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M OE K ma R AR (As()) JEAAFE. &8 85 T KR LB, (33Xt
As(I) R 14055, FEOKMRMRMEZ R, Bk, SOk, B . Sambk As(h) #REA BE
W78 X RIR AR e — Pl O e BE 50, i T A RIE AR 2%, R TR & 44007 %t As(T 1
EBRVERE AR R 22 5 AT LA FIAS [F] Min/Fe ELB A9 KR & B4~ (NFM-L. NFM-H) F#F5E 514,
PEAG T As(I) AW B PERE . JF45G XPS. XRD 4503 2% RAE T BoaR 8 Hoh iy L BR AL 20 45 3%
B, NFM-L /) Fe & J& NFM-H 11 5.61 1%, 1 As(1) (1955 KW it (24.82 mg g ") 5 W% il 5 56 8 b %5 85
F NFM-H(18.94 mg-g™'), NFM-L il NFM-H % As(IIl) #4553 W Bff ih 28 5545 & Freundlich LAY, 520 PR 15K
WA, WK pH fEXT NFM-L (520 B, A7 85 7 HoPO, REAS 50 2 400 1l W0 i b4 A X As(I) g iz i
TRZ AT RLRLAE X As(TIT) 2B AUSE A/, JGik 2 R AE KB, PRI 4 WL BRI 45 4 0 oK & A B B A8 4k
B4 AL RER: As(T) SA4E R As(V), NI 3 45 i T 4G H™ X et (14 Wiz ) i
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As(lll') adsorption performance and mechanisms of natural Fe-bearing
manganese ores with different Mn/Fe ratios

TIAN Zhouyang' ZHENG Qian' DU Xiaoli® CHEN Cheng’
LI Chuanwei® TU Shuxin' **
(1. College of Resources and Environment, Huazhong Agricultural University, Wuhan, 430070, China; 2. Wuhan Fund
Environmental Protection Co. Ltd., Wuhan, 430000, China; 3. BCEG Environmental Remediation Co. Ltd.,
Beijing, 100015, China)

Abstract Arsenic in water is mainly present in the form of arsenite (As(Ill)). Metal oxides are
commonly used for arsenic removal in water, but their affinity with As(Ill) is weak, making it
difficult to remove arsenic from water. Therefore, seeking efficient, inexpensive, and
environmentally friendly As(1ll) removal materials is of great environmental significance. Natural
iron-manganese-containing minerals are efficient arsenic adsorbents, but different iron-manganese-
containing minerals have significantly different As(Ill) removal performances due to their complex
natural formation conditions. In this study, two natural iron-manganese-containing minerals with
different Mn/Fe ratios (NFM-L and NFM-H) were selected as research subjects to evaluate their
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adsorption performances for As(Ill). XPS, XRD, and other spectroscopic characterization methods
were used to explore the arsenic removal mechanism. The results showed that the Fe content of
NFM-L was 5.61 times that of NFM-H, and its maximum adsorption capacity for As(Il)
(24.82 mg-g™") and adsorption rate were significantly higher than that of NFM-H (18.94 mg-g™"). And
the isothermal adsorption curves for As(lll) by NFM-L and NFM-H were more consistent with the
Freundlich model. The influence factor experiments showed that the solution pH had a greater impact
on NFM-L, and the coexisting ion H,PO,” could significantly inhibit the adsorption of As(Ill) by
both materials, while material particle size had a smaller effect on As(Ill) removal. Spectroscopic
characterization showed that the structure of the two minerals did not change significantly after
arsenic adsorption, but manganese oxide could oxidize As(Ill) to As(V), significantly enhancing the
adsorption capacity of iron-manganese-containing minerals for arsenic. In conclusion, this study
revealed the arsenic removal mechanism of natural iron-manganese-containing minerals, providing
theoretical support for the exploration of efficient, inexpensive and environmentally friendly As(1ll)
removal materials and offering new ideas for the treatment of arsenic pollution in water
environments.

Keywords natural iron manganese ore, As(Ill), Mn/Fe, oxidation, adsorption.

e R A WA RER A E TR, WA R LR (AsCI) ) FIA R ER (As(V) ) J2 TC AL i) P 8 22
FAAAS, H AsCID EEPESE As(V) 1Y 60 £551 2L B, S T By ks ek A A fdt i i i fe &, 1993 4%
TH 5 TLAE 20 2L (WHO) K5 R K i A e B2 FR B 50 pg- L' FEARZE 10 pg L',

W B /AR A bR AsCII) i A T se A L bR ik 2 —1 S X F 2R T AsCID) i S PER, X4
J&AAC I E N 755, M, As(V) 4@ S AL SE A el 5. Rk, AsCID A4k As(V) &, FF
W 51 590 v R B As (V) S B AsCHD) A RGE AR . RKAR S B A [R] e EL 45 W B RN AR AR, B IA R 2
— PR Ak SRR JBRFIY . Chakravarty 0 SR F B B BRAER T 2 BR ML R K e, S5 5 R R
RE AR BA B IR 2 BR2H. Eleonora Deschamps 5% FH & Fe. Mn [ KR WIVE Jy B i SL 56
FE B JE 5060 L 22 BR AT e A KA, 45 2R 90 LA g B 75 1 v a8 14.7 mgeg 'L HUE, B TR AR IR
A=, RIR YR BT AR R R 22 510, S et 1) 22 BR AR A AN (], AR, EH AT A AN [R5 RAR &
BRARA XA 25 B A RCR AL A B9 20 DL 4 A

