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W OE ARG T KA B 8-MnO, 76 R FREE S0 PR 2 405 T T3 e i R S HLEI. B TR 45 SR
E L BT (NaCl) ¥ Y, 8-MnO, X K fA i H* A7 02 BV T, LI B 5 P A ok B S22 7R O, e BT B 2 XF
H* (A A E FARZ IR /N, Mg®* TRIRTTE B 5 2S00 e Na* BOCE 2 H* IR H A9 2 it/ ; pH 41
GRME RESZ I 8-MnO, 1) 2R THI S5 48] , (7 36 1A J00 - ifk 25, BRME S50 T X HL ™ (W B K TR OV T e 46 14 sl ) e e
KT WEEHEF ; 4545 EDTA 1 NTA £E7ERT T 8-MnO, 2 W W B H* 78 F, 24 70 B 38 B — 5 {E I, 8-MnO,
Xt H ST AR ET P .G T & Co™ 5 8-MnO, & AEHBIALELR R, X H * (1938 #e i A 52 i
WA

EEIR 5-MnO,, s, mHEE.

AL S T oK R T 19 WL 20 #2880, Mo AR HT T 3 T K BRERFIER 5. & T 20 i
22 60 AEARKHUBLEE I RARER D WP BR AR S 8™ W A i DL I i B8 ELAR R 75 /K A 3R], b — 4k
BRI W R R A B W T AR o By 8 FEE R RIE Y 5-MnO, HA HAR Y
TR R A HER A 28 B DREAR /DN W BREE g 2 R P RE 22 ST B PR A T e S A A
7 8-MnO, X 55 4 J& (14 W% B SR B i e W R B4R VR Z IR BE 25 6 8-MnO, 3 11 4 5
BEHPEREIEAT T IR A RIS, A SCHRAGE ), 6-MnO, % 5 42 J& 1) W B 2o 7 v 2 B HE S0 7, (ELX T
8-MnO, F I J§1 T 2c Heid FE AR FE AR 1)

ARICWFGE T AR PREE N R X 8-MnO, 11 5T 1S R R RE MR, SR 1 5T 52 i e i) AL AL
B ONHTFE 6-MnO, F B A2 SR A BRI R0 4R Bt Hie 2%

R

1.1 SR AR R

SEE LA DX-2000 B X AT (FHR I B A BR A R ) ;5 Agilent3510 4 J5i M 7300 B2 1
(L ZHEA A 7))  PHS-2C BWR B3t ( I R b 43 Hr X A% ) ) s BRUKER 218163 43 A A (78 [
BRUKER YA &8 /3 6) ; TG209F1 P E 43 A3 (7 [ i B AL i A 7] )

SIS T FHAL2EIR N 38 A 43 HT 4l 8-MnO, F A SE 0 22 R FK SRR A, T S 56 T /K R 4ok
1.2 SEBhik
1.2.1 8-MnO, YA

11 DX-2000 % X SFFLLATHH AR it 2 AT i B 25 H 70 BT s BRUKER ZE8ME3E 70 B A AT AL B A 3%
WRE LT AMETE s AT E TG209F 1 RIPRFE A4 L LA N, A AT SRR S0 22 5 DR Fi A7 3% 5 100 <
T HAL(ZPC).
1.2.2 FRAR T BE AT 8-MnO, 25 1 J5t 32 4 1 5 i)

FERFRHLS £ 0.1 g 5-MnO, T 50 mL B0, 43N NaCl W&, {4k B2 53591 24 0. 001 0. 005 |
0.01.0.05.0.1.,0.3.0.5.1.0 mol-L ™", M A& & 4E/K , L 0. 02 mol-L~" HCI 5 0. 02 mol-L " NaOH
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5 pH {E} 6.00 £0. 05, I ZARFA N 30 mL. fHIE (25 £1) CHR 24 h, L 3000 r-min ' B8, #
B, R 8 5 AR B DO pH A, AT RE 3 R B H41H.
1.2.3 IR TN 8-MnO, 3 1 5t 132 4 1 52 0]

FEHRFRIL 3 ) 0. 1 g 8-MnO, T &0 4, B WO B ¥ W, (4R & 4350 0. 1 mol - L™ NaCl,
0.1 mol-L~" NaCl +0.01 mol-L~" MgCl,,0. 1 mol-L™'NaCl +0.005 mol-L ™" Na,SO, 3 £ Hi it FRi& W, LA
TEAER 1.2.2.
1.2.4  JKUEWIEG pH (H RS20

