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ABSTRACT

In Fe-0 and Mn-0 systems there exist non-stoichiometric phases
in which the deviation from stoichiometry 1s limated by temperatu-
re and the oxidizang~reducing potential of the gaseous phase in e-
quilibrium waith the condensed phase.

Tests on the formation of Fer wustite and MnOx manganosite we~
re carried on by reduction with a gaseous reducer. For the inve-
stigation of the reduction process thermal analyses, X-ray diffrac-
tion analysis and Cambax X-ray microprobe analysis were applied.

INTRODUCTION

Although an world literature there are available many works on
Fer wustitute yet the structure of this compound 1s still not well
known because of the serious methodical difficulties hamperaing the
solution of the problem. In the case of non-stoichiometric mangane-
se oxide, MnOx, the dafficulties are due to the limited region of
its homogeneity as well as to the sublimation of this compound at
temperatures above 1173° stated in 17 . The prame condition to get
veliable results is such a reduction time that would ensure ther-
modynamic equilibraium stability of the process investiygated.

MEASURING METHODS
The reaction of Fe304 1sothermal recduction intc FcOx wustite
was carried on an a unat aspecially clesigned for the purpose whe-
re 1t was possible to introduce the sample into a furnace of B73%
under CO+C02
lated from the phase diagram for the Fe-U system{2:and then to

atmosphere a reducing and oxidizing potential calcu-

cool 1t rapidly. The quantita examination of the process was car-
ried on in a Matter”s thermoanalyser, the results of the thermo-
gravametric /TG/ and differential thermogravimetric /DTG/ analyses
being redorded for the following parametsrs: TG sensitivity-100/10
mg, DTG sensitivaity-~5 mg/min.
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The temperature conditions in the cémbined thermal analyses
have been adopted to the ones prevailing in the test unit, i.e.
preheating rate-100°/min.; T-1373%; flow rate of the gaseous mix-
ture - 35 1/h; reaction time -~ hs.

The mangasesite phase, Mnox, has been got from MnOg using CO+
+C0, and 1273°%.

The reduction products were submitted to X-ray diffraction analy-

1:1 gaseous mixture as a reducing agent at 1073

s1s 1n a DRON-1 X-ray drffractometr as well as to microregron spe-
ctral analysis in a MS~-46 CAMEC-microprobe.

RESULTS AND DISCUSSION

After F9304 reduction at 1373°K Fer wustites were obtained
where O/Fe = 1.06, 1.09 and 1.11.

The thermogravimetric analysis results are reported in Table I.
According to them the deviation from stoichiometry calculated on
the basis of TG 1s an good agreement with the theoreticvalues.

In the case of MnO2 reduction i1nto manganesite phase the devia-
tion from stoichiometry, O/Mn, /Table II/ calculated on the basis
of thermogravimetric analysis 1s a consequence of reduction and
sublimation. The results obtained for O/Mn are lover than those
determined from the phase diagram for the Mn-0 system _4 .

Spectral analyses carried on in a X-ray microprobe on samples
got at 1073°k revealed chemical composition inhomogeneity in the
grains. Namely, 1n the grain boundary region MnO has been found
whereas inside the grains a pronounced decrement of Mn percentage
was observed sometimes, what implies the presence of Mn304.

In samples got at 1273%° the difference in chemical composition
between the grains over the entire surface of the sample is rather
small. This is to be understood as a consequence of a faster equi-~
libraum stabilazation.

The 1nvestigations have proved that the actual deviation from
stoichiometry 1n MnO, manganesite smaples got 1n the process of
reduction cannot be determined on the basis of thermogravimetrac
results since these values are burdened with errors in consequence
of temperature measurements and the gaseous mixture used as well
as due to other effects discussed previously., It should he empha-
s1zed however that above 10:3%K the sublimation process 1s mostly
accountable for the errors in thermogravimetric analysis. Below
this temperature the samples maght not be fully reduced because
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of the very slow stabilization of thermodynamic equ1librium£:3.
The i1nvestigations haw proved that the actual time for thermody-
namic equilibrium stabilization is longer than the time determined
from thermogravimetric curves.

CONCLUSIONS

On the basis of the investigations 1t was possible to state
that thermogravimetric analysis applied for the examination of
the process of reduction into FeO, wustite phase 1s quite helpful
and 1ts sensavaity is adequate.

In the case of reduction into Mn0O, manganesite phase the ther-
mogravimetric analysis should be applied jointly with other
quantitative methods. Thermogravimetric results are a summarized
effect of all the processes taking place with mass variation.
Only combined examination methods would allow to understand the
partial processes as well as to elucidate the errors burdening
the results of the respective methods,
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Table I
Results of the thermogravimetric analysis of magnotate
down to wustite reduction
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Table II
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Results of the thermogravaimetric analysis of MnO2
down to MnO, reductrion.

Tewp. E a/mn EMass E Mass {ixoerimen- EO/Mn
% sthe from ithaoretlc Eexperlmeni tal ifrom
!diagram !decrement ! tal decret O/Mn I MAR
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1073} 0.999 | 18.42 | 19.14 | 0.9 | 1,03
1273 ! 0.998 ' 18.44 ! 19.51 ! 0.94 ! 1,01
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