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Fluorine and Iron Removal Efficiency of Manganese-loaded Activated Alumina
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Abstract; In order to solve the problem of excessive fluorine and iron in groundwater-type drinking
water source in northern China, manganese-loaded activated alumina ( MAA ) was prepared by
modification with aluminum sulfate and manganese sulfate to simultaneously remove fluorine and iron from
groundwater. Influencing factors, removal mechanism and regeneration performance of MAA removing
fluorine and iron were analyzed by static and dynamic tests. Surface of the modified activated alumina
presented irregular convex thorn-like granular structure and had characteristic peaks of manganese oxides
and hydroxides. Alkaline manganese oxide was successfully attached to the surface of the alumina, and
its removal efficiency of fluorine was 70% higher than that before modification. The removal efficiencies
of iron ions and fluorine ions in effluent reached 80.5% and 81% . The optimal parameters for removing
fluoride and iron ions by manganese activated alumina adsorbent were obtained by Box-Behnken response

surface test model, which were as follows: adsorption time of 8 h, pH value of 4 and temperature of 25
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C. Among them, the pH value had the greatest influence on removal of fluorine and iron. Kinetics of

fluoride ions adsorbed by MAA conformed to the pseudo-second-order kinetic equation. The adsorption

isotherm conformed to the Freundlich model, indicating that the adsorption process was dominated by

multi-layer chemical adsorption. The dynamic test results showed that penetration time of fluoride in the

effluent treated by manganese activated alumina was extended from 11 h to 27 h, and the reaction time of

iron ion was shortened from 60 h to 5 h. The removal efficiency of fluorine and iron by MAA was greatly

improved. After three regenerations, fluoride ion adsorption capacity of the MAA filter column was

reduced from 0.7 mg/g to 0.6 mg/g. The adsorption capacity of the regenerated MAA did not decrease

significantly.
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Tab.1 Codes and levels of experimental factors
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o H ~1 0
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WHEE(C)/C 15 20 25
1.2.4 W sh Il

P R T 2 mg/ L, 98BS RN 2.5
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Fig. 1 SEM photograms of activated alumina, sulfate-type
activated alumina and manganese-loaded activated alumina
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Fig.2  XRD results of manganese-loaded activated alumina
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Fig.3  Effect of adsorbent dosage on fluorine removal
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R B B BT [0 2 L 5 YRR E] Oy 2 b B RUES
TFURIE N 2 A5 mg/L 1 K G50 W B o 33l
0.2 F10.3 me/g, GRERR RN B35 F] 48. 77% F
58.66% ;33X St FFEWI UG B B, W B4 450 45 % o
7RI Py 2 i A FEELURE o AR P R R i R R B A
WO R BRF R A i, FEMR B R (4 ~ 12 h) 58
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4354 79.31% Fi1 81.3% , H 2 h B2 B R 4351
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TR R TR S R B A

~ 0.6

a0

02 my/L WM @S mg/L W
2 mg/l. EERFE =5 mg/l, BERE

I 90
18 =
Jg 0.3t g
= M
Mo i
¥ ®8
&

2 4 6 8
W B 18]/

10 12 14

B4 R A AR B SRS R B0

Fig.4 Effect of adsorption time on fluorine removal
2.2.3  pH {EX BR AR 1 52

El5 2y pH AE X BRFESCR 52 . AT LA
I USSR B pH B3GR REAR . 75 pH {H2h 3 F1 4
PIBRVESRIT T, B IE M AR R O T, Ik
TR T 2 mg/ LI, GRS T IR EEAE 0. 16
mg/g FEAT, BGRAE 77.09% ~80. 3% = [a]; JF K
FETWIE R 5 mg/L W, 7 W MR 7E 0. 41
mg/g 74T, PR TE 80.85% ~83.27% Z [, HiK
TR TR FE B R B CAE TG DT K BAERRUE) 2K,
HifK pH fH N 6.46 ~7. 74, X2 BN R Pk 251
T PR N AL AR R R R S PR A
TN FH R R, W B 550 R A SO; ™ a5 F-
KA BTSN, S GE T W pH (AR T R
N T pH EER, AR T F- A LBR. (HEKE

