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Abstract: Aiming at the problem of ultra-low fluorine discharge from alkaline high-fluorine wastewater produced by a rare earth
chemical plant, the technical scheme and condition optimization of fluorine removal was studied. The process scheme was
proposed, and an engineering design was carried out. The results showed that the calcium fluoride chemical precipitation
method was more suitable for removing fluoride from high-fluorine wastewater. The increase in the calcium-fluorine ratio helped
improve the effect of chemical precipitation. However, excessive CaCl, dosing (Ca:F>0.7) would lead to a sharp increase in
sludge production, while coagulation sedimentation was more suitable for further deep fluoride removal of low-fluorine
wastewater (<20 mg F/L). When the molar ratio of aluminum to fluorine was 13.5, and the initial pH was 6, the fluorine
concentration of the effluent could be stabilized at about 0.37 mg/L. The ultra-low discharge process plan for high-fluorine
wastewater was proposed, and the engineering design was carried out. The high-calcium acid wastewater produced by the
enterprise was used to pretreat the alkaline high-fluoride wastewater, and then the chemical precipitation-coagulation
precipitation coupling process was used to stabilize the fluorine concentration of the effluent, to meet the limiting value of the
emission standard of 1.5 mg/L below.
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it 42 J& JC R B RBR , TRHAR 5 A G O L F SRR 1T B
JHZ R T 2 A Tl AT, 3 E AU Fi £ B IR
B LRk AR O R 2 R A T A
WegErb G g B AL, W T R A R
O 7 A P AR I 2B A T % i R Ak
Yt A K M B FE 5000 ~ 20000 mg/L , #5 R
IEAAR B K 25 25 Hb 3 7K B b T A e v A Y 7
T Yy L R R R S A W DL R N R AR Rk,
I R A8 1 A B A 1 R K SRHE TSObR v, B L
TP AT M o B CHE A R (B 10 mg/L, 2 J5 BEAR 2
8 mg/L"7 i #E 2020 4E LLJ5 , db a0 | 36 18 45 3tb 3 7 b
Y Y JCHE R BR (5 B 2 IR & 1.5 mg/L™Y | S EUB IR e
JE A AR HERC T oA Pt

H A, K BRI AR 323 b it de ik IR
PUEIL B HTIE T AL Hok kSR TR Ik A
PETRTER 2 FHAR B AR U AR R I BGE & 0 T m ik
JE S B K M AL BRSO R RS R R SR DT R R
e IS MR A A B B T A R K RO B SR AR B
ik F] 8. 18 mg/L, A7 S PR H H, i F 242 i & 7 1
PSSR BRI A S ) 5 R S R K R B
HAEREARE] 10~20 mg/L, A T ik B & 09 S HEBObR
T 3 T A G 3 T AR R 7K A B TR B O U B
R BE W BV R A B A A S 1.5 mg/L 1Y
SCHE bR A R 3 2 W B 550 58 M A% R, HL
FEAE W 500 7 AR AR e e sl oS A 2R TR BEDT
VE AR AR O T B ELOEH AR RIR EBER R
BEDTTE AL 3 0 K GO B AR T 10 mg/L ™ (A2 H
AX — AR BER LB T 1.5 mg/L A G HE RS 5%
Bl = AH SR

LR B Al T 77 2 v U K, 200G A2 Y Ml i
KL B A8 R RS HE O B < 1.5 mg/L, %K
K Ak BHAE BE O, Kb BEBAS R BE X IHOME T, SR T T Ak
SUTE TR BEVTVE W I 09 J7 s, % 58 T B (] Jn
2y i pH (B 55 R R X BR BUBCR (52w, 4387 1 3 R AR
FABL 42 7 S A HE I 120 7 28 S m R R i
2, LAY R b 2 0 — R 0 V€ B AR A v B SRR K ik
B 52 B oy FH B2 B AR S e
1 #R5RFE
1.1 A REKRBEFRA LR R

