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Engineering Application of Fractionation Pretreatment and Advanced
Treatment for Fluoride-containing Wastewater in Coal Chemical Industry
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Abstract: A large-scale coal chemical enterprise located in eastern Henan Province is situated in
a high-fluoride groundwater area, where some of the production wastewater contains high fluoride
concentrations. The region is part of the Huaihe River basin and has stringent environmental protection
requirements. To address different fluoride concentrations in wastewater, the enterprise adopts
fractionation pretreatment methods. The fluoride concentration in coal gasification ash wastewater is
relatively high at 30-45 mg/L. It is treated using a two-step coagulation—precipitation process with
calcium salt and defluorinating agents, resulting in an effluent fluoride concentration less than 3 mg/L,
which is then subjected to subsequent treatment processes. The fluoride concentration in circulating water
discharge ranges from 3 mg/L. to 5 mg/L, and it is treated using coagulation—flocculation and sand
filtration processes, achieving an effluent fluoride concentration less than 1.5 mg/L, which enters the
subsequent treatment section. The aforementioned wastewater, together with other wastewater, undergoes
advanced treatment using an activated alumina adsorption tank, resulting in an effluent fluoride
concentration less than 1 mg/L. After more than four years of operation, the average monthly fluoride
concentration at the total discharge outlet ranges from 0.49 mg/L to 1.07 mg/L (with a total mean value of

0.83 mg/L). The defluorination facilities operate steadily and meet the environmental requirements.
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] g R TR T All 2™ S A 5 4 7 50
10"t HEE  20x10% e — H ik L 40x 10" ¢ [ iR S 40x10° t
O AR SRR R RAE . %
Ml A T VT 3 iR VT 7K R I T DX, S b R K
X, BALY AL /N AREOR ™ (OMEK 34k
Pk AL 1 mg/L) o R pR S HEE K AL P
o T B, i oo o ke AR AN ) 28 AL % K
SR AL P v B, SR FH - GOREE DO TE A F + b uE ik
TP B, 155 [R5 3 e Eh K IR A 104 T IR B Ak R
FE A3, S KGR BRHERL
1 FHRE KT

AR = A AR B 2 R R T A (DS
fRAE =il B 2 A AL R P
WHG TRy B T 200 R A 6 LS, A2 7™
JE KA 30 ~ 45 mg/L; QA A A H 2
A PR AEI ARG K AR N 3 ~ 5 me/L; B
T B WAL K B ALY BE 2 H 6 me/L. T PIIIA
PSR HEK S BB WK A ALY R 3
mg/L LR o Btk KK BRI K & 0L 1

F1 it HokokEAnkE
Tab.1 Design influent and effluent quality and
quantity
e &ﬁ*%/ Emﬁ/ mmﬁ/
(m*-h™) (mg-L™") (mg-L™")
AR 300 30~ 45 <3
PTG K 350 3~5 <15
FB B K 30 6 6
SR 700 <3 S|

At B 38UV BB AN R 1Y BR UK 29 300 m/h, #E %
Ak 55— JAE SBR T 205 7K Ak Uik b B AR 4 6 i
WEm A5 K K B HI{E : COD 24 335 mg/L . BOD, A
94 mg/L A N 9. 21 mg/L. B A N 227 mg/L. Ffk
YoM 1. 73 mg/L.SS N 531 mg/L; 7KK FiH{E : COD
21 mg/L. . BOD, } 4. 5 mg/L R & N 4. 49 mg/L &
AN 16 mg/L ALY H 1. 37 mg/L..SS A 131 mg/L.
15 KA 3 A Y A T X5 K b B (5
FTHEI A 1. 5x10* m’/d, AL T2 A /K i BR Ak + CASS+
TV ) HE— PR S, — B (4 Z2 2 100 m'/h, B
=24 200 m*/h) [B] H] iz AL T Al v 207K (el HI7K
JFi: COD N 12 ~ 17 mg/L. . BOD; 4 2.7 ~ 3.9 mg/L . 4,
A N0.24~0.29 mg/L A NS 3~9. 1 mg/L i fk
¥°40.95~0.98 mg/L..SS N 7 ~ 10 mg/L, AN 2%

IHETG KK BT B ) L 4% AR AR HERL
2 ILELBRFRFAE

o S K AL 3y s A AR T W B
BT AR R A BRSO TR R B R
JEIK (F>20 mg/L) , — R I 2 0 0E 2 , BRI 5
ER B, RS B 5 U AR O AS DUE 2%
BR ALY o X T I v B 9% K (F7<20 mg/L) ,
— PR PR BT s, RIBE 40 Fh IR S50, A AR
1| R o N R i G N A e Rl Qi
KA H AR T U R SR YT ITTE | LA 2 R R
9 H B9 DURETE IR o b BTy AR R
4f ARAEAE AR RS B U TR 2212
SR o R B R R 5 K b T Y
1188 ¥ A sl SR AL~ S, T 23 BR Ak . 1%
T B HRAE TR, Ak BTG MR 32 5 U K RCR T L 3
W RS0 2 i B 4, 5 B B PR A b R
JH P 53 SR MR o 5] = A T M AT R A TS
FRILWE A S . AE—ESRIETT IR B R S AR
TR EE WA o Al A XA [] 5 8052 7K 1 ik 3 v
JE R AN [ (1 b B 7 vk | Se AT 43 BT AL 2R PR
BHATIREEAL I . & HUE A T2 W 1,

