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Abstract: High arsenic groundwater is widely distributed in China, and it is of great significance to develop green and efficient
arsenic removal materials for the sake of regional development and safety of drinking water for residents. In this study, the fly ash
modified with manganese dioxide (MFA150) was prepared using co-precipitation method combined with NaOH hydrothermal
process, to investigate its adsorption of As(IIT) and As(V) in groundwater. The results show that the vitreous structure of the raw

fly ash was destroyed to generate zeolite phase in NaOH hydrothermal process, and the specific surface area of fly ash increased
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from 1.30 m*/g to 40.26 m*/g. After loading MnO,, the specific surface area of the adsorbent further increased to 148.82 m*/g,

and the content of -OH on the surface was significantly increased to provide more adsorption sites for As(II) and As(V). The

adsorption of As(IIT) and As(V) was in accordance with the Elovich model and the Freundlich model. The adsorption capacities

of MFA150 for As(V) and As(IIT) under neutral condition were 2.55 mg/g and 9.71 mg/g, respectively, and showed stronger

adsorption ability under acidic condition. Coexisting HCO, and PO,” inhibited the adsorption of As(IIT) and As(V), while SO,*

slightly promoted the removal of As(IIT) and As(V). In simulated groundwater, the removal rate of total As reached 91.90% by

MFA150. Since preparation of MFA150 is simple and the raw material is cheap and easy to obtain, MFA150 is expected to be

used in the treatment of the high arsenic groundwater owing to the better adsorption performance for As(V) and As(III).
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Table 1 Leaching amount of heavy metals from fly ash

JLHE Cr Ni Cu Zn As Cd Hg Pb

Wi (pg/g) 1.330 0.034 0.003 0.009 0.044 0.004 0.019 0.008
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MFA150 Xf As(IIL) F W B 2 56 5P | 5B 3 00
24 WMz HE

MFA150 W B As (11D F1 As (V) 3l Jy 2= 800 & i
LA 6 TR MR S B3 3. 5 — Y s 1 2E R
AW — gl 2= BB A 1L, Elovich £5 B X As
(IID) F1 As (V') W B 52 36 25040 i 4005 OR 47 065
il 2 28 3k KB 43 S 56 B s A, As(TID A1 As(V) LA
[l 5 2 2 (R?) 43 5l fig ik 2] 0.99 1 0.98. Elovich £5 A
B AR B W TS G ) T A ) 3R
i F4 4k 2% % [ 4 2 b (Sag and Aktay, 2002; Ho,
2006; Salam ez al., 2014). 75 W Bk T 4 BsF, W57 Jff 32 %
AP, B 25 2 10 74 26 5 A BG hn, g F S E UR
23k 24 h WL BRSO B R AR AR SRR, A 1 R B
Wi Fof 1] 1 28 AR AR /N L — A Ay, A W B 3% T 9 Ak e
RN AE 1, B 2 1 A 5 230 0 A8 i AR Ak B S R
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Fig.6  The kinetics curves of MFA150
a. As(V);b. As(1I1)

7R 2 T R BRF S G 3, R B % 5L KRR R (Teng
and Hsieh, 1999). 45 #F 5% # A Ay , [ 142 3 T 0
W PR R AR B 50 0, A (] Ak 27 W B Ak fg
(Teng and Hsieh, 1999). 8 T # — &1 & As(1ID)
T As(V)FE MFAL50 - 1) W B PR 20 3%, ok H ot
BE PO AL 43 0 6 As(TTD A As (V) 1) 52 56 550 45
AT AE NE6K q- " XAZAP I UEFE B,
As(TID F As (V) B # & B 2 01 B A R B0R N 37
PR 7R i A % IR R 2 gk AR, 1 Y ASUORE N BT
IF A B A W B A R i — A R A
25 MMERE

MFA 150 W% fff As(II) F1 As(V) [ Langmuir il
Freundlich W% Bf} 45 R £ 45 50 (14 $00 & il 26 UL 7, 40 56
UG S H0L 3 4 Freundlich M B 45 A 58 X As(T11)
A As (V) LA B A3 B R (R4 31k 0.986 Al