FEAFREL 11 13 0.1 g (1 5-MnO, T 50 mL 20451, il NaCl 48 0.1 mol -L~" L4 0.02 mol - L™
HC1 5 0. 02 mol-L~'NaOH i {A & pH {4375 1.0.1.52.02.53.0.3.54.0.5.0.6.0.7.0.8.0,
A R IR AR 30 mL. DL #R4ER] 1.2, 2.
1.2.5 Vi BE ) 52

FEHFREL 7 43 0.1 g 8-MnO, T 50 mL B0, il NaCl 5 B0 0. 1 mol - L ™", 875 pH {H>h
6.00 £0. 05, IR R LARF N 30 mL. 4351F 15 € 20 °C 25 C 30 °C 35 °C 40 °C 50 CIfE T E
IR 24 h, DL T HAER 1.2, 2.
1.2.6 AR

KEHRARIL 8 43 0. 1 g 8-MnO, T 50 mL EL.0A5 1, Il NaCl i &K B4 0.1 mol - L™ A —E 1t 1Y
LM IR (EDTA) Al Z — £ B2 (NTA) %W, i /K & EDTA ¥ £ 1.5,10,30,50,80,200,
250 mg-L~",NTA ¥4 0.5 .5.10.30.50 .100 200 250 mg-L~",##45 pH {4 6.00 £0. 05 , e ZAKF>
30 mL. LUF#R4ER] 1. 2. 2.
1.2.7 HEEEEF 1500

FEHFRIL 8 £ 0.1 g 6-MnO, T 50 mL B0 H, il NaCl 244 0.1 mol - L' I —E #E1)
Pb2* Crt* Co®* VAR, VEBE 4354 5,10 .30 .50 .80 120,150 .200 mg- L', 45 pH {4 6.00 +0. 05, &
ZURFN 30 mL. DL FHRAER 1.2.2.

2 ZER511HE

2.1 8-MnO, KA K R ML 3BT

76 Cu #0 45TE 40 kV A HLIE 30 mA 33 0. 03% min =", FAH A E 10°—70° 548 T, XK A ik
HAS Y 6-MnO, /F X R 5401 (K 1) %5 8-MnO, B bR v B % e A — 3, 78 12.5°.25. 00,
37. 2°QhA B L O S | IS5 RE 3 ) R 1008 537 (432, A5 L4 R (34, 62% ) B 2%, 2 R HE
0.72 nm, 5 3CHRE—5(0.7 nm Z£47) M.

8-MnO, ZLAMGIE EI UL 2, 34k 505 em ™" (FEECIX) BRI H B O—Mn—O R A 46 P 3 0
WESE T MnO, 5 M B AETE 5 B8 T 3500 em ™' 2647 B 32 (WO AT 1624 em ™ BF I H1 B0 %) 068 3 J31) %k 17
H—O—H# M P 43R 2 s il 4R 2h ity 5 s Lo g Hh SR B T S0 T0 0 ot R P 3 A 485 oK, Ul AR 52
356 AR T DB (A 2 0 1 e ) IR B A

PR H 73 S U I E R S S S (ZPC) L IR 3 R R AR RE R A S A BTN R Y pH (B B
IZAER ) ZPC (BRI R P ZR RS s pH = 1. 77 ) . IEB T AR S2 58625 5 LAY 8-MnO, HA BEAR % s H
T, 5 SCHRARGE (B (ZPC =1.3—1.8) —&(' "/,

FES AT ZE NETZSCH 236 1) TG209F1 BIEE 43 M A ik, N, 3 & 20 mL-min ™", T}
10 Kemin ™", MG 23 C—700 C. 84 & 8-MnO, [ TG/DTA Hi1Zk. 7 TG £k I, N Z IR FI300 C
AU A E R F R M E Y 12.50% . 75 DTA ik |, S5 200 °C Z A — 480 e . 454
TG 5 DTA #8453 ,23 C#) 300 °C HY2F A 6-MnO, 7 1 W fh 7K 5 J2 6] 7K 1) Fd B ik 78, TE B AR R 5 fiE
POt R R R I N2 [K 300 °C 2 /D R H (2. 87% ) Al A ad 2.
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Fig.1 X-ray diffraction pattern for the 6-MnO, solid Fig.2 [Infrared spectra for the §-MnO, solid
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Fig.3 Zero Point of Charge for the 6-MnO, solid
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Fig.4 TG/DTA curves of 6-MnO, solid

