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The parent material, ammonium permanganate, was carefully decomposed in air at 120°. The
product, referred to as the starting material (SM), was then subjected to thermal treatment in air
for 5 hr inthe temperature range 150-1200°. Chemical analysis of SM indicated that the main
decomposition product of NH,MnO, was Mn,Q;, together with MnO,, NH,NO;, H,0 and
0O,.Mn;0, started to form at 900°. The infrared spectra of various calcination products revealed
the retention of NHJ in the lattice structure up to 300°, and reflected the presence of excess
oxygen as coordinated O; . The TG, DTA and IRA results on SM supported the chemical
analysis data. X-ray analysis was carried out for phase identification and to follow
transformations and the formation of a solid solution between MnO, and Mn,0,.

In the literature, studies devoted to the thermal decomposition of ammonium
permanganate are rare. Bircumshaw and Tayler [1] studied the explosion of
NHMnO, under vacuum in the temperature range 70-111° in an inert oil. They
concluded thai the oil prevented contact between the individual crystals and
damped self-heating effects, and that the decomposition products were MnO,,
Mn,0;, NH,NO;, H,0, N,, O,, NO, and N,0. Pavlyuchenko et al. [2] showed
that decomposition was slow at <90°, very fast at >>96°, and explosive at > 100°.
They identified MnO,, MnO, O,, H,0, NO,, NO and NHjas thermal
decomposition products.

The aim of the present investigation was to characterize the calcination products
of NH,MnO, as a precursor for manganese oxide catalysts. This was performed
through both chemical analysis and a number of physical tools.
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Experimental

Materials

Ammonium permanganate was prepared according to the method given by
Bircumshaw and Tayler [1].- The long purple needle crystals of NH,MnO, were
carefully decomposed by feeding through an air condenser into a 1-litre flask placed
in a drying oven at 110°. The product was further heated in situ for 2 hr at 120°, to
give the starting material (SM). This was followed by the heating of SM for 5 hrin
air at 150, 300, 450, 750, 900, 1000 or 1200°.

Chemical analysis

Chemical analyses of the calcination products for MnQO,, Mn,0,, total
manganese content and hence Mn3;0, were carried out according to standard
methods [3]. Active oxygen and excess surface oxygen were determined according
to the method given by Selwood [4] and by the wet hydrazine method [5],
respectively.

Apparatus and techniques

X-ray diffraction analysis was carried out with a Philips X-ray diffractometer
(P.W. 1050/25) with Ni-filtered CuK, radiation (4 = 1.542 A). The unit cell
dimension of pure cubic a-Mn,0; was elucidated via a = d ./h*+k?+[?, where a
is the unit cell dimension, d is the interplanar diffraction line distance and (hk/) are
the indices of the plane. The corrected unit cell dimension (4,) was obtained by
Cohen’s least-square extrapolation method [6, 7]. Infrared measurements were
carried out on a Perkin—Elmer 580 B spectrophotometer, using the KBr technique.

Thermogravimetric (T'G) and differential thermal Analysis (DTA) curves were
recorded automatically over a wide range of temperatures (RT-1200°), at a low rate
of heating (5 deg/min) and in a dynamic atmosphere of air (20 ml/min), using small
portions of the test sample (5 mg), as described earlier [8}.

Results and discussion

Chemical and infrared analyses

Table 1 presents the chemical analysis data on the various calcination products of
NH MnOQ, in the temperature range 120-1200°, and the corresponding significant
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Table 1 Chemical analysis data of the starting material (SM) and the various calcination products

