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Tab. 2 Response surface design and results
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Fig.1 Effect of lime dosage and pH value on F~ concentration in effluent
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Fig.5 Effect of temperature and pH value on F concentration in effluent

25 AXRBMERMENPETL
A RS, LASE R BRE AR S B A ST A IR SRR SR I A Y AR R S g A HE AT FE A3 HOR I A

KNGS fh i CaF, #REREWE R F o WIFE - SR 28 T AR 48 W0 k15 7 B2 A 5 B2 X (3) ~ (8). 24 3/ Langmuir
W i 25 R 2, A T R (9) . 24 B AE Freundlich W B 4538 2CHY . B AR (10).

My Fmy +my, =m, (3

My =My T My, s 4

Moy =M e X 5, (5

moy, —[KSWCHFZ/(C/N 000)* —m ., /(56 X 0.5)] X 0.5 X 56, (6)
My, =my X 78/56, 7

q=[(Cy—C) X0.5—m,, X1000x38/78]/m, €D
q=kCq, /(1+EC), €D

g=KC", aom

For o — BB A KA AR gsm IR BO A A R gsm o, — S5 fa AT B9 CaF, Btk gsm—F
BORAS T IRG WD BYRIE Y TR g5 m DRIV AR 8 TV iff 00 40 TR AR B B s @5, — DR P 8 2 R T 948
B4 KA AR B ST s g sm g — VIR B A0 AR R PRV IR I . /100 g KK —HEIRE T CaF, B9 E
BEEG 0.5 —IREWM BB L g VA KK AR . mg« ¢ 'Co—F #HIARBRKE mg+ L 'C—
FoP ik g mg « L' sk — ML « mg '5q, I RWMIARE . mg - ¢ K. n— 5EWIRE . pH
B K i BB 52 07 A G )
B3~ ALK LEHMBAD.
{(Co—=C) X0.5=[K ¢ /(C/19 0000 ] X 19 000}/
[m + 11X K /(C/19 0000 ] =£Cq,, /(14 kC). 1
B~ @A, EHEF A2,

{(C, —C) x0.5—[K /(C/19 000)%7] X 19 000}/

[+ 11X K, /(C/19 0000 ] =KC" (12)

MR S B T3 20 CANIR) pH (E R A BRI S HE (3 4 i), b a] DL 4 Langmuir B 5 K% B
g, B pH A3 AR X SR TE & OH - B, 3 20 W By F - 46 A W, SXCB0IE T 2.3 749 1 43 B 3 it
45 TR R L BIARAR L 3 T BEJE IR g AR AL % J& T CaF,  SEBR IR I P 2 £ Fh 45 5 E 30 448 Freundlich
I % B 535 960 o5 2 3 0 AR FE R PR 2 pH B AE 8~ 10 L i OH SN Z | L F A7 A4, 7 if R
VR K5 45 G CaF, #FEA MR .Y pH HAE 10~12 i, Ca® WE N5 OH A M CaC(OHD), 1 [#



x5

%1

# BRI, o R B R AL IR & R A8 BT R 113

I i 52 e W A 3 T

A SR FH R SO TR 325 T e B T A Ak B R SRR K R A T B A Ca® R B0 IS T AR

B SR 453 o T 28 A LT B 22 0 85 B 80062 06— 2 A SR SR 30 70
T4 REA MBI,

* 4 Langmuir 5 Freundlich & EE T (20 C)AE pH HERNER S #HE

Tab. 4 The model parameters of Langmuir and Freundlich models at room temperature(20 C )with different pH values

Langmuir Freundlich
t/C pH
k/(Lemg D q,/(mg g ") WHBRMILH /%  k/(Lemg ) q/(mgeg D WHERFRLG/ %

20 8 0.010 3 375.14 99.99 151.041 275.283 97.32
20 10 0.007 0 313.11 96.79 151.041 262.102 98.12
20 12 0.012 3 295.01 92.93 151.041 274.947 93.04

AN
% it

AR g P37 TR 23 BT 325 o B B A K R SR B 4L S HOCh B 118 00 JIRE 62.25 °C .pH fH 8, 7EIL T

MR A K OB i BE AL 10 000 mg « L 'FEZE 107.026 mg « L. BEMA K AT LLIE ik 25 & 0% B 25 76
BRA BRI Ca®" 5 F 458 E Y CaF. o LR 00 47 5 /INURE 35 RE A% WL BT K i) B LS T A K
TR A5 A WL BB TR Y L R AR R RS (20 °CO) RAMZ B BR S0 4 HLAE pH HR T 10 B fie KW B 25 & Bl pH

B A 358 o i RAAPR.
5 £ X W
(1] ZEEABRE W Tolk & %% K BB AR S]] #i 4k T.,2019,50(12) : 39-41.

2]

(3]

[4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

LI G C,CHEN Y R.Technology progress in industrial fluoride wastewater reuse[ ] ].Zhejiang Chemical Industry,2019,50(12);39-41.

XS g A 4 . v Al R K 25 R R B AR R [T A A 8 42 0% . 2018(7) : 230.

