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Study of MnO,-Zn Rechargeable Battery

using Aqueous Electrolyte

Electrochemical Behaviors of Manganese Dioxide

in ZnSO, Aqueous Solutions

Masanori ICHIDA
Takayuki SHOJI
Ken-ich TAKAHASHI

The redox reversibility of manganese dioxide in Zn/ZnS0O4/MnO; cell has been studied by X-ray diffraction

analysis (XRD). XRD patterns indicated that electrolytic manganese dioxide (EMD) can be regenerated during

the charge-discharge cycles; all EMD peaks shifted to lower angles during discharge and were restored by

charging. After more than eighty cycles no appreciable change was observed for XRD patterns.

In disagreement with general knowledge, hetaerolite (ZnMn;O4) was found to be formed not by the

discharge process but by a chemical reaction after discharge. This compound was transformed into a

spinel-related manganese dioxide by electrochemical redox process, which turned out to be active for discharg-

ing.

. & U & I

T, FEEIUERCE TR OB R RE L BT
Ebfev, FEFEHAERS LCoEEMA_KER, H50
F, R=Y F AR R— Z TGS 5 RAR %
HHMOFENRZHELT\5, Z0fcw, BRFEICENL
FPERE R TR R T T B ISR S E > T B,

Tk o, BROEDE L LTERCENT A
L, Ho, WML MTchy, ThE ciE
D—wWEMICHER SN TEL, Livl, “Fb~r ¥
EHGCR KRB, B B~ oH o —EE K E R

(39)

DBFEF DR,

—itiz, EREWE L LT~ oy, AREY
BE L CHhEAV2EME, —KERE L TaLNT
kb, BLHEH P EERUL T o~ ok & it
HYETERMEET 27NV B RILADH B,
NEORERIGICE L ke rHfis sh s
y, ZEbw oA g, e hr—z s boa R
LW HETHEEL LR TV 5,

ELHR G ETRME LT 5~ o F o mRMOBEERK
%13, MnOOH, ZnMnyO4, K U%, $EHtEHECHH
(ZnCly-4Zn(OH),) TH B Z LT & SR TV B2,

-
—




40 Journal of TOSOH Research Vol. 36 No. 1 (1992)

ZOFRERIM, B, ZREBELTOREEDR,

Fhe, WS ) EEEMEETETAN YT UE
M, Ni-Cd —kEith=> Ag-Zn kB LT VA
Y KB E OELES S, T kE L E A bR
TEH, Tn ) EERP TR, —ERCEERZT
5 &, b o H U EEE L TETOBICRECR S
R EBHREIN TV,

Bt, “EbwrH L oRERSMICBI LT, R
HEERE LT 5B~ o F o —HHERS, BAE
WRETH D E VI WA LI RIS, Lnl, 20K
MRICET AWM EEED The <, THoS bt i<k
Vo T, EBEOE, 9 2R TIEERKAK
BRI LT 5 Bib~ o # o —HBEMIC R T, 2%
b= v B DFERBERINS 2T E ST RTT - 1,
FORER, Tt o H L ARESE SR KR CILTR
CHEMEFRTHLZ EEHALMICL, AEMRO K
B s LCOFESEEFER LD T, hEHET 5,

2. % BR

(1) RAMEH

ABHERIC R Lo Erh 2 Fig. 1 1273, 1B
HFhx, 1.0g oBMB_Ft~> ¥ (EMD) & 01g
DOHh =R 7Ty 7 LEREL, 0mme O EH
WT 150 kg/cm? CHINERE Licb D 2R L, AR
21399. 9% D H R (40 mme) EHEA L, ERERKIL,
MRERHESL KA 2M) 2R LI, £ r— 2,
ERWEGRF R E R TH T AR E = fat e —
AR TTUT 4 AF— (45 mme) FERTHEA LI,
(2) BRED LORIGERMOSH

Al

ST

H

F

Fig. 1 Construction of laboratory cell. Al, A2:
teflon case, B: collector (Pt), C: cathode
mixture, D: separator, E: zinc plate, F: col-
lector (SUS), G: spring, H: teflon spaecer,
and I: O-ring.
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Fig. 2 Concentration of Zn?+ and SO42~ ion in the
electrolyte of the laboratory cell during 50
mA continuous discharge.
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Fig. 3 Amount of Zn?+ and SO4*~ in the cathode
mixture of the laboratory cell during 50 mA
continuous discharge.
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laboratory cell. (a): before discharge, and (b): after 240
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water.
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Fig. 5 Charge-discharge curve of Zn/ZnSO, (2M)/MnO; (1.0 g)

laboratory cell.

(a): during 50 mA continuous discharge, and (b):

during 10 mA chargeing after discharged.
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Fig. 6 X-ray diffraction patterns of EMD (1.0 g) in the labolatory cell
during 50 mA continuous discarge, (a) before discharge, (b) 80
mAH/g discharged, (c¢) 160 mAH/g discharged, and (d) 240
mAH/g discharged. XRD samples were rinsed with 0.03 N
sulfuric acid to remove ZnSQy-3Zn(OH)z-5H20.
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Fig. 7 X ray diffraction patterns of EMD (1.0 g) in the laboratory cell

during 10 mA charge after 240 mAH/g discharge, (a) before
discharge, (b) 300 mAH/g charged, (c) 140 mAH/g charged,
and, (d) 70 mAH/g charged. XRD samples were rinsed with
0.03 N sulfuric acid to remove ZnSO;- 3Zn(OH),-5H0.

BREE IR SR KR P Co b~ v D EE{LE, BRI X0 AERT B &GS 00N H BB, &
¥R X BT i34 s T o RO A2 BAI S h, ~ =, BEEAKER P CORERIEEOLFERIEIE D
TaTg4 N ¥ow B B OEBITHR I N WTBET B obic, HEEROERERICOV-THELD
1, —F, EALTSR KB CIIZRIb~ v DK ST CRERRETT - 1
HEFRME LTATRIA FARESHTRY, T4 WEHOEBEH (240 mAH/g-MnOy) %, HiRT,
Rz oW T, BHERIG (BERAEFHIRIL) kY Ry, 70°C FTT7 HRRETAZ Lick v Bohicid
BEEART S L SR ERBHROLERE GFESILS BoBERX a4 — % Fig 9 7T, ZE TR

(43)



44

Journal of TOSOH Research Vol. 36 No. 1 (1992)

(b)

10 20 30 40

rinsed with distilled water.

50 G0 70 80

2 6 (Cu-Ka)
Fig. 8 X-ray diffraction patterns of (a): EMD and (b): cathode mixture
in the laboratory cell after 86th charge. XRD samples were
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Fig. 9 X-ray diffraction patterns of (a): discharged cathode mixture
held at 70 for 7 days, (b): discharged cathode mixture held at
room temperature for 7 days, and (c): discharged cathode

XRD samples were rinsed with distilled water.
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Fig. 10 Charge-discharge curve of Zn/ZnSO4 (2M)/ZnMn2O4 (1.0 )
[ laboratory cell.; (a) during 50 mA discharge before chargein-
ng, (b) during 10 mA charge, {(c) during 50 mA discharge after
charging. XRD samples were rinsed distilled water.
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Fig. 11 X-ray diffraction patterns of (a):ZnMnyO4, (b) after charged
ZnMn,0, in ZnSOy solution, and (c) spinel-related manganise
dioxide; acid-treated ZnMnyO4 (0.5 N HoSO,).
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