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Optimization and Mechanism Analysis of Impurity Removal
Process of Fluorine-Containing Sludge
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Abstract; A large number of fluorine-containing sludge generated by photovoltaic power generation
industry contains high content of calcium fluoride, which can be used as a resource recycling to realize the
reduction, harmless and resource utilization of fluorine-containing sludge. The fluorine-containing sludge
was used as raw materials for impurity removal treatment, and the influence of multiple disposals on
impurity removal was explored. Based on the moisture content, morphology observation, chemical
composition and structure analysis and sedimentation performance test results of fluorine-containing
sludge, the technical route of resource utilization of calcium fluoride sludge was optimized. The results
show that compared with the two-step and three-step combined treatment, the four-step combined
treatment of salinization, acidification, fluorination and alkalization can remove silicon, calcium and
heavy metals in non calcium fluoride form more effectively. The mass fraction of calcium fluoride in the
fluoride sludge treated by four-step process can reach 85% , and the final yield can reach 72.53%.
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Fig. 1 SEM characterization of fluoride sludge
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Fig. 2 XRD pattern of fluoride sludge
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Table 1 XRF analysis of fluoride sludge /%

£ R £ R £ o
CaO 53.93 Cl 0.475 CuO 0.005 5
F 29. 87 Fe; O3 0. 417 ZnO 0.003 4
SiOy 4. 85 TiO: 0.082 4 Se2 O3 0.003 3
Na; O 4.15 P, 0Os 0.076 9 NiO 0.002 7
SO; 3.47 SrO 0.045 7 MnO 0.002 4
Al O 1. 95 KO 0.021 6 ZrO; 0.002 4
MgO 0. 642 Cr O3 0.008 2 V205 0.001 8
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Fig. 3 Turbidity change of fluorine-containing
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sludge supernatant before and after

static settlement for 2 h
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Table 2 Processing conditions and yield in two-step treatment

T R 4 Bk Wl Db JoK 4t /mL WA BE [ Y% Ab PR B C KTE/g e/ %
FRAL AL 3 HF 15 mL 100 5.75 iR 3. 859 87. 14
il £ Ak 3 NH, HCO; 15 g 100 13. 04 50 1. 329 82.71

®3 FULBUATLESF XRF SHER
Table 3 XRF analysis results after two-step

treatment of fluorination and alkalization /%

ELis L 2R L 2R L
CaO 50. 39 Fe, O4 0. 141 Scp O3 0.002 9
F 40.51 Cl 0.112 ZrO; 0.002 5
SiO; 2.97 P, O 0.096 8 V205 0.002 2
Al; Oy 2.33 SrO 0.095 8 Cry O3 0.001 8
SO 1.59 TiO, 0.066 2 NiO 0.001 7
Na, O 1. 45 BaO 0.009 9 CuO 0.001 2
MgO 0.197 K, 0O 0.005 6 ZnO 0.001 1
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WAL, 68.79%, M b T 2 B % ik B IR
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Table 4 Treatment conditions and yield in three-step treatment

Ty i 5 4 B i) o JiK it /mL WA BE | Y Qb B ) C Kifilg %
% £k Ak 1 HCl 12 mL 100 4,47 R 4.179 86. 07
AL A 3 HF 15 mL 100 5.75 ER 1. 720 80. 33
il £k Ak 2 NH, HCO; 15 g 100 13. 04 iR 3.0463 68.79
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Table 5 XRF analysis results after acidification,

fluorination and alkalization three-step treatment

[%

R ot E3i) GRS B it
CaO 50. 08 Cl 0.72 BaO 0.010 4

F 41.74 MgO 0.197 Se;05  0.0035
SiO; 2.75 Fe, 03 0.117 Zr0, 0.002 0
AL O; 2.27 SrO 0.086 9 || K.O 0.001 7
Na,O  0.981 P,Os  0.0843 NiO 0.001 7
SO; 0. 892 TiO;  0.052 6
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Table 6 Treatment conditions and yield in four steps

T R 4 Bk R i JmK & /mL VR R | V% Aib R B2/ C KHE/g W %
ER L O] NaCl 14.12 mL 80 15 =R 0.912 96. 96
% fk b 38 HClL 12 mL 70 6.06 iR 4.211 82.92
AL AL F HF 20 mL 70 9. 69 FiR 1. 231 78. 82
il A Ak 21 NH, HCO; 20 g 90 18.18 50 1. 886 72.53

H5Z R 4 =AW A B A L ARG 5 AR x7 #HU B FLEHLTDS

iR Ak Ak B 22 3 0T R Al A B R AR B 1500 1
NaCl ¥ 7156 12 15t 75 905 e R U ik, IR 2 82 ok 1
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o TSR 24 A A AR PR IR TR % 50 C
IO 7E 35 24 48 w8 BN 3 VOV 32 Jin b B g 3 % L b
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4325 XRF S 45 R
Table 7 XRF analysis results after four-step

treatment of salinization,acidification,

fluorination and alkalization /%

Z R & E2is & E2iis &
CaO 50. 80 SiO; 0.183 BaO 0.0137

F 44. 41 SrO 0.092 8 Sc, O3 0.002 2
AL O, 2.17 || Fe,;O5  0.0870 || K,O  0.002 2
Na, O 1.13 P, 0O; 0.045 9 71O, 0.002 0
S0 0. 806 Cl 0.0259 || NiO 0.001 1
MgO  0.202 | TiO.  0.0228

2.5 XRD &%

4 LR a o 2RIk L BB I0 T 2P Ak AT S
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5 CaF, b R Fr 437 59 I35 i DS I B 48 s o 2 Ak Ak 34
Jei CaF, 177 56F 0 ot B 325 3 $2 55 R R AE 20=47.17°
Aab F A B e 5 R e A S 0 B 22 JRUAL LA Ak B
il CaF, 19 & 45 LLER &, BI5 i rf CaF, (1 41
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Fig. 4 XRD patterns of sewage sludge treated by

four steps,three steps and two steps, respectively
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