DENG ] G,ZHAO ] F.Technical discussion on removing fluorine from industrial wastewater containing high fluorine[ J].World Nonfer-
rous Metals,2018(7) :230.

B Tl SR K R R LT T b B IR 5 A . 2019, 37(4) :35-37.

GE X B.Treatment of industrial fluorine-containing wastewater[ J ].China Resources Comprehensive Utilization,2019,37(4) :35-37.

F AR, il AR S R K R By B ISR LT A BLIR Tk, 2017(4) £ 31-35.

WANG M M,XIN H X,WU G X.Research on the method of fluoride wastewater treatment[ ] ]. Organo-Fluorine Industry, 2017 (4);
31-35.

FE A DUBE- B 52 5 1 2040 B8 SR 7 /K BOBIF 5 [ DL 40 B < 74 R A 57 K2, 2020,

JIANG Y.Study on treatment of fluoride-containing beneficiation wastewater by chemical precipitation and adsorption composite technol-
ogy[ D].Mianyang: Southwest University of Science and Technology,2020.

J) 5 A2 DUTE 125 b B g ok B SRR BB L) ] B R 2R A R, 2013,31(2) £ 23-25.

ZHOU Y.Study on Treatment of High Concentration Fluorine Containing Wastewater by Chemical Precipitation[ ] ]. China Resources
Comprehensive Utilization,2013,31(2) :23-25.

MK 2 BB R Y B SR A 7 VA B S TR L) ] BRI A 42 L 2010(1) : 90-94.

XIAO H Q, LI Y Z.Research progress in the optimization of microbial culture medium [ ]]. Liquor-Making Science &. Technology.,
2010(1) :90-94.

KHOBRAGADE M U,NAYAK A K,PAL A.Application of response surface methodology to evaluate the removal efficiency of Mn(I1D) ,
Ni(ID sand Cu(ID by surfactant-modified aluminal J].Clean Technologies and Environmental Policy,2016,18(4):1003-1020.

DEMIM S,DROUICHE N, AOUABED A.et al.Study of heavy metal removal from heavy metal mixture using the CCD method[]].Jour-
nal of Industrial and Engineering Chemistry,2014,20(2) :512-520.

ETT L MM IRE TG R D5 iR T S L) ] AR T, 2021, 38(3) £ 5-9.

WANG N N,WANG Y L.Research progress on detection and removal of fluoride in water[ J]. Henan Chemical Industry,2021,38(3) :
5-9.

JE #% NIt T, 5K PR S R T 3 7E TS K Ak BT A T RO ST L AR 2 A 58 S T, 2017,29(6) - 753-760.

ZHOU X,SUN H L,ZHANG Z Q.Application of process optimization of wastewater treatment using response surface methodology[]].



114 AHEIFERFFRCRHF R 2022 4

Chemical Research and Application,2017,29(6):753-760.

L1270 098 % i F8US K B 0B B A 5 (D] R T« B W3 TR %%, 2017,
LIU H F.Study on New Technology of Fluorine Removal from High Fluorine wast-ewater[ D].Kunming: Kunming University of Science
and Technology,2017.

(130 ASCH 15 75 40 Eh 03 122 A 2 S0 R AR AR K [0 ] B3 2 4, 2012(8) :135-136.
YU W J.YUE X P.Calcium salt precipitation method to deal with the fluorine trace exceeded drinking water[J].Friend of Science Ama-
teurs,2012(8) :135-136.

[14] BHATNAGAR A,KUMAR E,SILLANPAAM.Fluoride removal from water by adsorption: A review[ ] ].Chemical Engineering Journal
2011,171(3):811-840.

(157 3% B R 5PN V% 1 4k 40 3 25 B SRUCRE 1Y 52 R [ DL W R U5« I JR B Tolk R, 2016.

HU X.Effect of aluminum sulfate on dynamic removal of {luoride by activated alumina[ D].Harbin: Harbin Institute of Technology.2016.

Study on optimizing lime treatment of high fluoride concentration

wastewater by response surface methodology

Peng Zhaoxu, Niu Ningqgi, Wang Ju, Lou Tianyu, Jiang Kun, Liu Ao

(College of Water Conservancy Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to enhance the removal efficiency of lime process in the treatment of high fluoride concentration
wastewater, the effects of dosage, temperature and pH value on fluoride removal efficiency were investigated by the Box-Be-
hnken design of Response Surface Methodology. The results show that F~ could be reduced from 10 000 mg + L' to
107.026 mg + L~' when the dosage was 118% of the theoretical value(14.73 g), the temperature was 62.25 °C and the pH
value was 8.0. After adding lime, F~ could not only been crystallized by dissolved Ca*" , but also been adsorbed by undissolved
lime. Based on this phenomenon, a fluoride removal model of crystallization-adsorption by lime was established, and it was
found that adsorption at room temperature(20 ‘C)was the main way to remove fluoride. Because of the exchange between OH ™
and adsorbed F~ ions, the maximum adsorption capacity of F~ decreased with the increase of pH when pH value was greater

than 10.0.

Keywords: high fluoride concentration wastewater; response surface; lime; adsorption
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