0.980) #& T Langmuir £ # (R* 43 4] 24 0.946
0.944) , & W] Freundlich & % Xf MFA150 W [
As(IID AT As (V) (14 3 B2 5 348 58 4 Freunlich 52 7 &
T4 HE 8 T £ 0 7 2 00 W B R, W B sl
=F R R 0L A 4% SR W MFA 150 26 1 JE 34 i, A [
8y W B A7 as EL AT S TR] Y W B B . 38 3 Langmuir 45
B 545 3 MFA150 XF As (11D #i1 As (V) #3136
e KW B 9 R 9.71 mg/g F 2.55 mg/g, A LA
iR =it I NS Tl T W 7 g 7o = N A | £
As(TI) W B ¥y 3 3 T As(V) . X — 2 %2 H T
As(II1) Ak i 2 o MnO, i J5U fife 117 5 1 58 1% Fff 551
FET K& A AR BT B ( Deschamps ez al., 2005; Lou et
al., 2017).As(V) 5 MnO, M 454 , 7€ MnO, 3 1
g B 30T T B — 4> o B T BEL Lk T A P I B A7
5 As(V)4ksL 454, i fe As(11D) & Ak 1 #2 h MnO,
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F3 MFA150 R Hf As(V)F1 As(IDEI B T ZF I E S
Table 3 The kinetic parameters of adsorption As(ITI) and As(V) over MFA150
e — G B 1 2 AR e Bl Iy 2R Elovich 1 7
G e o & R’ e e k, R’ « 8 R’
As(IIT) 0.86 0.79 0.062 0.6557 0.82 0.124 0.8603 8.290 14.690 0.9928
As(V) 0.86 0.79 0.023 0.7900 0.82 0.038 0.8616 0.164 9.953 0.9800
ABURE A OIS A
5B Bt %M B W=
by C, R’ by C, R, by C, Ry
As(IIT) 0.020 0.437 0.8834 0.010 0.556 0.9757 0.001 0.797 0.9257
As(V) 0.037 0.171 0.9842 0.014 0.374 0.9804 0.003 0.687 0.9949
&4 MFA150 B As(IIDFA As(V)IR i B & L& S
Table 4 The Langmuir and Freundlich parameters of adsorption As(I1I) and As(V) over MFA150
Langmuir Freundlich
Goax( 18/ 2) K, (L/pg) R* 1/n K(pg/g) R*
As(IIT) 9713.9 0.000 1 0.9459 0.246 9 262.68 0.986 3
As(V) 2545.1 0.002 1 0.944 1 0.5377 38.77 0.980 4
6000 . pH % S50 (18 8b) 45 R & W] MFA150 B9 %
5000 faf J5. 4 5.63. M pH<5.63 B, W% B 551 & 1 47 1E
ML, HR 9 B 9 pH - Eh A Bl (Ferguson and Gavis,
M 1972) , BL#F As(V) L HASO, JE 347 78, MFA150
2 3000 - 5 As(V) 22 [0 47 e Fb 731 3 A5 T R B it
&2000— -7 17 . 24 % W pH>>5.63 B , MFA150 2% [fi 4 171 i, ,
ooy As(V)BLH,ASO, fl HAsO, JB R 77 7E , MFA150
o - R 5 As(V) Z BIFFAE LT Iy W2 pH K, Wi 22 1]
- e (075 7 805,05 As (V) 0 55 B RO 53— 7 T, %4

0 L
0 2000 4000 6000 8000 10000 12000 14000
Ce(ng/L)

BI7  MFAL50 W B As(IIDFN As(V )R B 45 5 28 48 4 it &
Fig.7 The adsorption isotherm for As(I1I) and As(V)

I T il R M Min® T % BT T 1 W B A7 A (Man-
ning ez al., 2002) , T $2& &5 T As (11D 11 2 R 3%
2.6 ¥ pHEIN