& pH YT, KA ) OH ™ & BER I I, Vi
) OH ™ 55 F~ Z [ e U s+ /E L B2
L[] 5 2 0B RS0 282 100 A7 PO O BRSO7 3, BT 5 502
HRE VR AR R ISR T R
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0 2 mg/l. EBRFE =5 mg/l EHE 190 s
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Fig.5 Effect of pH value on fluorine removal
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2.3. 1 FERIE VAR B R R R 4 B

MIFK IR B U S 0.3 me/L HE
3| 2 mg/L B, H 7K A 950 U BE AR R EERRRE S R
BB 2 A5 mg/L i JRK 2 B I K SRS
THe R HIMLT 0.66 F10.95 mg/L, R Ry 5k
FELE 68% Fl 81% J A7, iX 5 /K AN & A 8k 88 1 i
(IR T R BRSCR A Y, VR B T A e R I
I 2 T P A A B ) RS R B SOR . RIS
FEHH A UE AR Rk B T 0 5B et TR R S AR R
T8I R A R A B ke 8 2, o JHE L 3R TR BRUOR K3
o i LR B M U R R AT FLBR A R AR K
() LR TR, 2 — A B B IR R, g
B EBRACR .

MR RN 0.3 mg/L i, JUES 1kl 2
FS mg/L (1 JF K R B 1 K BR 3843 3 h93. 3% i
96.7% , /KA FE 4331 4 0. 02 1 0. 01 mg/L, 4J5
IR T <0.3 mg/L I, BB T L AR RE 1
R PR ER SOV 25 B . TN K S Ik BE R 2
mg/L (54T, YRk F U 0.3 A1 2 mg/L i,
KR B R B 43 ol 0..02 1 0. 85 mg/L, £k B 1
EBRZA R R 93. 3% 1 57. 5% . TEJF K F ik
JER S mg/L By Z&AF R, ke FHkE 0.3 12
mg/ L I, PR RS (1) K BR R 53 900 96. 7% F167%
VL JEK F iU 1 — e i, Bl 8 TR0 R W 1)
Th i BB LR T R (A B 1 L BR AR XS

X R I A A R B0k 3% 1T 7 259 MnOOH
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SRARNG MmN s T E Y. %W
Jo AT DA 00 e i A AR A S N, i
WY 0 BR B 1A O = R T, AR
Fe(OH), SR Fe? % Az 5w AE 18 ¢ Bk i
AW , B TR AT T AR SR OB T, AT ¢
BRBUIG PR . R o I PR U8 I B AT 4 i AL AR
TR AR B R AR B PR R R ) A AR T
AL R R R T, FLAE L SRR BT RN A AL
FR, DT ORASE I B B g i, 2 — 1> A AL S A 7
PRI, 2800 16 PR ST AR B W] 2D BR SRk 1 BB T, I
PRI (3) ~ (6) .

MnOOH + 0O, + H,0 ——MnO + Mn,0, (3)

MnO - Mn,0, +Fe’* + H,0 ——MnOOH +

Fe'* (4)
Fe(OH), » 2H,0 + Fe’"——
[Fe(OH),(OFe) - 2H,0] " +H" (5)
[Fe(OH),(OFe) - 2H,0] " +1/40, +
5/2H,0 —2Fe(OH), - 2H,0 +H*  (6)
2.3.2  FERIE R AR BRI B M D R
M J57 A A A R LR 2.
R2 MR EIAEEER
Tab.2 Results of response surface experiment
o) EES RETE | SETE
A B C | B&%/% | BREF/%
1 1 0 -1 56.98 62.82
2 0 -1 1 66.02 45.58
3 0 -1 -1 60.03 43.04
4 -1 0 1 49.10 75.21
5 1 1 0 58.71 87.57
6 -1 -1 0 48.92 7.20
7 0 0 0 52.55 73.65
8 -1 0 -1 39.97 84.43
9 0 1 -1 42.64 65.16
10 0 0 0 51.74 67.85
11 1 -1 0 63.27 49.15
12 -1 1 0 43.28 53.60
13 1 0 1 63.18 84.09
14 0 1 1 51.24 92.01
15 0 0 0 40.30 59.09
16 0 0 0 44.53 62.34
17 0 0 0 41.04 33.55

K20 T BB HEAT [l A DL, 5 3 I
BEFARF TR] pH BT BE X 9 R - L BRAR (V) VBRE T
LERARCY,) WM REZE R, 350 WL (7) A (8) .

