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Optimization of Srp/HAP for removal of fluoride, iron and manganese from

groundwater in mining area by response surface methodology

LI Xilin, YANG Wenwen, ZHOU Tianran, WANG Wenju, LIU Ling, ZHANG Long, GAO lJiajia, LIU Siyuan
(School of Civil Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: In order to solve the serious problems of F~, Fe* and Mn”" in underground water of mining area, the serpentine loaded hydroxy-
apatite (Srp/HAP) composite adsorbent was prepared by wet chemical coprecipitation method, and the simultaneous removal of fluorine,
iron and manganese in underground water was studied. Through batch experiment and CCD response optimization experiment, the effects
of dosage, reaction time and pH on the removal efficiency of F , Fe*' and Mn”" were investigated, and a quadratic regression model with
the removal rates of F |, Fe*" and Mn”" as response values was established. Srp/HAP adsorption and regeneration experiments were car-
ried out to explore its reusability. The results show that the optimal reaction conditions of Srp/HAP treatment of complex water samples
with mass concentrations of F~, Fe** and Mn®" of 5 mg/L, 20 mg/L and 5 mg/L respectively are as follows: When 3.64 g/L water sample
was added, the reaction time was 120.47 min and the pH value was 6.3, the corresponding removal rates of F~, Fe** and Mn®" were
98.23%, 99.9% and 99.7% respectively. The effluent shall meet the requirements of the { Standards for drinking water quality)
(GB5749—2006).The adsorption process of F ., Fe*' and Mn®" by Srp/HAP was well fitted by the CCD optimized experimental model.
The absolute error between the predicted value and the experimental value is less than 5%, which proves that the experimental model is re-
liable. After five times of regeneration, the removal rates of F . Fe*" and Mn”>" by Srp/HAP composite particles decreased by 16.13%,
10.5% and 15.4%, respectively, less than 20%. Srp/HAP composite particles can be used as an excellent adsorbent for the treatment of

groundwater containing fluoride, iron and manganese ions.
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Table1 Coding value under the level of CCD experimental
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Fig.1 Effect of reaction conditions on the adsorption of F~,Fe*” and Mn”" in water by Srp/HAP
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P9 AR[E] pH {H, 78 120 t/min, 25 °C A 1E IR R 5 3%
PR 519 % 120 min J5 43 5100 & pHAE LA K F |
Fe™", Mn” WK JE, G55 401K] 1c iR,
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Y; =97.30+3.41X, - 1.08X, + 1.08X; +0.60X, X, — 0.38X, X; + 0.15X,X; — 1.82X] — 5.14X; +0.21X; (2)
Y, =98.67+6.82X, + 1.61X, + 1.68X; — 0.81X, X, — 0.26X, X3 — 0.54X,X; — 6.15X] — 0.81X; — 0.48X; (3)
Y; =98.61 +5.24X, +3.32X, +2.73X; + 0.31X, X, — 2.06X, X; + 0.81 X, X5 — 6.03X} — 1.98X3 — 0.99X3 (4)

Fz 2 Srp/HAP MR EXIEIZITRER
Table 2 Srp/HAP response surface test design and results

eS| LOJAT:N
R ST R BRAR/% BB T RBRR % BB T BRI/ %
. . . SbrfE e PR I bR e
1 1 -1 1 95.5 95.4 99.7 97.8 92.2 92.2
2 0 0 0 973 97.1 99 98.6 98.5 98.4
3 -1 -1 1 90.8 90.1 84.3 83.9 86.3 85.4
4 1 -1 -1 93.7 93.6 953 95.2 924 91.6
5 0 0 0 973 97.1 98.6 98.6 98.5 98.4
6 0 0 0 973 97.1 98.6 98.6 98.5 98.4
7 -1 1 1 87.8 87.0 88.2 88.1 92.6 92.6
8 -1 -1 -1 87.2 87.1 79.4 78.7 78.2 78.2
9 0 0 0 97.6 97.1 98.6 98.6 98.5 98.4
10 1 1 1 95.2 94.6 99.8 99.4 99.8 100
11 -1 1 -1 83.9 83.6 84.9 842 81.3 81.3
12 1 1 -1 92.5 924 98.1 98.1 96.7 96.1
13 0 -1.682 0 84.5 84.0 93.5 933 85.4 85.7
14 0 1.682 0 80.4 80.4 99.3 99.4 99.7 95.6
15 ~1.682 0 0 86.1 85.7 70.3 68.2 72.5 74.6
16 0 0 0 973 97.1 98.6 98.6 99.3 98.4
17 0 0 ~1.682 96.8 96.5 94.8 944 90.9 91.4
18 0 0 0 973 97.1 98.6 98.6 98.5 98.4
19 0 0 1.682 98.4 100 99.9 99.8 99.8 100
20 1.682 0 0 97.6 97.6 923 91.6 89.7 92.8
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AR [ g2 ST A B Y97 FfH P{E(Prob>F) EX
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2% 4.94 10 0.49
R*=0.9920
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Riy7=0.9848
4R 0.08 5 0.02
B2 615.64 19
A 1262.75 9 140.31 1007.68 <0.000 1
hk2: 1.39 10 0.14
R,’=0.998 9
Y, KT 546.00 3 182.00 1307.15 <0.000 1 :
Ry,i7=0.9979
aliRZE 0.13 5 0.03
B2 1264.14 19
iR 122033 9 135.59 120.65 <0.000 1
B 11.24 10 1.12
. R=0.9909
Y, S 552.27 3 184.09 163.80 <0.000 1 5
Ry =0.9827
gl 0.53 5 0.11
peN=—F 1231.57 19
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(b) Fe>*

