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Abstract

The issue of fluoride pollution recently has attracted much attention. Beside that the popularity of
3C products, the treatment of fluoride wastewater from semiconductor industry is worthy to be
studied and discussed. In this study, the fluoride-containing solution was treated with cryolite
crystallization method. The fluoride was removed by the addition of aluminum salts and sodium
hydroxide to produce valuable cryolite by-product. Several parameters of process such as fluorine
and aluminum molar ratio, pH, and different initial concentrations of fluoride might affected the
composite of cryolite and fluoride removal efficiency, which was investigated in batch experi-
ments. Then, different aluminum salts to removal efficiency were investigated with imitative sem-
iconductor wastewater. Finally, the properties of material were analyzed by X-ray Diffraction
(XRD) and Scanning Electron Microscope (SEM). The results showed that adjusting fluorine and
aluminum molar ratio in theoretical stoichiometry of cryolite and controlling pH could recycle
fluoride ion validly and produce cryolite successfully at room temperature. The initial fluoride
concentration experiments demonstrated that the fluoride removal efficiency was improved as
the initial fluorine concentration was increased, and the addition of excessive amounts of sodium
salt had a positive effect as well. From the result of different aluminums in the imitative semicon-
ductor wastewater, we could know that aluminum nitrate had a better removal efficiency than
other aluminum salts.
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1. 518

AT RN AR BEPAE W —, WA TR R 2 S5, K L, SfF s
BENMEERE, MVF2 TIEsh B2 H SRS LK, W BEES5MERGE. 8k, §
POl BRI BRI AE[L]. B 3C A K, RS ES KR, HfIRE S R R E RS
WEE S RRIK, BRIl K Bk R s 7 BRI HUTS o P SR HIFE L AUR R i 2 — . B ATH WL
TR KA FE TR S W B VREBRIUIE VR . MR, RASEIESE, W TSR SRR KA T E
BIK 2 A8 A ShiR & 7 =, (B ik 5 = AR R =TS Y8, FRin L= 2B 1) CaF, BURLA/INAS 5 iiE , R4
FR I FR I T S AN I AR EE RS CaF, Ui, #EmPRm A, HE oz & s S EmE A A
K. A5 HEFIH. B Maleki and co-workers [2]55 Aoudjandco-workers [3]FHF 70 H 45 H DLHAL 2k 1T
R PR IR R A, (HACFRIE FREARRE HAS 5 KIUABAL ], R A 9t 50 R FH 4 3k DL s AR i J7 X
Ab PR BT A B UK A, 1t Leeand and co-workers [A] SR ININ & UL K HEAT IR, LR 4R
XI5 96%IFA B UK fh A1+ Wang and co-workers [S]F] SR ER A S A0S0 AL B SRR S 6 Tk 2 5 3K,
HUKSARENIE 90% LA o ARSCRI A W15 e BRAG IR AR 3R IR & B g, 7RSI T DAZE fhik2s
BRoK h e 1 IS R E U IME L UK, DR DRSS G 515 e 8 B in) @ HLk 30 B8 A 2 H 1.
2. KBTS

VKA (Cryolite) /& — R RIRAFEE I W, £ B 7S AR IR BN (NasAlRg), B XSS ERHT (Perovskite)
SEFY, BRE T (AP S0 037 7 (face-centered cubic, FCC)HI &A%, HAFMEE T HAMNRE T(F )



http://creativecommons.org/licenses/by/4.0/

FRAREHL 25

FER AIFg \THIfA, T3R5 40 5 T (Na) & pk NaFs T4, AlFs 5 NaF 3R )\ A LIS A 0 7 20
AT ST T, AR T AT N AR T 2= BR A [6] [7]. vKEA T Tk B &T 2, IR AR
BE PEEFAR . BRI BRI BRI AR 25 R RS [8], SR E AR TR UK
FiEEAZ, —M T B2 KA EERE T AT AR HAvki A2 Mg ami2) UsD $1100 Jt.

