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Comparison of removal and migration behavior of As( V) and As(IIl)
in solution on Taojiang manganese ore, Hunan Province

HE Jianwen' LI Wenxu' CHEN Shu' LIU ,]ing2 .

(1. Southwest University of Seience and Technology, Key Laboratory of Solid Waste Treatment and Resource Recycle

of Ministry of Education, Mianyang, 621010, China; 2. Southwest University, College of Resource and Environment, Chongging, 400700)

Abstract; Removal of arsenic by manganese oxide has environmental and geochemical significance.
In this study, batch and column experiments were carried out to compare and analyze the differences
in the removal and migration behavior of As( V) and As( Il[) in Taojiang manganese mine, Hunan
Province. The langmuir adsorption isotherm showed that the maximum adsorption capacity of
manganese ore for As( V) and As( Il) was 1.32 mg-g™" and 0.30 mg-g~' respectively. The kinetics
of As( V/III') on the surface of manganese ore conformed to the pseudo-second-order reaction,
which indicated that the adsorption of As( V/Ill ) was chemical adsorption, and was controlled by
chemical reaction rate. The adsorption reaction rate constant was K, v,; >K, )7, indicating
that the adsorption rate of As( V) was relatively faster than that of As( Il ). The reduction rate of
As(1IIl') in solution was highly consistent with the change of Mn concentration in solution, showing

that the oxidation behavior of As( Il ) was related to manganese ore. CDE and Thomas adsorption
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model showed that Mn**, AI’*| PO} and SiO>" was reduced the maximum adsorption capacity and
retention factor of manganese ore. Among them, AI’* showed strong inhibitory effect to the adsorption
of As(I), and the maximum adsorption amount dropped to 0.002 mg-g™'. The inhibitory effect to
As( V) was relatively weak, while PO} and SiO> had similar inhibition to As( V/II) in the
column experiments. The study provided new minerals for the in-situ treatment of arsenic
contamination of surface and groundwater in Hunan Province.

Keywords : arsenic, natural manganese ore, adsorption, migration, Hunan Taojiang.

T As) 5% S JLER  FEHIFE R AR (MEDT As,S, JEET As,S, BRI FeAsS SLZf (FeAsO,2H,0) ) 77
FESEAET Ca P Zn SGE Y. th FAEVF AT P AT 12 0 ZE MR S i 1) Tl TR R R,
DA K PR R e SOV A SRR R TR 24 Ak T A sk R v e A KR A R B A5 A G A R R
Wi A7 AL G E T AR AE Y JGEE | i A Ak A H B A S i RN T AR S B ik
M, ANAILERE (As, O, ) S KRBT AT R34

Wr AT ] B MR N AT % 1500 4FJ7 52 (0 37 0 e K A B [X, 7 AU SR ae A v 7 A B 1
S JE AR, 0 X JE 1 2 35 72 B AR K R - 35t pl A Ay 7 i Ay e (B A s A R BRAE B
ZENTIXEK M) As SRR 0.77 mg-g ™' BT IXAR H IR As }50.04—2.27 mg- g ARUELITE
ZHTAIRTE P A B, 7 X B B P A K As Mn Al Fe \P.S.Si e KT,

Ab P A b K A A R G Y R AR FEDTVE W B RS | BT AR B AT T SR AR 1 R ek
PETE VERRET 2 Mk i A 1 RN K FeS A0 7 i JUAE S5V e R e 3z 1oy FH e ) 5 B ®
SR X2 5 AR UE W et T BRAR, 5GP /0N [ B4 75 G g 3L, &80 S8 0 ik I a1 B B s TRk,
T BT — 25 AR T . R TR BRI A B AR R B il 7 10 7 A i/ IV ] B 5 o5, R AT
SR N T B ORI AR A B3k e %) D 320 L E AT VR S MR B R . 2 & R T L B, AL 5 95 1
pe BRI LA AR BT R R B4 Chakravarty 25 B 9T R LR RGN T
BEHTALIR A B T K ARBR A O B RA EA) th T I bR B K, % - S A b 3R K v Y e
ARG B R B ROR , Kameda 2517 BF9E & BT AY S804 T 5 7K 4 BRI ) L DT . 3 26 3R WA 46
AT XA 1 2 B A 4 PR S RN R b2 IS0 3