SUALAS, BB PAM  BRER4E. PAM
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Fig.1 Process flow chart of fluoride-containing

wastewater treatment in coal chemical industry

RKTHFA TR RGN R A IRIE A 2, B
AR HRBEIUIE . o AR A SE AL T K A B
IK AR E ] 2 ~ 5 mg/L, ANRETH 2 FP R ZR B
Hby DX R 2 5 5K OT A SED X oK AT IR BEDTTE AL
B OSBRI AR R (EEIB AT 2 AR
2.1 HBSUEX

MR K R T v vk B2 35 UK, DUR AL 27
DUGERARHE, K <3 mg/Lo WL ALZEDTREAM
AT, TSRS A BIS R R L 2 8 mg/L, AL
W 5% B2 T B — AT 15 ~ 20 mg/L, i BRI 4
P50 BEAT IR BRSSOV, PRAUE 7K F7<3 mg/Lo
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G S (345 ) 5 A HETTHEFE N, 76 BN it
rh B B0 BB (R B IR 5 pHL, JE B £ 22 B R
(PAM) & , A — T3 647 B o 85 . 4ead—
WULTE I AR K IE A G0 003t (3 4% ), miy Be 4% i
% 9807 (R R 4R B i 1 200 mg/L, pH #1767 A2
A BEATHEFE RO, 5 B PAM Ji5 2 A G BT TE
AT A 5 KA Al V5 7K A B A7 A
fEAb B K R FR AL +SBR) , FE A B HEZK 19 AL P
JEANR R G AN, —RUIVE M R DTTE M SR
ek B 15 e W it vk 4n , PRl 15 e 5 % S IR
KL, TG VP58 2.5 vd, & KR 2 80%, i 7K 15 e
HMB A

FERY Y ST S5

@ A 1R b R AN A VR R T 45 L K
TR BTN 2 h, A R 600 m

Q@ GO BT 54, 1 HE 3 A%, ER IR
AT, TAS RN 3 A% K N i L, BT 0. 6 m/
min, 28 FHET L PUBEERERS s SO0 A 9 min;
HRER R 45 m*,

@ —GUTTE: 1|, BB B 454, X
B (USRI ) 4 8.5 mx10. 6 m.,

@ G AR B B AR L 1 AR 34K, R IR
AT, LA A 3R /K I Tk 1, EFHRE R 0. 6 m/
min, 2 4% L HE Y, NI FERS s KBS ] 9 ming
BB 45 m’,

& GUTTE L BB A5, 1 8,
HAAEXE (e EE) A 4.2 mx9. 0 m,

2.2 fEIRHESK

AL & A B S 2 AR PR R A B
15 7K R AR AN i AR R AT A X R R .
B UE A A B G A v K, HL o b T
UK B TSR . R K% R RR AR N
BR R, AR RN S TR R, BARR
TR HLRE ZGRE K (HAL PO A H A E | A
/N J5lereE b, HIL, PRI+ A
T2, vl B G A H S H K 5L P03k 3 1.5 me/L
[

15 K S ALK FE AT ML, AT Tt B Ry R
X, Je B il DX, B SR (B R 4, 4% 4 ok 120
mg/L, pH ¥ 7E 7 2247 ) AN X5 1 4%, 22585
TR DX 55 3 4%, 2R8I I 22 T LBz M X 4 T
WV 43 5, T VR I TR R BV K X, b

UE R GEALFR, ORAIE T A S Ak A I R 1) e 3 <1
NTU , i G M AR 15 3 R B BRI, DU
FEARIEPE AL H vy . RIF R EREX SR
T, WG PR ik B IR UOKAL, G R E A
0.5 t/d, T KR 2H 80% , i AKT5 I APz ab &

FEAY Y ST 2

O SIPRE WS, 25, pERIH
FBL 175 m/h; R PO 208 AT W S0K B
H30%, e =R A% 32 H 5 SOy DX 45 B2 I ] 2 40
min; NI ROT (R X B X 5 ) 24 8.5 mx3. 5 mx4. 0
m; IR R T A AT 34 3. 3 mY (m’+h) s SFEH
ST (K xFEx =) R 15. 0 mx3. 5 mx3. 0 m; BLEHFS
HE PR R, HAAXE N 1.2 mx5.0m, JE J1°50. 35
MPa,

@  WhUEEE. RN LR, 3L 10 G, B et
FIRE R 40 m¥/h; FLARXE N 2. 6 mx6. 7 m. T 5
T, B IEE 7. 5 m/h; BE N A BB CRIAR R 16~
32 mm BIATHYZ 0.5 m )& RLAR A 1~2 mm 7 Je i) 2
m) s NER WK ELS, R T75 m/h, N
200 kPa, )3 K 7.5 kW 3 2R FHRDURHE th K247 52 o
Ve, PR EIZ) R 5 d, ks E] R 8~10 min, 5
PRAS B2 B 1] 24 40 min.

