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Figure S1. The optimal molar ratio of metal and phosphoru in the synthesis

of metallic phosphates.
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Figure S2. Nitrogen adsorption-desorption isotherms of adsorbents.
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Figure S4. Effect of equilibrium pH after adsorption on fluoride adsorption
onto the adsorbents (Reaction conditions: T = 298 K, pH = 6.8+0.2, initial

fluoride = 5 mg/L, and adsorbent dosage = 0.20 g/L).
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Figure S5. Adsorption isotherms of fluoride onto the adsorbents at
different temperatures.(a) YP. (b) ZrP. (¢) CeP. (d) LaP. ( (Reaction

conditions: pH = 6.8+0.2, and adsorbent dosage = 0.20 g/L).
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Figure S6. Desorption capacity of fluoride onto the adsorbents in different

concentrations of NaOH.
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Figure S7. Adsorption capacity of fluoride by adsorbents in five static
adsorption-desorption cycle experiments with actual wastewater. (Reaction

conditions: adsorbent dosage = 1.0 g/L, T = 298 K)



Table S1. Primary properties of adsorbents.

Content BET  Average Average
Content of Major
of metal M:P surface pore pore
Adsorbents phosphoru composition
ion area  diameter volume
mmol/g  mmol/g / / m?/g nm cm’/g
YP 3.650 4.327 1:1.19 YPO4 102.90 5.06 0.108
ZrP 0.724 1.707 1:2.35  Zr(HPO4)2  70.21 14.27 0.187
CePOs4 and
CeP 1.287 5.017 1:3.39 51.84 7.69 0.092
Ce(HPOa)2
LaP 3.134 4.529 1:1.44 LaPO4 40.66 3.11 0.027

Table S2. Adsorption kinetic fitting parameters of adsorbents.

Pseudo-first-order

Pseudo-second-order

Qe.cal kz

R,2  SSE
mg/g g/(mg-min)

Adsorbents Qeexr  Q, e ky
R,2  SSE
mg/g mg/g 1/min
YP 12.82 12.51 0.173 0.970 4.814
ZrP 9.56 9.24 0.047 0.972 3.537
CeP 7.67 7.49 0.055 0.968 2.556
LaP 479 4.65 0.136 0.965 0.823

12.91 0.025 0.999 0.202

9.86 0.008 0.999 0.065

7.94 0.011 0.998 0.195

4.83 0.048 0.999 0.030

Table S3. Adsorption isotherm fitting parameters of adsorbents.

Adsorbents T

Langmuir Freundlich
Qm K, R, R? 1/n Kr R}
mg/g

mg/g L/mg

. (L/mg)i




YP

ZrP

CeP

LaP

283K

298K

313K

283K

298K

313K

283K

298K

313K

283K

298K

313K

34.43

31.61

28.98

21.52

18.94

16.27

17.14

15.09

13.28

9.03

11.84

14.72

0.232

0.225

0.215

0.271

0.261

0.253

0.261

0.229

0.197

0.253

0.219

0.211

0.126

0.129

0.134

0.110

0.113

0.116

0.113

0.127

0.145

0.116

0.132

0.136

0.999

0.999

0.999

0.999

0.998

0.995

0.999

0.999

0.999

0.992

0.999

0.999

0.394 8.983
0.396 8.096
0.399 7.267
0.343 6.596
0.341 5.757
0.332 5.133
0.343 5.201
0.357 4.268
0.379 3.398
0.369 3.949
0.353 3.332
0.329 2.835

0.941

0.950

0.958

0.940

0.950

0.958

0.945

0.940

0.958

0.936

0.952

0.966

Table S4. Coordination constants of metal and fluoride.

Metal Y Zr Ce La
Coordination
4.81 8.80 7.57 2.77
constant
Table S5. The adsorption properties of various mono- or
polymetallic-based adsorbents.
Meterials Conditions Qmax (mg/g) References

Iron(Ill)-zirconium(IV) hybrid

oxide

Granular ferric hydroxide (GFH)

pH=6.8; T=303K

pH=6.0-7.0;

8.21

7.00

[1]

[2]




Granular zirconium—iron oxide

(GZI)

Mg-Al-Zr triple-metal composite

Manganese-oxide-coated alumina

CeO2-Cubes

Mg—Al-Fe hydrotalcite

AZrP

Lanthanum-carbon hybrid

adsorbent

Zr-La/PP composites
HAP microsphere

MgO-Fe203 nanoparticles

YP

ZrP

CeP

LaP

T=279K

pH=6.0; T=298K

pH=7.0; T=298K

pH=7.0; T=303K

pH=3.5; T=298K

pH=6.0; T=298K

Not related

pH=7; T=298K

pH=7

pH=7

pH=6; T=301K

pH=6.8+0.2;
T=283K
pH=6.8+0.2;
T=283K
pH=6.8+0.2;
T=283K
pH=6.8+0.2;
T=313K

22.23

22.90

2.85

7.00

14.92

2.64

8.1

16.5

14.3

10.96

34.43

21.52

17.14

14.72

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

This study

This study

This study

This study




Table S6. Adsorption thermodynamic fitting parameters of adsorbents.

AH AS AG
Adsorbents T R?
kJ/mol J/mol-K  kJ/mol

283K -16.721

YP 298K -5.144 40.933 -17.357 0.995
313K -17.947
283K -15.491

ZrP 298K -7.658 27.659 -15.890 0.999
313K -16.322
283K -14.910

CeP 298K -8.250 23.539 -15.269 0.999

313K -15.615

283K -13.266

LaP 298K 11.804 88.557 -14.566 0.998

313K -15.925

Table S7. The water quality parameters of actual photovoltaic wastewater.

pH F- Cl SO4* NOs~  Ca** Mg* AP’*  COD

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

6.5
4.96 337.7 123.6  136.2 103.5 31.1 6.6 74
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