AW5E R HORIE] Fe/Mn HLA 0 AR 5 BRAER A A FEXT G2, SR FH A6 105 2 6 S 0 -ty JH X Al 78 i o %
i, [FBTRFERIAR | VIR pH. A7 B 7 48 X W B M B Y 52 . SC 38 25 5 XRD. XPS., SEM 45 3R AE T
B, IRFEAR R R AR B R0 I BR AR AILTR]. B ISR DR R AP S AR B B0 1 BRBRRICR FBL, A fis
VLY (=R SN iOBrE et i Yt G

1 MRLE 7 (Materials and methods)

1.1 kR

S oh A AL 2E R B TR A 8N (NaH,PO,) . S 1L 45 (CaCly) | Bk IR 241 (NaHCO,) | BRIR 4N
(Na,CO;3) . iR A (K,80,) | fiffR4H (NaNO;y) . A LH1 (NaOH) | #h iR (HC1) . — 4 fk —fifl (As,0;5) 3
o Mr ek, W E T E 25 AR A PR F) L AsCID) i 45 38R 1000 mg- L' 43 #r 4l As,05 il £ 1fij
A S TR K A8 18.25 MQ-cm A #3 4l /K i ).

PAFR KSR SRR 0 52k H T 78 S AR B4R X, A A Bk, MR8 H Mn/Fe & & HY R IR/KF,
43 FR1E A NFM-L il NFM-H. A 320Kk . ARG, EREEPLATES i 20 H . 60 H . 100 B F1
300 H AR AR, #E&H.
1.2 SER TR I
1.2.1  AN[FEPRARE P BR AR 7

S35 FRHC 20 H . 60 H. 100 H . 300 H NFM-L Fl NFM-H # KA i 0.15 ¢ F 50 mL #5048 1, n
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A 15mL, 240 mg-L™" (pH K 7.0) 19 AsCIll) ¥ ; 75 25 °C. 180 rmin' 54T, £ % 24 h, L0
3. WA, R 0.22 pm 8 BRPGHE i UE BRI, T R AT OO I G R i P
B, IEARAE AR (1) FIA R (2) A 22 (5 5 5 W i A

W = (Cy—C,)/Cyx 100% ¢))

0. =(Co—C)) X V/m ©))
Krh, w R LBRER, Y%; Co MPIIRWE L, mg-L™'s € R SN J5 13 W h vk B2, mg-L'5 O, A iz By
2, mg L VR ROVIRAREL, Ly m AW, g
1.2.2 VT pH (BRI B 1) 52
FREL0.15 g, 100 H A ¥4 KL (NFM-L 5 NFM-H) T 50 mL .08 4. Il A 15 mL, 240 mg- L™ &~
[ pH (pH 4351 B R 1. 3.5, 7.9, 11, 13) 19 AsCTD ¥ W ¥ 25 0 % 35, B F 25 €. 180 rrmin™
TER IR % P IE SR 24 h, LI TE R 3. RN EE R )G, KA 0.22 pm JEREPRET 18RI, LIE R
225G o VS VR A B, AR S A 2 (1) A A (2) 1530 25 Bk 230 5 W o 45 ot
1.2.3 S5 IR B2 g
FREL 0.15 g, 100 H B4 ¥k A& (NFM-L Fl NFM-H) T* 50 mL 25045, 2091 A 15 mL A [R] i i
1 As( D W (pH A 7.0) . B BB, HUE T 25 °C. 180 r-min ™ 1H IR IR 7 28 B LLHE T 24 h. [ 45
WG, THDR R M B O U, PR B W, 1 R 2O (AFS, 95k AFS-8220, Jb 5t KX
AT BRAA w0 A . AsCIID) ¥R B2 4371 &R 10, 20, 40, 80, 160, 240, 400, 800 mg-L™', L4
23 IR RN (D) AN (2) 40 BT B EBRR | W2 .
S 56 % 4 SR A Freundlich A5 A1 Langmuir #2817 400 &, Freundlich #5571 34 119 J2 HE 34 5 W i
TAIAE I EBAR SR T IR B0, RaR =R
Q.=K.C'" (3)
K, C AR A TR T E S B, mg L K5 n 2L E B Horpb K 5 W R A Gy
SH, n IV BEREZL B0 H AL
Langmuir U B 45 5 A5 A4 1) A 152 SR Al 2 - W B2 e 34050 20 A1 HLWZBRFRE 07 0 22 5, W Bfhad 72 B 03+
JZ () B A A I B, ik A
Q.= 0, xK xC/(1+ K xC) (4
A, O WEK W &, mg-g'; Ky J& Langmuir 5 %L.
1.2.4 WM 157500
FREL 0.15 g, 100 HEH ¥ K (NFM-L 5% NFM-H) T 50 mL .08, SRIE A 15 mL, 240 mg-L™
(pH 4 7.0) B AsCTI ) ¥ K5 85 O 48 B BHICE T 25 °C. 180 romin™' BT IR IR 7 2% o 2 2L 3E 1 A 5] i ]
(10 min, 30 min, 1 h, 2h, 4h, 8h, 12 h, 16 h F1 24 h), 5 ¥ 15 5 I [A] J5 Pk 250 5 vk, 1% 5 VSR,
K T 9 G A SN 22 Vs T e e B, SR EE AR 3 U AR (1) AN(2) T3 B 22 B R 5 W o %
it G BN ) S BRI g Bl g AR A LA W B E— GBS r RR R
4 = q[1 -exp(-Ki1)] (5)
Z AR AT LA R
In(g. —¢,) =Ing. — K¢ (6)
=G J1 0z F TR W R AsCI) A I BRA T A7, B A1 WA 25 5 W R 50 1 3
A o5 AV B RO L P sl Sy 0y AR ] AR R R
t 1 t

