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The preparation of MnSO4 by reacting pyrolusite at high temperatures with SO2 generated 
from pyrite was followed by DTA, and the process conditions were optimized to fix the minimum 
time and temperature of reaction required to obtain the maximum yield of pure MnSO4 from 
stoichiometric amounts of reactants in a natural draught of air. The presence of MnO and Fe304 
in the reaction products, detected by DTA, indicates that the SO2 is initially oxidized to SO 3 by 
reducing MnO2, Mn203 and Fe203 to MnO and Fe30,. SO3 finally attacks MnO to form 
MnSO,. When an intimate stoichiometric blend of pyrite and pyrolusite is heated at 
temperatures ranging from 873 K to 973 K for 3 hrs, about 93% of the Mn is converted to iron- 
free MnSO4. 

When intimate mixtures of  pyrite (FeS2) and pyrolusite (MnO2) are reacted at 

high temperatures, about  80% of  the Mn is converted to MnSO 4 in a period of  7 hrs 
[1]. A higher yield (92%) is obtained when MnO 2 is directly reacted with SO 2, but 
the amount  of  SO 2 used is high [2]. In view of  this, the D T A  technique was used to 
study the changes that take place'in pyrite and pyrolusite during their reaction at 
high temperatures, and optimization studies were undertaken to fix the minimum 
time and temperature of  reaction at which the maximum yield of  pure MnSO,  could 

be obtained. 

Experimental 

MaterMls 

Pyrite containing 72% FeS 2 ( -  300 mesh BSS) and pyrolusite containing 76% 

MnO2 ( - 3 0 0  mesh BSS) were used. 
DTA:  A Leeds & Nor thrup  D T A  unit provided with P t -P t  10% Rh 

thermocouples and a Rober t43r imshaw ceramic sample holder was used in a static 
atmosphere with calcined alumina as the reference material. The rate of  heating was 
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maintained at 3 deg. min- 1 for the reactants (wt. 50 mg) to simulate the conditions 
of roasting, and at 12.5 deg. min -a for the products (wt. 300 mg). 

Reaction set-up 

To estimate the amount of MnSO4 formed at different temperatures, pyrite and 
pyrolusite taken in gooch crucibles (height 4.5 cm and diameter 3.5 cm) were 
reacted in a vertical tubular furnace (height 25 cm and diameter 5 cm), plugged at 
both ends with ceramic blocks, having a 3 mm hold for inlet of the thermocouple 
(top) and a natural draught of air. 

In the first set of experiments, 1.1 g of pyrite was used to generate the 
stoichiometric amount of SO2 to convert 100% of the Mn present in 1.5 g of 
pyrolusite to MnSO4. In the second set, 4.4 g of pyrite was used to generate excess 
SO2 for reaction with 1.5 g of pyrolusite. In these sets, the gooch crucible 
containing pyrolusite was kept over a similar gooch crucible containing pyrite and 
heated. 

In the third set, stoichiometric amounts of pyrite (1.1 g) and pyrolusite (1.5 g) 
were thoroughly blended together and heated in a gooch crucible. In the fourth set, 
stoichiometric amounts of the reactants were heated at 873 K (a) in an ordinary 
crucible, (b) in a gooch crucible through which air was circulated using an air 
circulation pump, and (c) in a gooch crucible as in set no. 3, but with variation of 
the duration of the reaction. 

Small ceramic beads were placed at the bottom of the gooch crucibles to prevent 
the material from falling down, and also distributed uniformly throughout the mass 
of the reactants for the easy and uniform accessibility of air and SOE. The crucibles, 
kept over a ceramic tripod placed on the bottom plug of the furnace, were heated at 
40 deg. min- 1 to the desired temperature, and then maintained at this temperature 
for 3 hrs. 