R BRI AR — Dy s AR A B L i i v el 7 X 8 TV AR DR B IR AL TR 6 7
R RS BT £ B 1 R , 5 PR A Tl Az BB 3RS IR A 2 - DU R R PR ) SRR T
2 B B I A SRR

AH5T 32 T RS BRI SRR 1 W B 70) , WF S A0 XV W P As (V) R As (1) (9 W Bt B 1 R gl g
225 5340 ,i2 F CDE Al Thomas A BUFUL A PEAL 7E LR AT Al Mn Si P S5 F52M F , As( V) FlAs () 7
T S G H (8 SERE AT A, S EL A AH I 11 i B4 B 0 R i R A B

1 SZEG#B5) ( Experimental section)

1.1 ARSI

SEHS AR BT A ) rE BE VAR X5 T A AR 25350 Na, HAsO,» 7H, O, NaAsO, . HNO, (65%—68% ) .
H,S0, .NaOH ,MnCl-4H,0 Al,(SO,) + 18H,0 ,Na,PO, . Na,Si0,- 9H,0 ¥Rt 4l , W B [E 25 4k27 31055 2
w3 S R 47K i Millipore Milli-Q ¥k R G145 (18.25 MQ-cm).

it £ W BC ) PR 4.1644 g Na,HAsO,7H,0 H11.7339 g NaAsO, 7 TEAMAiKP , EAE 1 LK
1 gL' MAs( V) FIAs (I ) fifi 45 W BC— 2 AR U 48 TR B 22 0.5—50 mg - L™ FC S g Y As (V1) i
W, H,S0, 1 NaOH 875 pH {52 7.0+0.2. % [EFAs () 19484k, As (I ) i £ 900 TC R S F AR A7 H
B A — U0 S As (T ) Y 9% B0 A LA,
1.2 SEE ik
1.2.1 S FE i A S RAE

it FH S WL AR S DL AR SR AR 0 2 100 H AR, SR 5 H b 0 J5 B b TR TR A, il 2 4 B
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AN o3 AR AR R A

BRI TG R ] X-5H 98 668X ( XRF, Axios, fif 2% Analytical 23 W) ) 4T 437 46 07 b K 4%
R R X-BHR AT (XRD , fif 22 M40 RE 2 7] X Pert PRO Y| Cu #% Ko 58 5T, 45 1% 40 kV, 4575 40 mA
FIHE R #L 5°—80°) HEf T HAF.
1.2.2 W PRFEE R 2 A i 5 g 24

W BRI S0 R ISR FREL 10 mg 60T 250 mL HEFEHL AT, N A 200 mL S [F] 4] 46 1R B /)
As( V) FIAs (D) 30, BRI IA R BE AR 0.5.2.5,10,15 .25 .50 mg- L™, & FE S 3 3 A PAT5E
¥ FH H,S0, 1 NaOH J45 pH {5 % 7.0+£0.2, 5T 150 r-min~' 25 °C (IEIRIR 25 (IS-RDH1 %! | 3 [
KA RA D) MR35 48 h J5 , B R IE W 0.45 wm i uE 4%, BRIk J5 i B A5 55 2 7 B A (1CP-
AES,ICAP6500 ,73% ThermoFisher 23 7)) MEBE T As &=

W R Bh 12 SR AT FREC 10 me 450 T 250 mL HEIEIHE T, 43 BIA0 A 200 mL ) 2,10 .50 mg- L™
As( V) FIAs (D) 80, B VR BE B 3 A PAT SR 90 8 TR Gt TH k3% 30,60 120,360,720 1440
21602880 ,3600 4320 min. L 235 Wit 0.45 wm Bt 3825 )5, BR AL, i F 1CP —AES M & % As
i
1.2.3 0% As( V/I) E£FT R 2ER

ARSI RIC10 mg 5287 F 250 mL #EIE T, 40 51MA 200 mL #J45 B4 10 mg- L' Y
As( V) FIAsC D) #W.PH75 pH 2 7.0+0.2, & FHEEIRZ &, 7£30 €, 150 r-min™ 54 TG IR
¥ 5.15.30.60,120,360,720 14402160 ,2880 min, M E K pH A Eh.HL L7 T 0.45 pm BT JE 4R,
FR AL I FH 0 350 A €238 ( HPLC-AFS, Jitian , China ) 2 JE W A9 As (V) FTAs (D) #& )&, i ICP-AES il
ELE As YR,
1.2.4  HESEE