LA N 7
4q: Kqu qe

h():Kzqu (8)
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K, g, R a] ¢ B B AE IR R A AsCIID) (94, mgrg™'s Ky WiE— 3l Ji2% AsCL) W B i) R
#, min'; Ky =8 12 AsCI) W R A 3 R 5 48, g'mg 'min .
1.2.5  HEA7 B 152 m 5L 5

RGBSR G YK e FEAR SR 2 Rl B AR A0 5 2R R DRI, BRI v R ) TR
(Ca*, HyPO, . SO, il COy> ), H%¢H T NFM-L #l NFM-H BR A (1 52 . 52496 20 BR AT« FREX 0.15 g,
100 H#™ ¥ #3 K (NFM-L 5 NFM-H) T* 50 mL 5.0 H, AT A 15 mL. 20 mg-L™' (pH 7.0) iy AsCIll) %
T, AsCID I P43 B0 0. 25, 50, 100 mg-L™ 1) Ca**, H,PO, . SO, il CO B 1. MiJm, FF &5 04
FECE T 25 °CL 180 rmin! fHIRIR G & &SR 24 h, LR ER 3 K. AR E, R 022 pm
U S R ot i B TR, L VR TR SO T A S R AR B, IR A= (D A AR (2) 115
i B 58 I A
1.2.6 W BRF/fife W S5 o

9 T VA AL R 0 B i, SR P R /A W S B A L A [ R A T W B SR 3 BIFRE 0.15 g,
100 H B9 8™ ¥ #4 BH(NFM-L 3 NFM-H) F 50 mL 2.0 4. LA 15 mL. 240 mg-L™'(pH 7.0) (% As(TI)
W, B S A MR IE SN 0.01 mol L™ H R B F NOs . B0/ B B, B i E T 25 €. 180 rrmin’!
fE IR YR 5 25 P SRR 24 he OV ZS UG, POl B O L g, R BB, SR EAE 3 W A, RIS
JE -5 ST A 7 W B Fh AR E, 2R €

i W2 ST 35« 8 1 S R T S 3 3144 FH 76 I NaCL i VRO W PR U, B TR DT TE T 50 mL #2500 45
[ B0 T 2R A 15 mL, 0.1 mol-L™ NaOH., 0.5 mol-L™' NaHCO; & 0.1 mol-L™ NaCl i & . 1
25 °C, 180 rmin” fHR R & TR MWL 24 h. f#R A5 05, >R 0.22 pum SRR T U8R PR, 1 B 1
WAL A W 28 I B ASC 5 VS W rh VR B2, 10 R Cy, T AR 2 3K (9) TR ff i M 2.

W, = C,/(Co—C1)x 100% (9)

K, W, AR R, Y%; Cy A A L B A I i VA T A AR R B, mg L
1.3 FES AT T %

K H X AT I (XRD) 23 7 @ 0 b B 20 B, D 2% 44 4 - Cu Ko BB 5, 45 Fk 40 kV, 8 HL T
20 mA, FHEHE S 10(°) min™, 254 0.02°; R F# B A2 3 21 S8 3% (FTIR) 43471 4 RL 5 1 S i e
FETE BE A 19 AR Ak SR T L B 58S (SEMD) WL el M 1T J5 K AR & AR 0 1 R TR 30 25 525 R
X SO H T REIE (XPS) 2 A M RSO T 5 JC R M A28 4k, MRS AL, F25 2107 Pa, XPS ]
% ] Avantage SXPFUEAT Z WA 0 B T B, SR Cls 75 A AL i A5 1E b o5 SR F L 28 v AL 3 S0 3
AR B Ll 3 T AR F ey 2 R FH Zeta L ASCIR. SR FH K 257 % NFM-L A NFM-H B9 B i, (i
ICP-MS Wl H A IUR & i, 07 1) 5 /KR SR L5 8 2, B BB 4 QLY Ok 14 s T B T SR
TEFE T BT, RO, mys R 1 B K K (NFM-L 8¢ NFM-H) T3¢ 55 45 L, i
moy; B AR ML PR R — & CE T 105 °C TIRA T, B RTREE AR 1k 5, FB4e IL
TP AR E e S 0 TR EEFRE, Fiaic o my, IARYE A (10) TG Pk K & K%

