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Abstract: Controlling the concentration of fluorion in drinking water is crucial for reducing the risk of bone and
dental fluorosis. In recent years, cerium-based adsorption materials, particularly cerium organic framework
materials (Ce-MOFs) and their derivatives, have emerged as effective solutions for fluorion pollution. In this
study, Ce-MOFs, namely CeT1 and CeT2 were synthesized using ammonium cerium nitrate (Ce(NH,),(NO;),) and
homophenic acid (H,BTC) at different reaction times, while CeD1 and CeD2 were generated by replacing H,BTC
with terephthalic acid (H,BDC). Structural, surface area, elemental content and constituent group analyses were
conducted using XRD, BET, SEM, XPS and FTIR techniques. Adsorption properties of the four materials were
studied by controlling adsorption parameters, such as time, initial solute concentration, pH, and competing ions.
Kinetic and isothermal models were employed to explore the adsorption mechanism. Characterization showed
CeTl as Ce(IV)-MOFs with high coordination unsaturation, CeD1 as Ce(IV)-MOFs with the largest specific
surface area (1 003.10 m®/g), and CeT2 and CeD2 as Ce(Ill) adsorption materials. Maximum adsorption capacities
for CeT1, CeT2, CeD1 and CeD2 were determined as 99.38 mg/g, 142.45 mg/g, 60.45 mg/g and 124.55 mg/g,
respectively. CeT1, CeT2 and CeD2 conformed to the pseudo-second-order kinetic model, while CeD1 conformed
to the pseudo-first-order kinetic model. Adsorption mechanisms of fluorion in the four materials involved
electrostatic attraction, ion exchange and precipitation, with CeT1 providing adsorption sites for ion exchange and
electrostatic attraction due to unsaturated coordination. CeD1’s large specific surface area increases collision
probability between pollutants and materials, while Ce(IIl) in CeT2 and CeD2 facilitated precipitation by forming
CeF; (K,=8x107") with minimal solubility product constant. The study provides insights into the characteristics
and defluorination abilities of Ce-MOFs and their derivatives, offering valuable reference for their preparation and
optimization.
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Fig. 1 X-Ray Diffraction of four samples before adsorption
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Fig. 2 Nitrogen adsorption-desorption isotherms of four samples
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Fig.3 pore size distribution of four samples
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Table 1 Textural parameters of four samples

T i 45 B He A /(m* g ™) LB (em’-g ) -4 L 4% /mm
CeTl 481.38 0.370 0 3.12
CeT2 467.05 0.3500 3.04
CeDl1 1003.10 0.520 0 2.08
CeD2 1.33 0.004 8 14.23

(b) CeT2 (¢)CeDI1 (d) CeD2

El4 4FMERMETE MR RE
Fig.4 SEM Images of four samples before adsorption
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Fig.5 Ce 3d XPS spectra and FT-IR spectra of four samples before adsorption
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Fig. 6 Adsorption kinetics of fluorion onto four samples
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Table 2 Fitting parameters of kinetics models of fluorion onto four sample

B—Esh f1FER BZHh HEER
LR
Q./(mg-g™) K, R OJ/(mg-g™") K, R
CeTl 63.81 0.21 0.891 00 66.71 5.10x10° 0.958 00
CeT2 113.85 0.11 0.962 00 119.24 1.43x10° 0.988 00
CeD1 53.37 0.04 0.943 00 57.77 0.87x10° 0.923 00
CeD2 123.97 0.12 0.993 15 128.94 1.55x10° 0.993 26
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Fig. 7 Adsorption isotherms of fluorion onto four samples

K3 ATMBEMES FHRMEREELNSSH

Table 3 Fitting parameters of isothermal adsorption model of fluorion onto four samples

Langmuir 5% 71 Freundlich f% 7
kL2 R
O/(mg-g™) K /(L+mg") R n K, R
CeTl 93.59 0.09 0.496 5.05 32.82 0.903
CeT2 118.95 1.42 0.877 5.64 56.37 0.897
CeD1 60.45 0.10 0.948 4.78 19.31 0.854
CeD2 124.55 0.40 0.974 5.65 53.32 0.821
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Fig. 8 Adsorption capacity of fluorion at different pH values ,pK, of HF and Zeta-potentials of four samples
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Fig. 9 Adsorption capacity of fluorion on four samples under anionic competition
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Fig. 10 The removal rate of fluorion on four samples in simulated water
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Fig. 11 XPS spectra of four samples before and after adsorption
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Fig. 12 Ce 3d XPS spectra of four samples before and after adsorption
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Fig. 13 XRD patterns of four samples before and after adsorption (inset: SEM images of those four samples after adsorption)
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