Product analysis 

Products obtained at different temperatures were leached in water to recover 
water-soluble sulphates, and the amount of MnSO4 in the washings was determined 
chemically. In the case of the second set, the amount of water-soluble Fe in th 
lower crucible was determined as FeSO4. The insoluble residues from sets no. 2 a~ .0 
3 were dried at 110 ~ and subjected to DTA to ascertain qualitatively the presence c 
unreacted oxides of Mn and FeS2, respectively. SO2/SO 3 could not be estimated i: 
view of possible interference with the residence time of the gases in the crucibles 
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Results and discussion 

DTA of reactants 

The DTA curve ofpyrolusite (Fig. la) indicates two endothermic peaks between 
803 K and 873 K and between 1173 K and 1248 K, due to the reduction ofMnO 2 
to Mn203, and of Mn20 3 to Mn30 4, respectively [3]. 

0 300 600 900 
Tt, mperature, ~ 

Fig. 1 DTA of reactants: a) pyrolusite, b) pyrite, c) mixture of pyrolusite and pyrite 

The DTA curve of pyrite (Fig. lb) shows an intense exothermic effect between 
573 K and 793 K, corresponding to the formation of oxides and sulphates of iron. 
The endothermic peak between 873 K and 923 K is due to the decomposition of 
FeSO4 via [Fe2(SO4)312.Fe203 to Fe203 and SO3 [4]. 

The exothermic effect in the DTA curve of the intimate stoichiometric blend of 
pyrite and pyrolusite (Fig. lc) is more or less identi~eal to that observed for pyrite 
(Fig. lb), except that the reaction is completed earlier, at the lower temperature of 
768 K. Peaks for the reduction of MnO2 to Mn203 and for the decomposition of 
FeSO4 are absent. The endothermic peak ~starting at 1053 K records the 
decomposition of MnSO4 [5]. 
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Estimation of MnS04 and FeS04 

It is evident from the DTA pattern (Fig. "lc) that FeS2 and MnO2 react in the 
presence of air to form MnSO4 between 573 K and 768 K, but increase of the 
amount of reactants would increase the temperature at which the reaction would 
end. With this in view, pyrite and pyrolusite were reacted at temperatures ranging 
from 573 K to 1073 K at intervals of 50 deg in the reaction set-up-described above, 
and the MnSO4 formed at each temperature was determined. 

In the case of stoichiometric amounts of reactants (Table, set no. 1), the amount 
of MnSO4 formed increases with temperature up to 973 K; it is slightly less at 
1023 K; and it then drops to a considerably lower value at 1073 K. Similar results 
were obtained when excess SOz was reacted with pyrolusite (Table, set no. 2). 
However, the amount of MnSO4 in set no. 2 is higher at temperatures ranging from 
773 K to I073 K, which is due to more SO2/SOa being available for reaction. 

Table 1 Percentage conversion of Mn to MnSO, and of Fe to FeSO4 at different temperatures in 3 hrs 

Temperature, Set no..1 Set no. 2 Set no. 3 Set no. 2 

K MnSO4, % MnSO4, % MnSO4, % FeSO4, % 

573 3.98 3.54 8.57 2.30 

623 10.24 7.96 16.22 2.80 

673 1T.69 20.31 59.29 5.11 
723 30.53 26.70 93.13 7.71 

773 31.87 38.42 93.56 4.87 

823 39.86 47.05 92.42 4.61 

873 51.36 51.69 93.24 - -  

923 52.90 55.71 90.65 - -  
973 53.26 59.13 .93.12 - -  

1023 52.05 61.86 73.33 - -  

1073 11.25 38.80 56.02 - -  

When stoichiometric amounts of pyrite and pyrolusite are blended together 
intimately and reacted, the amount of MnSO4 formed increases with temperature 
up to 723 K, and remains more or less constant up to 973 K, but it starts to decrease 
from 1023 K onwards (Table, set no. 3). The amount of MnSO4 in set no. 3 is more 
than that in setsnos 1 and 2 at all temperatures; in the latter cases, an appreciable 
proportion of the 802/SO 3 released from the pyrite escapes without coming into 
contact with oxides Of Mn. Further, unlike in set no. 3, where the formation of 
FeSO4 does not take place (Fig. lc), in sets nos 1 and 2, at temperatures below 
873 K part of the sulphur is locked up as FeSO4 in the lower crucible containing 
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pyrite, due to which SO3 is available for reaction only after the decomposition of 
FeSOg beyond about 873 K. 