2.2 LSRR X 8-MnO, 2 I 138 H () 52 )

FRAE AT S, S B B) 3 R 24 h, SRR R GA ISEAEPIRES. [] S A B At JB vk FEE X6 8-MinO, 2% [l Jo
TR B, f & S AT UL, ApH (B 34 A IEAE, Ui 86-MnO, XF H ™ A4 W BFVE R % HO R T, 76
NaCl ¥ JE 0. 01 mol - L™ "i}, Mg BHAE PR i ( ApH = 1. 14) , BEJS BIPes F R, 24K T0. 1 mol - L~ A



1778 B2 5% 1k 2 31 %

ApH N REAHAEGE BRI HT 3G 5. AT UL HL g R BEAE /N T 0. 01 mol - L™ JE 1R P REFI A H* R
JBC, KT 0.01 mol - L~", LR UL BE MY I 2> A2 8 H ¥ A RETL. 31X mI BE Y J5E R A B AR AL AR (B 4 J
Na™ 5 MnO, =2 & AE # A L B, W BFF 1 R BB A MO, 5 BH S 7 22 18] 14 PEAR A TR, B & A= 25 1 5c e 1
FHM . 6-MnO, FTHI & A F 5k, T 2330 40 B /K h HY 87 S350 pH 1 B0UA8 Jhy 1F 4 v ff 5k 52 38
I, Na® 5 H* S5 me i, B BEROE — 0 H* 2L pH B BUE ok B0,
2.3 IR HLAR T 8-MnO, 5 i 5 F 38 e i) 5 i

AN T) B e J 30 BB 7K H R UL A NaCl, MgCl, 1 Na,SO,. W& 6 ff UL, 7€ 0.1 mol - L™ NaCl #
0.1 mol-L™"NaCl +0.005 mol-L"~" Na,SO, "1, /KA ApH ZZALAHL, AT 4R H ffe S5t b AN [a] ) 9 15 7% H
PR T A2 IRAR/IN. T7E 0. 1 mol-L~"NaCl +0. 01 mol-L ™" MgCL, "1, ApH {H# bt -t W 2H H i I 7AWk
/MRZ X T RE S PRy M BB Mg 388 3 55 1A 3 i T S T A R 0 T R,
B 058 F Na*  AACREE R B 20 H (RN (1)), 0 BER/r ¢4 it Na ™ (R (2) ). FrATE
AT M LR TA RO B TR 1 I ApH /N WA BHES X 8-MnO, F 1 H BT
MR 9 B 1 B 52 e DU R X 55/

13 1.0
0.8~
1.1 07 | | L L ]
o 0 002 004 006 008 0.1 = 0.6
5 NaCl 3 Ji/(mol-L™") &
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I 021
0'7 i -
0 I I |
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Fig.5 [Effect of electrolyte solutions on the proton Fig.6 Proton exchange of 6-MnO, in different
exchange electrolyte solutions
OH
/ 2 N
Mn +Mg" " <— Mn Mg +2H" (1)
AN N S
OH (0]
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2.4 JKIEWIEG pH (EXF 6-MnO, 25 [ 5t 1~ 384 i 5% 1]

B 7 R R[R) pH ) b5 (B X 8-MnO, 2 11 5T T 38 4 (14 52 M. 7K A4 pH (B 23 5% W 8-MnO, R 11 2514, 4
pH < ZPC(1.77) i} ,6-MnO, 18 i 74 2 B h Mn—OH," | [ B & & 7 f# 25 : Mn—OH,” <>Mn—OH +
H*. RN ApH ZURIFEAR, RITE pH <2 JuFE A, Bl pH BTG 1E R3S K B B fideg i iy 0 82 IRy 1
b MAE pH KT ZPC B R P8 WY, 8-MnO, 6 1 3= B Mn—OH 45 #5355 70 F2 3 & A: i 55 .
Mn—OH <Mn—0 "~ + H* , F i EIEAECE AW o ApH #4988, B pH 934 K i %
WA A, U B B 3 1P s 8-MnO, W B9 H 8 R TR HY 4, 8-MnO, XF H * 19 0 B 7 FH %
Wi 78 pH =6. 0 BHARIRGE , HAF ApH =0. 64. pH {E KT 6. 0,8-MnO, & B I H * 59 4E FH & #1%
SR, EL RO BT, ApH I T H RS T S
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Fig.7 Proton exchange of 6-MnO, as a function of initial pH