SR KB L AR F AR Ak T, 43 ) Dk e 1 K

il

Mtk K, HSE PR HE R B 20 0 321, K B &0 4
TR, R LABR T, al 58 o0 MR P J% K
() Ca T 5 2% BRI B 7K H A 3 20 98, o845 102 K IRk
JE M 12000 mg/L LA | AR 2 25 900 mg/L, Z J5 i it
B OHL(TDL-5-A, [g 22t B2z UG ) 70 8 K bR s
Je S BNE W, pH 2000 12, Z J5 R AL A UUTE 1 7
TR BEVTIE A 5 2 — 22 B AR
F1 I lEKKRER
Table 1 Characteristic of the rare earth industrial

wastewater mg/L

#ZFE p(Ca0) p(Cl7) p(F) p(SOT ) p(Mg0) p(OH™)
MY K 53215 80956 2.87 1339 450 —
Bl P 1% 7K — 1703 12477 2943 — 0.17

1.2 £%7*

A UUVE - B 5 PR 3R 52 30 WF 53 40 Bk A 1) (0 ~
240 min) \Ca® 5 F~ I BEIR MR LA [ iC M 85 9 e, B
c(Ca®) :e(F )N 0.4~0.9] Whf pH(7~12) Xk
TUTEBR FRCR A2, £F 100 mL JE/K 0 CaCl,
JEAE R [ 48 P B 18] 5 96 E RN ) B pH AR AT B GRS
B, JF R B R S0 I B — N R e AR R i
FE N ERINME . pH A 10 HEFEEF R A 30 min F5 5 LA
0.7, X W 45 W J5 # & U0 %E 60 min, B [ ¥ W L
0.45 pm A 00 o SRS R

TREEUTTE DA DT Te b FES A9 HoK 38 3 250 bl
(TDL-5-A, g2 s= R4S ) ) 40 8 KR VA S 1F
SHREETTE MK . B ETERILS pH b 6,A 5 F Y
JEE IR B A [ iE AR R EL, B ¢ (A" ) te(F7) 1 18
(41T ,7E 100 mL JEK 1 80n AL, (S0,),-18H,0,
TF 5T TR BEIST 1] (0 ~ 240 min ) % VR 5 T VE I3 08505 19
SR 5 205 TR VR BEREFE I [R] 2 30 min, #] 45 pH h 5~
6.5 FRAILA 12~ 18 WA T IRV s pH 5 55 9
B X6 TS ¥ 0 U o3k S0 SR B4 B i 5 R IO 485 SRS R DO
BE 60 min, B3 T 0. 45 pom BRI G0
1.3 ATREKANFHELTH

A2 DUTE 1 BIR TH 53 . W 46 SO B2 780 mg/L,
FER A% E T 0.4.0.5.0.6.0.7.0.8.0.9,6 E:
FE, 016 pH h 10, MR h 25 C; W14 pH WE T 7,
8.9.10,11,12,6 MK B F5H Ly 0.7, IR FEH
25 C ;¥ ik 2 g1 80 i A 214k 2250 Minteq H, X
FTEVA W T I AEAE I S AT BB AL 4 7 JF 31 58 CaF,
B4 1k 7 AT $8 £ ( saturation index, ST)

TR BE UOVE MBS 1 L YR B T U 2 K 1) 90 i R U
JEHR 15 me/L AR LR E T 9,12 ,13.5.15.16. 5,
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BT 5556.6.57.7.5,6 1M MR 18,1E
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1.4 5MF&

J3 7K v R S A RS % 8 R AR PF-2-01
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FE TR ) 5, BEFE RS MS-M-S10( Hh [E KT |, R
J5 7R B DT TE R ] SmartLab-3KW B X 5 28 17 55 %
(XRD, H A Rigaku Corporation ) Il izt 9 #H £H 1. ; % JH
JSM-6700F 4944 H1. 45 ( SEM, H A< JEOL ) £ Wl 37T ¥ 7=
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2 H#RE5W®R
2.1 CaF, 3R k& HEAL

