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Abstract 

Chemical and phase composition of manganese oxides obtained by Mn(II) oxidation in nitrate solutions has been studied 
by the methods of drfferential thermal analysis, IR spectroscopy, X-ray phase and chemical analyses The product of Mn(I1) 
oxidation with nitrate has been shown to be a partially hydrated oxide of the MnOZ_, cornpositron, 0.2CnC0.4. It has been 
found that the average degree of oxidation of manganese 1s affected by condrtions of the synthesis: it increases with decreasing 
nitrate concentratron and temperature. Treatment of the product with diluted nltrtc acid leads to a disproportionation of 
underoxrdized Mn(II1) compounds mto Mn(I1) and Mn(IV). The final product IS y-MnO, 

Keywords Manganese oxldes, Chemical composltlon: Phase composltlon 

1. Introduction 

Synthetic manganese dioxide used in the batteries 

and other fields of engineering is most frequently pro- 
duced by oxidation of compounds of bivalent manganese. 
The oxidtzers may be bromine, ammonium persulfate, 
hydrogen peroxide [l], electric current [2], etc. In 
particular, the process of Mn(I1) oxidation with nitrate 
in thermal decomposition of manganese nitrate within 
the range of 200 to 300 “C is commonly used in order 
to obtain P-MnO, (synthetic pyrolusite) [3]. 

It has been established in our previous work [4] that 

the oxidation of Mn(I1) with nitrate, ions are occurring 
in aqueous solutions at pH varying from 6.5 to 7.8. 

The reaction rate is of an order of zero for Mn’+, 

but more than one for nitrate, and it depends on the 
pH in a complicated manner. The kinetic regularities 
are described in terms of a mechanism involving pre- 
hydrolysis with the formation of colloidal particles and 
their subsequent oxidation with NO,- ions. The reaction 
product is a dark brown precipitate - a mixture of 
hydrated oxides MnO,_,. In the present work, the 
phase and chemical composition of these oxides has 
been studied, as well as their interaction with solutions 
of nitric acid. 

2. Experimental 

Reactants for this study were prepared m the following 
way. The oxidation of Mn(I1) was carried out in a 
solution of manganese nitrate with a concentration of 
1 M/l at pH is 7. To keep the pH constant, a solution 
of 5 N NaOH was added step by step, as the initial 
solution became acidified by 0.1 to 0.2 pH units. After 
manganese had been precipitated, the precipitate was 
filtered, rinsed with water, air dried at either room 
temperature or at 100 “C and then the total manganese 
has been analysed by the complexonometric method 
[5]; the content of active MnO, has been analysed by 
reduction with oxalic acid and subsequent titration of 
the excess of H,C,O, with potassium permanganate 
[6]. The content of oxygen per one manganese atom 
was calculated from the results of the chemical analysis. 
The content of sodium in the precipitates was deter- 
mined by means of flame photometric analysis. The 
results obtained are presented in Table 1. 

The samples produced were investigated by X-ray 
phase analysis, IR spectroscopy and differential thermal 
analysis. Diffractograms of the samples were taken at 
the DRON-3M diffractometer (Cu Ka radiation). IR 
spectra of the samples pressed as tablets with Kl3r 
were recorded with the Specord spectrophotometer. 
Thermograms were taken under the following condi- 
tions: atmosphere: air, crucible: platinum, weight. 250 
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Table 1 

Condrtrons of syntheses and cornpositron of samples 

Sample 

numbers 

Condrtrons of synthesis 

Temperature NOx-/Mn’+ 

(“C) ratro, 

Clvln2 + = 1 mol/l 

Trme of 

preciprtatron 

(h) 

Composrtron (wt.%) 

MnA MnOz NazO 

Empirrcal Sample 

formula morsture 

Mno,,Cv) (wt.%) 

50 2 

25 3 

50 3 

25 2 

Samples 1 to 4 treated wrth HN03 

solution at room temperature 

Samples 1 to 4 borled 

wrth diluted HN03 

35 60.4 37 3 0.06 1.68 188 
51 614 38 8 0.12 1.68 1.09 
45 79 5 16.3 0.036 1.58 0.73 
56 44 6 57.6 0.38 1.77 1.35 

57.8 43.9 0.047 170 0.67 

42.2 60.0 0.058 178 5.33 
68.7 319 0.038 1.65 2 15 

51.5 50.9 0 15 174 3 03 

1.8 97.0 0.04 y-MnO, 2 15 

to 350 mg, and heating rate: 5 “C/min. Discharge curves 
of samples were measured in a flat coin-type lithium 
cells (diameter: 23 mm, thickness: 2.5 mm) under loading 
5.6 kR. 

3. Results and discussion 

The product precipitated from the Mn(NO,), solution 
is partially hydrated oxide with an intermediate stoi- 
chlometry (between Mn,O, and MnO,). The data ob- 
tained show that the average degree of oxidation of 
manganese depends on the synthesis conditions: it 
increases with decreasing NO,- concentration and tem- 
perature. Since the decrease of the above parameters 
lowers the rate of the process [4], it can be concluded 
that the degree of manganese oxidation depends in- 
versely on the rate of the precipitation of the product. 