K SIS X As (V) FlAs(I) BB TR, L KR NAE 1 em, 5 20 em J2HTH: (L)
PG AT SR B A 10858 AT 5 B AR 10 em, ZFTIASCSSE SRR S o, DA DN AL B A
Uk 8 mL.7E 83,162 314 mL-h™' % 3 i B IR HXFAs (V) (As () ZEiE £ 52, As( 1)
VS VRAE S 3 AR rh A A BV, HERR A TEAETEE 162 mL-h™' s &, #4858 L A7 85 1 RN Ho A 45 14
XoF 2 375 M1 4R 0 52 ). AE R AE B - A A o TR B MR ES AR AR VR R X B 10 mg - LT MR AE B
Mn™ A’ P (PO ) 1 Si(Si03) 4351l i #i B MnCl-4H,0 AlL(SO,) + 18H,0 Na,PO, Na,SiO;+9H,0 fi#
AR, 3 H,S0, A1 NaOH WF5pH {H 2 7.0+0.2. W4 #1648 2 I 1a] 18] B N icdE K, 22 0.45 wm I
1 IE AR  BR AL S L ICP =AES A3 HTRE S As 5

52
Manganese ore ﬁ’_:\;
N, for As(IIT)

@
B
HanioR B3 i

Fraction collector Peristaltic pump

Reservoir

B ARl Eos EE

Fig.1 Schematic diagram of column apparatus

XHRY B 2 ( Convection diffusion equation, CDE model ) J&—Z8FA Y A4z s 5 72, FH Tk 7E
RSV BN 303 1] 380 18 349 J5 A Jo 1) — 4 A% S B0 AR R R ] L i 5 30 S AR 1 B DL G, RO 45
A T S B B R R TGS W R R SR LB ORI B Rz R ) 22 S 22 1] T O R
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- (1)

K, C FEWIE (mg- L"),V FE IR PO (Fi i/ BRI A em-s7") 0 AEHE] (s) o AREAAFR, J& (em™s™") |
p I (geem™) 0 ALBREE K MR R (em™g™") R AT B A F-.CDE 72 R .

Pl/z(l _ th]
LR,

Ce
— =0.5erfec| ————7— (2)

CO [ V,(t J 1/2
[V
LR,

K, Co o =0 BF RS AREE , €2 o= L BFA % R B, R DL vd 8, Jr R AR 1 ¥ Yo dian 1 vk B 5
AR RE AR B[R] IS AR AT AH B A B LR (R, DU RE(P,) M B HER (D= VIL/ P,).
Thomas A5 11 1144 14 S AR R 100 T 89 IR R 5510 T I35 25378 1l 43130 A I T 258 e AR e
ZHOT LI E i HE A A R IR N X As( V) FIAs (D) B9 FHE AL i
C. 1
Fo_ KT(qm_COV):| (3)

[1 + exp

AP, C O IR (mg- L"), C WA AMREZ (mL- L") KRG 5 M R 4 (L - min ™" mg) , ¢ AR
MR (mg-g™' ) m SRR BT, V oy BB AR (mL ) S O (mL - min ™).

r

2 ZEHL 53718 (Results and discussion)

2.1 ERP R

AR I FE A LR 0 IR AT, XRF 20 B IR 25 R WoR |, = FE 20 R A& 5 20 518 MnO
(54.20%wt) . Al, O, ( 11.65% wt) ,SiO, (10.11wt%) . Fe, 0, (5.88% wt) . K, O ( 1.82% wt ) F1 H:Ath 7T &
(2.39%wt) .XRD 45 R KRB (K 2) |, H FEE0 Y KRG FRR S, o) AME KA e A FA .

V-Vernadite(ZK ¥24h ")
¢ C-Cryptomelane(5547")
Q-Quartz(f3&)
K-Kaolinite(FI4 )

Intensity(a.u.)

