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Abstract

The electrical conductivities of pure and doped manganese(II) carbonate with 10 mol% Li* or
AP** ions were measured. The effect of doping on the observed kinetic parameters of decomposi-
tion were measured. Doping with Li* or AP* ions enhances the decomposition. The enhanced
promotion effect is ascribed to the generation of hole defects which are concentrated at the reac-
tion interface.
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Introduction

Considerable importance has been focused on the thermal analysis of solid
carbonates [1] which yield pure or mixed oxides used as active catalysts. Data
obtained made it possible to propose a diffusion-kinetic model of moving
fronts, based on the positive feedback that arises during the course of reaction
as the stresses occurring in the vacancy structure relax and porous reaction
products form [2].

Manganese(II) carbonate, as a parent material [3] for manganese oxides, has
received few studies of the effect of additives on the kinetics and mechanism of
decomposition. It is known that doping with altervalent metal oxides change
surface [4], electrical [5] and catalytic properties [6] quite significantly. Hence,
our present work is concerned with measurements of the electrical conductivity
of pure and doped manganese carbonate with relation to the solid state decom-
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position process. These measurements were supplemented with data obtained
by TG, DTA, X-ray diffraction and IR spectra analysis.

Experimental

Analar manganese(II) carbonate was used as a parent material for thermal
decomposition experiments and for preparing the doped salts. Li* and AI** ni-
trates were used as dopant ions in concentration of 10 mol%, using the impreg-
nation method. The impregnated specimens were calcined in air at different
temperatures up to 1000°C for measurements of non-stoichiometry.

TG and DTA were conducted using a Rigaku microbalance model 220219
with a heating rate of 10 deg-min~!, in air atmosphere, and 20 mg sample mass,
up to 800°C. X-ray diffraction patterns for the product oxides were obtained
with a Philips unit type 1010 using CuK, radiation of wave length 1.5428A. IR
spectra were obtained using a Perkin Elmer spectrophotometer, model 20, in
the range 1800400 cm™ using the KBr disc technique. Non-stoichiometry of
the product oxides was determined by the hydrazine method by adopting the
method of Uchijima et al. [7]. Conductance measurements were carried out, us-
ing a cell described by Chapman el al. [8], in the temperature range 25-250°C
as previously described [9].

Table 1 Thermal decomposition data for pure manganese(Il) carbonate and samples doped with
Li* or A** ions, in air atmosphere

Compound Peak temperature from DTA Mass loss / %
1 I I v from TG
Manganese(II) carbonate - 241 415 641 38
doped with
10 mol% Li - 231 405 615 514
10 mol% Al 130 235 418 630 473

Results and discussion

Figures 1-3, show the TG and DTA curves of pure and doped manganese(II)
carbonate with 10 mol% Li* and AI** ions. Three endothermic peaks were re-
corded in the range 200-800°C. Addition of Li* and AP** ions increases the per-
centage decomposition and lowers the peak temperatures of the endotherms.

The doping effect of Li* ions is more pronounced than AI** ions, as cited in Ta-
ble 1.
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Fig. 1 TG and DTA curves for manganese(I) carbonate in air
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Fig. 2 TG and DTA curves for manganese(Il) carbonate doped with 10 mol% Li* ions
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Table 1, shows a higher percentage mass loss when manganese(II) carbon-
ate is doped with Li* than with AI** ions, due to the creation of solids defective
in oxygen content [9]. Their non-stiochiometry was determined as shown in
Fig. 4. Curve (a) shows continuous variation of the excess surface oxygen con-
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Fig. 3 TG and DTA curves for manganese(II) carbonate doped with 10 mol% A** jons
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Fig. 4 The amount of surface excess oxygen obtained by the hydrazine method against calci-
nation temperature for pure manganese(Il) carbonate (a) and that doped with Li* (¢)
and A** (b) ions
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tent, followed by an abrupt decrease after S00°C. Doping with Li* ions, curve
(b) reveals a higher deviation from stoichiometry than when doping with A"
ions curve (c). This behaviour shows the increased defective lattice structure on
doping.

The non-isothermal TG curves for pure and doped manganese(II) carbonate
were used to elucidate the decomposition mechanism, adopting the process dis-
cussed by Sestak and Berggren [10] and Satava [11]. The procedure is based on
the assumption that non-isothermal reaction proceeds isothermally in an infini-
tesimal time interval, so that the rate can be expressed by an Arrhenius-type
equation:

QQE_ —E/RT
37 Ae T floy ()

where A is the pre-exponential factor, ¢ is the time and f{or) depends on the
mechanism of the process. For a linear heating rate (Q = d7/dr) and substitution
into Eq. (1), gives
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Integration of the left-hand side of Eq. (2) gives
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where g(o) is the integrated form of f{or). A series of f{or) forms is proposed by
Satava [11] and the mechanism is obtained from that plot which gives the best
representation of the experimental data. For evaluating the kinetic parameters
from the mechanism equation, the right-hand side of Eq. (3) was used in the
Coats-Redfern [12] equation which is recommended in several reports [13, 14].
The general form of the equation used is

AR E
Ing(oVT* = an—E =T @)
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Table 2 Kinetic parameters for the decomposition of pure manganese(II) carbonate and that
doped with lithium or aluminjum ions using the mechanistic equations together with the
Coats-Redfern method

Correlation E/ AS/ Kinetic
Compound coefficient KJ-mol™! Jmol K} model
Manganese(Il) carbonate 0.9848 45.34 -1133 Fo=2
doped with
10 mol% Li* 0.9793 33.98 -121.5 Fy=2
10 mol% AI*** 0.9922 19.93 -1233 Fp=2

Values of E obtained from the mechanistic equations along with the correla-
tion co-efficient for the kinetic plots for the TG curves have been evaluated.
The entropy change AS was calculated using the equation

AS = RIn(AR/KT) (%)

where k is the Boltzmann constant and 4 is the Planck constant. The values of
the kinetic parameters corresponding to the highest correlation coefficient val-
ues were selected and cited in Table 2. The negative AS values indicate a more
ordered intermediate active state [15].

