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Abstract In order to develop an efficient and inexpensive material for As(Ill) removal from water, natural
ferromanganese ore (NFM) was used as adsorbent. Kinetic, thermodynamic, isothermal adsorption and
adsorption/desorption experiments were conducted to evaluate the adsorption performance of As(Ill). The
mechanism was analyzed by Fourier transform infrared spectroscopy, scanning electron microscopy, X-ray
photoelectron spectroscopy, and the adsorption characteristics were compared with those of iron-manganese binary
oxide (FMO), birnessite (Bir), and goethite (Goe). The results showed that NFM was mainly composed of
manganese oxide and iron oxide, with a Fe-Mn molar ratio of 6:1, the specific surface area of 280.4 m%g, and a
saturation adsorption capacity of 48.3 mg/g for As(Ill). The Freundlich model and the pseudo-second order kinetic
model could better fit the adsorption process of NFM. XPS and other characterization analyses indicated that the
synergistic effect of adsorption and oxidation of NFM was the key factor for As(Ill) removal. Among them,
manganese oxides exhibited excellent oxidation of As(Ill), while iron oxides had strong adsorption.
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pH N 7~8, ZEZ IR M | h 515 B DITE Y ED
FMO, Bir {R#E Mckenzie®" izl B9 5 %6 1: % 35
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A As(T) TR IR LR AT AR, mg/L; VoA As(T)
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Table 1 Percentage content of each element of

NFM %
JCE i JLE o
Fe 72.32 P 0.76
Mn 11.78 Zn 0.09
Ca 0.33 Ni 0.04
Si 3.46 As 0.01
Al 2.52 Pb 0.02
Mg 0.27 Cr 0.01

FE: LR /R SRR T0.01%MI0%

%} NFM., FMO., Bir #il Goe i XRD KL% [#] 1(a))
(3B 25 SR 2 B, NEM Fll FMO 45 S A 2%, 48
ey ek B B FE NS5y . NFM 2SR Y
RS Y, U35 5185 (FeOOH, JCPDS 01-0401) .
A (MnO,, JCPDS 12-0716) Fil 7 4k ™ ( Fe,05,
JCPDS 24-0072), & 47 /b &t 41 9£(Si0,, JCPDS 46-
1045) (1A 1(a)) . X5 Allard %28 W22 2 (1 45154
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Table 2 Fe, Mn content and specific surface area of the

adsorbent
JCRE /% A
W B 551 R Lb R H A (m%/g)
Fe Mn
NFM 72.3 11.8 1:6.12 280.4
FMO 46.9 13.5 3.47:1 268.8
Bir 52.3 102.9
Goe 67.4 95.8

L, T HRZE TR, RREE T &A
1.96% 11 SiO.

FTIR B i [ & 1(b)) & W, 7F 3379~3415 I
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WF 5% 2 B B2, 920 em™ 4k Y HRAF 05 AR 1T BE 2
Mn—Mn—OH, Hpfi#5 Co® B T35 by i i /b, i
5 918 em™ Zb WU 2Ll . 889, 976~1 122 F1 790~
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P— A
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As(IN) {9 g, 43514 67.28. 47.8 mg/g; 1fii Bir Al Goe
R BARBBRE ST, H g, 43518 31.09 1 45.57
mg/g. Joshi 0 ARTE T IMIMBLL, Xt T75 ik
A HLA A I B, FMBO(ER FER 19 — o & AL W) L
FeOOH #l MnO, ELA B i (W B s

K H Freundlich fl Langmuir # 7 $ & W Bf} %%
&, W M 280 W 3 3. Freundlich &5 IR 26 B 5 1
Langmuir 5 il Ze A5 Y B B A BE As(1ll) 76 NFM, Bir
1 Goe [ HYMKFff, H: R* ¥ KF 0.97; M £ FMO I,
Langmuir SRR E S, R* 4 0.973. X T 4 Fp
W Bt 751, Freundlich #7848 R* AR 155, 154 B W fft i 7 vp
FETEE AR S R MMM . LA, FMO Al NFM 44 5
1% W B A 1 T RE T S 08 R T SR A L Bir AN
Goe I B 22 (W6 M0 o, X gl 2% 2 v i L if
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A e Tl s Ak
2.2.2 Wi R
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Fig.1 XRD spectrum and FTIR spectra of original absorbents
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Fig.2 Adsorption isotherm plot of As(Ill) on adsorbents
x3 WEHFIFT As(lll) B9 FTH Langmuir 0 Freundlich
RS
Table 3 Langmuir and Freundlich model parameters for

adsorption of As(Ill) on adsorbents

Langmuirf& %y Freundlich#%i %!