IIO 2I0 3IO 4|0 5‘0 6.0 7‘O 82)
20/(°)
B2 4H5°f XRD i

Fig.2 XRD pattern of pristine manganese ore

2.2 R SRR Rt LA Bl Ty

L ASTHLESRBEIERRT XAV ) RIASCID) BRI BERE (g, ) BAFEI 3 A0 B0, RO it
Rl f v BE A 3G i G, As (D) 6 FAs( V) TP 5 A Langmuir Al Freundlich AT Xt 4 A I
As( V) FIAsCID) B HESEA T LA Langmuir #1675 2 A9 A G 280 (R?) 4 0.99 Fil1 0.98, Freundlich )
BFEIAs(V) FIAs (D) B9 R4 0.98 F10.97 , BERAGRA™ X5 Al (4 0 B i R SIS T Langmuir B8 J& T 52
R AUAAF I As (V) FIAs () B e KRB0 1.32 mgeg™' .0.30 mg-g ™ AhH X As( V) B5R K
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Bt i FAs (D) X2 T As( V) o FJE Tl m ARG (EEEEAs(V)/70=0.40) , 25 [A] 43 BH 43¢
N, AT IE W R A B B TRl R B 2

o As(V)
04 o As(lll)
—— Freundlich
- - - Langmuir

0.3

q/(mg-g ")
(=)
N

0.1

0 10 20 30
Cel(mg:L™)

B3 As( V) RIAsCIT) 055 R B it 25
(W BRI 50 g- L7 WIUAMKEE :0.5—50 mg-L™! S IF/E] 48 h).
Fig.3 Isotherm adsorption of As( V) and As( Il ) on manganese ore

(ratio of solid/solution 50 g-L™", initial As concentrations = 0.5—50 mg-L™", contact time =48 h).

Ho #l Mckay &30 48 W 8h 12 J2 53 A5 i 123 R B3 o O R 4 FH Ok il ik o 7 45 o o
FHI AR AT AR T A FRHDL A 2 AR YR S8 R FAEL B S A S SR 4 As (V) FTAs (D)
(W Bt R Bk =0

dg

o =l a7 (4)
(B2 BT R 5 J PR T (O T LSRG g, 1 FRFEL, b T
AL AL (5)
7. ka

AP g A5 FAFI IR 2R B (mg kg™ ) ke, 8 1A [ A< B 3 £ (mg - kg™ min ) , 752 AT LIAR 0] #f 2% 1F
q,=0.0=0 HEATUE AN s 1 S A AR MG T e 210 1&] 4 Ak 1 BioR.

- 180 - -
120 4 2mgL 1 As(V) 2 A 2mg-L™" As(1lD) s
" o
100F & 10mgL AS(Y) 150k © 10mgrL As(IID)
_ 0 50 mg-L As(V) . 0O 50 mg-L™" As(III)
g =
_E 801 _ Pseudo-second model ~§ 120 — Pseudo-second model
ED 60+ gu 9
s 9T < 60
20+ 30
() et ~ - B = +
I I I I 0
0 1000 2000 3000 4000 0 1000 2000 3000 4000

f/min t/min

B4 Gy RHAs( V) FAs() B Frsh J12#
(VIR EE R 2,10 .50 mg-L™")
Fig.4 Pseudo-second order sorption kinetics of As( V) and As( Il ) onto manganese ore.

(Initial concentrations= 2,10 and 50 mg-L™")

X HOMESEE R R B, As (V) FAs (T ) 4975 4400 — 5 50 2 5 38 10 7 6 7 5 i o 2
B A2 o L T 25 W 38 3o 481 B 51 9 2 B 45 78 B K TR BRI As( V)
AsCI) B BETE AR B, S 0B Je W) B 2 F 0 T 580 B X As( V) A C D) B9 BE4E - fi
WP B 2T X L LA A M) G R B M R e i B T 80 3—5 ) ok £
BRI 45 6551 ARSI BB HE K,y 5K, » 28176 M) W HE IR IR DR, As( V)
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R B A< b GRS As (D) B2 Se B AL A (V) FER A AL I

R As( V) FAs(ID) LB 3l 2080 (114 500
Table 1 Calculated parameters of pseudo-second order kinetic model for As( V') and As(1ll)
VIR \ - AH A
Tt Initial AT el K,/ ST R o Relation

Equitation of

Arsenic cor(l(;z;lt.rLatif);]s/ linear fit line (kg-mg~'~min) q./(mg-g™") coe(ef]f;i)em
2 t/q,=0.0259t-2.6x1072 -0.025457 0.04 0.99
As(V) 10 t/q,=0.0050t+1.01x107" 0.000247 0.20 0.99
50 1/q,=0.0012t+9.9x1072 0.000015 0.82 0.98
2 t/q, =0.0375t-6.4x107> -0.021601 0.03 0.99
As(1IM) 10 t/q,=0.0055t+4.0x10™" 0.000074 0.18 0.99
50 1/q, =0.0010t+1.6x107" 0.000006 1.00 0.99

