for synthesis of binary Fes;04-CeO; oxides as follows. After preparation of
mixed iron and cerium nitrate solutions, the nanoparticles were precipitated by addition of NaOH solution. Then,
the nanoparticles were dried at 120 °C in an oven and calcined at 600°C for 2 h. Then, the unmodified Fez04-CeO>
oxides were modified with amine groups. Finally, the Fes04-CeO2-NH2/chitosan/PV A nanohybrid adsorbents were
fabricated by casting. The structure of the synthesized adsorbents was evaluated using BET, FESEM and FTIR
analyses. The morphology characterization of synthesized Fes;04-CeO2-NHj/chitosan/PVA nanohybrid was
performed using FESEM analysis (FESEM, Hitachi S-4160). To recognize the functional groups of nanohybrid
adsorbents before and after cation adsorption, FTIR analysis (Vector22- Bruker Company, Germany) was used.
The effect of pH, contact time, initial concentration of metal solution and temperature on adsorption capacity of
nanohybrid for copper and nickel ions was also investigated.

Results and discussion

FESEM results showed that the Fez0.-CeO.-NH; nanoparticles in the nanohybrid adsorbents synthesized with 10
wt% of nanoparticles were more uniformly dispersed in smaller size in the CS/PVA matrix than the nanohybrid
adsorbent synthesized with 20 wt% of nanoparticles. The peaks of FTIR analysis confirmed the presence of Fe3O4-
Ce02-NH; nanoparticles in the structure of synthesized nanohybrid adsorbent. It was found that the Sger and total
pore volume of the synthesized nanohybrid significantly increased with the increase of unmodified and modified
nanoparticles up to 10 weight percentage because of the homogeneous distribution of nano scale particles in the
Fe;0.-CeO2-NH,/chitosan/PVA structure. The results of characterization showed that the functionalized binary
oxide of Fe-Ce was successfully added into the nanohybrid structure. The optimum conditions of metal adsorption
onto the cast CS/PVA/Aminated Fe;O0.@CeO; nanohybrid adsorbent were obtained at a temperature of 45°C,
contact time of 4 h, and pH 6 with 10w% of binary oxide for both nickel and copper ions. It was found that the
adsorption capacity of nanohybrid modified with aminated Fes0,@CeQO, was greater than that of nanohybrid
modified with single FesO4 and binary Fe;0.@CeO- oxides. The negative AG® values showed that the adsorption
of Cu(ll) and Ni(ll) onto the cast CS/PVA/Aminated Fe;04@CeO; nanohybrid adsorbent was spontaneous.
Furthermore, regeneration tests showed that the CS/PVA/Aminated Fe;0.@CeO- nanohybrid adsorbent can be
reused frequently without almost any significant loss in the adsorption performance.

Conclusion

The characterization results indicated that the synthesized CS/PVA/Aminated Fe;04@CeO; nanohybrid adsorbent
was successfully synthesized. The porosity property of the synthesized nanohybrid adsorbents significantly
increased with the increase of nanoparticles up to 10 weight percentage. The results of adsorption experiments
showed that the synthesized adsorbent has an appropriate adsorption for copper and nickel ions. The highest
adsorption ability of nanohybrid was obtained after addition of 10w% of Aminated Fe;0.@CeO- nanoparticles.
The optimum pH, temperature and contact time were estimated to be 6.0, 45°C and 240 min, respectively. The
investigation of adsorption kinetics showed that adsorption process consisted of two phases: an initial rapid phase
and a slow second phase. The maximum adsorption capacity of nanohybrid adsorbent was estimated to be 246.9
and 88.6 mg/g at 45°C for Cu (I1) and Ni (I1) cations, respectively. The Redlich—Peterson fitted the adsorption data
better than Langmuir and Freundlich models. Thermodynamic investigation indicated an endothermic and
spontaneous adsorption for both metal cations. The synthesized nanohybrid can be easily regenerated after five
cycles of adsorption-desorption.
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