W, = (m3 —my)/my x 100% (10

A, Wy EIKE, Yos my PG AR ML, g5 my N W AR BEE, g5 my NG4S MLANG P K
T HE, g

2 zER 5308 (Results and discussion)

2.1 WM R RAE

PR BT R & B Hrin e 1 iR, 45583 B, NFM-L F1 NFM-H H1 Bk & Fe. Mn JL RS, if &
ARBHEITER, F0E AL Si S0 R, X EH TEHRZMT, REA TR TE A E 43507,
NFM-L "' Fe, Mn & 8434 6.45%. 45.7%, Mn/Fe & 7.09. #X1fii, NFM-H 1 Fe, Mn & & 505°0 1.15%.
32.9%, Mn/Fe 4 28.62. #f [t NFM-L, NFM-H 24 & 5 &% 2447, {H )&, NFM-L F1 NFM-H 1) pH X Jji| A~
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K, HE 7 2247, 43K 7.12 F1 7.54; [A] I, NFM-L 1 NFM-H fi4 HL fif 252 522 S 80, 43 591K 6.60 il
7.36, H & K550 1.92% F1 0.31%, NFM-L B§ K. SR 17, NFM-L(20.14 m*g™) 19 b & AT K T
NFM-H(2.45 m*g"), &2 H 8.22 {5 (55 2).

F 1 LIRS AR MR ST R AR (%)

Table 1 Elemental composition of the two tested iron-manganese-containing minerals( %)

BRE ~ i
Material Fe Mn Al Si P Ca Mg Ni
NFM-L 6.4524 45.6941 7.0730 4.6240 0.6130 0.0560 0.1260 0.0240
NFM-H 1.1455 32.9149 1.6430 4.2500 0.5320 0.3390 0.3420 0.0280
# ;H Zn Cd Cr Ti Na K As Pb
Material
NFM-L 0.0250 0.0000 0.0040 0.0730 0.0030 0.0050 0.0060 0.0160
NFM-H 0.0370 0.0020 0.0070 0.0090 0.0030 0.0010 0.0350 0.0120

&2 AUKPIR S B RORL A LA T

Table 2 Physical and chemical properties of the two tested iron-manganese-containing minerals

s - FIKEI% HERHAY (m* g ™) FLAT % A
Material P Moisture content Specific surface area Point of zero charge
NFM-L 7.12 1.92 20.14 6.60
NFM-H 7.54 0.31 2.45 7.36

i 13 % NFM-L 1 NFM-H #£47 XRD 43047 % 3, NEM-L 1 NFM-H 34 & #5465 (19°, 289K 37°),
BERR (190, 36°), ARERW(27°, 31°, 33°, 36°, 55°), 2k (21°, 35°), B4h B A Atk ¥y (33°—37°,
42°), KIRERED", IER AR A =5, 5540, NFM-H 8 54 2240 (MnCO;) FIZEEkH™ (Cay Mg, 33Fe) 57C053)
AYRFIE IS (& 1a). BT RN BRI 2% . Ze i 2, AR th L BT S a2, (H
TEMY S R HITRB AR, AN EEHITT W ARG 73 B anlEl 1b 25 NFM-L Fl NFM-H i
FTIR &3, 455 % Bl NFM-L 1 NFM-H [& %06 8 [X 5] R K. 650—500 cm ™ 4 Fe—O [RFAE W U 06 o7
U8 Mn—O i i W IS s 47 B M IR AE 436, 517, 555, 624, 642, 764 cm 1?72, B NFM-L 1 NFM-
H AR E ALY R AL A, 5 XRD 253 —2. 1095—1091 cm™ F1 1100 em ™ 4b A4 45 AE W A I
J Si—O—Si B it A B9 IR 3 W Y5 3600—3000 cm™ Fl 1650—1600 cm™ &b A& 45 AE W5 Wi s > K Ay e
95 Ko 25 AR sh WA B2, 5 i R Y I 5 26 B NFM-L Al NEM-H 1 & A KR R 3 —CO, FE 1 i 45
PR BHIEAE 1500—1340 cm™', 25 {1 4§ 50 H LAE 900 —700 cm ™.

[ @ (b)

Intensity/cps
Transmittance

Mu J Ao NFM-L
W\U NFM-H

15 30 45 60 75 4000 3500 3000 2500 2000 1500 1000 500
20/(°) Wavenumber/cm™!