2.3 X As(V/ID) i 2R

BRAT-As( V) FIERAT-As (I R Z ik BE AR AR DL A BT 5. FE T 18 h DA, T35 W H el o 8 iU St P 1
ZIGH TR RS X e R As vk B Y AR Al 2R 0T AR T 7E ILG B FE A 10 mg - LA X
As( V/ID) FZBRYERERIE RARML, PR RIEE] 908% LA LA TR @0 AL ERE, B0 -As (T 1A
ZHEAs( V) FAs(ID) S RASLINE S(B) FR 2R AT 180 13, AsCIL) vk 38 3 i e AR 35 ) M1 T
K FR (0.007 mg-L™") ,As( V) Er i SeiZWrg 18 L imi Jm Bl i i W B2 T 9%, 783 W B 7
AR As( V) FIAs (1) e 2 BRI 5 8 As YR BE 3.

FRAA AT LLE o SR B PR AR As (I ) SR A (V) 238 422 37 A LB 1 Se As (TIT) W B 7
AR F I I T Mn (V) BFRAs (D) T2 BOSUAEC S 9, 285 L As (D) A EIMn (V) ,
M A B As (V) il Mn 872 ARG AP A0 -As CT) fA5= vh Mn MR 2B AL AT LR AEAs (1) (948
AR YA 5 As (D) SN, I eMn W EEAR L A S (A) (3BT S AH) |, ti ik, T DAfEIT
TEEG -As (D) PR R 400 S0 Rl i e F M As (T A L M As( V) FEMTIE 2255, DR As( V) 5
Mn % Az A2 TUTE BAH ELAR B 25 0
=W As(V)

——Total arsenic
——Mn

As(I1T)
SN As(V)
—e— Total arsenic
—i— Mn

722
i,
i,

CJ(mg-L7h

(=3 I (] w — wn (=)}
CJ(mg-L7h

(=3 — (i) w -~ W (=)}

[

20 30 60 120 360 720 1440 2160 2880 5 20 30 60 120 360 720 1440 2160 2880
t/min t/min

Bl 5 FRf-As( V)RR As Tl Mn B TREERA(A) 5 BB -As (D) PR FR As FI Mn 8 TR EEE{L(B)
Fig.5 The variations in As species Mn ions concentration under manganese ore-As( V) (A) and

manganese ore-As( Il ) systems(B)

2.4 HSE

FRAEG 2 AT BB 5 & B0, 26 ATART S 07 e 8] P J2 B A3 TT LA o Ry 1 AR X W RS DX A (5 FH X 3 >3 45
M As WIRIE A Z AT, S5 S0 2l A 200 RN X, T R0 DX 6 ™ F I8 B AR FH 328 80 1 0. 4 5 s
Tt HEANFE T A X SRR 1] 4 R 2 T A i R A A T A ik B SR BT R B W B T
FEIL A AT 10 R i e 5 R RR s st 1) 1) U A B8 SR v i) 2 s il 2K
2,41 EEXT RS AR SE R

FEAE SIS b, L B S 5 R I B R S SRR RE R B N R 2 P R R IR R S T A 83,162,
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314 mL-h™" 4§ 3 Fi AR A MR RE A2, QNI 6 it/ . i T4 i 3 18T 118 W BRHAS7 45 5 R 42 ik e 1)
5,583 mL-h ' MIZRAH L, As( V) 19 162 314 mL-h™' ZE & £ 15 228 3h (& 6A) |, %I (0 1 8 B 1
(% 2) M 36.65 mL FFALE 8.34 mL, MiAs( ) ZEE M m A58 o (& 6B) , i B 7 M 7.80 mL EF+=
16.46 mL.iX A] BBJE H T, G XTAs (V) BA TS 1O AT As (V) BB TERR 2 I, Hyi i
e T As(ID) S5 AAY R Mn (V) BB R FEB R, 520 As (1) Y 48 Ak R B 55 22
Thomas MW FHSE AU At & B0, A RT3 (162 mL-h™" ) 455 XFAs( V) A As( 1) A4 55 K W B &40 91 K
0.12 mg-g™' F10.06 mg-g™" FEH XFAs (T AR R HHEANA As( V) B9—2F.