R 551
G b R K; n R?
NFM 483 0.0649  0.962 8.07 336  0.998
FMO 709 03500 0973 174 3.09 0957
Bir 332 0.0060  0.662 086 191 0977
Goe 443 0.0380  0.905 581  3.04 0984

R W B i IR E ) T T I, B /T 3
i, ATy M2 B B R RS, BIHIREE A T A
AT As(I) 76 W B 550 _E Bz B, 32 R A 201 19328
3 B NER, As(TI) 55 W B 50 22 8] Al 45 (4 BIL 25 38 in
SR, & 4T WL, AHFRT 0, 3B
T Ry W S L, T i it JEE A ) T 0 RS S B 8 AT 5
AG, ¥R T, HLH A X (E B i 64 T s i B
FMH As(II) 19 W B S It A A b AT Y, LB it
g, W RRSR)S AsCI) FPAZ RRFAE FH TR B0,

10
o NFM

S o o FMO
A Bir
8r v Goe

B\E\ﬂ

F—
Vv =7

v —7

In (K /(L/g))
[e)}

4r a & A

2 1 1 1 ]
32 33 34 3.5 3.6

1/Tx1073
B3 InK, 5 UT<107 &%
Fig.3 Fitting plot of In K, versus 1/7x107
223 WMBh#
MR RS 2503 3 2 e i 5 R B R0 X AT W B 2832 )
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Table 4 Thermodynamic parameters of As(Ill) adsorption on

adsorbents at different temperatures

A AGy/(kJ/mol) AHy AS,/ "
278 K 298K 308K (kl/mol) [(J/(K-mol))
NEM  —41.0 -440 -454 27.7 0.0148 0.9999
FMO -l16.6 —20.9 -23.1 44.2 0.2180 0.8714
Bir -871 942 -9.77 1.18 0.0356 0.9899
Goe  —124 —13.6 -142 4.55 0.061 0 0.893 6

ISR — . WA 4 PR, As(T) ¥ N 240
mg/L B}, 7 0~360 min FYH) 4G SN BB, As(TT) HY
I B XRGEEA , E W 180 min J5 1551 1 % B SP- £y
R YR 4 h i, WELE] NFM E 1Y g, 4 16.99
mg/g, 35 B AL F A0 72.35%. 480 1240
BRI, NFM 19 As(1l) W B 25 5 e Bir Al Goe 1,
LK T FMO. B NFM A4 As(II) 1 1z Jf 25

21.78 mg/g, FMO & 23.82 mg/g, Bir & 7.44 mg/g,
Goe H 17.57 mg/g. 150 Z0H h HE— K3 ) 24 B A
FE — 03 ) 2 BRI, Bl 1 S50 e &
(R WA S, thak 5 v, s J12# (R KF
0.99) Lt #E— K 2 ) 2% B3 G U6 I As(TIT) 7 W 741
R BB . AR 4 BT RUE ), FERI IR B B (<60
min) , PR I AT BB S B TR R AR R 1A AR 2]
FHIR R s 76 R —BrBE(120~240 min), As(T) 1%
A A A 2R TR S T o ) R T A 3 T, B

As(Il) ZEBEER T,
351
o NFM
o FMO
30 A Bir
v Goe
25+
— o
- fo/a,»—ﬂ——"c‘/—_‘o
g
£
= 15
10 +
A A A A
5 ?
0 1 1 1 1 1 ]
0 500 1000 1500 2000 2500 3000

t/min

B4 IRBFIRT As(ll) BORR B Bh 15

Fig.4 Adsorption kinetics of As(Ill) on adsorbents
2.2.4 pH i

WA i pH. 2 55 i) i R I 56 590 A % T
P, 5 BoRFIEA pH A 1.0~9.0 5 Fl N As(I) 7£
AN 5] W B 7R B R W B AL . FMO. NFM, Bir,
Goe Y HLfTZ AKX N 7.02. 5.92, 2.27 F1 7.30, 4
W BRI LG pH AE 1.0~9.0 Y5 B N BT, As(IT) 2D
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Table 5 Fitting parameters of pseudo-first-order and pseudo-
second-order kinetic models

