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Fig. 1 Effect of pH on defluorination of three aluminosilicate
minerals
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Table 1 Mineral contents of natural kaolinite
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Mineral species Kaolinite Gibbsite
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100 0.5
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° Kaolinite desage: 15 g/L, F
9; 80 Kaolinite particle size: -18 pm LoF -
Z B Reaction temperature: 25 T
Z Reaction time: 60 min
2 L5
g al
','; Zonop
E =5
= a5t HF
-
=
E 20 b 3.0 £
= =
.
IS5k
0 1 1 1 1 1 1 & & " M i &
0 2 4 6 8 10 12 14 0 2 4 6 5 10 12
pH pH

3 (a) I pH EXTIRES 1 L BRI 5 (b) LS HUR A pC -

Fig. 3 (a) Effect of solution pH on removal efficiency of fluoride ions;
wastewater
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Fig. 4 Effect of kaolinite dosage on fluoride removal efficiency
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Table 2 Relevant parameters of adsorption kinetic model

t /min

(a) Kinetic fitting of quasi — first — order; (b) Quasi — second — order adsorption of kaolinite

Parameter
Kinetic equation Temperature 0 'S Equation
Pseudo - first order 25 C 1.1618 0.1183 0.9038 log(Q, -Q,) =0.0651 —0. 1183¢
Pseudo — second - order 25C 8. 0244 8.045 0.9999 20,124 61 +0.01549

Q

Wit W BEE B 0 R AT, Q, FEHT S5 min S 231G
B J 3R A X 0%, R AE 10 min J5 E35 P, anfEl 7
Jios  WE—G 8 Iy 2 A S B 1) — s 2=,
PLADLEE R® =0.9038 , 767 i i 0 £ %o 560 B 7 A B
WA (Q, = 1. 1618 mg/L) fiis B IR 45 R (Q =
8.08 mg/L) . HEZ G 5K B 2 A K —
ek, R =0.9999  k, = 8. 045 min ", FHE W 45
(Q, =8.0244 mg/) JLT 25 TR 45 R, XL RE
HH, 1o U T P S I W B e R A R T B T AC

e W5 B TR BB R L A AT R GRS T I B
ARBANT R WM IR AR (W 3) .

T3 RIRWBIRERT TS T AW 2 i e (mg - g7")
Table 3 Comparison of adsorption capacity of natural adsorption

materials for fluorine ions

Activated alumina zeolite Animal charcoal Lignite Bentonite Rectorite

1.2-4.5 0.78 0.95-3 0.12 0.25 1.0-1.75
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Fig. 8 (a) Langmuir and (b) Freundlich adsorption isotherms of fluoride ions on kaolinite
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Table 4 Langmuir and Freundlich adsorption isotherms fitting regression parameters of adsorption

. Parameter .
Adsorption model Temperature 5 Equation
n K R
C,
Langmuir 25 C 16.5098 0.0719 0.9518 7‘ =0.8419C, +0. 0606
Freundlich 25 C 2.2738 0.4094 0.9688 logQ, =0. 4398logC, - 0. 4094

i # 4 Al A1, Freundlich #£74 R* = 0. 9688 {I: T AT, H A E) e e o
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B9 RIRES A RBRFAN FTIR £24%(a) ,FTIR JRE7E % (b)
Fig. 9 (a) FTIR full spectrum and (b) FTIR local narrow spectrum of natural kaolinite and defluorinated residue
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Table 5 Atomic content on the surface of natural kaolinite and

defluorinated residue

Atomic content of elements ( % )

Mineral species

Al Si F
Natural kaolinite 13.48 15.49 0
After fluoride adsorption 13.17 16.09 0.76

(a) XPS full spectrum of natural kaolinite and defluorinated residue, (b) XPS narrow spectrum of Fls
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(a)Natural kaolinite Al 2p
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o
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O\

80 78 76 74 72 70
Binding Energy (e.v.)

& 11

82

80 78 76 74 72 70 68
Binding Energy (e.v.)

Al 2p XPS [ : (a) KERIe A1 AL 2p3/2, Al 2p1/2; (b) R T W F I Rl £1 9 Al 2p

Fig. 11 XPS Atlas of Al 2p: (a) Al 2p 3/2 of natural kaolinite and Al 2p 1/2; (b) Al 2p of kaolinite adsorbed by fluoride ions
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Adsorption of Fluoride by Natural Aluminosilicate Minerals

LU Chenglong, GOU Xiaoqin, HAN Haisheng, SUN Wei
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Abstract: The fluorine — containing wastewater discharged from industrial production has great harm to the environment
and human body. In this study, three kinds of natural aluminosilicate minerals, diaspore, gibbsite and kaolinite, are
used as adsorbents to explore the feasibility of their adsorption of fluorine ions and the mechanism of defluorination. The
single factor condition test showed that kaolinite had the best adsorption efficiency for fluoride ion. The removal rate of
fluoride ion can reach 82.44% and the concentration of fluoride ion can be reduced from 150 mg/L to 26.34 mg/L un-
der the optimum reaction conditions of granularity of Kaolinite —18 pwm, dosage of 10 g¢/L, pH = 13, reaction time =
10 min and reaction temperature 25 °C. Kinetic fitting showed that the removal of fluoride ion by kaolinite accorded with
quasi — second — order kinetics with theoretical capacity value Q, =8.0244 mg/g. The adsorption isotherms show that the
reaction conforms to Freundlich model and belongs to single layer adsorption. XPS analysis shows that fluoride ion ex-
changes with hydroxyl groups in kaolinite, and Al — F bonds are formed on the surface of kaolinite, thus achieving the
purification of fluoride — containing wastewater.

Key words: fluorine — containing wastewater; natural aluminosilicate minerals; adsorption; dynamics simulation; XPS
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