VS V1Y pH A 2 52 e W B SR 2 T HL A R R OE
BWOCHN R, AR T 946 pH (W] I pH=
3.0~11.0) % MFA150 W fif As (TI1) Al As (V) 1Y 5%
W . & 8a fir %, MFA150 78 %) # pH A 3.0~9.0
BF, XF As (IID F As (V) ¥4 B4 7 Wz B 2% BR 2
He o #E pH=3.0 i , XF As (II1) Al As (V) B 2 B R
BIfig ik 8 100% , %t As (V) [ 25 B R bl pH #9 3% K
T T T X As (T B9 25 Bk R 4 pH Ry 5.0~
9.0 i B N PR R fe € , M W W) If pH 35 3] 11.0 1),
X As (TID) A1 As (V) 19 25 B R ¥ 20/~ B .

pH=<C9.0F, As(I1D) PhH ¥ 43F H AsOL [ A7 75,
H I AE pH=3.0~9.0 }§ MF A 150 %F As(TIT) i) 1z i Js2
N 3% pH 5% W/, R BR BB RRE T 24 pH>9.0
it As(I1D A HoAsO, T2 XA 7E , ILE MF A 150 2 [fi
Y o e (e (T U= ) N SR T |
5 HAsSO  H,AsO, 2 [H] £7 76 5if 20 () & 5
J1, FEAs (D) F1 As (V) 5 B R 2 T B .

FIH ICP-OES il 22 %1 46 pH 24 5.7 .9 112 56 41
FEWR B As(TID A As(V) J&5 % W B AR oG 2 & L
& Sc fF 7 . &5 6 I MFA 150 W% B As(111) i 72
B tEa®E T As(V), X &l T MnO, 5
As(TI1) & A Ak T B A B Min® 358 43 ¢ ik 2]
VAW T T B0 MIF A 150 76 B 1 B0 355 A RS 00 B T R
R R T TR M PR BT R M R R I AE R PR A B TP R
TG F A RE AL S AR L T A S 5 41 W B Als (TTD) Al
As(V) J5 35 W 4k oo 2R SR T CAE TR AR K B
A bR e ) (GB5749—2022) o HLE 1Y 4 vk FE BR [
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a. As (1) il As (V) 2 Bk 3 B pH 45 16 5 b. MFA150 % HL fof o5,
WE se. FRITRE =

—

and As(V) removal

100 pwg/L, & W MFA150 B A & 4 i fa & 7 .
ZEA Y L BR R UL M i, MFALS0
5 TR IR Pk R BE b W B As (TID) A1 As (V) , It
AF G LA A e A B R ORI B AIR Y R v D
27 HEHBEFEME

KR LR 7K AT S ) e B A SR AR B
T, X BE B AT g 5 i T A I B ) 2 T ) R A6
ST T VG W B R R AT L R EE R T 0~
10 mmol/L ¥ & #6 J& 1 HCO, . PO, SO, X}

As(1ID) F1 As (V) W B 25 B 1 5% i, 45 5 an 18 9 B
N BE B OB P AL E SO W E O 0 MK 2
10 mmol/L, As (I11) B 2% Bk 2 ]\ 96.19% 14 K %
99.78% , As (V) 9 2 B % M 93.00% 4 m %
97.73% , W] SO.” BIAELEXT T As(IID) Fl As(V) Iy
oA R SO AR 3 T R O VA B T R R
JIT B 25 W R Y S AL A G AR S e ml N K 4% G
B, B 5 00 39 0 Xof W o ot A T R ) sl LA g
YEH (Su et al., 2013) .3t A LLE 52 MF A 150 W
As(IID #1 As (V) LLAE 2= W B oy 32 ; HCO, #1 PO,
Xt As (1D AT As (V) ¥145 B & 30 il 4F . 249 W
HCO, ¥ 15 5] 10 mmol/L B, As(ITD) f 25 B M
95.43% F&IK % 68.34% , As(V) I EBRE M 90.14 %
R AR 28 58.23%0. 55 it i MR 45 4 A0 L 1) PO, A 411 41
TE 2w 5 T HCO, . Y W h 677 PO, MR B 3k
£ 10 mmol/L B, As(IID F1 As(V) 9 2 B 2R 43 51l X
A 2.89% M 0.41% . 1% 2&H T HCO, FIPO,"” S5fifE
MF A 150 3 [f & A 5w 4 W B, o 4l 1 i iy 12 B 67 15002
HEFEE R T 4 59 (Lou ez al., 2017). BRIt 2 41,
PO, ] LLIE i 56 4 e A4 A8 46 52 oK /K G 48 Ak ) 2 1w
N JZE B A 45E K B 4 3k (Rubinos ez al., 2011).
2.8 MFA150 78 #l i T 7K FR Bk i 1) Bz AR

