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Characterization of Pb** Adsorption on the Surface of Birnessite Treatment with
Na,P,0, at Different pH and the Study on the Distribution of Mn( Il ) in the
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Abstract: Acid birnessite was treated with Na,P, 0, at pH 2, 4, 5 respectively. After the treatments, the species and content of
manganese ion in the complex solution, and the variation of average oxidation state ( AOS) of Mn in birnessite, and the amount of
adsorbed Pb”>* and released Mn>* |, H" during the Pb>* adsorption were investigated. The results indicate that after acid birnessite, the
AOS of Mn is 3. 670 which is treated by Na,P,0, at different pH, Mn( Il ) located in the layer edge and part of Mn( Il ) located in the
interlayer are released to the solution through complexation with Na,P,0,. The content of Mn( Il ) in the structure of original birnessite
is very low. Small amount of Mn( Il ), which accounts for 4.70% -7.46% in the molar percentage of total released Mn, is also
released simultaneously. The AOS of Mn of birnessites after treatment increases to 3.783 (pH 2), 3.786 (pH 4), 3.824 (pH 5)
respectively. While the crystal structure of birnessite does not change after treatment, the amount of Mn( Ill ) located above or below
vacant cation sites decreases, and the amount of H" located above or below vacant cation sites goes up in the structure of birnessites.
The amount of vacant cation sites responsible for Pb’" adsorption increases, which lead to the increase of the maximum amount of
adsorbed Pb**. Additionally, the distribution of Mn( Il ) in the structure of acid birnessite is deduced. About one sixth of Mn( I )
locates in the layer edge, and five sixths of Mn( Il ) locates in the interlayer and the non layer edge.
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. 30 min, 60°C 12 h,
, (PZC) | . <15 pS/em (10 *mol/L KNO,
, 25 wS/cm) M.
o 40C . . 60 ,
) 5¢g 500 mL 0. 05 mol/L pH
261 KMnO, 2.4.5 Na,P,0, , 12 h.
12 000 r/min 10 min,
7L MnO, Mn ( IV)O, , ( BECKMAN
; Mn (I )0, J2-MC) < 20 pS/cm. . , 60
Mo( 1) Mno(Il) ( P2 P4 P5 ,
o Mo(II) Mn(Il) Bi ).
0.1¢
150 mL s 25 mL
, Pb>* . (0.25 mol/L) , 250
M UEXAFS . TEM/ED ( ) XRD ml 2.5 mL
, Pb** , 2.5mL1:1 H,S0,,
, 2h, , ,
MnO, 10
mL 0. 25 mol/L , 250
MnO, e mL, 2.5 mL ,
Ph*" Mn®* , Mn®* ,pH2.4.5 Na,P,0,
Ph** 10, 15, 17
Mn( ) Mn(Il)™ ™. mmol/kg. , Ph**
Nico "' , pHS .
Mn(1I) MnHP, 0, , 1.2 X
5x10", HP,0:" Mn( II) Bi, P2 P4 P5
, HP,03" Mn(1II), , X- (XRD).
Mn( II) Mo (1) FeKa s 40 kV, 20 mA,
(6] 0.02°/0.4 s.
pH 1.3 (A0S) o
; Mn(I) Mn 0.1¢g 150 mL , 25
(), mL (0.25 mol/L) ,
, Mo(II) Mno(Il) . 250 mL : 1
Ph2* mL 100 mL,
Mn** H' , Mn( 1) ( Varian AAS240FS)
Mn( II) , Mn 0.1 ¢ 5 mL
H,C,0,(0.5 mol/L) 10 mL H,SO, (1 mol/L)
Mn"* Mn’*, 75%C
! KMnO, (0. 02555 mol/L)
1.1 C,0; . >2  Mn
300 ~400 mL 0.2 mol KMnO, 3
, (110%C 1.4 Mn(Il) Mn( 1)
), , 0.7 mL/min
50 mL 8.4 mol/L , 2 ¢ ( McKenzie o
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< 15 pS/em, 40C 10 min,