2.3 BHEK

SHEZK AL T FI AR O HE AT T0AL B SR % K
(F<3 mg/L) JE¥RHETG K (F<1. 5 mg/L) LA K 2 B35
Weh K (F 2978 6 mg/L) 55 , 4 Fl ik A B HE K B Ak
FRIE AU, IR A5 K o F<3 mg/L, 2R FH G kA AL B
W BAF R 8L T 25, 2% B AR FREE 1o 700 mP/h, H7K Fr<1
mg/L, T JE AR ER . R K St B R
AFR S HEA T N T5 KA B, A7 A A AR B 35 R
R A 300 m/h, B AR B T2 K f# R AL+ = K 2
SBR, A i A7 o MR 50 WO I i 4, TR K BT
fH : COD 2}y 1 114 mg/L., BOD, Jy 545 mg/L. & & N
26.3 mg/L. G ALY N 0. 149 mg/L T ALY N 2. 93
mg/L.SS K 51 mg/L; Hi 7KK BT H4H : COD 4 27 mg/L.,
BOD, 4y 12.7 mg/L. Z A} 0. 57 mg/L. F ALY Ny
0. 062 mg/L 5 ALY N 2. 57 mg/L..SS K 67 mg/L.,
b Ab B 4R K HE N EHE K TR A B R G adE— 2 B AR
ALY, SRR HEL

BN A AL BRI BRERE 10 45, B A9 B IS 2544, 9
BRIAZ 3 mm JEE 1.5 m AR PEA AL, FAE T
P 1k BAEIEITHEUE R 80 m¥/h, R (AR ) N

+ 105 -



%415 F16H

OE 4 K HE oK

www. cnww1985. com

4 mx6 m, JEH N 6. 4 m/h, K MR ] B T TE] 48 he

T PR AR A ORIk 2L B R, B
K R TH R, S PP T, 76 b v SR M s
BB F A % A RO B e R . TR PR E
B FH — B Ao [ i W o e ) 7 2% |, 5 3 A B TR 40
WATFA . PR R 2~3 d, BB AN FAE 7  vk
FEHN 3% , 21 4~6 h, 732161 2 h RS 15 min (Rt —
A5 I AE 15 m*/min, JE J7 28 0. 06 MPa) , { 4= 1 il
T SR 78 0 TR G 4 e, 122 0 45 oIS o P A
AR R0, R R DRCK T 8% B B R AT R ek, R
A K pH 2 e HEZS 25 ROk HE = AR
P o PR S RS A K AR
PETHIEIE AT WK K AR AR K Ak 2R
A4 (/KM 1 840 m*/d, F~k 350 mg/L) , R ZK 3 /)N,
AN R REAGE AK B I™ A5 o 7K 35 e (O i
0.2 Ud, F KRN 80%) 5 HoAh 15 )8 —RIAL B .
3 SEFRRIEATHR

2018 4 6 H—20194F 10 H , iz b S s #1453
ERFEE RTBITES
3.1 BERWEK

250 Wb PR R G HEIK FR 25, 1~45. 9 mg/L,
JKFH0.7~3.3 mg/L, KBRFEN 92. 3% , LA 2 1%
THER
3.2 fRIAHEISK

2T A B R GE K F-l 3. 2~4. 8 mg/L, HiuK
F 4 0.8~1.5 mg/L, X Bk RN 66.7%, i & &% it
3.3 EHEk

TEEVHE B2 38 5 e Y A 3l e 2 Wi &
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Fig.2 Monthly average value of online monitoring

fluoride in the entire output at total outfall
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BfT9 .

® AP AL FRAE PR HE TS K ) OB R I AR
A, YRR MR BN, MR RER S
FELR b ZURTCTE FIFIF T 00 20 1 %
KM, AR R I BT R M, YRR

+ 106 -



www. cnww1985. com X1

ek MR T A R K o T TRAL B2 IR B AL P AR R,

%415 %16 #

1 R, 23 AR T B ) 22 A o 15 O
AT s SO R o IR B R B AR I 7 2
m*/h ZE 4 .

© [k H DA IE FE R R Yk K T R 4L K
A 2 AR K Tt pH AR IR 1 B0, T LA 7 22
s A 15 42 K L H K pH A 6~9 , DUAIE S IF AL BE
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K P AL A T B B B2y 1 000 5 TG, 38 1T 2
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