WHE— B 12 Al i e DAY b
9e1 K, R 92 K, hy R

Rz ff5)

NFM 822 0.124 0983 219 0.0563 27.0 09986

FMO 5.68 0.196 0966 239 0.153 87.4 09999

Bir 1.14  0.0689 0.205 7.07 0.559 279 0.9985

Goe 423 0.187 0.955 17.6  0.175 542 09997

HiE (H;AsO,) IRZSAFAE . WIh pH X} NFM 1 FMO
(W B CR TE B B2 . 7E R N AR FR pH Ry 1.0 B,
As(1ll) 7E FMO il NFM _L (W Bt 43531 h 23.23 A1l
20.84 mg/g, {H7E Bir il Goe | ) f KW ik Ky
9.879 Fil 18.45 mg/g. As(IM) 7£ Bir b {1 il 2 bl &
VT pH (3 IR/, 53X T BE S T Bir
Fe AT G0, B Bir 221 W B A R A R
ffE W B, Goe X As(IIl) 1) W Bt 6 77 B 2 = F Bir,
7 pH Ky 1.0~5.0 B3 Fl N, W Bt i B & pH A9 3 fin
I H G, B SRS . X AT R 2 AN
RGP : DFERRMEFMET (pH /N T 5.0), Goe B4
AR ENEE T (H,00), SEmp B T
F R AR s 2) FE R Y pH AR T (pH R
9.0), Goe 12 4 £ FL g 55 Py 22 (0] 7 e L HE
JF, X 5 Jaiswal 55 P¥ (4 0 5% 45 AL, KA,
As(I) P14 8 5 R 8 7400 6 T 350 R o ) PN Bk T 42
BTN, SO R B R A

28 r

24t

=N

o0— ©- &

& 20 _
g

o 161 ——-NFM
= ——FMO
= 12t —A—Bir

f ——Goe
3 sl M

~
T

B 5 pH XTIREIFIREH As(lll) BRI
Fig.5 Effect of pH on the adsorption of As(Ill) on adsorbents

225 foE kiR

As(l) A LUIE &8 25 55 48 . 4 300 B i 1 2
() 7 2 B B R B A TR T P 7 R
As(T) J5 iy FaEtE, A1 0.1 mol/L 1Y) NaOH X As(1ll)
AT, 45 ULIE 6. NFM, FMO, Bir Al Goe X
As(I) B W B 23R 43 51 R 88.2%. 99.6%. 41.6% FlI

78.8%, K FH 0.1 mol/L NaOH f# W Ji5 , HoA W %43 51
H 43.3%. 47.3%. 32.4% F1 36.8%. iX Al fEJ& H T
NaOH #2141 T K fe i OH BH B 1, i H: 5 1% B 72
BR300 2 T AR A o = A i 0 P A 5 3R T

100 -
CJAs(ID Bl
—— As(IIT) [AES
80 | m

A bl

20

R %

UGESN

)

NFM FMO Bir Goe
W 77

B6 BB As(ll) HMR B FIAR IR
Fig.6 Adsorption and desorption of As(Ill) on adsorbents
2.3 NFM XB As(lll) #LHl

FTHAIR B 45 SR 22 B, NFM 1R A W J 50 %5 7K R v
(A EL AT R AT 9 T B RE L AE SRR (pH A
7.0)NFM MW B RE 185 R . IR T ff NFM 57K
B S G R, W XRD. FTIR, SEM /& XPS %
FAEFBHAT 0. K7 R As() 7 4 Fp F 5] L
W BfF AT S Y XRD B3 . 1B 7 AT UL, NFM 2 45 Ff
W IR G W, 4G £ 8k 97 (FeOOH, JCPDS 01-
0401) . %4 W (MnO,, JCPDS 12-0716) Fl 7% £k 1™
(Fe,0,, JCPDS 24-0072) , Jf & A /> &t 47 9% ( Si0,,
JCPDS 46-1045) . #R 1M, 4 W B As(l) J5 , Bir Al
Goe W EEFM [ As(Ill) J5 MnO, Fl1 FeOOH ) il
SRIEAN S, X 5 NFMAI FMO A1, 7% H MnO, il
FeOOH 7£ As(I)Hmgift b & 3= 4B .