2.5 RFEXT §-MnO, 2 [ iz 28 #5152 1

B S 7 i B2 B T v, ApH {2 48 B THE T REIE S (1 8) , £ 30 °C Rk Bl i KAA , AR (b (B4
IIN SRR R — 7 T TR TR R SR AL A 2 1 —OH f# 25, ff 5-MnO, 2 11 FT AT 61 F 7 384 00 , ] B 305k 8
T i 2 XU J2 E 4, AT (5 75 5% H A RV T 8 Na ™ B 5 IR B 2] 6-MnO, 6 1, S8 M EEZ 1 H ;5
— 5 T, e Tl P AR R B B 87 A E AT AE 30 °C I, 6-MnO, FE T % H * B Ci 35 B /)y, W B 35 3
K. FESLIG AR, SOk B AFRE 6-MnO, X H* A4 2 W B TRk
2.6 HAFIXT 8-MnO, 2 [ i T34 i 50

PR K s UL 48477 EDTA FI NTA 78 pH =6 58 FOFSEIR R I T 0724k, &l o ar bl kA
i) ApH {H 4B EDTA F1 NTA ¥ B2 A3 i 242 K, i H W Ah 28 55005 H* i s i # L-F—3, ApH
Al R T AR SIS T e U e g i R T BEAFZE IR R . — 2765250 pH 451 T, EDTA 1 NTA
FILLHY ™ 0T A, B34 Wl | i 28 pH (B ; — & 8-MnO, nf 507 ¥ & A A Ak X

I B T H L. A T I R R 7R IR P A 8-MnO, X H I BT R .
0.8 1.7~
07k 15k g —
06L 13

ig osL ERR
041 0.9 —— EDTA
03 0.7 —— NTA
02 I I ! ! I I I ! | 05 L L I I L |
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7C LA I BE /(mg-L7)
B8 XS pH BUERYFZN B9 G 7I% pH SR IR

Fig.8 Effect of temperatures on the proton exchange Fig.9 Effect of chelating agents on the proton exchange

2.7 FELJEEFXT 8-MnO, 1 5T T AR {1520

T 4 SR Xt 8-MnO, 2 i IR F 28 (L RO RE WA AR X & 2%, %5 RS 738 e S Ab s iy K [m] AR 4t 7
WK PIEAER) P> C' (Co™* 3 FIES FRIFSE 454 I N ad e vp o 28 AL O L. P 1] 10 mf 41,3 il
4 JE B AR s AN AR [R), 25483 1 FRLS].

RIHIFGE R W] 8-MnO, XF Ph** (55 & Sy AR 3, W iR AR K. #EPH’ <10 mg-L™",8-MnO, % H* 1
MR TRETAVE F, ApH (R 1F, 1AM BE K T 10 mg - LI, B VR FH R TR A, B B W E K T
20 mg-L~", ApH {AAE A T (H , H IR AR b R F- 2%, UaWT LI Ph> " £S5 H* S 2 A S 0 B 58 38 51 °F
S N P o N % | 928 N U DR VAN TR N B Sl N I ) i B2 7 C VARSI /3 ol 2 NP U
TR H* A VT RE R ORI T25 7UAb 45 A B FR 3.
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Fig.10 Effect of heavy metal ions on the proton exchange

FECr MR BE/NF S mg- LB, ApH H 2 BT H Yk KT S mg- L', ApH [HZ 12 T & T
A, Cr't BB S MnO, & A Abid SRk v, Had B2 . OCr () 4 0 B 21 MnO, 5047 2 1A 55 P 38 336 14 437 0
by @Cr( 1) H FHERLF) MnO, |, Cr( D) %4784 Cr( V) ;Cr( VI) LLBHES FIERAFEAE , MnO, X 12 W2
RE IR, Cr( VI) MR TR ok . R AR S S AR

Cr'* + 1.5Mn0, + H,0 = HCrO; +1.5Mn’" + H*

FSCHRFEIH W B AE MnO, 21 A9 Cr (1) ¥EA T [ MnO, ] /\ T AR 28 50, I A6 55 7O ik 47 i, 1 5%
B MnO, e AL Cr( D) B AT Mo () (Cr(IV) #1 Cr( V), BT Mo (IV) iR 5 Bi 42 , e /E 1
Mn( ), J5AR Mo ( T0) sCr( I A94EARSY M 3 45 B B — BT fa A Co( VDD AR
FE Cr* " W hA R BE IR, S A Cr (VD) (OR3P, 2k A AR SR R N, IR R £ 1) 1,
ApH fER1 ;2 Cr' " WIGA R FERCR B, 76 pH =6 414 T ,8-MnO, F 1 =2 Ry L far , X Cr( ) 1F 2§+
PRI B 1A i S Ak IR i s g A2 B L. RIBSFE G pH (B 450, #853 C* " T Cr( OH) , TIE , 7£8-MnO, 3%
T WA, BELAS SO R 6T, AT H R et A T A, A P B ATD s A 4 o ot 3 o