, 3.05) 100 mL pH 6 ( Varian AAS240FS) Pb>* Mn®* ,
Na,P,O0, , 12 h. 14 000 Pb** Pb*" |
r/min 10 min, Mn( IT) Mn®* Pb**

. Mn®*
10 mL Mn(I) H . 3,
s 5 mL 0.5 mol/L 10 mL 1
mol/L H,S0, KMnO,
.3 . ) 2.1 XRD
Mn( 1) A0S
Mn(TI) pH 8 ( 1
HP,0;" ), XRD , 1
4.5.10. 20, 40 ( Vis- , 0.721. 0.361. 0.246 .
7220 ) 482 nm . pH 0. 142 nm,
0. 05 mol/L , 0.340, 0.264, 0.252,
pH 0.241, 0.227, 0.220, 0.178, 0.170, 0.167,
Mn( 1) . pH 8 0.163,0.150 0.144 nm.
0.45 pm 0721
482 nm . s ;
Mn (D) O.3Tlnm 0246 nm 01422m
1.5 , ’
5 /L . 0.1 mol/L o4
HNO, 0.1 mol/L NaOH pH =5.00, w
. 24 pH +0.05; 15 | \
mmol/L Pb ( NO, ), ( 0. 15 mol/L NaNO, )
0. 15 mol/L NaNO,, HNO, NaOH
pH =5.00 £0. 05, 0
~10 mL 15 mmol/L Ph(NO,),, 0. 15 mol/L 260¢)
NaNO, 10 mL; > ml 1 Bi.P2 P4 P5 XRD
, 1.67 g/L, Fig.1 Powder XRD patterns of samples and manganite
Pbh** 0 ~10 mmol/L,NaNO,
0.1, (25 + Bi (AOS)  3.670(
1)C , 250 r/min , 1), Mn( IT) Mn( 1)
AT-117 ( , Mn( V) ,
NaOH HNO, ) pH = P2 P4 P5
5.00 £0.05; NaOH , pH 5 ,
24 h 14 000 r/min 3.824, pH 4 2, 3.786  3.783.
1
Table 1 AOS of Mn of bimessite samples
Bi P4 P5
3.670 +0. 008 3.783 £0.011 3.786 +0. 008 3.824 +0. 004
2.2 Mn Mn (1) (pH =8 ).
pH Na,P,0, Mn ( II) Mn( II') 2. Bi pH 2.4.5
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Na,P,0, Mn(1I)
441, 456, 489 mg/L. pH ,
Mn(1II) , , pH
Mn(1II) . Na,P,0,
Bi Mn( 1)
Mn( 1) , 2 s
H*
, Mn( 1) ,
4.70% ~7.46% , Mn( 1)
ol +4.
+3  +2 s
Mn(I) Mn(IV)
2 pH Na,P,0, Mn(1).
Mn(Il) (pH =8 ) /mg-L~"

Table 2 Concentration of Mn( I ), Mn( Il ), and total Mn

in the complex solution/mg-L '

pH Mn( 1I) Mn(1l)
27 441 468
34 456 490
5 23 489 512
2.3
Ph** co:- ,
Co, : Co, [H,CO0, ] ,
co,
(25%C), Co, Co,
,CO, [CO,] = 1.03 x 10 "mol/L,
:K=([H"]*x[CO:"]) /[H,CO,]
K =K, x K,= (42 x 1077) x(5.6 x

107") =2.352 x 1077, [H"] = 107°(
pH = 5),[H,CO,] = 1.03 x 10 “mol/L,

[COI"] =K x[H,cO,]/[H"]*, [CO7 ]
= 2.423 x 10 “mol/L.
[P ] = 0.01 mol/L , [PH** ] x