CJCy
[ ]

m 83mL-h! m 83mL-h!
04k e 162mL-h! 04+ ® 162mL-h!
A 3l14mL-h7! A 314 mL-h!
02k — CDE Model 02 —— CDE Model
0 1 1 1 1 0 1 I 1 I
0 50 100 150 200 0 50 100 150 200
Pre volumes Pre volumes

B6 AFEFNAs(V)(A)FIAs(ID) (B) TEARH - 582 Hh £k
Fig.6 Breakthrough curves of As( V) (A) and As(Illl) (B) on manganese ore for different flow rates

K2 BFZMETACV) MASCID) B9 5 25 1 4 S50

Table 2 Calculated parameters of breakthrough curves of As( V') and As( ) under various conditions

Convection diffusion

S~ equation (CDE ) Fi7 Thomas £22)
N =) NN
%ﬁiq Flow rate/ Y 6 R Mmﬁﬁ%ﬁ%t_
(mL-h™) Retardation factor R? o Tphon R?
(R} capacu}i q/
(mg-g™")
As(V) 82 36.65 0.96
162 13.00 0.92 0.12 0.96
314 8.34 0.92
As( 1) 82 7.80 0.77
162 17.19 0.76 0.06 0.87
314 16.46 0.94
As( V) + Mn2t 162 5.62 0.78 0.03 0.95
As( V) + AIP* 9.75 0.95 0.08 0.94
As(V)+ POi_ 10.50 0.80 0.04 0.90
As(V)+ SiO%‘ 10.84 0.98 0.04 0.81
As(TI)+ Mn** 162 5.59 0.81 0.03 0.94
As(ID) + A 1.58 0.88 0.002 0.96
As(IN) + PO‘%_ 2.16 0.85 0.009 0.86
As(Il) + SiO_%’ 15.02 0.91 0.01 0.96

2.4.2  AFPHES T4 2E i 2k 1 s

Yang %) J I — 26 4> i B T BB A6 8 W B 59 2 1T 7 il — O 2 JE EE L TR 2 (FE B Fe'r (ALY
A1 M) 2 1T 5000 W2 B 550 () W RFMERE . T T Fe™ 7E pH = 4 BF B 5 & A= K i 200 ) I T 5 i ko ek 1) 5%
AR SEBG AT AL T Mn® X 0% B 2235 1 52 . 24 5| A BH B 7 )5, Mn™ (AL 5] A5 As( V) I
As(I) Bz M2 4 1m 226 3 (- 7TA FTB) , As( V) BB IR TF23 5K 13.00 FEARE 5.62 F19.75, 5%
FIZ R AN 0.12 mg- g ' IR ZE 0.03 mg-g ' H110.08 mg-g ™' ;s As( 1) AT B4 743 I 17.19 AR &
5.59 F1 1.68, Fix K435 0.06 mg-g ' FFEAKZE 0.03 mg-g ' F10.002 mg-g ' (£ 2).5] AR Mn &1
TERRR R U TG ETE R ERIZ U 2 S5 AG0 F A 5 AW BHE PR (A8 A B A6 P



1808 B2 53 1k 2 38 &

RREARR, YT As (V) (A3 B DR A R W B 34 . 1 ol TR R B s 0 R 1, A5 As (I ) JE i i 7Rk
ALY AL A1 S B As (T B B3 DR e R I B dE — 25 08/ FE BT AL B F AR 56
T8 WU T T U J2 78 0 400 4 T ) R B A 57 s T BT A 0 ) WG BRF BB 0, (ELTR 2 1 SP X As (V)
HWEHRE ST, A5 As( V) 8 fc KW BFFE A FAAR 174 1 % As ( T BB, i T 54 (80 A B Ak Al
FC, B CTE ST As (I ) (A7 A 280 W B 25 B, T 2 Sk As (T 84k i As (V) YL IR G AL SR TR
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Fig.7 Breakthrough curves of As('V) and As( Il ) in manganese ore column in presence of co-existing cations
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Fig.8 Breakthrough curves of As( V) and As( Il ) in manganese ore in presence of co-existing anions
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