€l 8 S As(Ill) £ FMO. NFM, Bir il Goe =%
BRFAITJE Y FTIR Y6k, IRl 8 w UL, SRt As(T) A
FHLE, B S Y FTIR E3E7E 3379, 3383, 3387 Fil
3415 em™" ZbREE BT FE (1 ARFAE UG, 2 I I 6 500 2 1vT
A+E M H—O—H Eghl, XAl g2 i & A e
A, NFM AT FMO W[ As(T) J= , M%¢ 5] Fe—O
Fl Mn—O PSR EEREAIR, $8/R T IX LB REHIE As(1)
(W BiE o AR b ke T B AR . (EAR PR AR, 793
em (&l 8(a) JF1 797 cm ™' (&1 8(b) JAb UG Ay i 4y Fil
i As—O BYPLAHR 37, ik 2L B A7 7R AR SE T
As(I) 7£ NFM Fll FMO 1 & A T W FHER .

K H] SEM WL 4 Fofrilfg B 55 Wi B As(TIT) A )i 1Y)
RIETESLE 9) o RVHT, W R RS A
FR etk (1 9(a)~1&8 9(d)), H NFM G, i
FMO. Bir fll Goe 2t H MRS 19 R THE S o 24 W B
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Fig.7 XRD spectrum of absorbents before and after absorption of As(1ll)
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AR, W As(TT) J5, M—O (1) 1 A4 He A 30.70%
F+ % 53.97%, M—OH 1) I i L LU DA 48.42% [ %]
23.35%, 5 7£ FMO, Bir fl Goe I W [ff i As(Il) A
AR &S, X5 FTIR X T M—O0—As $#IE B4
-3
%6 WHFRAREMNZ Mn.Fe. As FETF &tk

Table 6 Atomic percentages of the different

valence of Mn, Fe, As in absorbents %

W5 Mn(I) Mn() Mn(IV) Fe(Il) Fe(ll) As(Ill) As(V)
NFM 19.64 59.53 20.83 3607 6393 0 0

NFM-As(lll) 62.89 2139 15.72 5327 46.73 47.78 52.22

FMO 11.48 24.64 63.88 63.03 36.97 0 0

FMO-As(I) 6028 19.44 2028 62.42 37.58 29.39 70.61

Bir 5438 20.84 2478 0 0 0 0.00

Bir-As(ll) 6222 1342 2436 0 0 35.50 64.50

Goe 0 0 0 63.38 36.62 0 0
Goe-As(Ill) 0 0 0 49.13 50.87 56.54 43.46

NFM XK AH - As(TT) 9 2 Brad #0522 1Y, 2
TR B AR AT . AW IMER R, K A w
—OH fJ L 5y p = A NERR IS 5, 59 %
X S £ W WK 40 45 0 O 3 ( EXAFS) Y 45 R —
O, NFM L B A5 3EmT LS g Rt 578 i
RKELZEY, KB MKW L BRE R H Y, X5
T M—O WA N, R, NFM 7R As(TT)
J& , Mn(1N) #1 Mn(IV) (% J5F &7 B %, 1fii Mn( D)
M F 5 b BTG 6), XA figJ& i T As 7£ NFM