5 EWAE T AR, Co* " HAES 6-MnO, & A FF5E 0« [R] AR 18" Mg B IRl 10 o] 0L, Co™* # kR
WK T 50 mg-L~"BF, ApH 24k A 671, B H* BEBVE R T 8-MnO, % H * (I BHE AT, BB Co® " FEWI LR
WRE RS R, bR T LA ) SRR B 208 6-MnO, [#15E 40, I8 2 1) Co®* LIS H ™ 22 # I 2Bk e B, L
TE 120 mg- L~ "B IR BAR B A, ASFERERE H L A SCEREW KR Y Co* Wl Id 5 MnO, R0 H
A 5 Mn®* F Mo’ 138 B 5 Mn® < [R] AR AR T B 1L A, RS B #T B MnO, 2544 ) Mo
Mn** B4R Co** . XA AL B HA 7E MnO, 1R 1 A 23047 48 MnO, S8 HL 3602 (49 [ MnO, ] /\ I
PRI ZS NAFAEAE B Co (M)

3 45ip

(1) 7E NaCl HLfF RV, O S 8-MnO, %7K R Hh 1 W B R TR BOVE T, ELW Bt 5
il O B S R OG Mg TR I IR B S T REICE 2 HY X 8-MnO, 3R 1H H * ACH 52 I K.

(2) MR BEXT H* 323 52 AR XT38/, 7K AR pH (BRI 8-MnO, (R 254, pH WITR{1ES5 ZPC X R
P X H W SRR VR FE 3R 55 . Bt A5 0F T 28 100 L 1A 23, W RREVE R T RECVE 5 ik 25 1 e 2.

(3) HAFIS A ApH 28 Ak 8 K T AR S 56 fr v B A9 Hee B2 i [ & EDTA R NTA 79 Fb 2% 4 550 X6t
ApH ZE AL 5 i LT — B, 24 FIAEAE I X 8-MnO, FE 10 WK H* A F, BLIk B 3k ) — 5 (B I,
8-MnO, % H ™ W B 2 #a T2 A

(4) BB EFHYE 6-Mn0, &4 N HLEEASE , %5 H* 12 AL A H R P 7ERARWI LR iR
(20 mg- L") B RIGABPAT X7 H AR K TR, 28 T8 128 ; O R I v B Isf
T T A AR N TR H Y, R 3 48 v I O U (. H BRI B AR 8 P47 5 Co” * IR R %
Az IR AR B 38 S L T R 22 1 1L
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Laws and influence factors of surface proton exchange of 6-MnQ, in water

BI Feng' ZHU Lijun®” ZHANG Jinchi' YANG Cong' QIAN Jiechen' SUN Ruijian'

(1. College of Forest Resources and Environment; 2. College of Sciences, Nanjing Forestry University, Nanjing, 210037, China)

ABSTRACT

The surface proton exchange processes of hydrous manganese dioxide ( 6-MnO, ) in water were
systematically investigated under different environmental factors. Results showed 6-MnO, mainly had adsorption
effect on the hydrogen ions from electrolyte solutions and the amounts of adsorbed H* decreased with ionic
strength increasing. In addition, cations have more effect on the proton exchange than anions in different
electrolytes. Mg”* which could form a bidentate complex on the surface of 8-MnO, released more H* than
Na®. Environmental temperature had little effect on the proton exchange, while the initial value of pH affect
the surface charge of 6-MnO,. The sum of adsorption protons was more than that of release, which was
opposite in alkaline conditions. The presence of chelating agents of EDTA and NTA could promote the
adsorption of the H™ on 6-MnO,, and the adsorption amounts reached a maximum at a certain value then
remained steady. There were different mechanisms of the adsorption of heavy metals (Pb’", Cr'* and Co**)
on 6-MnO,, which had different influence on the surface proton exchange on 6-MnO, .

Keywords: 6-MnO, , surface proton exchange, influence factors.