BR AR TR Bt 49 I I () A8 A0 25 SR an & 1a I
AL B TR R AT 5 A U TR 3% o R AIG, R 2
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30 mg/L, LA 75 R 2 U LA R A B8 L B 1 A ]
N30 min BN AAE, X 5 R 05T 45 R — 8
CaF, 1Y ST 2352 W12 f 1A% 14 15 A% 80 238 Rl AR 4 1k 2 I
R HL ST AR, A A% R LR A K R R
TE S IT B i AR & v caF, %) 8h SI M 5. 419, CaF,
s AR B AN A A At R E T R I b 2 R AE R
FFER )G 2 min ST EE [ K % 2. 916, 1 30 min J5 ,
Z CaF, [ SI AR ZE 2. 498, 5 50 7 3 F AT, R
T TR DR T R AT AR o A A EL SR T R
JE A A 0TS 0 T, A S B DA — 2P
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0 R EE X IR RURICSR B i A 1 b TR, Rl
B A T R I A 9 L ) 8 AR ARG, 5 SR EE R 0. 4
I R AN TR B B SEBRAE A 212 mg/L, 45 5 TH s 2=
907 W A TR R 16 mg/L, 2445 4 L 4k 2L T
T B A R B M BT R B RS R K I B
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R B S 5 B (S A R R g, 3 0 AT LA
B T T 5 A A R B HL R, A A Rk R S
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Figure 1  Effect of reaction time, calcium to fluoride ratio, and initial

pH on removal of fluorine through chemical precipitation, and

XRD patterns of the solid products
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F ARG pH A 7~11 B FRA T E N 16~18 mg/L,
T %255 WG Minteq BT B 51 ME#HF pH M 7
FhE ] 115, R A HUN ELS (U0 B A8 Ak, S
HESEBRAEARZY 12 me/L, It pH JE/IN, CaF, #114H SI
Hh4.773~4.778 W14k SIKEHE pH T+ (U0 LT %,
XA RE A pH AR b X B T W S i R A
HR F1th pH LT3 12 B 3R A TEE £ 20 mg/L,
BEI 9 OH W FE A , OH Al B384 Ca™ 1'% 2
UMY Ca( OH) , 1% 0t Bt 5 46 A= 1% CaF, UKL
R P CaF, bR S R AR AR HE LR
K, I H pH ik K&l CaF, B RS RSB
AR AR R BT 5 ZE SO W) Ca(OH) , RIS it i
BB L FAE R, 80 i pH > 11 B A B 96 sk R

25 1 A A AR e 4 2 O TR R A
i IE] R 30 min, #14G pH R 10, 8558 R 0. 7, 1E A1k
SEUTVE I foc A 25 1, IR 20 5 3% 4 S B8 vl AR
L F <20 mg/L,

b2 U UE o B2 v AR B R DT E P o 8 g B UL
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AT LAWSCEE S SR AT 5 5 AR AR AR Sk s i 550 T AR
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2.2 48R ILIR R SRR

B A% S T TG R I ) A5 Ak A &5 R & 2a i
AN o ATHT TR R U R AR TV TR BE 2 min ST, AR
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WHEIRATEE BIREL 1.1 mg/L, REEF A" £
KRR A AL(OH ), th 2 AR i 368 4% & W,
AL(OH) , Xt Y F~ LB SR 285 5 W AT B W
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o TR ARt 2 3 e R R B S BR — 4 B
W B 32 3 R 14 B T BBk 1 O o P A6 s I P Sy A 5
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Figure 2 Effects of coagulation reaction time, aluminum-fluorine ratio,

and initial pH on the defluoridation effect and the existing forms of Al**
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pH & 8 Wi AP 76K o B9 77 T 502, RS
[AL(OH), ™ A HH & B IE gt e W B 47 A7 11
HLfAT B, 2 B R OB s T pH B, [ AL(OH), 1"
W[ AL(OH), ] £  [FE, 0H 5 F[H R &
T, HAERAGE &5 F 5 4 W B2 05 2 B AR T B
AR, P TR B R AR R 2 pH I R R
i 3 B9 pH A BTS2 B LB