F R A B Mn EA LR, 5 NFM ML, FMO
A1 Bir H Mn(1D) A1 Mn(IV) 5 Fe e S5 As(T 2 by &
WA B R, Ui As() F1 Mn(THMn(IV) &£ T
IR (10)~(12) )27 #4054 Mo Mn(l)
A Mn(IV)) AT DL e A Ak As(T, 2R 5 5% 16k
Mn( 1) A1 MnOOH*, MnOOH*l i 7~ t %t As(1)
(BRI, SR JE R =X (12) A2 B Mn( 1) AR IX
Bt n] LA P HED As(ID) 7£ NFM 2 1 i) &
AL 5 Bir A A AL HLEIAR R . 3 XPS 45 4R
BT As(Il) 78 Goe & 1 1) £ AL HI, & 6 FH,
As(I) 7£ Goe b fizk)m, Fe(11) AYJET 5 b R, 1
As(V) W5 e BT, Ui Fe—O #% As YR i
a5, N (13) AT LA H, R IATE K T 05 50 N2 4%
FSL7//
FET LRSS IS, KA B AR AR A
1, F AR X i b e R B ) SR AR RE
U, BRAAL AR SE AL D RIE T T NFM (5
I BRE 1. 76 NFM 25k As(T) Ay 72, Fed)
(1) 2 3 AL T 2 e 4 A A A 2 T ) 0 R A 7 I i
SRIG, G B ALY H B9 Mn(TD F1 Mn(IV) %5 As(T) A
B A AL VE L, 580 As(V) B9 A AT A 2
Mn (385, As(V) Fl Mn( 1) o B A3 E B 73X
AN AR KA CE 10(b)~E] 10(c) ). NFM 3R i H
BT As(V), ZHUH AL As(V) SR B 57 2 1T
MR (% 6) .
Mn,0; + H;AsO; + H,O — MnAsO;~ (10
MnO, + H;AsO; + H,O — MnOOH" + AsO}~  (11)
MnOOH’ + H;AsO; + H,0 — MnAsO?~  (12)
FeOH + AsO;” + H,0 — FeH,AsO, (13)
Hr MnOOH " & H ] S N 74
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Fig.10 XPS spectra of NFM before and after adsorption of As(1ll)

FeOH + MnO, + H,O — FeH,AsO, + Mn**  (14)

3 Zhig

(1)NFM 1Y F L0 M8 A Avs S8 e, Xt
AKARHR) As(TIT) 30 HH AR 5 114 S5 F1 T IS o P e
fit 71 (47.8 mg/g) . 1 NFM %t As(T) f9 W B 12k 56
RIS K e nT AR - M9 Freundlich A7 A1 ME — 2%
Bl AR

(2)FTIR, XRD Fll XPS 43 Hr45 % B, NFM 2%
B As(Il) /9 = ZEHTHELEE 3 20 8R: FeOOH Y fE%E
TE 7 TH W BEE AR A MntE As(I) 45 Ak AR
As(V); As 7E NFM R HJE kN R T 59 . I
A, W B 0 A 4 A, AL HE As(I FT As(V), Y37 H
NaOH ¥ i, BV mT LA & R FH .

S 0k

[ 1] NORDSTROM D K. Worldwide occurrences of arsenic in

[2]

[6]

ground water[J]. Science, 2002, 296: 2143-2145.

JOMOVA K, JENISOVA Z, FESZTEROVA M, et al. Arsenic:
toxicity, oxidative stress and human disease[J]. Journal of
Applied Toxicology, 2011, 31(2): 95-107.

GALAL G H, OZOLINS G. WHO guidelines for drinking-water
quality[J]. Water Supply, 1993, 11(3): 1-16.

SMEDLEY P L, KINNIBURGH D G. A review of the source,
behaviour and distribution of arsenic in natural waters[J].
Applied Geochemistry, 2002, 17(5): 517-568.

MENG X, JING C, KORFIATIS G P. A review of redox
transformation of arsenic in aquatic environments[J]. ACS
Symposium Series, 2003, 835: 70-83.

JkIooT, FAME, EAEIE,SF TCDDHUK, i, A, k& 2tk
JOE B MLBBT S J D). BRI TR B AR 244, 2021, 11(2): 332-
342.

ZHANG Y Y, GUO S J, WANG F F, et al. Research progress on
joint toxic effects and mechanisms of the mixture of TCDD and
mercury, cadmium, lead, arsenic[J]. Journal of Environmental

Engineering Technology, 2021, 11(2): 332-342.


https://doi.org/10.1126/science.1072375
https://doi.org/10.1016/S0883-2927(02)00018-5
https://doi.org/10.12153/j.issn.1674-991X.20200217
https://doi.org/10.12153/j.issn.1674-991X.20200217
https://doi.org/10.12153/j.issn.1674-991X.20200217

+ 2152 -

PG TR

13 &

[7]

[11]

[13]

[14]

[15]

LIANG M, GUO H, XIU W. Mechanisms of arsenite oxidation
and arsenate adsorption by a poorly crystalline manganese oxide
in the presence of low molecular weight organic acids[C]/E3S
Web of Conferences. France: EDP Sciences, 2019: 04009.
LIANG M, GUO H, XIU W. Arsenite oxidation and arsenic
adsorption on birnessite in the absence and the presence of citrate
or EDTA[J]. Environmental Science and Pollution Research,
2020, 27(35): 43769-43785.

