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Characteristics of Fluoride Removal by Activated Iron-Manganese Nodules

LIU Qiong, GUO Hua-ming

(School of Water Resources and Environment, China University of Geosciencess Beijing 100083, China)

Abstract Adsorption of fluoride on FeCl;-activated manganese-iron nodules was investigated in this study. Influences of contact time,
temperature and coexistence anions on F~ adsorption were carried out in terms of batch tests. It was found that the fluoride adsorptions onto
activated material achieved equilibrium gradually at about 48 h. The adsorption capacity increased with the increase in reaction temperature.
Furthermore; the adsorption isotherm can be described as Langmuir and Freundlich models. Thermodynamical study reveals that fluoride
adsorptions on the activated material are spontaneous and endothermic. In additions the presence of coexistence anions shows negative effect on
removal of fluoride. Column studies demonstrate that the activated adsorbent could efficiently adsorb F~ . Concentrations of Fe and Mn in
effluents meet Chinese sanitary standard for drinking water. Effectiveness of adsorbent for fluoride removal increases after regeneration, and the
average capacity is up to 1.340 mg/g with 2 cycles of desorption and regeneration. Results of X-ray diffraction (XRD) and scanning electron
microscopy (SEM) manifest that high adsorption capacity arose from conglutination of Fe oxides/ hydroxides to the surface of nodules and
subsequently adsorption of F~ on the fresh Fe hydroxides. Therefore; the activated absorbent has high adsorption capacity and stable property
for F~ removal,; which shows that it is a potential material for F~ removal in practice.
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Table 1 Fluoride removal by activated iron-manganese

nodules at different temperatures

W VGRS TRE PR RE T PR kg

/°C co/mgeL™! WIE ¢ /mge1! q./mgrg”! 1%
3 0.342 0.133 88.6

” 10 2.253 0.387 7.5
15 3.433 0.578 77.1

20 5.690 0.716 71.6

3 0.324 0.134 89.2

’s 10 1.986 0.401 80.1
15 3.291 0.585 78.1

20 5.455 0.727 72.7

3 0.312 0.134 89.6

5 0.605 0.220 87.9

35 10 1.854 0.407 81.5
15 3.156 0.592 79.0

20 5.230 0.738 73.8

3 0.300 0.135 9.0

5 0.547 0.223 89.1

50 10 1.704 0.415 83.0
15 3.026 0.599 79.8

20 4.808 0.760 76.0
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Table 2 Constants of Langmuir and Freundlich isotherms for fluoride adsorption on activated iron-manganese nodules at different temperatures

W L °C. Langmuir /7 £ 241 Freundlich A &%
b/Lemg™! ¢°/mg*g! R’ k/(mgrg™ ')+ (mge L= 1)~ 1n n R?
20 0.344 1.048 0.9225 0.253 1.644 0.9917
25 0.381 1.051 0.9616 0.268 1.639 0.9926
35 0.415 1.052 0.9758 0.283 1.6355 0.996 0
50 0.431 1.090 0.974 8 0.299 1.636 0.9951
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Fig.2  Adsorption isotherms of fluoride onto activated iron-manganese nodules at different temperatures
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Table 3 Thermodynamic parameters for the adsorption on

activated iron-manganese nodules

WEE/C AGO/kJ*mol ™! AH°/kJomol =" AS®/kJ*(mol* KD !
20 —21.403 0.092
25 -22.022 5 556 0.093
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50 -24.201 0.092
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Fig.3  Effect of coexistence anions on fluoride removal

2.4 FEWRBSEES

A W I 56 o SR S0 1) 5 1 9% Ak Ak 45 4%, 1
TGRS T R 10 mg/L, 5400 H ZKHFE N 1.8
mL/min, FE3H M2 U1 1] 4 B, o B 2o thK
BV, Ly VIR S K v OISR B R s
mg/L.

M 4 T LA H Bl KR B0, K
BFIRIE S EFHEH TP TR RN, HAR
e, M KARFR N 4.00 LI, HEZK A 9B 7 T
WSENG IS I INE] 1.0 me/L, KB435 &, L 13
Y% A R 5 A% W B 5 200 0.422 mg/g, LA S5
753 (R R B e AR, TR 4 SR AR L AR S T AR
i L, T A DS A A A G B ) R Al W 42 D % f

10

VIL

El4 FEREFHARRERLKENTL

Fig.4 Fluride removal by using activated iron-manganese nodules
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Table 4 Contents of Fe and Mn in effluents
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Fig.5 Fluoride desorption from F~ loading column
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Fig.6  Fluoride adsorption on columns after regeneration
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Table 5 Column experiment parameters after regeneration

W B R R KIS TR ¢ WK Q 2B AR 2 P VR Bk g
/& /g /mg*L~! /Lemin~! /L /mgeg™! /mgeg™!

1 92 10 0.0015 10.49 1.131 1.496

2 86 11 0.0017 10.10 1.278 1.691
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Fig.8 SEM micrographs of pristine and activated manganese-iron nodules
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Fig.9 EDS spectrums of pristine and activated manganese-iron nodules
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