kIR 4

544 B 3 WICRE 201 D
6 H Hydrometallurgy of China

2025 4 June 2025

£ U R R A5 AL S SR i 52
Lo Rl  ERT G, 2,
AWK R E

(1. PG SR R 18 & TR B BRPE P42 7100555
2. BeVi A G n B RA AL BPY P52 710077)

FEE X2 S A ol A B U K A R e A 1 S R Ak A P ] A, SR SR A A e R
I A S AL S T S 05 S R IR AL R . RO T AL AR AL L SR 2L A
T 25 R0 590 ) T RO sk SR B 0 K T R R R 2 VAT p L LV IR SR A B X A R P LS S R, 4 OR
F W R 2 TR - T A B e T TR 5 TR0 5 U Oh A G A e T R o 5 TE R R FR BT i 1L 10 mL/1 g SR
it n(CH; COOHD /[2Xn(CaCO;) J=1. 2 FF AL i n(NH, F) /[2Xn(Ca) +4 X n(AD +6 X n(SD) —
n(F Dagw =1 L BEFERA] 1 h %W pH=3.5~4. 0 &/ F . S AL 45 5 2 70 BN 88. 72 % . Ji Ak 5 5% Bl R
38.11% . it Z - AL B o 45 B B L RE A T B CaCOs 2 42 BN CaF, Xt N2 CaCO, 3t — 45 R fff 19 41 i 4

Vol. 44 No. 3(Sum. 201)

R4 Cal, & o & iU Y B 2103 T O & 00 19 B IR A R I R 2%

KB AL A A R O b
FE 45 %S X705 XERERIRAD : A
DOI:10. 13355/]. cnki. sfyj. 2025. 03. 009

TE2 S A 4R R i A e A b, ] HF
T DRI 220 1t 25 7 23 7 A R 3 U K . BE RS a3
TR KRR AT R F A h 2R BE TOTE 5 4%
Horp i S AL R B R E 1Y CaF, TUTE . UL TE
P FRAE & A 8 T 2024 F R GRS E Y 4
FBTTRRD 199G K [ 44 % 539 (RS S HW49) .
H Rl 0 T8 G i Ak B 7 s 2 SR I sk T
(SR R” FNE: 9 0 N S Y e/ ST I )
i CaF, & BEE LM CaF, 7E1R 4 W& 5 £ 4
T A Tz 0 S HLRG SR R, I ae R HA 2wl
W IR A i 42 B0 M A5 AT Mk Y A 7 JEURE AN RE
S CaF, 1Y B AL A H L 38 BE A R0/ & G 7Y
Heli o PR oD 25 s v /Y CaF, 2207 N 4
B H B IEAL A B F 5 05 1) 22—

EREBTR B EAE CaF, 4, id & H CaCo,,
AICOH), J Si0, 5, Bl A& 5 v Il
CaF, WY 7 ik E 2 A M. — 2 Nl o & il
CaF,  QHTR Vi 58— VR $2 4l — J2 ¥ i 25 R i
A AR BT, (i CaF, B AR, ik fb— Rk —

W B 1 :2024-10-24

X EHE:1009-2617(2025)03-0353-08

FAL— BRI TE R IR N e A SRR IR AL . R
VR — PR R 4l T 20 2 2 AR R i B % Ui
1 SR AT A s v JORL ) 78 4 43 10, T TR 8 43 i
) CaF, ,CaF, 5 R 75. 67 % ~76. 93 % , [l it
7 80. 88% ~84. 79%", Ehfb—mR b — ALk
{120 ] NaCl 43 i i vh i R 55  HCL ¥ il e A0 45
FH HE %% SiO, » Z J5 H Na, CO, % fi# Na, SiFs ,
Bt b CaF, i i 43 8 rT 35 81%6 , CaF, IR
72535 WRTR B Ak —ER R R 1k 1k 02 H ik
FREPRE 3 S0 Th R PR A5 % 1k B W TR 1Y
CaCOy , 1 J5 FH £ R % fift CaCO, . Ca(OHD, %5, ¥
CaF, Frig @ 2 80 % 2 4™, DL E kBRI K
TEHETE CaF, & & (5 i 1 2L CaCO, .Ca(OHD, B
FELERES A BE A B ZCR S b 268 25 55 ) AT 5 1
—BAb R RERE I T CaCO, FICa(OHD, W6 75 Hy
Cal, , AMUAT A3 i3 v 5 ) F 23, 38 AR I /D 7 i i
g . 1) U o AR AR AT il CaCO, |
Ca(OH, %5 fb S CaF, , #2F+ CaF, & &, i SiO, Al
ALCOHD s AHX 55 5 REAR , SR FH MV AT 446 60 A B9

