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Table 1. Electrolytic condition

MnSO, 25~200g/ 1
Electrolyte { H,50, O~134g/ 1

Temperature 30°~90°C
Anodic potential 0.8V vs. Hg/Hg,S04/N-H,SO.
Substrate electrode Pt plate
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Table 2. Electrolytic condition and chemical composition of products

Sample Bath composition Bath tamp. MnOx
No ?gﬁ /S% }\gff?‘)’ ) Xvalue
1 33.5 100 90 1.98
2 ” Vs 70 ”

3 Vs Vs 50 Vs
4 Vs Vs 30 1.99
5 134 ” 90 1.98
6 67 Vs ” ”

7 0 Vs 7 1.94
8 134 Vi 50 1.98
9 67 V3 Vi ”
10 0 » ” 1.96
11 33.5 200 90 1.97
12 Vs 25 V3 1.98
13 ” 200 ” 1.96
14 Vi 25 ” 1.98

X-ray intensity

20(deg) Fe — Ka

Fig.1 X-ray diffraction patterns of EMD prepared at various

electrolytic conditions.
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Fig.2 TGA curves of EMD at the heating rate of 5 °C/min in air
Electrolytic condition : ——
A : MnSO, 100g/I, H,S0, 33.5g/1, 90°C
B : MnSO, 100g/1, H,SO, 33.5¢/1, 50°C

Fig. 23zZe&ih o L TCA i Th b, ERH,1 5 600°C T CARE S ®S &,
EROELELEN LN A LIS, 500°C T COEM A, AR O sio/kE
b, Bibwv Ay (1) (MnOys) ~OBMECHSBTLR, FRUTORETD
FWERIBRC L - TR, bbb, ERE» SEE LR oMERREL,
32 200°C AT ¥ TO G RHIEA~DEBNEFE L,

FREHT OV TIE L TGA o Afdn &, EMD 0 #vipfif s =Bt =
EWbo e, Tihhiob, $1EM 40°C~ (110°~120°C) , 2 B (110°~120°C)
~ (400° ~420°C) , £ 3 ErfE (400° ~420°C) ~ (530°~550°C) TH B,

%20 TGA Hi % BT BEI @ TR LoDy Table 3 ThH 5,

B BLEFEMEO TCGA c s XIFTRTFE LT, BREEERBBEALT b, W



PR « AR < EE o WAk B E L= v v V) OEGHE

Table 3. Thermal decomposition of EMD prepared at various electrolytic

conditions
Electrolytic condition Weight loss* Change of
Temp. Electrolyte crystal structure™®¥
H,80. MnSOq Temp. Weight loss
9] (g/ 1) (g/ 1) (26) ) (28)
3090 33.5 100 8§.5-5.2 500525 3.9-5.3
50 1340 V4 8.3-5.5 500~-520 4.4—4.6
90 Vi 7 6.2—4.2 515525 5.4-6.7
50 33.5 200—-0 6.8 525 4.5
9Q ” ” 5.0 520 6.4

% Weight loss at 400°C
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Fig.3 DTA curves of EMD at the heating rate of 5 °C/min in air
Electrolytic condition : ———
A : MnSO, 100g/t, H,S0, 33.5¢/1, 90°C
B : MnSO, 100g/i, H,S0, 33.5g/1, 50°C
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Table 4. Effect of heating atmosphere on chemical composition of EMD

Sample Atmosphere Heating temperature (°C)
No. Room temp. 200 400
Air MnO;.98 MnOy a4 MnOj .90
! { Nitrogen MnO; 93 MnOy g5 MnO; vy
{ Air MnOy 5 MnOy aa MnOy g0
1 Nitrogen MnO; 93 MnOy gs MnO; .7¢

200°C i BT TR OB TIIWA LT 525, FIRAIZ X 5 FELA bR

o =77 400°C TIZEREAED SR, ERBFIAGAF T, BREOBECHLEL TEX
@ﬁmﬁb<9k<ko,M&%ﬁm B BB e Db, TORDERT AR
ST MOy ~NOGBREIE LR b0 &Hx b, 0L 3 uH%s, EMD K
/[ffa;{(l"jf&i)@f@}é i, KOX D FERLBLREDLND, Tivbb, MO, TY]
B#7s B-MnO; O Xyt §s b2 5 A i~ v 7 v OB L » THEL, £oD

8.0 47.2 72.7
& (og1) g AL (%

X-ray intensity

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
26(deg) Fe — Ka 2e(deg) Fe — Ka
(a) {p)

Fig.4 X-ray diffraction patterns of heated EMD samples
(a) : Sample No. 1 (b) : Sample No. 3
heating temp. (°C)——
1 : Room temp., 2 :2000n air), 3 :2000n N. gas)
4 :300(in air), 5 :300(n N, gas), 6 :400(n air)
7 :400(in N, gas)
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Fig.5 IR curves by KBr method
a~e : Sample No. 1 (ref. Table 2)
{ : Commercial EMD for dry cell
¢ : Reagent grade manganese oxide (IV)
heating temp. (°C)——

a,l,g : Room temp., b:200 (in air) ,
¢ :200 (n vac.), d: 300 (in air) ,
e : 450 (in vac.)
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Thermal Decomposition of Electrolytic Manganese
Oxide (IV)

Makoto SATO, Kenzo MATSUKI, Takashi ENDO
and Hisa YAMAMOTO

Department of Applied Chemisiry, Faculty of Engineering

The electrolytic manganese oxide (IV) (EMD) produced under the potentiostatic
condition at various concentrations of MnSO, and H,;SO,, and various temperatures
of electrolytic solution have been studied by means of thermal analysis. The
thermal decomposition products were identified by X-ray analysis, chemical analysis
and IR spectrum.

All of these EMD obtained give a crystal structure of y-type and a chemical
composition of MnOj.g8+0.01.

Upon heating at 600°C in air, the thermal decomposition reaction of EMD
proceeds in three stages, the first-step of 40° ~ (110" ~120°C), the second-step
of (110°~120°C)~(400" ~420°C) and the third-step of (400°~420°C). Each
of those stages depend on the desorption of adsorbed water, desorption of a part
of a combined water and trace amount of oxygen in EMD, and a transition of
EMD to Mn,O; respectively. At heating around 200°C in air, (110) planes of
EMD (y-MnQO,) already have a tendency to change slightly to (110) planes of
A~-MnO,.

The lower the bath temperature and higher the concentration of MnSO, in
the electrolyte, the weight loss of the EMD become large and the transition
temperature of the EMD to a-Mn,0O; shift to lower value. '

Differential thermal analysis and IR spectra did not give any clear information

about bonding status of combined water in the EMD.



