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A study on the process and mechanism of defluorination based on
the transformation of brushite to apatite
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Abstract: The precipitation of apatite could affect the distribution of fluoride between mineral and water phases. This
mechanism plays a vital role in the defluorination of drinking water and the retardation of fluoride migration in soil. In this
study, brushite, a precursor of apatite, was prepared by using the co-precipitation and was transformed into apatite which
has relatively low solubility in order to investigate the evolution and fluoride removal capacity, and to discuss the fluoride
removal mechanism of mineral phases during the transformation from brushite to apatite. The results show that fluorine in
solution was transferred to the solid phase accompanied by the apatite precipitation, with a maximum fluorine removal
capacity of 21.8 mg/g, which is 2.2 times higher than the adsorption capacity of fluorine by hydroxyapatite. The
transformation process from brushite to apatite can be well explained by the dissolution-precipitation process, within
which fluorine was incorporated into the structure of apatite crystal in its growth process. Furthermore, the fluoride
removal by the transformation process of brushite to apatite is highly selective, as the fluoride removal capacity cannot be

inhibited by other coexisted anions including CI, CO,%, NO;y', and SO,>.Our results demonstrated that fluorine can be
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immobilized into apatite via the transformation of brushite to apatite, thereby the environmental risk caused by fluorine
migration and infiltration into groundwater will be reduced.

Keywords: fluoride; Brushite; apatite; mineral transformation; migration and immobilization
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U A R A P B R B 1.5 mg/LPY . H AT A O S, Rk T R S
FATEERECT, K, %L IR T R I T AGE R AT R KRR B
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FTIR J¢it. Hrh, 47T 3544, Fig. 1. X-ray diffraction (a) and FTIR spectra (b) for the DP and DSC.
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Fig. 2. SEM images for DP (a, b) and DSC (c).
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Fig. 3. The variation trend of pH value of the solution in the transformation process of DCPD to AP (a) and the
XRD patterns for transformation products at different times (b, c). (The conversion products are labeled as Fx-y

according to the fluorine concentration x and the transformation time y, unit: hour.).
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(IYEFE N, DP-Zn /& 25 A E EIMET 0.5 mg/g , A ERRRIGRUEFE 20%LLF, X Ui DP
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IR H 384 mg/L (12h) P FEZE 1.2 mg/L (18 h). X 5iB8mEAT K 4 AL A — 5, %
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B4 ASFERBIAEIE AT IR 2 B () M LR (b)
Fig. 4. Fluorine removal amounts (a) and removal rates (b) with

different initial fluorine concentrations.
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serbERE AR (PR S RIS AU
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FEEHRIE T, &FPE TR RS FIAE, 10 COsY . NOy Al SO 2%, X U85 1 7] gl id 35 41
SO A A A B R R R R . RIMAE TR FE N 100 mg/L R NS AR5 7, BT
T H A WA - A B A R R E R . WP 7 B, #E 10 f5 T FIRER COsY . NOs A
SO IEAEN , B A -0 K A Ak FEH R [ B AT R BE (1.48%~2.85%). AN, DP #4k Mk
TRA IR G 0 B5 K s B 5 T S AR B, X R B Tris-HC 223k R FPAZAE R CUTRIRE AN FL R4
HREFEA R ERW. 28 LATIR, XSRS T 5 N RAATERIRIIMH B, B AN
B AR A A TR [ e B A v B R

the Tris-HCI solution with initial fluorine content of 50 mg/L.
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a. JCIIER DAL DP; b. 100 mg/L HYFVA TR h AL DP; c. R¥ALH DSC BADII; d. 5 # 4L A DSC MY
e. SEAFEALH DSC BV f 582U DSC BN, 5. BT

Ko &AL SEM [EIAI EDS 14 o 3k 70 4i K

Fig. 6. SEM images and correlated SEM-EDS elemental mapping images for some selected transformation products.
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nm). CO5> (0.178 nm). SO,> (0.258
nm) M NO; (0.179 nm) fA7ERI%
PR, BT am ) Faft et N
WA AR P, geAh, SR AT 1)
R (Ky=10) KT REB KA
(Ky=10"") R B KA (K ;=10
DR b A 77 2 T e 11 SRl A A T 2%
GtiE . COsTTEME A AT A LA
A 2 FORFEPSAEAIE, Bl OH
AiAn POSAEPY, 2 COs™ ¥ OH
by, SHEAARHRR, X FHA

a. TLEMN; b.0.05 mol/L Na,COs; ¢. 0.05 mol/L KNO;3; d. 0.05 mol/L NaySOy;

WFFE T COS™ 37 45 Tl A - I A s ¢. 0.05 mol/L Na;CO5+0.05 mol/L KNO3+0.05 mol/L Na;SO4
R 0 9 [ R R (K 5 O S 1 T B 7 A7 0 B B B - B e o R SR
SO42_$D NO;5 s Fig. 7. Effect of coexisted anions on the fluorine removal

amount in the transformation process of DCPD to AP.
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IRATHIRENE, IR BT (R AR R AEAERE AT LAPK IR 2D, sbsbh, ¥l 13 71
SERSAUIE B T 7E R IR A AT 2 T T B0 U A A ] L L e — 25 Bl 2 s B0, DRI, et
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3.3 FB AR 5 B E HLE
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W B et ANRI R R, IF FLRERS SN REATIZHT M N AT (B 6d, & 6edo fERLIIRER, &HCF
(IR EE B B AR T T B N B A (B 60 B G BB AOREF 1B 858 A AN,
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e, PRAERN IRFEEHEAT
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3.4 XFEIFTHERAL A IR BT B L
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