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Fe-Mn Binary Oxide Impregnated Chitosan Bead ( FMCB) : An Environmental

Friendly Sorbent for Phosphate Removal

FU Jun' FAN Fang’® LI Hai-ning® ZHANG Gao-sheng’

(1. SinoJapan Friendship Center for Environmental Protection Beijing 100029 China; 2. Key Laboratory of Coastal Environmental
Processes and Ecological Remediation Yantai Institute of Coastal Zone Research Chinese Academy of Sciences Yantai 264003
China; 3. School of Environmental and Chemical Engineering Xi” an Polytechnic University Xian 710048 China)

Abstract: Fe-Mn binary oxide impregnated chitosan bead ( FMCB) an environmental friendly sorbent for phosphate removal was
fabricated through impregnating Fe-Mn binary oxide into chitosan matrix. The FMCB was characterized by SEM and BET surface area
measurement. The adsorption behavior of phosphate on the FMCB was systemically investigated. The FMCB showed a porous and
fibrous structure with a high BET specific surface area of 248 m*+g™" and a pore volume of 0.37 m’+g™". Tt had a much higher
phosphate adsorption capacity than pure chitosan bead. Langmuir model was more suitable for describing the adsorption behavior and
the maximal adsorption capacity was as high as 13.3 mgeg™" at pH 7.0 . The kinetic data were well fitted by the pseudo second order
model. The phosphate adsorption on FMCB was pH-dependent and decreased with increasing solution pH. Coexisting Ca’* and Mg *
enhanced slightly the adsorption of phosphate while the coexisting anions hindered the phosphate adsorption in the order of S0~ >
C0O}” >S0;” =Cl~. The phosphatedoaded FMCB could be effectively regenerated using NaOH solution and repeatedly used. In
column tests about 800 bed volumes of simulated groundwater containing 3 mg*L ™' were treated before breakthrough ( phosphate
concentration in effluent reached 0. 5 mg*L™") .
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Fig. 1 SEM images of chitosan bead and FMCB
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Fig. 2 Sorption isotherm of phosphorus on the FMCB
1 Langmuir  Freundlich
Table 1  Langmuir and Freundlich isotherms parameters for phosphate sorption
Langmuir Freundlich
G Mg g™ ky /Lemg ™! R kg 1/n R
2.28 0. 071 0. 949 0.25 0.522 0. 870
FMCB 13.3 0. 408 0. 963 4.40 0. 342 0.953
2
Table 2 Comparison of maximum phosphorus sorption capacities for different adsorbents
Im? g™ pH G mgg ™!
FMCB 248 7.0 13.3
— 7.0 2.28
16. 4 6.0+0.2 8.75 32
47.3 7.0 12.9 33
4.8+0.2 4.30 34
106 4.0 13.7 18
4.0 29.4 35
6.6 12.5 36
2.52 7.0 1.01 37

309 5.6 36.0 21
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Table 3  Kinetic parameters for the phosphate adsorption by FMCB
l)
/mg-L""! q./mgeg”! ky/h! R q./mgeg”~! ky/g+(mgeh) ~! R
5.1 4.03 0. 148 0.987 4.81 5.967 0.995
10.2 7.02 0. 120 0.988 8. 66 8. 005 0.995
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Fig. 7 Breakthrough curves for phosphate sorption from the simulated groundwater using the FMCB
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