B 1 PSR AR (NFM-L 1 NFM-H) f XRD(a) . FTIR(b) &
Fig.1 XRD spectrum(a) and FTIR spectra (b) of the two tested iron-manganese-containing minerals(NFM-L and NFM-H)
2.2 A5 IR £k
& 2 2 NFM-L 1 NFM-H B AsCI) () 55 36 02 B th k. 25 5 £ 31, NFM-L (24.82 mg-g™") i As( 1)
W ik 75 £ BH @A F NFM-H (18.94 mg-g '), NFM-L J2& NFM-H (1) 1.31 7%, 3¢ B 4% & B i i KR & 85t
T AsCID) L BRAE 1A —E B k. B 9% NFM-H (1) Mn/Fe {5 T NFM-L, {H j& NFM-L(6.45%) 1 5 bR
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Fe & 1 7 T NFM-H(1.15%) . 35 2 18, £k 5 A9 % i HL A 5 1) 1 B AE 0 290 DR, i ml BB iy T 7
Mn FEARMAIE T, Fe &4 W A RIR S BRAR 19 AsCID) RE 7 AT REHE 35,

281

L L]
24 = NFM-L
4 NFM-H

O/(mg-g™)

1 1 1 1 1 1 ]
0 100 200 300 400 500 600 700
Co(mg-L™h

B2 MRS AR ST (NFM-L R NFM-HD B AsCTI) f 2536 0 B it 2&
Fig.2 Adsorption isotherms of As( Il ) for the two tested iron-manganese-containing minerals(NFM-L and NFM-H)

H2 & Freundlich Fll Langmuir %Y X} NFM-L F1 NFM-H (9 As( 1) W £ 88 247485 & B, NFM-L
1 NFM-H ¥ 474 Freundlich #5571, R* K 0.95; 1%} Langmuir #& B L& SR80 2, R A KRS HE00"
(IBR AsCII) 2k A J2 B4l 1) B 22 W RTASS 8, AT RIS A7 A A W B el B 21(3k 3) . X AT & TR AR
TR N B AR, BREEAL Y AR E ALY B BR As(TD) BB J14b, HAthZu it AsCID) AT 2 A A 6] F2 B
(1) 23 BR 1 RE.
3% 3 Freundlich BAUAH GG S 4L

Table 3 Freundlich model correlation fitting parameters

B Freundlichf%#)

Material K; 1/n R
NFM-L 0.0061 1.3125 0.9503
NFM-H 0.0141 1.1217 0.9848

2.3 Wektsh i

& 3 2 NFM-L il NFM-H 78 A [a] 52 7 B ] F 59 AsCID) 25 B 2%, 45 R £ 0, % Mn/Fe ) NFM-L
i I o 5 2 R 33 R B S AR F 5 Min/Fe () NEM-H. 7£ )W 0—4 h B, 35 380 HP it o 58 PR [ 1K, NFM-L
HINFM-H % AsCIT) (9225543 510 16.10%. 12.98%, NFM-L % As( 1) (82 (4% %< B i 25 T NFM-H;
245 B[] A 12 h B, NFM-L AT NFM-H XF AsCTD A9 2 BRRAR K A 20.18% ., 12.31%; 11 M7 12 h J5 {4
F A T OF . NFM-L A9 W2 33 2 B 5 i T NFM-H, 3X Al RE 2 il T4 S Wk As(TD) &4k
As(V)J, B80T B8RSR P X6 i 1 R o6 55 R0 0, S B0k 5 B R 22 1) NIFMI-L X e ) g o 1 8 o £

281

= NFM-L
A NFM-H %

21}

%]
(=}
T

Arsenic removal rate/%
>
T

t/h
B3 WA A RS (NFM-L R NFM-H) Bk As(TT) /W B 3 71 2%
Fig.3 Adsorption kinetics curves of As( Il ) for the two tested iron-manganese-containing minerals(NFM-L and NFM-H)
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2.4 VTR pH BRI SR 4 52 i

Kl 4(a) M WASTE pH {E X NFM-L F1 NFM-H B (9 52 . 25 5381, A Eb NFM-H, % % pH X}
NFM-L B AsCID) B 52 ma 45 k. 2478 W pH i 135 & 5 1, NFM-L (19 AsC ) 25 Bk R 28 7 34 i, M
19.55% 3 K 2 25.25%; 24 pH #5423 K iF, NFM-L A9 8 25 5 20 52 3050 /N 5 38 Al i 34, ki, 24
pH 7 0—9 Z[H]EF, BB H W pH AY3E I, NFM-H 19 As(IID) 22 BRZB RN (H 14.53% /02 12.09%),
FEAIK 2.44%; MW pH o 11 B AsCID) L BRF A&, 4 16.23%. B HR, NFM-L F1 NFM-H 9 H fiif % 55 AH
UL, (AN R pH F 5 T B9 AsCIT) 25 BRI 58 2 A L. 3X AT RE 2 BT NFM-L F1 NFM-H H 2% fi A
524 IR 30