In the present study, all the factors affecting the rate of evolution of SO2/SO3 [6] 
were more or less constant in each set of experiments, yet it is seen that the amount 
of MnSO4 formed in general increases with increase of the temperature of roasting 
up to 973 K/1023 K. It therefore appears that the higher the temperature of 
roasting up to 973 K/1023 K, the greater is the degree of thermal shock and 
consequent cracking of the particles of FeS2 and oxides of Mn. With elevation of 
the temperature of roasting, a progressively large surface of FeS 2 exposed to 
atmospheric oxygen reacts with it, abruptly releasing larger amounts of SO2/SOa, 
which in turn react with progressively large amounts of oxides of Mn. 

The decrease in amount of MnSO4 at 1023 K and beyond, may be due to the 
initiation of decomposition of MnSO4 at temperatures below its actual decom- 
position temperature of 1053 K in the presence of other ingredients. 

Water-soluble Fe as FeSO4 was determined in all the samples of roasted pyrite of 
set no. 2. The Table, column 4, shows that the amount of FeSO4 formed is generally 
low. It increases with elevation of the temperature frona 573 K to 673 K, and then 
drops. At 873 K, it is totally absent. 873 K is therefore the minimum temperature at 
which iron-free MnSO4 can be prepared. 

In the case of an intimate blend of stoichiometric amounts of pyrite and 
pyrolusite reacted at 873 ~ K for 3 hrs in an ordinary crucible (set no. 4a), 42.91% of 
the Mn in pyrolusite was converted to MnSO4, and when a gooch crucible was used 
through which air was circulated (set no. 4b), 32.53% of the Mn was converted to 
MnSO 4. Both these values are less than that indicated in set no. 3 for reaction at 
873 K for 3 hrs. In set no. 4a, the amount of air appears to be insufficient, and in set 
no. 4b, it appears that, due to the higher air velocity, a large amount of SO2/SO3 
escapes without coming into contact with MnO2. The availability, velocity and 
residence of the required amounts of O2 and SO2/SO3 in the environment therefore 
appear to affect the amount of MnSO4 formed. 

When the time of reaction was reduced, all other experimental conditions being 
kept the same as in set no. 3, the amount of MnSO4 formed in 2 hrs was 68.21%, 
compared to 93.24% in 3 hrs; a further increase of the time did not make much 
difference, as the amount of MnSO4 formed in ,r hrs was 93.53%. 

DTA of washed products 

Residues of leached products of pyrolusite (set no. 2) were subjected to DTA 
(Fig. 2a). These water-insoluble residues contain only oxides of Mn which haze 
escaped reaction with SO2/SO3. 

The DTA patterns of samples roasted at temperatures ranging from 573 K to 
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Fig. 2 DTA of products after leaching-out of MnSO~ : a) set no. 2, b) set no. 3 

823 K show an endothermic peak starting at about 813 K, due to the reduction of 
unreacted MnO2. The DTA curves of all the samples exhibit an endothermic peak 
starting at about 1173 K, due to the reduction of Mn20 3 to Mn304, indicating the 
presence of unreacted Mn20 3 in samples roasted at temperatures ranging from 
873 K to 1073 K. 

The DTA curves of samples roasted at temperatures ranging from 573 K to 
923 K show an exothermic effect between 573 K and 783 K, ascribed to the 
presence of MnO [7]. Its absence in samples roasted at temperatures beyond 923 K 
may be due to its complete oxidation by air during roasting. 