HOU J, TAN X, XIANG Y, et al. Insights into the underlying
effect of Fe vacancy defects on the adsorption affinity of goethite
for arsenic immobilization[J]. Environmental Pollution, 2022,
314: 120268.

CUONG D V, WU P C, CHEN L I, et al. Active MnO,/biochar
composite for efficient As(lll) removal: insight into the
mechanisms of redox transformation and adsorption[J]. Water
Research, 2021, 188: 116495.

A, TRER, SRS S Y - R R AL BOR TR
WE5E 0], PR AR 4R, 2021, 11(4): 734-739.

GU Q, ZHANG Z, ZHANG L, et al. Research on engineering
application of stabilization technology for arsenic contaminated
site soil[J]. Journal of Environmental Engineering Technology,
2021, 11(4): 734-739.

SU W, XIAO L. Manganese-doped ferrihydrite/cellulose/
polyvinyl alcohol composite membrane: easily recyclable
adsorbent for simultaneous removal of arsenic and cadmium from
soil[J]. Science of the Total Environment, 2022, 815: 152748.
AR, RFD, ERIAAE R R IBERHR AR ARIE T BIR N A e
HLI]. BB TRHOR A, 2022, 12(5): 1548-1554.

SHI L Q, GUO L, LU C Y, et al. Research status and
development trend of the technology for arsenic removal from
groundwater[J].  Journal of Environmental Engineering
Technology, 2022, 12(5): 1548-1554.

YIN C, LIS, LIU L, et al. Structure-tunable trivalent Fe-Al-based
bimetallic organic frameworks for arsenic removal from
contaminated water[J]. Journal of Molecular Liquids, 2022, 346:
117101.

ZHENG Q, HOU J, HARTLEY W, et al. As(Ill') adsorption on
Fe-Mn binary oxides: are Fe and Mn oxides synergistic or
antagonistic for arsenic removal[J]. Chemical Engineering
Journal, 2020, 389: 124470.

LIN Y, JIN X, KHAN N I, et al. Bimetallic Fe/Ni nanoparticles
derived from green synthesis for the removal of arsenic(V) in
mine wastewater[J]. Journal of Environmental Management,
2022,301: 113838.

BAI 'Y, YANG T, LIANG J, et al. The role of biogenic Fe-Mn
oxides formed in situ for arsenic oxidation and adsorption in
aquatic ecosystems[J]. Water Research, 2016, 98: 119-127.
CHEN D, LI D, XIAO Z, et al. Removal of lead ions by two
Fe-Mn oxide substrate adsorbents[J]. Science of the Total
Environment, 2021, 773: 145670.

PARSONS J G, LOPEZ M L, PERALTA J R, et al

Determination of arsenic(lll) and arsenic(V) binding to

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

microwave assisted hydrothermal synthetically prepared Fe,O,,
Mn;O,, and MnFe,0,
Journal, 2009, 91(1): 100-106.

ZHANG G S, QU J H, LIU H J, et al. Removal mechanism of

nanoadsorbents[J]. Microchemical

As(Ill') by a novel Fe-Mn binary oxide adsorbent: oxidation and
sorption[J]. Environmental Science and Technology, 2007,
41(13): 4613-4619.

MCKENZIE R M. The synthesis of birnessite, cryptomelane, and
some other oxides and hydroxides
Mineralogical Magazine, 1971, 38: 493-502.

ATKINSON R J, POSNER A M, QUIRK J P. Adsorption of

of manganese[J].

potential-determining ions at the ferric oxide-aqueous electrolyte
interface[J]. Journal of Physical Chemistry, 1967, 71(3): 550-
558.

WANG J, GUO X. Adsorption isotherm models: classification,
physical
Chemosphere, 2020, 258: 127279.

FOO K Y, HAMEED B H. Insights into the modeling of

meaning, application and solving method[J].

adsorption isotherm systems[J]. Chemical Engineering Journal,
2010, 156(1): 2-10.

QI J, ZHANG G, LI H. Efficient removal of arsenic from water
using a granular adsorbent: Fe-Mn binary oxide impregnated
chitosan bead[J]. Bioresource Technology, 2015, 193: 243-249.
CAI G, TIAN Y, LI D, 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.