40 40
@ —a—NFM-L I ® —=—NFM-L
—a—NFM-H —a—NFM-H
£ 30 =l
e 2
[ 2
- L
3 — T — s uf
3 _— 3
5201 & g |
2 2
-9 L L2 16F
g A / 5
< 10t < | S— .
0 L | L | L 1 L 1 L 1 L | 0 L 1 L 1 L 1 L 1 L 1 L 1
0 2 4 6 8 10 12 0 50 100 150 200 250 300
pH Mineral size(screen umber)

B4 I pH {E () FIARPRLAE (b) X NFM-L il NFM-H B AsCTT) (5
Fig.4 Effect of initial solution pH (a) and mineral size (b) on As(Ill ) removal by NFM-L and NFM-H

2.5 RIEEPIbEEERLAR Y BR R 5 R

4(b) A AN [FERIAR ) NFM-L F1 NFM-H X AsCI) (80 B350 . 45 SR 3R 00, AR SCI6 4544, ARbERE
2% NFM-L FIl NFM-H ) As( D) & B R A K. k4278 100 H LA EE, NFM-L /4 As( ) & B R
(17%) AHIT; i Hg R 2 300 HEF, H AsCI) BR300 B GLR93E i, i 17% B R Z 20.9%. SR, kit
M 20 H3EKE) 300 HAF, XF NFM-H £ As(TD) L Br3RTCEH B2, AsCID) ZBRFBHHEGE 9% A 47
2.6 VEIRILATES T X b4 RHER A 5 0

& 5 Sk AN [ e 2 () i B A7 B 1 (Ca?' . HyPO, . SO, Fl CO3% ) X NFM-L Al NFM-H [ As( 1) (1)
S . 45 R, H,PO, % NFM-L Al NFM-H B As(TT) A4 520 B K, HORJE CO5>, 1l Ca? Al SO 152
WA /1N, 24 HyPO, M FE M 0 3841 2 100 mg-L™' B, NFM-L Hl NFM-H 1 As( 1) 25 [ 54K R FEAR, 20 1)
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Fig.5 Effect of coexisting anions on As( Il ) removal by NFM-L (a) and NFM-H (b)
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Fig.7 XRD spectra (a) and FTIR spectra (b) of NFM-L and NFM-H before and after As (1l ) adsorption
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Fig.8 SEM micrographs of NFM-L and NFM-H before and after As (Il ) adsorption
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Fig.9 XPS spectra of Fe2p before and after adsorption of As( [l ) by NFM-L
11 5 NFM-L #l NFM-H 5 As(Il) JZ )7 J& As3d 1 & &3 . 45 5 % B, NFM-L #1 NFM-H %}
As(I) 7E7E A B A EALVE I (K 11). 24 NFM-L 45 As(1) 15}, 54.27% # As(T) #4846 N As(V)(55 4);
1M NFM-H 2 5% As(ID) B, 67.17% 4 As(1D) 8% & AR As(V)(F 4). KB NFM-H S L 5e 7 9 28 T
NFM-L.



2726 7N 54 1t 2 43 %

50000 — (b) NFM-H
45000
45000
40000
2 & 40000
& 35000 z
g & 35000
= 30000 = :
30000
25000
25000 :
20000 1 1 1 1 | 1 1 1 1 1 |
648 646 644 642 640 638 646 644 642 640 638
Binding energy/eV Binding energy/eV
44000 (¢) NFM-L+As(IN) 45000 (d) NFM-H+As(1Il)
42000
,, 40000 40000
\i 380001 z
£ 360001 %‘ 35000
Z 34000+ g
32000 ==X T 30000 bt
30000 -
28000 |-
- 25000 s -
26000 1 1 1 1 1 | 1 1 1 1 1 1 1
648 646 644 642 640 638 648 646 644 642 640 638 636
Binding energy/eV Binding energy/eV
B 10 NFM-L(a,c) Ml NFM-H(b,d) 5 As( 1) 5 1 A f& A9 XPS Mn2p M4 &l ik
Fig.10 XPS spectra of Mn2p before and after adsorption of As( lll ) by NFM-L and NFM-H
6000 = () NFM-L+As(Il) 4000 (b) NFM-H-+As(IIl)
3600
5000
& & 3200
E 3
é 4000 2
= 2 2800
3000
2400
2000 1 1 1 1 1 | 2000 1 1 1 1 1 |
54 52 50 48 46 44 42 50 49 48 47 46 45 44
Binding energy/eV Binding energy/eV
11 NFM-H(a) #l NFM-L(b) 5 As( 1) [ i J& 1) XPS As3d 14 &%
Fig.11 XPS spectra of As3d after adsorption of As( 1) by NFM-L and NFM-H
x4 MRS AsCID) RVHTE & ITR 1 XPS #1462 50(%)
Table 4 XPS fitting parameters of each element before and after adsorption of As( Il ) (%)
Mk
' Fe(Tl) Fe(Ill) Mn( 1) Mn( 1) Mn(IV) As(1ID) As(V)
Material
NFM-L 53.61 44.84 66.94 17.26 15.8 — —
NFM-H — — 52.8 21.37 25.83 — —
NFM-L+As(1I) 57.13 42.87 73.42 13.92 12.66 45.73 54.27
NFM-H+As(1) — — 68.15 17.37 14.48 32.83 67.17