The residues of leached products of blended pyrite and pyrolusite (set no. 3) were 
also subjected to D T A  (Fig. 2b). The DTA patterns of the reaction products 
between 573 K and 673 K show a small exothermic peak starting at about 498 K, 
due to the oxidation of Fe304 to Fe20 3 [8], the intensity of which decreases with the 
elevation of temperature up to 673 K, beyond which it is absent. The second intense 
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exothermic peak starting at about 573 K indicates the presence of unreacted 
sulphides of Fe. This exothermic peak is immediately followed by an endothermic 
peak due to the reduction of unreacted MnO2 to Mn203. The large endothermic 
peak starting at about 1053 K is due to the combined effect of the decomposition of 
a small amount of MnSO4 formed from unreacted FeS2 and MnO2 during the 
DTA, and the reduction of unreacted Mn20 3 to Mn30 4. The DTA curves for 
samples roasted at 723 K and above are similar to the corresponding curves in 
Fig. 2a. 

The amount of MnSO4 in sets nos 2 and 3 shows an increase with elevation of tlae 
temperature of roasting (Table), and therefore the amount of unreacted oxides of 
Mn leached out is expected to decrease as the temperature of roasting is raised, but 
this is not reflected by the intensities of the DTA peaks (Figs 2a, b). This non- 
coordination may be due to non-uniform changes in the particle size and the shape 
of reactants during roasting, leaching and drying. 

MnSO4 in set no. 3 is more than that in set no. 2, due to which the amount of 
unreacted oxides of Mn recovered after washing will be less. Further, unreacted 
oxides of Mn are contaminated with products of oxidation of pyrite. This accounts 
for the lower intensities of all the peaks for the oxides of Mn (Fig. 2b), as compared 
to Fig. 2a. 

Conclusion 

When FeS2(SO2)SO 3 and MnO 2 react at temperatures ranging from 573 K to 
1073 K in the presence of air, part of the FeS 2 remains unreacted up to 673 K, 
unreacted MnO 2 is present up to "823 K, Mn20 3 present from 873 K to 1073 K, 
while Fe304 can be detected in samples roasted between 573 K and 673 K, MnO 
between 5~/3 K and 973 K, and Fe203 at all temperatures. SO2 from the oxidation 
of FeS 2 coming into contact with MnO2, M n20 3 and Fe20 a at high temperatures is 
oxidized to SO 3 by reducing the above oxides to MnO and FeaO 4. It is this SO 3 that 
reacts with MnO to form MnSO 4. The presence of MnO and Fe304, indicated in 
lfhe DTA curve of the products of reaction between FeS 2 and MnO2, lends support 
to this proposed mechanism. 

The amount of MnSO4 formed increases with (1) elevation of the temperature up 
to 973 K to 1023 K; (2) increase in the amount ofSO2/SO3 available for reaction 
with oxides of Mn; (3) greater contact of the reactants; (4) a lower velocity of 
oxygen and SO2/SO3 in the environment of the reaction'; and (5) increase in time up 
to 3 hrs. 

The highest conversion, of about 93% of the Mn, to MnSO 4 free from Fe as 
impurity, is obtained when an intimate blend.of stoichiometric amounts of pyrite 
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and pyrolusite is reacted'at temperatures between 873 K and 973 K for 3 hrs in a 
gooch crucible containing ceramic beads uniformly distributed in the reactants, 
through which a natural draught of air is allowed to pass. 

References 

1 K. N. Moorthy, D. S. Dattar and S. H. Zaheer, 
Indian Patent No: 42886 (1951. 

2 R. Blumberg and T. D. Morgan, J. Appl. 
Chem., 3 (1953) 223. 

3 R. C. Machenzie, The differential thermal 
investigation of clays. R. C. Mackenzie, p. 229~ 
Mineralogical Society, London 1957, p. 229. 