W3 MEAT50 76 %) 4 6 ¥ B2 O 213 pg/L
(150 pg/L As(IID) .63 pg/L As(V)) F L
JK R B B RE 7 L & 10a B, As(T) e BE 7E i
5min 2 T (EBRRT72.3%) b5 218 T K,
fE 8 h N ik B W B R T i, e & R B RN
91.90% . # — L 43 Hr s W b As(TID) L As (V) ik JiE
A4k . L 10b 0] LLFE H, 7E R FF 4R 5 min Y
As (ITD) 20 3 2> |, e f5 B A BT B 7, 5 # T
FE LM WP B As (V) S M 63 pg/L THE 2
72.71 pg/L, B J5 2 W AR MF A 150 3% i MnO, g
THSH I B A R TP R A, As (TTT) 56 5 MFA150 35 1
%4 R BT N As (IID # % &= Mn (IV)
As(ITD # AL R As(V) 3870 4 B As (V) 8 Bl
B 7 W A BE AL As (V) IR BE I F+ (Manning ez al.,
2002; Cuong et al., 2021) , i J5 K843 As(V) 4% T H
FFF7E MF A150 210 . As(1TD5 Mn O[] () & AL Ji7 S b7
333 DA R e b il & 42 (Tournassat ez al., 2002) .

2MnO, + H;AsO; + H,O — 2MnOOH +

H,AsO, + H', (2)
2MnOOH + H,AsO, + 3H"— 2Mn?" +
H,AsO, + 3H,0O . (3)

S5 UFE B MFA150 0] %% ¥ W) AP 9 As (111)
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(1)NaOH 7K #4351 2y 8 I8 1 3 B4 T %) 3 %
PR S5 K, IF 783X — o B b A sk A A . 6748 MinO,
J& , MFA150 /9 b 35 18 R AT 35 148.82 m/g, i & F
J G By K T B 2R A K &= -OH B RE AT,
As (1D F1 As (V) 2 41 7 = 5 09 5 P W BE A7 A
As(IID FI As(V) TEHH I S5 1 5 R W BiE 25 4 43 5l
9.71 mg/g A1 2.55 mg/g, MF A 150 X & Pk 57 5 5 ¥k
L BR A As (TIT) By W B 25 BR 28R AL T As (V).

( 2) Elovich # % #1 Freundlich £ % fg & 41
8L A& MFAL50 X As (TIT) Al As (V) B Wz Bff
o R, MR R B E R E O G Y B o
BOAE BT M, % W MFA150 W Bff As (V) Al
As (1ID) 2y dE 3 Bt 2 47 F )2 4k 2% WM.

(3) MFA150 7£ pH=3.0~9.0 & Fl i X}
As (1ID) Fit As (V) ¥ 6e 0/ 7 8 4 19 2 BR &%
BBV E AR T WM BN AT
HCO, #I PO, 2 5 fif 3¢ 4 MFA150 3 I W& Kt
A 50T BE A5 Ay W B, i SO 1 AE AE X As
(1) A1 As (V) By 25 B A 52 Gl f2 i /R

(4) 78 B L #b F 7K f, MFA150 H A #
Gr G Ak R W BRE 25 BR BE T, B AP 2 BR R Rk
ik F 91.90%. — 4 Ak B vk bE R K & T2
fal B, w A R & BR oK R As (1) M
As (V) , LLE IR B, S 80k 4 K 1 % TR 1k
FH L R — BT Bt R 4F 09 BR A W B A R
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