3 458 (Conclusion)

(1) RIREHAEW FE A Feo. Mn JGZ, NFM-L 1 NFM-H Y3 4 8 5 W BE (19 Mn, {H 2 NFM-L
i) Fe & & NFM-H 19 5.61 %5, T RS YER0TE A1 2, Rt & Hof 2 i, H 3R 20 i
k1 Si fl Al TEE;



8 H 7555 - i) Min/Fe Ffil R R & B A1 As(II) W B RE S L] 2727

(2) NFM-L 11 NFM-H %} AsC ) it W% fff 8 454 Freundlich B!, F NFM-L (1) AsC I 0% fff 75 5 BH
525 T NFM-H. #H Ft NEM-H, %W pH %7 NFM-L 2% As( ) #4952 0 58 Kk, L7755 7 H,PO, fEf% B
SN AsCID) EBRFCR, WikieXF A AR AsCIT) 25 BRR 2 K

(3) XPS 45 R W], NFM-L Al NFM-H £ Bk AsCID) J5 40 2 T As(V) (4778, H NFM-H % 1k
As(TD) BYAE 191 AL T NFM-L, 3% 7] fig & i1 T NFM-H A9%% & 55 T NEM-L 300, d e il Rk &
BRAGO PR A, i NFM-L A1 NFM-H 2 & i 58 A AL P eds AsCID) 2460 As(V), M fiE #E 4k 4
A X ) 25 R AR

5% ik (References)

[ 1] SHARMA V K, SOHN M. Aquatic arsenic: Toxicity, speciation, transformations, and remediation[J]. Environment International,
2009, 35(4): 743-759.

[2] ZHAOF J, McGRATH S P, MEHARG A A. Arsenic as a food chain contaminant: Mechanisms of plant uptake and metabolism and
mitigation strategies[J]. Annual Review of Plant Biology, 2010, 61: 535-559.

[ 31 SMITH A H, LOPIPERO P A, BATES M N, et al. Public health. Arsenic epidemiology and drinking water standards[J]. Science,
2002, 296(5576) : 2145-2146.

[ 4] ALII GUPTA V K. Advances in water treatment by adsorption technology [J]. Nature Protocols, 2006, 1(6): 2661-2667.

[ 5] CUONGD YV, WUPC,CHEN LI, et al. Active MnO,/biochar composite for efficient As(Ill) removal: Insight into the mechanisms of
redox transformation and adsorption[J]. Water Research, 2021, 188: 116495.

[ 6] WEERASUNDARA L, OK Y S, BUNDSCHUH J. Selective removal of arsenic in water: A critical review[J]. Environmental
Pollution, 2021, 268: 115668.

[7] HAOLL, LIUM Z, WANG N N, et al. A critical review on arsenic removal from water using iron-based adsorbents[J]. RSC
Advances, 2018, 8(69): 39545-39560.

[ 8] LIUZM,CHENJT,WUY C, et al. Synthesis of magnetic orderly mesoporous a-Fe,O; nanocluster derived from MIL-100(Fe) for
rapid and efficient arsenic(1ll, V) removal[J]. Journal of Hazardous Materials, 2018, 343: 304-314.

[9] CHEN DN, LI D G, XIAO Z J, et al. Removal of lead ions by two FeMn oxide substrate adsorbents[J]. Science of the Total
Environment, 2021, 773: 145670.

[10] MAL,CAID M, TU S X. Arsenite simultaneous sorption and oxidation by natural ferruginous Manganese ores with various ratios of
Mn/Fe[J]. Chemical Engineering Journal, 2020, 382: 123040.

[11] CHAKRAVARTY S, DUREJA V, BHATTACHARYYA G, et al. Removal of arsenic from groundwater using low cost ferruginous
Manganese ore[J]. Water Research, 2002, 36(3): 625-632.

[12] DESCHAMPS E, CIMINELLI V S T, HOLL W H. Removal of As(Ill) and As(V) from water using a natural Fe and Mn enriched
sample [J]. Water Research, 2005, 39(20): 5212-5220.

[13] LIU B B, ZHANG Y B, LU M M, et al. Extraction and separation of manganese and iron from ferruginous Manganese ores: A
review [J]. Minerals Engineering, 2019, 131: 286-303.

[14] WANG JL, GUO X. Adsorption isotherm models: Classification, physical meaning, application and solving method[J]. Chemosphere,
2020, 258: 127279.

[15] AL-GHOUTI M A, DA'ANA D A. Guidelines for the use and interpretation of adsorption isotherm models: A review[J]. Journal of
Hazardous Materials, 2020, 393: 122383.

[16] HOY S, McKAY G. Sorption of dye from aqueous solution by peat[J]. Chemical Engineering Journal, 1998, 70(2): 115-124.