4 T. Kennedy and B. T. Sturman, J. Thermal 
Anal., 8 (1975) 329. 

5 D. Dollimore and H. K. H. Tonge, 5th Int. 
Symp. React. solids, Munich, 1965. 

6 F. R. A. Jorgensen and F. J. Moyle, J. Thermal 
Anal., 31 (1986) 145. 

7 I. Kostov, Mineralogy, Oliver and Boyd, 
London, 1968. 

8 K. Egger and W. Feitknecht, W. Helv. Chim. 
Acta, 45 (1962) 2042. 

Zusmnmenfnssug - -  Mittels DTA wurde die Darstellung von MnSO~ aus Pyrolusit und aus Pyrit 

dargestelltem SO2 untersucht und die Verfahrensbedingungen optimiert, um eine minimale Reak- 
tionszeit und Temperatur zum Erreichen einer maximalen Ausbeutse an reinem MnSOa aus in 
st6chiometrischem Verh/iltnis vorhandenen Reaktanden im normalen Luftstrom zu bestimmen. Eine 
dutch DTA nachgewiesene Gegenwart von MnO und FeaOa unter den Reaktionsprodukten zeigt, dab 
SOa unter Reduktion yon MnO2, Mn2Oa und Fe2Oa zu MnO und F%O~ zuers t zu SOaoxydiert wird. 
Abschliegen reagiert SOa mit MnO zu MnSO~. Mehr als 93% Mn wird zu eisenfreiem MnSO~ 
umgesetzt, wenn man eine innige Mischung aus Pyrit und Pyrolusit 3 Stunden lang bei einer Temperatur 
zwischen 873 und 973 K h/ilt. 

PeamMe - -  MeTOaOM ~TA npoBe~eHo ri3yqenae ycaoBafi noayaenua cyzbe#aTa Mapranua pearnne.~ 
BBaHMO,/Ie~CTBHa ,/IByOKHCH P-~pM, noJ1yqaeMofi H3 nnpnTa, c nHpOJIH3HTOM npn maco~rlx TeM- 
nepaTypax. Oiipe~e.riHo MHHHM~'IbHOe BpeMa H TeMiiepaTypa peaKI/Hl, I, Heo6xO~HMbIe ,/l~Ia noYlyqeHHa 
MaKCHMaJIbHOFO BblXO~a qHCTOFO cyhbdpaTa MapraHHa, HCXO~ H3 CTeXHOMeTpHqeCI~HX KOJIHqeCTB 
peaFeHTOB, Haxo~allIHxca B ecTL~c:rneHHOfi BO3,/lylIIHOfi TAre. OrHapyxeHHOe MeTO21OM ~TA HaY[HqHe B 
npo~tyxTax peaEIIHH OKHCH MapFaHIla H OKHCH TpeXBaJIeHTHOFO xeJie3a lIOKa3bIBaeT, qTO ~ByOKHCb 
cepbl llepBOHaqaJIbHO OEHC.JiaeTca ~Io TDeXOKHCH Cepl~i C BOCCTaHOBJIeHHeM ~IByOKHCH MapFaHIIa, 

oI<Hcefi TpexBa.qeHTHOFO MapraHua [4 xe~e3a COOTBeTCTBeHHO ~O Ola4CH ~Byxaa.rleHTHOrO MapraHtIa H 
Fe30 4. Ha~<oHe,~.nofi CTa~HH peaKuxH rpexoKacb cep~a ll3aHMoRe~CTayeT C OKrlCbIQ MapraHt[a C 
o6pa3oBamleM cystbd~aTa MapraHtla. OKo~o 93% Maprantta npenpamaeTea ao CBO6OaHOrO OX x<e.~e3a 
cy~bdpaTa MapraHiia, gorRa 6Yi~i3IcHe I~ eTeXHOMeTpH~ect~oMy eocTaay cMeCH nHpHTa ri nHpo~O3HTa 
HarpemamTea npa TeMnepaTypax OT 873 ~O 973 K B Te,~enax rpex qacoB. 
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