2.1. KBANER

UKeia G TTEY, 25 RS S R BRI ERRIEAE . TR AT A RN % Hi&E 4 1E
FEgAE, AZIERRRIE S, W LA OTEE AR BRI PESE . AR A HRR S B (CaFy)
SSA AR, 5 R A A K A HA 2 R R [9]

AI(OH), +6HF — H,AIF, +3H,0 1)
2H,AIF, +3Na,CO, — 2Na,AlF, +3C0, +3H,0 )

B M) 2 ) e 1) P ol Aok s o 2 v 77 A ) ek PR R R R Ak — 20 & oK i A, L N R
F[10]:

H,SiF, + 6NH,HCO, — 6NH,F +SiO, +6CO, +4H,0 (3)

12NH,F +Al, (SO,), +3Na,SO, — 2Na,AlF; (S)+6(NH, ), SO, 4)

22. KBAGERERE

UK &R A4S BV R K T B - A SN S (B) TR -
3Na*+AP" +6F — Na,AlF, (5)

H i 2 1F 7008 F 0k 5 v 2Bk A, 0 Jiang et al. [11]4# A N5 IR Ay B8 — M Ak 3 B
(reaction-separation integrated reactor) &b H i i P [ S0 K 77 UK A

VKA G R EALH S R R R A R FTA BT 2R, 5 LSRR N R B2 Rk
LENBIEG, BT SRS TR R A T AIREE R[9] [12]:

A +F < AIF K=1.0x10
AP +2F & AIF;, K =5.01x10%
APP* +3F < AlF, K =6.31x10"
AP +4F & AIF; K =251x10"
AP" +5F <> AIFZ K =3.98x10"
AP +6F <> AIFS K =3.98x10"

S SO S B R pH B2 EE R AR S LS I 1, He et al. [13]HIHF AR RS
pH (BT 7 I, TE A AI-F 8554, e Ah, WA BT 7T HE 1 DL AR TR AE B S mT RE LA NagAlRg
TR UTENT H[14], B ET7 P90 2 S SR AR R BT R, B 8 S B () B L N, OB 5 A
B AIFS 2454, 1T Wang and co-workers [5]5 Chen and co-workers [15] IR 778 &, /RS H L
55 pH B IR & B K A oS

3. A&

B FEIRVI A FHERAE 2% A (FIAL ZEECEG . W R EE) T, RETUKE A 45 B BRI, 36 5
7 Lee and co-workers [4]2 - SR 7K AL EL AT 1 SR K IR 3RS AS R 45 £ E’J WA SEI TR

()
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%% Chen and co-workers [15], FIFHUK g A 25 Sy A BK sy, SEi bR 1 s
31 MERKBASEIH
AW FUHE B T3 RN AR TR P 5 28 IR DR R B SR A B ke, i A
PR (%) = KB K FE (mg/L) /R 4R 5K B (mg /L) x100%
UKER AT A28 R Je v S UK S A B P B, P AT EE 19 A3 0 SEBR oK oA R i DURAS UK A
RE, WEINEWT:
UK 75 (%) = S BRUK B 7 Bt 9/ B8 VK 7 () < 100%

3.2. HYDRA/MEDUSA &

HYDRA/MEDUSA F2 7 72 th i #1. 2 5 H T. 24Pt (Royal Institute of Technology, KTH)FTH & 17K ik 2%
TR, HEFEFAE HYDRA K MEDUSA [16]. HYDRA AR BB\ BT i 37 1) 7K A 7P 1 o okt
J# (Hydrochemical Equilibrium-Constant Database), ] #E H 3= i 4k 5 G 2 F AR, S REae P2
FHRICE - MEDUSA 24l HYDRA 55 2 A0 5 REGEHEAT T 2 B, KAk -1 L i 2 A 4R A
X AT R EE L oA R

25 P AT RABLE IS R G IR 10 e BIE BN A T RS o P 250 KO ik FE e AL s 2 Ak
JERARMLLAE, PO H BDCRTRIE . R, B FaRfESs, M- BRI P B U0 AH N N
A 2770 B R A 2

