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Effect of particle size on
precipitation-dissolution equilibrium of CakF,

JIANG Ke, ZHOU Kang-gen, LI Cheng-wen

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The thermodynamic properties were studied by dissolution experiment. The effects of pH and particle size of
CaF, on the precipitation dissolution equilibrium of Ca*-F -H"-H,0 system were investigated, and then the factors
influencing the precipitation effect were determined combined with the thermodynamic analysis. The results show that
the particle size of CaF, is a critical factor that influences the equilibrium concentration of F. The solubility of CaF, and
equilibrium concentration of F decreases with increasing the particle size of CaF,. The equilibrium concentration of F is
less than 8 mg/L with coarse particles larger than 16.97 pm, while it is more than 25 mg/L with fine particles. In order to
decrease the solubility of CaF, and improve the F removal efficiency in the precipitation process, the terminal pH value
of the reaction should be controlled between 4.0 and 10.0, while the particle size of the precipitate should be increased as
much as possible.
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WP SO M E RN 5, (HIXLEHFIT 20 T CaF,
15 H S VRSN . S CaF, IV RE2S C I
PR R AR T 18.1 mg/LyHSn 7514, AL 2#00iE
DAL B SRR K, B b KRR B IR N 8.8 mg/L,
8T V5KEE B HEBbRE) PRISE () 10mg/L (1 BRAE
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Fig.1 SEM images of CaF, particles with different sizes in experiment: (a) Sample a; (b) Sample b; (c) Sample c; (d) Sample d



521 %5 12

£ RBE A RN CaFa POV TH T 5% 0 3197

£ 1 25 CH Ca™-F-H-H0 &4 M52 1 3
1819

Table 1 Thermodynamic data in Ca>"-F -H'-H,O system at
25 8191

Reaction . Equilibrium
Reaction
No. constant

(1) Ca’*+F =CaF" 10
2 H'+F —HF 1 500
(3) HF+F <= HF, 3.9
4) Ca(OH) =Ca*+OH" 0.047
(5) Ca(OH);=Ca*+20H" 10738
(6) CaCl'=Ca”+CI”

0.695 6

(7) H,O0—H'+OH 107

p(HEy)
p(HF)p(F")

p(Ca*")p(OH) _
p(Ca(OH)")

(10)

0.047 (11)

pCa*)p(OH" ) | s
p(Ca(OH)9)

(12)

p(Ca*)p(Cl7)

=0.695 6 13
p(CaCl") (13)

p(H")p(OH )=107"* (14)
RSP SRR Y

p(Ca) = p(Ca®")+ p(CaCl") + p(Ca(OH) ") +
p(CaF")+ p(Ca(OH))) (15)

p(F)=p(F")+ p(HF) + p(HE, )+ p(CaF") (16)
AR Ay 3= 1 ] 73

pP(F)+ p(HE, )+ p(OH) + p(CI") =
p(CaF")+2p(Ca*" )+ p(CaCl") + p(Ca(OH) ") +
p(H")+ p(Na™) (17)
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METREI, mol/L). ¥E LT (y), MR (16)F
Davies 2 3X(17)A] LA IX LS5 2 [R] R G R

1=%ch.zf (18)

1/2
~lgy, = AZ? {I—-o.y} (19)
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AP o AT | A5 R EE s 4 %R DeBye—Hiickel
WAL, 1E 25 CHIZIET, 4=0.509,

W RN A R B o, 5 SON @ 4
IPRIE ¢ IR L,

o F B oA R0k

a(i,Ca) = p(i,Ca)/p(Ca) (20)
o Ca WA AN

a(i.,F) = p(i,F)/ p(F) 21)

CaF, [ BERUH AL Kap 52 XA

Kap = p(Ca™ ) p(F7) 2 p(Ca” )y (F) (22)

2 FHR51R
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W IR P pH 4r A& 3.27. 4.09. 5.38. 6.89.
8.09. 9.24. 9.85. 11.38. 12.00. 12.56, K2 fionk
ST R TR SRR pH B8k . B 2 FTLAE
M pH<10 B, PTG B B AR 4ERFAE 10~20 mg/L
Z 18], JuH: pH {E 4.09~6.89 Z [A]INF, A Ja0A B4
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Fig.2 Effects of pH on total fluorine concentration and total
calcium concentration of CaF, at equilibrium with aqueous

phase
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Fig.3 Dependence of distribution of F containing ions with
pH value in aqueous phase equilibrated with CaF,
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Fig.4 Dependence of distribution of Ca containing ions with
pH value in aqueous phase equilibrated with CaF,
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Fig.5 CaF, particles obtained in dissolution experiment: (a) Sample a; (b) Sample b; (c) Sample c; (d) Sample d
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Fig.7 Change of total equilibrium concentration of F with
CaCl, adding amount
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Table 2 Relationship between K,p and particle size of CaF,

in experiment
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pm
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Fig.9 Activity product as function of particle size of CaF,
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