Whatever the conditions of the precipitation, the 
nature of diffractograms of the samples is identical 
(Table 2). For samples dried at room temperature, the 
presence of the MnOOH (manganite) and Mn,O, oxide 
(a-kurnakite [l] or pMn,O, according to the nomen- 
clature recently accepted [7]) phases has been revealed. 
Also, there are a few weak reflexes which may be 
attributed to hydrated polymanganites of type 
(Na, Mn)O,.nMnO,.xH,O [l]. After drying the samples 
at 100 “C, only the lines of y-Mn,O, remain (column 
3, Table 2). Nevertheless, the product obtained is not 
a single-phase one, which is verified by the data of 
thermal analysis. A typical derivatogram of the sample 
shown in Fig. 1 (curve 1) has the following characteristic 
regions: (i) the loss of fixed water at 145 to 370 “C; 
(ii) oxidation at 395 to 470 “C, which is characteristic 
of the Y-Mn203-+P-MnO, conversion [l]; (iii) decom- 
position P-MnO, -+ j%Mn,O,, which starts at 559 to 595 
“C; (iv) oxidation at 600 to 700 “C, and (v) thermal 

115 

1 / , / J? 
200 400 600 .800 1’ 

tampsrature. o C 

Frg 1. Thermograms of samples 4, 8 and 9, see Table 1 (curve 1, 

l’, 2, 2’ and 3. 3’, respectively). 

decomposition at 960 to 990 “C, characteristic of the 
P-Mn,03 + Mn,O, (hausmannite). Stages (iii) and (iv) 
are overlapping partly. 

Treatment of the product with diluted nitric acid at 
room temperature (samples 5 to 8, Table 1) leads to 
the disappearance of stage (iv) in the derivatograms 
(curve 2, Fig. 1). In this case the oxygen-to-manganese 
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Fg. 2. Infrared adsorptlon spectra of samples 2 and 6; see 
Table 1 (cwves 1 and 2, respectwely). 

ratio slightly increases, and qualitative character of 
diffractograms does not change. This allows one to 
conclude that process (iv) is the oxidation of bivalent 
manganese which seems to be present as X-ray amor- 
phous polymanganites of the MnO,, .MnO, type [l] or 
partly in the form of Mn,O,, whose diffractogram is 
very similar to that of y-Mn,O,. 

Boiling the samples in diluted nitric acid for a short 
period (up to 30 min) results in the formation of a 
single product - y-MnO, - which is verified by 
chemical, X-ray phase (Table 2) and thermal (Fig. 1, 
curve 3) analysis. 

A high degree of conversion in this case is seen in 
IR spectra (Fig. 2). The spectra of the samples 1 to 
8, presented in Table 1, are the same (curve 1) and 
have four rather narrow absorption bands at 1050, 980, 
640 and 500 cm-’ which is likely to occur due to the 
presence of Mn ions with different valences. After the 
samples have been boiled in diluted nitric acid, bands 
1 and 2 merge into a wide band, the absorption band 
3 disappears and a shoulder appears instead of band 
4. Spectrum 2 (Fig. 2) is characteristic of the preparations 
of synthetic MnO, [ll]. 

4. Conclusions 

The results obtained allow the following conclusions 
to be drawn. 

1. The product of Mn(I1) oxidation with aqueous 
nitrate solution is a mixture of partially hydrated man- 
ganese oxides of the composition MnO,_,, 0.2 <n < 0.4. 
The higher the oxygen-to-manganese ratio, the lower 

the rate of oxidation (temperature and NO,- concen- 
tration in the solution). 

2. The product includes compounds of Mn(I1) (phase 
I is of the polymanganite MnO, . MnO,.xH,O type), 
Mn(II1) (phase II is manganite MnOOH) and Mn(IV) 
(phase I and III - hydrated amorphous MnO,). Air- 
drying at 100 “C results in the dehydration of phase 
I with the formation of an amorphous product and 
decomposition of phase II to give Mn,O, (.y-Mn,O,) 
and partial dehydration of III. Thus, the dried product 
is a mixture of amorphous polymanganite, y-Mn,O, 
and amorphous MnO,. 

3. Heating m air, the following processes occur in 
the sample: 

(i) 145 to 370 “C - removal of fixed water 

2MnOOH - pMn,O, + H,O (1) 

(ii) 395 to 470 “C - oxidation of y-Mn,O, 

y-Mn,O, + 0.50, - 2(@-MnO,) (2) 

Within the same temperature range, crystallization of 
excessive MnO, into p-phase (pyrolusite) occurs: 

(iii) 559 to 595 “C - decomposition of pyrolusite: 

2(P-MnO,) - @Mn,O, + 0.50, 

(iv) 695 “C - oxidation of bound Mn(I1): 

(3) 

2(MnO),,,, + 0.50, - p-Mn,O, (4) 

(v) 960 to 990 “C - decomposition of p-kurnakite: 

3(/3-Mn,O,) - 2MnO,O, + 0.50, (5) 

4. The treatment with diluted nitric acid removes 
Mn(I1) from the product: 

MnO, . MnO, + 2HN0, 

=Mn(NO,),+n(y-MnO,) +H,O (6) 

5. Boiling the oxide with diluted nitric acid, a dis- 
proportionation of Mn(II1) compounds takes place: 

y-Mn,O, + 2HN0, = Mn(NO& + y-MnO, + H,O (7) 

The final product - y-MnO, - is practically identical 
to electrochemical manganese dioxide for its physi- 
cochemical properties. Fig. 3 shows discharge curves 
of the cathodic mass which consists of standard elec- 
trochemical y-MnO, (EDM) and the oxide obtained 
by decomposition of nitrate solutions with subsequent 
treatment with HNO, in accordance with the above 
technique (CDM). Thus, the final product, y-MnO,, 
seems to be useful in cathodic masses of chemical power 
sources. 
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Fig. 3 Discharge curves of hthmm cells with cathodes of (1) chemmal 

manganese oxide CDM and (2) electrochemical manganese oxrde 

EDM at R=5.6 kn 
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