4, ER57L
4.1.F 5 Al EERXBREMERS KRG RN

F 5 Al EHHREHKE A GR EER T, 8. RS ESEHFRSAESWIREL4], ik
WA K A AR e UK A 45 e R R IR e 2 A8 i AR (i & 0K A BT 6 AR TR, 5 T b a3
P INE, AT BRI 7R A, R A I FEAE SR B2 25%. pH A 5 I &AE T 70 iRt F 5 Al 5
HEA 6. 8. 12 ZIRRAR LKW AR R, EAFF 5 Al EHWAET, SN EBERESE F5 Al

Rapid mixing Slow mixing Filtration
and adjust pH

Aluminum NaOH
salts E
o g Settling
_— » »
HE S H+F /-E J

Precipi i
Solution recipitate

|
% 4
Cryolite powder

Dry at 105°C

Aluminum
salts

Figure 1. Experimental process of fluoride removal by Cryolite Crystallization Method in this study
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FH LA N EET R, F 5 AL EH L 6. 8. 12 N Z MM E 05N 99.5%. 96.2% K% 93.7%, ik
m A £ 35 9 110.3%. 109.5%. 68.3%, HIULIFAITE FIAI =12 B, UKEAARIE R, &R NG
UK 2 B F 5 AL ZEHELN 6, 1124 FIAI> 6 I, SO &, 550 ME Lk SaE A A RN,
SEHEB LR, KEAER T,

AHFFEOK AR ZR T 100%88 i B 1R UK A7 1R 52 R T AT 90 LSRR D k-G i S 56 BT 75 04 i
WPE S RIEW, o pH ERAS, A ZEJRE pH EZE %0E(E 5 B, NaOH M & 28 id & Bk A Br s 1)
B R, B Sl BN TS A RN TR R PUE, A SR A AR SR TR
WAH. EM NaOH INTE R M AR R H AT REF=2E NaF. NaAlF,. NasAlsF4. NaySO, YliE -

4.2. pH {EXIBREZ HOR I

AW 7 LA BN TR 2 pH . 7 pH A 3~8 I, S % KT 98%, SoRfElk
XTI A pH BT T3 i s A R AP 253, L4535 Chen et al. [15]48 F AL 5 P =C
(Mineql+) il 45 AR . Y340, T#EH HYDRA/MEDUSA F&F#E— 4 1 i S Sk AT I AR AL S B 76
SATTETE, B 2 AR EAERAR Y 6 I, W RS SIS EE N AIR, - AIFF . AR,
7E pH N 3 ZJ5 AIFS Z A FRbb Z0& T b Fh,  oRTE pH 3~8 (2% 1F T 34145 5 7= A= K i A1 (NasAlFe) o

4.3. ¥IERE X BR MR AR

WIGE IR FE 22 500 SRS VR A AN BE . il 2 5 i B K5, BT T ARUK A 45 A R 2
AT S T P R BE 2 & R, RLASHIE 52 70 70l USRI ZE R 4 0.5% 1%, 5% % 25% 2 & i RAE
W FRLEA 6 pH N 5 RS T AT IR0, HBRHUSE . SR RURE WA 3 Fron. 45 B R LUK &
4 R T SR N A R 2R S AN R R FE IS A, B BRERATIA 90% LA I, HBE
FWIEFIREE PG, BRA ORI 2 38T, X ATRE2 N 1) SRR, WP RE 7. B8 ThE
YRS T IR BRGS0, A RSB AR BRI . 2) WA R BRI R I pH A, 24
VISR B s, WIRIAR T pH 8K, 5 Z % pH 2R MF pH =5 I, FiRINE L NaOH, it
T B & (44 36 5 3 1 OB SO S P01 NaF. NasAlgF)UTiE, I HE T BRI

AN E 3 5 Rl BRI IR EAE 0.5%~25%2 0K 5t A 45 S A FE & BUA UG, TI0H 2 BB AR
WRBEAT e T IO K AR e, TRIHASE FH UK A0 25 VR BB R A 5, P T I FOA B 2 7 25 R
REACIREE MR, DOREIIT & Z R KR .