E—IEFEE N DO A973—) B L BIHER, EEAT R o TR .
BEEEEN BT Q75— L, Bl PRI, EEHF 7 MBI T . E-mail: yaoningwang@126. com,



- 354 - Wik 4

2025 4F 6 H

k> RS e HE . PR SRR A AT TR A UK
X U AT — 20 B R B CaCO, 555 R 55
A5y CaF, . MERIE EHEGH T & &l P Ca F AL S
R IHE NHLF HF-NH, F, 2R K 2 -
FRAL WA R T I AR S AR A T ORI
I TR R P e RVRICRS . DA g 5 s 1) 9 Ak
RIS R AR S %

1 K ERSY

1.1 REEM

PR AR Al 7 A Y SR K & A2
DUE— 2 EEUTIE I A0 B 5 A 1 5 56005 L FR 4
TR AR B ZR R NT 75 pm 95 %0, Ak 2E B4R L
F1., AT, B CaF 285N
52. 78 %A1 20. 80 % . Al il Si & HE A X &, 6
RASME = A 0 & SR K ST RZLL SIFS B A
N R S B SR A UUUE L 7 AT i A5 Eh T
VER LS F 458 A CaF, . #5809 2d 2
AME W pH Th i . 20 S 0 B, 364 SiFs
25 OH 45 &4 SO, . FET&RED. &
FE T AL AR R ZR N IMA T R A AL
(PACOEEEH], AP 5 OH ™ 454 £ W AICOH),
e A it i 2 O i T

Xof Fr g v RE S Y CaF, S EDTA i 5E ¥
(GB/T 5195. 1—2017) # 47 5 & 43 Hr vl Al i v
CaF, i &4 00 42. 70% . A XRD W % & 5 ik
WS Y R YA L 25 A 1 BTOR . AT, A R
t Ca W) EZEW AN CaF, Hil CaCO, .

x1 EREMNEEUZERS
Table 1 Main components of fluorine-containing slag %

F Al Si Ca
20. 80 2.44 5.55 52.78
1 l—CaF2
i
i
2
IPRORTEST

1 1 1 1 1 1 ]

1 1
10 20 30 40 50 60 70 80 90
26/(°)

B1 &REamEEmE

Fig. 1 Main phase of fluorine-containing slag
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Fig. 2 Presence states and stable regions of different elements in fluorine-containing slag
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Fig. 4 Influence of hydrofluoric acid-ammonium fluoride dosage on transformation effect
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Fig.5 Influence of acetic acid dosage on transformation effect
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Preparation of Calcium Fluoride by Transformation of Fluorine-containing Slag

MA Hongzhou' ,DANG Yubo', WANG Yaoning' ,ZENG Jinyang' , WANG Shuaimin',
GUAN Minghua' ,ZHANG Xing',LI Hao®

(1. School o f Metallurgical Engineering ,Xi’an University of Architecture and Technology ,
Xi’an 710055,China;
2. Shaanxi Non ferrous Mining and Metallurgical Technology Co. ,Ltd. ,Xi’an 710077 ,China)

Abstract: To address the issue of resource utilization of fluoride-containing waste residues generated
during the treatment of fluoride-containing wastewater from semiconductor manufacturing
enterprises,a chemical transformation method is employed to convert fluoride residues into calcium
fluoride, thereby achieving resource utilization of these residues. The transformation effects of different
agents,including ammonium fluoride,hydrofluoric acid-ammonium fluoride,and acetic acid-ammonium
fluoride were studied, focusing on the effects of the type of transformation agent, solution pH and
fluoride concentration on the calcium fluoride content in the transformed residue. The results indicate
that transformation rate is the highest for converting fluoride residues into calcium fluoride using
acetic acid-ammonium fluoride as the transformation agent yields. Under conditions of liquid volume to
solid mass ratio of 10 mL/1 g,acetic acid dosage of n(CH;COOH)/[2Xn(CaCO;) ]=1. 2,ammonium
fluoride dosage of n(NH,F)/[2Xn(Ca) +4Xn(AD +6Xn(Si) —n(F ") fuoride residue ) ] = 1. 1, stirring time
of 1 h and solution pH between 3. 5 and 4. 0, the calcium fluoride content can reach 88.72% ., with
transformation rate of 38.11%. The stepwise transformation using acetic acid-ammonium fluoride can
eliminate the inhibiting effect of calcium fluoride formed on the surface of calcium carbonate on the
further acid dissolution of the inner layer of CaCOjy, thereby increasing the content of CaF, and the
transformation rate of the fluoride-containing residues. It can provide a technical reference for the
resource utilization ot fluorine-containing slag.

Key words: calcium fluoride;{luorine-containing slag;transformation;acetic acid;ammonium fluoride