Excess  Active oxygen,

Total Mn, % Loss on
SHMPIC MnO, % Mn,05 % M0, % e % ignition
found calc. mg/g found  calc. %
SM 14.58 73.15 — 60.12 60.33 2196 10.07 9.95 16.72
150 °C 32.05 58.15 — 60.87 61.15  33.80 11.57 11.64 12.51
300 °C 45.11 47.03 — 61.75 61.88  46.41 12.68 Iﬁ.61 10.42
450 °C 61.54 32.83 — 62.38 62.60 19.61 1419 14.03 7.56
600 °C 54.60 40.40 — 62.88 6340 18.16 14.01 13.59 6.84
750 °c 38.58 65.63 — 6442 6434  10.65 1290 12.45 6.60
900 °C 5.60 66.99 2539 6738 67.83 6.65 9.74 9.61 2.73
1000 “C — — 97.28  70.10 70.10 4.16 7.8 6.82 —

infrared bands are given in Table 2. The results on SM show that the main
decomposition product of NH,MnO, is Mn,0,, together with MnO,, NH,NO,,
H,0 and O, . These results are consistent with those described previously [1]. With
rise of the calcination temperature in the range 120-450°, the MnO, content
increases at the expense of Mn,0;, while on further heating the reverse takes place
[9, 10]. The formation of Mn;0, at =900° is in accordance with the fact that, when
heated in air to about 1000°, all oxides of manganese form Mn,0, [11].

The infrared spectra of the calcination products in the temperature range
120-300° indicate the presence of NH; , which is probably retained in the oxide
structure [12]. This is deduced from the appearance of the N—H stretching
vibrations in the range 3200-3500 cm ~! and the NH deformation at 1382 cm™!
{13] (Table 2). These characteristic infrared bands for NH; are not present in the
infrared spectra recorded for the calcination products obtained above 300°. This
can be attributed to its dissociation to N,O and water vapour [14]. In addition, the
infrared spectra of the calcination products are characterized in most cases by a
well-defined band at 1200 cm ™! (Fig. 1, Table 2). Since O3 exhibits a characteristic
band at 1097 cm ™! [15], the band shifted to 1200 cm ~ ! can be tentatively assigned
to the presence of O; in a coordinated form. The unexpected shift to higher
frequency can be attributed to the fact that the coordinated electrons of O; are of
an antibonding character. A similar assignment for coordinated O at 1140 cm ™!
has been reported by several authors [16-18]. Further evidence for the coordinated
character of the O; was obtained from EPR measurements on the calcination
product at 300° (maximum value of excess surface oxygen—Table 1), which proved
to be silent.

It can be observed that the chemical analysis data on the various calcination
products studied accord with those obtained from the corresponding infrared
spectra. In the temperature range 120-750°, the presence of the two oxides MnO,
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Fig. 1 Infrared spectrum of the calcined product at 1200°

[19-21] and Mn,O, [22-25] can be detected (cf. Table 2). On the other hand, the
infrared spectrum for the decomposition product at 900° shows the characteristic
bands of both Mn,0; and Mn;0, [24, 26-28] (c¢f. Table 2). At 1000° and 1200° the
decomposition product appears to be pure Mn,0, (Fig. 1).

DTA and TG

Figure 2 depicts the TG curve of SM, the 120° thermal decomposition product of
NH,MnO,. The curve shows a smooth weight loss over the wide temperature range
105-415°, followed by a rather slow one in the temperature range 415-835°, The
first overall weight loss (5.5%) can be ascribed to a weight compromise between an
increase due to the transformation of Mn,0; to MnO, (~4.1%) and a loss of
surface excess oxygen (0.23%), as well as that corresponding to water removal
(4.2%, calculated from the loss on ignition) and NH,NO, elimination (5.91%,
calculated by difference). The removal of water and NH,NO, in this temperature

Weight loss, %
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Fig. 2 DTA and TG curves of the starting material
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range is substantiated by the endothermic effect at 125° and the broad one centred
at 250°, respectively, in the corresponding DTA curve given in Fig. 2. The second,
slow weight loss (0.6%) can be taken to correspond to the decomposition of MnO,
to Mn, 0, [9, 10], as is reflected by the chemical andlysis data in Table 1. However,
the disagreement between this recorded weight loss and the calculated one (2.1%),
due to the transformation of ~25% of MnO, to Mn,03, can be ascribed to the fact
that Mn,0; absorbs oxygen without change in the lattice, to form MnO, 44 [29].