[17] CAIGY, TIAN Y, LI D K, et al. Self-enhanced and efficient removal of As(Ill) from water using Fe-Cu-Mn composite oxide under
visible-light irradiation: Synergistic oxidation and mechanisms[J]. Journal of Hazardous Materials, 2022, 422: 126908.

[18] ZHANG G S, LIU H J, LIU R P, et al. Adsorption behavior and mechanism of arsenate at Fe-Mn binary oxide/water interface[J].
Journal of Hazardous Materials, 2009, 168(2/3): 820-825.

[19] ZHENG Q, TU S X, HOU J T, et al. Insights into the underlying mechanisms of stability working for As(1ll) removal by Fe-Mn binary
oxide as a highly efficient adsorbent[J]. Water Research, 2021, 203: 117558.

[20] HOUIJT,LUOJL, SONG S X, et al. The remarkable effect of the coexisting arsenite and arsenate species ratios on arsenic removal by
Manganese oxide [J]. Chemical Engineering Journal, 2017, 315: 159-166.

[21] HAHN A, VOGEL H, ANDO S, et al. Using Fourier transform infrared spectroscopy to determine mineral phases in sediments[J].
Sedimentary Geology, 2018, 375: 27-35.

[22] BAIY, TANG X J, SUN L Y, et al. Application of iron-based materials for removal of antimony and arsenic from water: Sorption
properties and mechanism insights [J]. Chemical Engineering Journal, 2022, 431: 134143,

[23] ZHANG G S, QU J H, LIU H J, et al. Removal mechanism of As(Ill) by a novel Fe-Mn binary oxide adsorbent: Oxidation and
sorption[J]. Environmental Science & Technology, 2007, 41(13): 4613-4619.

[24] RAWAT A P, KUMAR V, SINGH P, et al. Kinetic behavior and mechanism of arsenate adsorption by loam and sandy loam soil [J].
Soil and Sediment Contamination:an International Journal, 2022, 31(1): 15-39.

[25] WANG J B, XU J, XIA ], et al. A kinetic study of concurrent arsenic adsorption and phosphorus release during sediment
resuspension [J]. Chemical Geology, 2018, 495: 67-75.

[26] APPELO C A J, van der WEIDEN M J J, TOURNASSAT C, et al. Surface complexation of ferrous iron and carbonate on ferrihydrite
and the mobilization of arsenic[J]. Environmental Science & Technology, 2002, 36( 14): 3096-3103.


https://doi.org/10.1016/j.envint.2009.01.005
https://doi.org/10.1146/annurev-arplant-042809-112152
https://doi.org/10.1126/science.1072896
https://doi.org/10.1038/nprot.2006.370
https://doi.org/10.1016/j.watres.2020.116495
https://doi.org/10.1016/j.envpol.2020.115668
https://doi.org/10.1016/j.envpol.2020.115668
https://doi.org/10.1039/C8RA08512A
https://doi.org/10.1039/C8RA08512A
https://doi.org/10.1016/j.jhazmat.2017.09.047
https://doi.org/10.1016/j.scitotenv.2021.145670
https://doi.org/10.1016/j.scitotenv.2021.145670
https://doi.org/10.1016/j.cej.2019.123040
https://doi.org/10.1016/S0043-1354(01)00234-2
https://doi.org/10.1016/j.watres.2005.10.007
https://doi.org/10.1016/j.mineng.2018.11.016
https://doi.org/10.1016/j.chemosphere.2020.127279
https://doi.org/10.1016/j.jhazmat.2020.122383
https://doi.org/10.1016/j.jhazmat.2020.122383
https://doi.org/10.1016/S0923-0467(98)00076-1
https://doi.org/10.1016/j.jhazmat.2021.126908
https://doi.org/10.1016/j.watres.2021.117558
https://doi.org/10.1016/j.cej.2016.12.115
https://doi.org/10.1016/j.sedgeo.2018.03.010
https://doi.org/10.1016/j.cej.2021.134143
https://doi.org/10.1080/15320383.2021.1900071
https://doi.org/10.1016/j.chemgeo.2018.08.003

	1 材料与方法 （Materials and methods）
	1.1 供试材料
	1.2 实验设计和方法
	1.2.1 不同粒径矿物的除砷效果影响
	1.2.2 溶液pH值对吸附砷的影响
	1.2.3 等温吸附实验
	1.2.4 吸附动力学实验
	1.2.5 共存离子影响实验
	1.2.6 吸附/解吸实验

	1.3 样品分析测试方法

	2 结果与讨论 （Results and discussion）
	2.1 矿物材料的表征
	2.2 等温吸附曲线
	2.3 吸附动力学
	2.4 溶液pH值对材料吸附砷的影响
	2.5 不同矿物材料粒径的除砷效果
	2.6 溶液共存离子对材料除砷的影响
	2.7 材料吸附砷后的解吸实验
	2.8 不同铁锰矿对砷的吸附机制分析
	2.8.1 XRD和FTIR分析
	2.8.2 SEM分析
	2.8.3 XPS分析


	3 结论 （Conclusion）
	参考文献