LOU Z, CAO Z, XU J, et al. Enhanced removal of As(Ill)/(V)
from water by simultaneously supported and stabilized Fe-Mn
binary oxide nanohybrids[J]. Chemical Engineering Journal,
2017, 322: 710-721.

ALLARD S, GUTIERREZ L, FONTAINE C, et al. Organic
matter interactions with natural manganese oxide and synthetic
birnessite[J]. Science of the Total Environment, 2017, 583: 487-
495.

CHENG Z, FU F, DIONYSIOU D D, et al. Adsorption,
oxidation, and reduction behavior of arsenic in the removal of
aqueous As(lll) by mesoporous Fe/Al bimetallic particles[J].
Water Research, 2016, 96: 22-31.

BAI Y, TANG X, SUN L, et al. Application of iron-based
materials for removal of antimony and arsenic from water:
sorption properties and mechanism Chemical
Engineering Journal, 2021, 431: 134143.

ZHENG Q, TU S, HOU J, et al. Insights into the underlying

insights[J].

mechanisms of stability working for As(Ill) removal by Fe-Mn
binary oxide as a highly efficient adsorbent[J]. Water Research,
2021, 203: 117558.

YIN H, LIU F, FENG X, et al. Co*-exchange mechanism of
birnessite and its application for the removal of Pb** and
As(1lN)[J]. Journal of Hazardous Materials, 2011, 196: 318-326.
BRG K, AR ZE, A K2 55 AT P L I R 5 X6 7K e e
FEROFE L], BRETRIENEE, 2021, 34(2): 346-355.


https://doi.org/10.1007/s11356-020-10292-3
https://doi.org/10.1016/j.envpol.2022.120268
https://doi.org/10.1016/j.watres.2020.116495
https://doi.org/10.1016/j.watres.2020.116495
https://doi.org/10.12153/j.issn.1674-991X.20200203
https://doi.org/10.12153/j.issn.1674-991X.20200203
https://doi.org/10.1016/j.scitotenv.2021.152748
https://doi.org/10.12153/j.issn.1674-991X.20210284
https://doi.org/10.12153/j.issn.1674-991X.20210284
https://doi.org/10.12153/j.issn.1674-991X.20210284
https://doi.org/10.1016/j.molliq.2021.117101
https://doi.org/10.1016/j.cej.2020.124470
https://doi.org/10.1016/j.cej.2020.124470
https://doi.org/10.1016/j.jenvman.2021.113838
https://doi.org/10.1016/j.watres.2016.03.068
https://doi.org/10.1016/j.scitotenv.2021.145670
https://doi.org/10.1016/j.scitotenv.2021.145670
https://doi.org/10.1016/j.microc.2008.08.012
https://doi.org/10.1016/j.microc.2008.08.012
https://doi.org/10.1021/es063010u
https://doi.org/10.1180/minmag.1971.038.296.12
https://doi.org/10.1021/j100862a014
https://doi.org/10.1016/j.chemosphere.2020.127279
https://doi.org/10.1016/j.cej.2009.09.013
https://doi.org/10.1016/j.biortech.2015.06.102
https://doi.org/10.1016/j.jhazmat.2021.126908
https://doi.org/10.1016/j.cej.2017.04.079
https://doi.org/10.1016/j.scitotenv.2017.01.120
https://doi.org/10.1016/j.watres.2016.03.020
https://doi.org/10.1016/j.watres.2021.117558
https://doi.org/10.1016/j.jhazmat.2011.09.027

56

F R 56 AR S BRAR A X ) iRk R BRPERE S LI 52

© 2153 -

[40]

CAIJ S, KANG D J, YANG T X et al. Removal of arsenic from
water by iron modified Hangjin clay adsorbent[J]. Research of
Environmental Sciences, 2021, 34(2): 346-355.

JOSHI T P, ZHANG G, JEFFERSON W A, et al. Adsorption of
aromatic organoarsenic compounds by ferric and manganese
binary oxide and description of the associated mechanism[J].
Chemical Engineering Journal, 2017, 309: 577-587.

YU X, WEI Y, LIU C, et al. Ultrafast and deep removal of
arsenic in high-concentration wastewater: a superior bulk
adsorbent of porous Fe,O; nanocubes-impregnated graphene
aerogel[J]. Chemosphere, 2019, 222: 258-266.