The exothermic effect at 460° in the DTA curve can be ascribed to a
crystallization process, while the second, broad exothermic effect at 610° may
tentatively be ascribed to some sort of phase transformation (vide infra X-ray
analysis).

In the temperature range 835-1020°, the TG curve exhibits two steps of weight
loss, followed by a plateau. The first step, which is a steep one, lies in the range
835-880° (2%), corresponding to the transformation of MnO, to Mn;0, [11]. The
second one, which is relatively slow (1.1%), can be related to the transformation
Mn,0; —+Mn;0, [30, 31]. This behaviour is in accordance with the data listed in
Table 1. The discrepancy between the calculated weight losses (5%) and the
experimental ones (3.1%) for the two steps can be ascribed to the nonstoichiometry
of Mn,0;, as mentioned above [29]. In this respect it is worth mentioning that
MnO, cannot take up oxygen without showing the Mn,0; lattice [29]. The
formation of Mn;0, is reflected in the DTA curve by the appearance.of a broad
endothermic effect at 900°.

Finally, the TG curve shows a gradual increase in weight (4.2%) from 1020° up to
1170°, nearly reaching a plateau. This is the range of temperature where Mn,0O,
would take up oxygen to give a new compound of composition Mn;0, ,, [29].

X-ray analysis

Figure 3 shows the X-ray diffraction patterns of SM and the various calcination
products. From a comparison with the ASTM cards, the pattern for SM reveals the
existence of a-Mn,0,. Heating at 150° indicates the same diffraction pattern, but
the intensities of the diffraction lines are slightly decreased. For the sample heated at
300°, the diffractogram reveals the three strongest lines characteristic of y-MnO, .
Further, the crystallinity of «-Mn,0; declines and the pattern indicates the
appearance of a coagglomerated phase K, _,MngO,¢ (ASTM card 20-908). The
450° sample is composed of a-Mn,0,, y»lﬁ?inO2 and the coagglomerated phase of
MnQ, in a higher concentration than at 300°. The pattern indicates significant
crystallization of the oxides. The calcination process at 600° reflects the appearance
of 9-Mn,0;, which is tetragonal. The corresponding pattern also indicates the
existence of y-MnO, and its coagglomerated phase, with no change in its
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Fig. 3 X-ray diffraction patterns of calcination products of starting material

concentration relative to that at 450°. The phase present in the 750° samples arc «-
Mn,0;, y-Mn,0;, y-MnO, and its coagglomerated phase. The intensities of the
diffraction lines characteristic of y-Mn,O; are lower than those at 600°. The pattern
at 900° reveals the most intensive lines characteristic of Mn;0,. It also shows the
presence of a-Mn,0; and a trace of y-MnO,. However, unidentified lines too
appear, with d spacings of 7.054, 3.534, 2.265 and 2.118 A.

Finally, the X-ray diffraction pattern of the 1200° sample was identified as
distorted cubic Mn;0,. This is confirmed by the appearance of an IR band for
distorted cubic Mn;0, at 240 cm ! in the infrared spectrum of the 1200° sample
[27, 28], as shown in Fig. 2.