Y, =48.06 +7.61 xA -8.04 xB +3.65 xC +
0.27 xAB -0.73 xAC +0.65 x BC +
1.41 xA® +4.08 xB* +2.84 x C* +
5.49 xA’B +0.19 xA°C (7)
Y,=67.81 =3.18 xA +17.23 x B +7.35 x
C+1.89 xAB +7.62 xAC +6.08 x
BC +0.32 xA* —14.87 xB*> +8.51 x
C* -4.33 xA*C +18.28 x AR’ (8)
L 5 26 53 M B 18l IH 2R 8000 VA A AT, AR
I Fo AR 7.69,P, {H 2 0.019 4 <0.05,F, {tH
43.53 P, {H} 0.000 3 <0. 05, 20 [8] 54270 {5 2% |
TZRAA] T IO 6B R BR R R - BR R
A B SR AT AN I 5, e WIAE 95 % 1y & A7 X [A] A
AR AT DA G 1l S W30 5 T4 11 R BRI o
TS T BRI A SN IR A AE G R K
0.942 1, FIERECH 0. 814 75 8k 25 F: BR A 1 S
H 50 AE A AH G R A 0. 989 7, K IE REH
0.966 9, /] UL SN H 5 PR ) A DG ME = iR 225D,
TR 3600 S PR Bk 2+ L PR B T 5
15, P LA FH A58 2 330 0 28 0 7 2R A ) 20 S B
T TR B I S AR IR B 2 . BRI
fEME L 8. 843 >4 Bk FHfEIE LR 25. 128 >4,
FHIRRR S T 5 /K, A HZ AR i g
SE RO A R AT A0 . AR B T R AR S R AL
C.V.56.70% <10% , 5+ C. V. 5 5.05% <
10% , & W] A AL 5 SE BRI L P00 R AT, AR PR
U, AT E B R B A R T L Gt R S,
AR LA
XF R BB AT P AR B o B el 45, A
BRI F R BEAIEE B ENEm, B, CAC,
BC B’ .C’ AB* MWEE FABRAIEW B ENE
e PR 3 A5 i R 2R A 2 (B AT R, % 98
T ARV T LR B E X R 05N
A>B>C,B>C>A, Hnl W, pH {H X} 4048 16 M
SRR R AR R AR Y R T oA S
TEWZ B[R] pH ABLFA I B2 396 2 19 O Ak 9 B Y
AP ET AR A3 A A5 1, >4 2800 1% P A1 55 T A7)
XoF R - LB RN 128 25 R 48k B A5 R g T
BARSEAT R E S 8 h pH {E2h 4 R K
25 C 7RISR B0 I P S B R B 50 %o 98 25 5
LR ZERN R B 2 R 2 1) I AEL 43 391 R 68. 8% Fil
60.3% .
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2.4 FIEEHEENLBRMIINZEDHT

P 6 S R T 1 AL S0 0 TS T AR R 3l 2
BHZk o AT FEAN R RO SRR TR BE AR PF T IRk
AR 0 AL IR A AL A T T 38T ) 600
min P, B850 TG PR AR IR 7m0 22, it 2R RERAR
R W R A AR R o B IR RS AR T, 2 T 1 IR
S A T TR S T i S R S SR A D)
W 20 B T8 T , L2 2 000 min J5i2H7
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Fig.6  Adsorption kinetics curve of fluoride ion on modified
activated alumina
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Tab.3  Kinetic parameters of the pseudo-first-order and

pseudo-second-order equation
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Fig.7 Isothermal adsorption curves of modified activated
alumina
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Tab.4 Parameters of thermodynamic model
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Fig.8 Dynamic contrast experiment results of fluorine and iron
removal by activated alumina
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