The data presented in Table 2 show that the thermal decomposition of pure
manganese(Il) carbonate in air follows the F, = 2 mechanism and does not
change on doping. The low E value obtained for Al doped specimen is attrib-
uted to the presence of water which appeared to be removed at 130°C (Fig. 4),
thus facilitating the ion mobility for decomposition.

The X-ray diffraction patterns for the decomposition products formed at
various temperatures in air are shown in Fig. 5. Up to 400°C f~MnO, was
formed. Between 500° and 700°C transformation of the B-MnO2 to Mn, O3 0x-

Table 3 IR absorption bands for the calcined products of manganese(II) carbonate

Specimen calcination T/ 1 2 3 4 5 6
°C
200 1600-1330 850 710 - - -
300 1550-1350 855 715 580 - -
400 1520-1300 860 720 590 - -
500 - - 680 620 580 500
700 - - 670 610 580 530
1000 - - - 600 540 480
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ide occurred. On further heating, only diffraction lines characteristic of Mn30O4
oxide were detected. These results were confirmed through IR spectra as shown
in Table 3.
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Fig. § X-ray diffraction patterns of the calcination products of manganese(Il) carbonate in air
at different temperatures

It is to be noted that samples calcined up to 400°C have a broad band located
in the region of 1600-1300 cm™! followed by two sharp bands at 860 cm™'. The
broad band which appeared at 580 cm™! for a specimen calcined at 300°C is at-

tributed to formation of Y-MnO;. The broad band in the region of 590 cm™, ob-
served for the sample calcined at 400°C is assigned to a phase transition to
B-MnO [15]. For samples calcined at S00°~700°C, new bands were developed

at 680—500 cm™ whose intensities increased with calcination temperature.
These changes reveal phase transitions of f—MnO; to MnOs [16, 17]. At
1000°C the absorption band at 600 cm™ was more intense than the peak at

480 cm™! corresponding to development of the Mn3QOy lattice [18]. The doping
effect on the host lattice, using 10 mol% Li* and A1** ions, did not change the
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assignment of the vibrational bands of the thermal decomposition products.
Such results agree with the transformation temperatures deduced previously by
Honda and Stone [19] and with those recorded recently [20].

C 650°C 900°C

40 )
Y-MnO; B-MnO2 ——— Mn;03 Mnz0y4 (6)

The dc electrical conductivities, on heating the parent materials up to 250°C
and cooling, were recorded as log ¢, where 6 is the specific conductance, as a
function of the absolute temperature as shown in Fig. 6. The cooling curves are
characterized by a discontiniuity which occurs at different temperatures de-
pending on the nature of the doping ion. The reason can be found in the above
investigations of IR spectra and DTA curves which predict lattice transforma-
tions [21, 22]. The linear dependence of the conductance on temperature would
show the validity of the equation ¢ = o, exp(~AE/2kT), where, assuming the
band model is applicable, AE can be considered as the activation energy for re-
leasing free carriers. The activation energies measured from the cooling curves
in the range of temperature 100-250°C are 43.54, 27.86 and 13.93 kJ/-mol™! for
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Fig. 6 Variation of the conductance with temperature for manganese(Il) carbonate (---) and
that doped with 10 mol% Li*(—) and 10 mol% AL** ions (- —-) on heating (<) and
cooling (—)
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the decomposition products of pure manganese(Il) carbonate and that doped
with A1** and Li* ions, respectively. The low AE values on doping are due to the
increase of charge carriers. Since manganese oxides are p-type semiconductors
[23], a possible explanation for the dependence of the activation energy on the
dopant type is given by the following doping mechanisms:

with Li* ion doping

3/2 O, + Liz0 = 2LilMnl"”’ + 2MnOz + 6[e]’ (7
and with AI** jon doping

1/2 Oz + ALO3 = 2AlIMnl’ + 2MnO; + 2[e])’ (8)

where [e]" denotes a defect electron and Li IMnl” and AllMnl” are Li and Al
ions replacing the manganese ions in lattice positions.

These doping mechanisms indicate that creation [24] of defect electrons
within the lattice of the decomposition product will facilitate the electron mi-
gration and consequently lead to an enhancing effect on the thermal decompo-
sition process of manganese(Il) carbonate.,
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Zusammenfassung — Es wurde die elektrische Leitfahigkeit von reinem und versetzten
Mangan(II)-karbonat mit 10 mol% Li* oder AP Ionen untersucht. Dabei wurde der Effekt der
Versetzung auf die Zersetzungsparameter der beobachteten Kinetik gemessen. Versetzen mit Lit
oder AI** Ionen begiinstigt die Zersetzung. Dieser begiinstigende Effekt wird der Erzeugung von
Lochdefekten zugeschrieben, die an der Reaktionsgrenzfliche gehiuft vorkommen.
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