From the above analysis it can be concluded that SM is mainly a-Mn, 0O, which
on heating gives »-MnO,, while crystallinity declines simultaneously up to 300°.
Heating at 450° develops the crystallization significantly (cf. DTA curve) and the
coagglomerated form of MnQ,. At 600° we get a significant phase transformation
of the cubic «-Mn,Qj; to tetragonal y-Mn, O, (cf. DTA curve, Fig. 2). The corrected
unit cell dimensions a, were calculated for the calcination products and were found
to be:

Sample o-Mn,0O; (pure) 300° 450° 600° 750°
a, A 9.430 9.418 9.396 9.430 9.464

The lower values of g, for the 300° and 450° samples as compared to that for pure
o-Mn,0; would indicate the progress of a solid-state solution. However, the
corresponding higher value for the 750° sample would also indicate solid-state
solution formation through a different mechanism [32]. In this calcination product
(750°), it was found that the positions of lines of »-MnQO, were shifted to lower
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890 RADWAN et al.: THERMAL DECOMPOSITION OF NH,MnO,

values of 26, i.e. their interplanar spacing values increase and the unit cell dimension
increases. The a, value for the 600° sample is the same as that for pure a-Mn,0,,
suggesting the absence of a solid solution due to distortion of the cubic lattice of a-
Mn,0;,, forming the tetragonal y phase. Solid-state formation for the 300, 450 and
750° samples was confirmed by preliminary measurements of the magnetic

susceptibilities of these samples [33].
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Zusammenfassung — Die Muttersubstanz, Ammoniumpermanganat, wurde in Luft bei 120° vorsichtig
zerseizi. Das dabei erhaltene Ausgangsmaterial (SM) wurde danach in Luft 5 Stunden im
Temperaturbereich von 150-1200° thermisch behandelt. Die chemische Analyse von SM ergab, daB als
Hauptprodukt der Zersetzung von NH,MnO,, Mn,0, auftritt neben MnO,, NH,NO,, H,Ound O,.
Die Bildung von Mn;0, beginnt bei 900°. Aus Infrarotspektren verschiedener Kalzinierungsprodukte
ist ersichtlich, daB in der Gitterstruktur NH; bis 300° zuriickgehalten wird und iiberschiissiger
Sauerstoff in Form von koordiniertem O, vorliegt. Die Ergebnisse der TG-, DTA- und IRA-
Untersuchungen von SM bestétigen Daten der chemischen Analyse. Mittels Réntgenanalyse wurden die
Phasen identifiziert und der Verlauf der Phaseniiberginge und der Bildung einer festen Losung zwischen
MnO, und Mn,0; verfolgt.

Pesiome — [lepBoHavanpHO NMEpPMAHraHAT AMMOHHSA IOJBEPTANIH OCTOPOXHOMY Pa3jIOKCHHIO Ha
osayxe npu 120°. IMTosnydsaeMblf MPH 3TOM MNPOAYKT, Ha3bIBACMEIH KaK HCXOMHOE BELLECTBO,
Hojiseprascs 3aTeM B TEYCHUH 5 4acoB TepMHUYeckodl 06paboTke Ha BO3yXe B HHTEPBAJIE TEMIIEPATYD
150-1200°. Xumuuecknii aHain3 MOKa3aji, 4To rJaBHBIM NPOLYKTOM Da3IOXEHHS ABJIANACh OKHCH
TPEXBaJICHTHOTO MapraHia, Hapsagy C ABYOKHCBIO MapraHua, HATPaTOM aMMOHHS, BOJOH H
xkucnopogoM. Ilpu temneparype 900° Hauumnasocs obpasoBanue Mn,0,. UK cnekrpst pasmudsbix
IPOAYKTOB MPOKAIHBAHUF IOKA3aJIH yepxuBanue 10 300° aMMOHHUE-HORA B peLIETKe H NPUCY TCTBHE
kucnopoga B dopme O, . Hauubie TI, JJTA u UK cnexTpockonmdd MOATBEPOHSM pPe3YJIbTATHI
XUMHUYECKOro aHam3a. PeHTreHOCTPYKTYPHBIH aHaau3 6buT uCHoJb30BaH (g HaeHTudukawun da3s,
HCCHICIOBAHUA NpeBpaniennit ¥ obpa3oBanus TBEPAOro pacTBOPa MEXAy ABYOKHCHIO MapraHua u
OKHCBIO TPEXBAJIECHTHOTO MapraHua.
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