4.4. FEIEERX R AR

2% Lee and co-workers [4] ()2 AR KK G BAHIT 5T 2 A7 2 AR R K, R RS2 P 25% HF 2
e, AR AR AR SOk 2 2 AR R K B0 (1 EL 34T R T, IR BRI 3 A 8.67% NHg. 0.08%
SiO,+ 11.9% HNO;. A FH AR SR 70 Bl IR RS . AR AR S LR, L3024 N FIAI=6. pH =5, H5C
B ah R AIRERES . MHIRES . SR AR S U K B T 2B %7008 97%. 99.2%. 98%, H
rh LR R PR 3 3R 99.2% %8

B A 1 G0 AR A 5 S BRI

4.5. HRUFIES AT

AHFFALE ] XRD 2047 % FF b 2 AR S5 44, FF5 NagAlFe bk B REHEAT LU, #E LA AR BHE 75 90K
f AR B4 AR F 5 AL SRR R EDEY 2 XRD o #r i, B R EIE FIAL Y 12
FIZAET, AR AAMNaHF) ™, KRR TARMAERE S, RS THEREEKTHEFIE,
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Figure 2. Effect of pH on the type-distribution diagram of Al-F
coordination complex ([F] = 13.16 M, [AI**] = 2.19 M)
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Figure 3. Effect of initial fluoride concentration on fluoride re-
moval efficiency
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Figure 4. XRD analysis of precipitates at various Al and F ratios
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Table 1. The fluoride removal efficiency of each parameter

® 1 BERZHREHER

FIAI pH F IR (%) ik &I BRI (%)
6 5 25 R4 995
8 5 25 R4 96.2
12 5 25 R4 93.7
6 3 25 R4 98.2
6 4 25 R4 98.9
6 6 25 B 995
6 7 25 BiER 99.3
6 8 25 BiER 99.0
6 5 05 ik 94.4
6 5 1 iR 95.2
6 5 5 ik 98.0
6 5 25 ik v 97.0
6 5 25 R v 99.2
6 5 25 FAbE v 98.0
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Figure 5. SEM images of cryolite
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PRI BIIRGES T I SAR T R AE R A ST R AR, FITULJE S AN R 5, 3593 Tovk 45 i vk i A F)
ghky, JERE NaHF, ULE. 7348, T8 FIAL RUK A ER L H L 6 I (FSAI-6-5-30), IEERERK, RRE
BUERIVK S A 2518, BRI (NasAlsF 14) 77 AE (RGBSR FEANBH 55, DS G AS R 1A DK s A PRI B AR 25 1) o
T 2 L UK i A1 (NasAlgF 1) (77 42 N 5 3.1.715 Hh BT 2 s i B4 A e
VKR AT L ER RS P T 2 DR . RIR S BPIRUK S A, VIR UK S A 2R s I AR AT B
FORFRMGS BHIRD . FITFHiE; RORVKERA ZBRZ8 1~10 mm, & & N T B PR E
HIFE: BrRUKE A 2 7 F Tk 1.75~2.5, GRUFHIERAENE, Bl S RemAT A ZER[8]. AW FUHE H
SEM 438 T ARG 2 KA IR T LA . B 5 IUERAHIE 78 i & i 2 UK Al A T AR B 2 AR, 3

O,
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RAR KB /NT 1 pm, (H K2 A BB TS BB RIRORL, A RLAR KN AT A5 RN A TP 5 R 0K i A
JERIRUK S A

5. &

BT T Z W T LUK A 25 52 25 Bk R s ) & KA o SR Ie 45 AT e vk i A B F
5 AIZEELI 6 B, BRIUKER 99.5%5 4, HABEZIKSALEN, AR IK S A3 KT 100%iE
IR UK A BB TN TR pH B IR N2 (1) NaOH, 75885 & it & vk i A i i i e &
TR BN TS H AR S T OV GDTE . #H HYDRA/MEDUSA R AT T i BI4E pH 3 ZJ5 %
A AIFS RIS 5 LI N, SR 5 72 A UK A (NagAlFe): B AS [FI )46 JR0AR BE X R 9 2
R GERAFR GGG TR T, BRFECRZ 38T, oh, TURESME K AT A R 2 s,
Foeh R DU FRE 2 A 9880 (99.2%) B
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