TEARFE W 4R pH T B UL B TS A B T AR A R
W RE BRI (DL 2b) . ZERI LR pH {E N 6 B 245 95
Fooh 12 B R AT T 2. 25 me/L; AR HL T
2 13.5 B, 5% A S B AR S 0. 372 mg/L, 1 2 HE
WCELR AR SRR AR TR LA 15 ~ 18 B R A S E N
0.299 ~ 0.464 mg/L, B AL R WA W& %25 57
(P>0.05) . HE45HR (K 2d) 8w, B8R/ LTt
i, RARER [ AL(OH) 17 i Lb B Wi 7t i, A 73% Tt

HCI

= 2l 85% , MR R AR H [ AL(OH ), ] 5 L i s b
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Figure 3 Process flow of fluoride removal from wastewater
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e TE T2 bl e 7 2 AN 3R S A W 48 S8 B 2 N 4%
PR &%, B Sk das HORE 24 | 8k e 24 70 3o o 9
DR B AR 5 3) A2 DOTE AL BR3P vt
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Ief T 5 1 F 0 86 A1 T90 06 ot 440 SR04 1) o e e R ) B
BT J5 Sz i AL B 5 4 ) 3 5 7E 2R AR RN A
Sk, LB S A Bhia AT, b R E S TAE
W TAE RS BEAR A ) BUA

TN T K= GRS, FRET TE TR
i1, AL BE AL AL 8000 m*/d, H:rh K [8] FH 4G PR K

5500 m*/d, #hHEZK B 2500 m’/d, ¥ 180 K Bt g % it
7 LT A 3400 m®, A8 SR 4 2 0 AR TR 25 48 (9
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BAT T /NI SR A 0 S BT T B UE AL —
AL AL A2 DT TE I pH T 4R 8. 5, 85 5K
% & 0. 683, IR EEML pH fHEFEHI N 6.7, B I
FEI Ry 14, 62,55 L F AR 96 L AR 418 78 48 98 % s B
PRI ] AR 42 ] K SRR 0. 6~1.0 mg/L, £
TEIR BN E HER bR v, 1% T 2 EEIE AR R 25 7 4
i 32% CaCl, ¥ R ER IR B 55 , 28 W 20 AL il
KRN BAL) 18.5 70, 255 F B 257 N1 (2% 15
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AR AHIF 5 2R ) T2 5 28 0T DA AR - 1 S B 9
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TE 5 S50 b T AR 1) 2 Ml 592 B 25 570 A S
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3 &% it

1) SR DA R P27 ) FH I M w8 465 15 /K 19 A 34
P R K Z )G A= UOE IR B DI A A& T 24
B e VIR B B SR K, AT L VR B AL 10000 mg/ L R
KB <1.5 mg/L, 35 2 B AR HE Y 2K

2) AL UUVE TR B35 A i SRR K A 3 1 45
i L RE A% 02 30 % A SO B 0 T B R, Ca(OH) , 1Y
TR R PE I CalF, 1V i T 4087 10 15 bR U8R 2 BB
il 2 BB CaCl, 4502 fifi v5 ¢ 7 & 38, Bt 7 %
R AR 1 LA b 6T A ek 2
JEIU /N3 v Ak 2 U0 VE I IR AR AR R Sl RO R )
30 min, ®14f pH 10, 55 kb 0. 7, b B 4% 4% v B )
DI 23 <20 mg/L,

3) VR BEDLIE L T 3E S IR BUE K A3, B1 R pH
IR 6 EE 2 B2 ) R S SCR I L R, W iR pH o 6
B f8 B I {5 % R B T B /N v o 3 2%
g R EERTE] 30 min, ®1 4R pH 6,439 LL 13. 5, ILET
KRR FE T K F 25 0. 37 mg/ L,

4) 4RI T FUE K EATHE B R e JF R T T2
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