ZHANG G, XU X, JI Q, et al. Porous nanobimetallic Fe-Mn
cubes with high valent Mn and highly efficient removal of
arsenic(Il)[J]. ACS Applied Materials and Interfaces, 2017,
9(17): 14868-14877.

SHUMLAS S L, SINGIREDDY S, THENUWARA A C, et al.
Oxidation of arsenite to arsenate on birnessite in the presence of
light[J]. Geochemical Transactions, 2016, 17(1): 1-10.
JAISWAL A, BANERJEE S, MANI R, et al. Synthesis,
characterization and application of goethite mineral as an
adsorbent[J]. Journal of Environmental Chemical Engineering,
2013, 1(3): 281-289.

PARK J H, HAN Y S, AHN J S. Comparison of arsenic co-
precipitation and adsorption by iron minerals and the mechanism
of arsenic natural attenuation in a mine stream[J]. Water
Research, 2016, 106: 295-303.

XIONG Y, TONG Q, SHAN W, et al. Arsenic transformation

and adsorption by iron hydroxide/manganese dioxide doped straw

[41]

[42]

[43]

[44]

[45]

[46]

activated carbon[J]. Applied Surface Science, 2017, 416: 618-
627.

VFTTIN, AR 2, X805 e 8 Bt 23307 T ek ol 4 S G
W BRI T (D], SRR 220, 2020, 33(9): 2191-2201.

XU J C, KANG D J, ZHAO Y, et al. Preparation and adsorption
characteristics of novel molecular sieve for high sufficiency
arsenic removal[J]. Research of Environmental Sciences, 2020,
33(9): 2191-2201.

HU Q, LIU Y, GU X, et al. Adsorption behavior and mechanism
of different arsenic species on mesoporous MnFe,O, magnetic
nanoparticles[J]. Chemosphere, 2017, 181: 328-336.

XU W H, WANG L, WANG J, et al. Superparamagnetic
mesoporous ferrite nanocrystal clusters for efficient removal of
arsenite from water[J]. CrystEngComm, 2013, 15(39) : 7895-
7903.

ZHU M, PAUL K W, KUBICKI J D, et al. Quantum chemical
study of arsenic(lll, V) adsorption on Mn-oxides: Implications
for arsenic(lll) oxidation[J]. Environmental Science and
Technology, 2009, 43(17): 6655-6661.

MCCANN C M, PEACOCK C L, HUDSON-EDWARDS K A,
et al. In situ arsenic oxidation and sorption by a Fe-Mn binary
oxide waste in soil[J]. Journal of Hazardous Materials, 2018,
342:724-731.

ZHANG G, LIU F, LIU H, et al. Respective role of Fe and Mn
oxide contents for arsenic sorption in iron and manganese binary
oxide: an X-ray absorption
Environmental Science and Technology, 2014, 48(17): 10316-
10322. ®

spectroscopy  investigation[J].


https://doi.org/10.1016/j.cej.2016.10.084
https://doi.org/10.1016/j.chemosphere.2019.01.130
https://doi.org/10.1021/acsami.7b02127
https://doi.org/10.1186/s12932-016-0033-9
https://doi.org/10.1016/j.jece.2013.05.007
https://doi.org/10.1016/j.watres.2016.10.006
https://doi.org/10.1016/j.watres.2016.10.006
https://doi.org/10.1016/j.apsusc.2017.04.145
https://doi.org/10.1016/j.chemosphere.2017.04.049
https://doi.org/10.1039/c3ce40944a
https://doi.org/10.1021/es900537e
https://doi.org/10.1021/es900537e
https://doi.org/10.1016/j.jhazmat.2017.08.066
https://doi.org/10.1021/es501527c

	1 材料与方法
	1.1 试验材料
	1.2 FMO、Bir和Goe的合成
	1.3 等温吸附曲线
	1.4 吸附热力学
	1.5 吸附动力学
	1.6 pH影响试验
	1.7 吸附/解吸试验
	1.8 元素测定及物相表征

	2 结果与讨论
	2.1 材料表征
	2.2 吸附剂性能及影响因素
	2.2.1 等温吸附曲线
	2.2.2 吸附热力学
	2.2.3 吸附动力学
	2.2.4 pH影响试验
	2.2.5 稳定性试验

	2.3 NFM去除As(Ⅲ)机制

	3 结论
	参考文献