[CO2] <2.423 x 107 < K =74 x 107",

2 Pbh*"
Ph** ,
, , Langmuir
Bi. P2,
P4 PS5 1415, 1618,
1802, 1898 mmol/kg. Pb**

203, 387, 483 mmol/kg,
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Mn( 1) , Mn ( 1I)
PbZ +
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Release of Mn®* from the samples

during the Pb adsorption
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© *—P,0;7
0.4
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Fig.6 Distribution of pyrophosphate speciation at pH 1-14
[12,18] Pb
3 H,P,0, pH
. [1.19] Table 3 Distribution coefficients of speciations of
Mn(Il') Mn(Il).H ,
pyrophosphate at pH 2, 4, 5
2+ +
Mn " H _ I 3 .
pH  H,P,0,  H,P,0;  H,P,02 HP, 03 P,0?
Mo (D) Mo (L) H™. 2 ’ 2 0.19 0.56 0.25 — —
pH Na,P,O, 4 — 0.022 0.98 — -
Mn(II) P5 > P4 > P2,Na,P,0, 5 — — 0.97 0. 024 —
Mn (1)
: H , pH 4 5 | H,P, 07"
Mn ( 1I) JHY
100"
Mn** , H' Mn( II') Mn(II') Mn(IV)
m.n.p. ’
6 pH Bi, A0S=3.670, m +n+p=1 2m +3n
pH , + 4 p = 3.670. Mn( 1)
( 3).pH 2 ,H,P,0,, H,P,0; | , , m =0, ,

H,P,0:" 3 , H,P,0; ; Bi  Mn(Il) 33% ,
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5¢ Bi Mn (I ) 5 ¢ /(100 ,3 pH Mn (IT)
g/mol) x 33% x1000 = 16.5 mmol. Mn( Il) 16.5
Mn( IT) mmol , Mn( I ) ,
, H,P,03" Mn ( II) Mn , Mn
(H,P,0,)3", HP,0:" Mn (1) (1Im)
Mn( HP,0,)3 "™, ,Mn (1) pH Mn( II)
6, H,P,0, Mn ( T ) Ph** 5.
Mn(H,P,0,).", H,P,0, . H,P,0} | Mn( II)
HP,03"  Mn(1I) 6.3.2. ( 7), 1 mmol/kg Mn (1)
H,P,0, Mn( M) , I mmol/kg 2 mmol/kg
pH N Mn( 1M)
5 g Bi 500 mL0.05 1~2 Pb’’
mol/L Na,P,0, 203, 387, 483 mmol/kg, Mn( IT)
Mn( 1) ( 4). , , ( 802 . 830, 890 mmol/kg) ( 5),
pH 245 Na,P,0, 5¢ Bi Mn( 1)
Mn ( 1T ) 441 | , >
456 . 489 mg/L, Mn ( I ) Mn( II') ,
4.01,4.15, 4.45 mmol( 4),pH 2  Mn Ph**
(Ir) 4.42 mmol( 4), Mn(Il) > Na,P,0,
,pH 4.5 , ;
Mn( II) 4. 15 mmol, 4. 45 Mn () Ph**
mmol , 8.26 mmol, 8.38 mmol
4 pH Bi Mn(1I)
Table 4 Theoretic and practical amount of Mn( Il ) in the complex solution
pH =2 pH =4 pH =5
Mn( 1) (5 g Bi)/mmol 4.42 8.26 8.38
Mn(1I) (5 g Bi)/mmol 4.01 4.15 4.45
5 pH Mn (1) Pb2*
Table 5 Amount of Mn( Il ) in the complex solution and the increment of the maximum amount of adsorbed Ph**
pH =2 pH = 4 pH =5
Mn( 1) (1 kg Bi)/mmol 802 830 890
Ph>+ (1 kg Bi)/mmol 203 387 483
,PB*T Mn( 1) , Ph**
Mn (II'),
Mn( I )
Mn ( IT) Mn(1II) Mn Mn(1Il), pH Bi
(V) ,Mn(1I) ,Mn (V) Mn(1II)
, [17,18] , , , Pb2+
Pbh** ) , Mn®*
Mn( 1I) , Pb** 2 Mn(Il). , pH 2.4.5
) , Bi
Mn ( 1I) , Mn ( 1I) ql. g2 ¢3( mmol/kg) ,
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