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Study on two-stage treatment of fluoride in coking concentrated brine with

CaCl,+defluorination agent
ZHANG Liping, YAO Ruihan, ZHAO Xiaoxi, CUI Xingjian, DUAN Mengnan,
WANG Lifang, CHEN lJiale, MA Zeyu
(School of Chemical & Environmental Engineering, China University of Mining & Technology-Beijing, Beijing 100083, China)

Abstract: Due to the high background fluoride content in part of China's Inner Mongolia, Shaanxi, Shanxi and other high-fluorine regions,
the concentrated brine with high concentrations of fluoride ions was produced after membrane treatment of coking industry wastewater us-
ing coal as raw material. Crystallization and salt separation of brine salt is a necessary method to achieve "zero emission", but the excess-
ive fluoride concentration can have adverse effects on the treatment of concentrated brine. In order to reduce the corrosion of evaporator
caused by high concentration of fluoride ions in concentrated brine and its impact on the purity of salt separation, this paper took concen-
trated brine from a coking enterprise in Hebei, discussed the effects of co-existing ions SO3 , NO; and CI” on defluorination agents based
on the water quality characteristics of concentrated brine and the defluorination agent developed by our research group. Meanwhile, SEM
and EDS were used to characterize the defluorination agents and treated flocs, and the mechanism of defluorination was analyzed. The de-
fluorination effect of one stage treatment process with CaCl,, PAC and defluorination agent was compared. The combined process of CaCl,

and defluorination agent applied in the actual concentrated brine was designed and optimized, then analyzed the economic costs of differ-
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ent treatment schemes. The results showed that the influence order of the three co-existing ions on the effect of defluorination agent was

SO >NO;>CIl". SEM and EDS analysis indicated that F element was uniformly distributed in the floc and could be efficiently removed

through the surface adsorption, surface complexation, and surface hydroxyl exchange mechanism. One stage treatment process with deflu-

orination agent was better than the effect of CaCl, or PAC, when the dosage of defluorination agent was 8 g/L, the removal rate reaches

92.3%. The combined process of CaCl, and defluorination agent could reduce the concentration of fluoride ions from 238.27 mg/L to less

than 10 mg/L. The combination cost of CaCl, dosage of 6 g/L and fluoride removal agent dosage of 2 g/L was the lowest, which was 14.03

yuan per ton of coking concentrated brine. The two-stage defluorination process with CaCl,+defluorination agent can economically and ef-

ficiently remove high concentration fluoride ions from coking concentrated brine which can provide a technical reference for zero dis-

charge of wastewater in the coking industry.

Key words: defluorination agent; coexisting ion; two-stage defluorination; coking wastewater concentrated brine; wastewater treatment
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Table 1 Water quality of coking brine
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Fig.1 Effect of CI concentration on defluorination
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Fig.2 Effect of NOj; concentration on defluorination
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Fig.3 Effect of SOF concentration on defluorination
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Fig.4 SEM diagram of defluorination agent
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Fig.5 EDS comparison before and after defluorination
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Fig.6 Effect of CaCl, dosage on defluorination
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Fig.8 Effect of defluorination agent dosage on fluoride removal

P 8 iR g 45 SRR B, BRI B 2 o/L 4%

F 8 /L, AbIHJE 1 TE VT A IR R SR S
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Fig.9 Effect of n(Ca>")/n(F") molar ratio on fluoride removal

M4 7 B 5L Ca¥+2F =CaF,, B it I
n(Ca™")/n(F)=0.5, CaCl, #% ¥ i n(Ca™")/n(F") i,
Pk F Y 10 min, PTHE 90 min &, FUES TR E
W) th 238.27 mg/L f& & 93.8 mg/L, = [ R AL K
60.63%; K n(Ca®")/n(F)=2 I, K FL5 15 T4
B TR E 36.93 mg/L, EERRILF] 84.5%;
W% n(Ca™")/n(F") BILRSERIIN, 88 T 2R LT
2%, 4 p(Ca®y/n(F )=6 I, BIGALESHOE Jy 8.35 g/L
Bf, Ab B T VR R R VR Bl 27.06 mg/L, £
FRRh 88.64% BR ACRIR A W, His 2l gn %
n(Ca*")/n(F") $hnGa A4S .
242 BRBAFE T