X T Srp/HAP 25 [ Fe™ (il W B 52 17 S T3k 1
RS B R, Fe™ FiY 25 B 4 bt S 0 i 1] ) SEE
TiRE s ] 2 H Min™" 14 22 B 5 ot 2 7 P [ ) 2 < 1
SENBIEA M E SOV AT 90~150 min N AGAEE
R, F R 23 B 8 Bl AR £ A 38 Jn g 484 K, 76 520z Bt
6] 102~138 min B} 5Bk B &5 Fe™ . Mn” 25
BRI RSN A R MG . BT [&] 2a, 2b, 2¢ H
M 1 TET %) F SR 38 AR, AL Srp/HAP N & 5 2

Mn2" 25 Bk Z/%

B2 B LS RN e A F Fe? .\ Mn? % [ 2 % iy ty o B 4

Fig.2 Response results of the effects of dosage and reaction time on removal rates of F, Fe*" and Mn*"
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7 S TRI AR FAE FHRT B, Fe®* |, Mn® L BRI 2%
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)R BRFIBE pH A 0T = T 2202 1 i, 6P 780G
SAE I, Stp/HAP 3240 F 7K pH {28248/

100
95
90
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80

F EB%/%
Fe* % 5%/%
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(ARG 2R, T34 0 Srp/HAP (19 . AW
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TAEHIR Fe®' Mn® £ R AR T3 F R
A5, F T & 3a A N T4, K] 3b, 3¢ M
7 R, I & 22 HAE X F R BRR A
W3, X Fe®, Mn® R0 2% .

F3 #%mEL pH MM F Fe® Mn* £ hE Bty s R

Fig.3 Response results of dosage and pH on the removal rate of F~, Fe*" and Mn**
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6] 5 pH {5 B9 A2 TAE I F, Fe®', Mn™ 2B R 1y
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S 1= N e < s A AL [ET SR |
Srp/HAP it F 4 W B ik B4R AN, 76 TH R 4R 5 4k 14
T RA MBS, (X FA 25 BRoR AR 1M Fe™

F RERE/%
Fe? L5:%/%

(b) Fe>

Mn® B 228 N BE Srp/HAP 4%+ &% pH {8 19 T+
AR RFRRE o 76 [ 2 KBS (3] 247 90 ~ 150 min
WA RS, F Y 25 bRl pH (B Y35 Rz 8 T
W5 Fe?' . Mn® (925 bRt pH (TR i3 K. R
o7 T P A e M R B T 0, B oy e () 55 pHL (B AH ELAE
FAXT FRBRR IR R, X Mn®" 22 BRI 52 ik
2,0 Fe W BRI RN, 4 1, L HAEH
X FEBRFE &, X Fe™, Mn™ 22 R0 A
BE.

Mn?* EBR/ %

B4 REeES pHEt F Fe™ Mn™ % B % % o iy o i 45 &

Fig4 Response results of reaction time and pH on removal rates of F~, Fe*" and Mn®"
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100%.

R B ESS F AT S XA, AT 3 AT
R, BUELS R BoR F . Fe™™, Mn® P44 22 (R 343 1]
4 98.23%. 99.9%. 99.7%, 7K /& A TR R A K T
bR ) (GB 5749—2006) FEEK o FUNAE -5 i 50 (E
FR4f iR 22 34 N T 5%, JIE DR BRI ELST H A] 5
2.3 Srp/HAP HIfEWRFNEE

wE S T s, BE AP A 06 PR OB B
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TEER 0 ML, 5 R FHEJR F o Fe®' Mn™ (£ B0
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