MR 2.4.1 FTIRIGLE R, $ n(Ca®")n(F)=2 BEhm
CaCl,, # B 1 Fi 8 e BF M\ 238.27 mg/L [ & 36.93
mg/L. WU FI 400 mL, 43 31400 50, 100, 150,
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Fig.10 Effect of defluorination agent dosage on

fluoride removal
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Table 2 Fluoride removal effects of five design schemes

s ’%jt%%%‘ﬁﬁﬁ : A &%ﬁ%ﬁ%ﬂﬁfﬁﬁﬁi i Pl 4R %(zqu/ T
CaCLEME/(g L")  PAMEUINE/(mg L")  BREZFIENE/ (L") PAMEINE/(mg-L ™) (mg'L™)
E S 2 1 4 1.28 4.03 98.31
HE 4 2 3 0.96 3.07 98.71
HRE= 6 3 2 0.64 6.95 97.08
WES L 8 4 1.5 0.48 6.43 97.30
E SN 10 5 125 0.40 4.53 98.10
3 SHBREFREFHARSH
Table 3 Economic cost analysis of five fluorine removal schemes
S CaCLA e/ CaClLJ§ A~/ BRI/ BRI 5 A/ PAME i/ PAMS AR/ 2550 B A/
(tm?) (Ot-m>) (tm”) Otm>) (tm™) Otm?) Ot-m™)
E S 0.002 2 0.004 00 16 2.28x10°° 0.02 18.02
TR- 0.004 4 0.003 00 12 2.96x10°° 0.02 16.02
TR= 0.006 6 0.002 00 8 3.64x10°7° 0.03 14.03
S| 0.008 8 0.001 50 6 4.48x10°° 0.04 14.04
FEH 0.010 10 0.00125 5 5.40x10°° 0.04 15.04

X 5 Ao 2y FLE AR, 15 % = CaCl, #
Jint 6 g/L MBRFR LGB 2.0 g/L B4 2555 5 AR
A, AbPREEm A EL K R 14.03 JE,

3 & it

1) AR R A B U A5 0F F, MBS T CUAINO;S,

SO e [ 960 24 751 B4 52 i 5 o A 8, Y = b Uk
IR B HE = KT, #0523 % B 924 7] 25 B Ak 0 ) g
FIPEHRE o 3 S 5% 5% TR ZY 75 B TN 1 5 i
K/NF R SO >NO;>Cl
2)id 3t SEM 43 HrFl EDS 43472 F A i 3 B3
SN A T RS R REACHR IS L R
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#HEHMFHAK

%51 %

3)—BlR g h, CaCl, #%h 10 g/L i), %
B TR N 39.91 mg/L, PR AR HA
e 221015 pH {H; PAC B 10 g/L B, Fl 42982
F i R 20.62 mg/L, 75 0.1 mol/L NaOH ¥
JKFE pHAE IR 2 6.5, P2 A M EHATIE B 2, HIR
MEVTRE; BRI FI BN iR 8 /L B, A RS I
IR R 18.35 mg/L, A IR TE iR, Bk
(RDTRE I BE AT

4) CaCl,+5 98024 77 () 19 B I 9]0 T 25 b B A b ik
£hIK, DL Ca/F BEIR LA 2 £l CaCl, BRI FI
HON 1 g/L B, BT R B2 R 9.86 mg/L; it
P Z PR AR ER K 1 U R MR & 10
mg/L LA, ZAT I 7K A 4k B 24 5] ) A m] i 5 %8 = R
CaCl, Bt 6 g/L FBRFLG RN 2 g/L 1A
I, A PRAEME AR AL ER K Ol 14.03 JT.
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