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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 in the temperature range 150-1200 ~ Chemical analysis of SM indicated that the main 
decomposition product of NH4MnO 4 was Mn203, together with MnO2, NH4NO3, HaO and 
O z. Mn30 a started to form at 900 ~ The infrared spectra of various calcination products revealed 
the retention of NH,~ 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 MnOz and MnzO3. 

In the literature, studies devoted to the thermal decomposition of ammonium 
permanganate are rare. Bircumshaw and TaYler [1] studied the explosion of 
NH4MnO 4 under vacuum in the temperature range 70-111 ~ in an inert oil. They 
concluded that the oil prevented contact between the individual crystals and 
damped self-heating effects, and that the decomposition products were MnO2, 
Mn203, NH4NO3, H20, N 2, 02, NO 2 and N 2 0 .  Pavlyuchenko et al. [2] showed 
that decomposition was slow at ~<90 ~ very fast at />96 ~ and explosive at 1> 100 ~ 
They identified MnO2, MnO, 02, H20, NO2,. NO and NHa:as thermal 
decomposition products. 

The aim o! the present investigation was to characterize the calcination products 
of NHgMnO 4 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 NH4MnO 4 were 
carefully decomposed by feeding through an air condenser into a l-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 hr in 
air at 150, 300, 450, 750, 900, 1000 or 1200 ~ 

Chemical analysis 

Chemical analyses of the calcination products for MnO2, Mn203, total 
manganese content and hence Mn304 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 (2 = 1.542 ~). The unit cell 

dimension of pure cubic ct-Mn20 3 was elucidated via a = dx/h2+ k 2 + 12, where a 
is the unit cell dimension, d is the interplanar diffraction line distance and (hkl) are 
the indices of the plane. The corrected unit cell dimension (ao) 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 (TG) 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 
NH4MnO a in the temperature range 120-1200 ~ and the corresponding significant 
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TaMe 1 Chemical analysis data of the starting material (SM) and the various calcination products 

Excess Active oxygen, 
Total Mn, % surface Loss on 

Sample Mn02 % Mn203 % Mn304 % % 
at oxygen ignition 

found calc. mg/g found calc. % 

SM 14.58 73.15 - -  60.12 60.33 21.96 10.07 9.95 16.72 

150 ~ 32.05 58.15 - -  60.87 61.15 33.80 11.57 11.64 12.51 

300 ~ 45.11 47.03 - -  61.75 61.88 46.41 12.68 I~.61 10.42 

450 ~ 61.54 32.83 - -  62.38 62.60 19.61 14.19 14.03 7.56 
/ 

600 ~ 54.60 40.40 - -  62.88 63.40 18.16 14.01 13.59 6.84 

750 ~ 38.58 65.63 - -  64.42 64.34 10.65 12.90 12.45 6.60 

900 ~ 5.60 66.99 25.39 67.38 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 mam 
decomposition product of  N H 4 M n O  4 is Mn20  3, together with MnO z, NHaNO3,  
H 2 0  and O z . These results are consistent with those described previously [1]. With 
rise of  the calcination temperature in the range 120~50 ~ the MnO z content 
increases at the expense o f M n 2 0  3, while on further heating the reverse takes place 
[9, 10]. The formation of Mn30  4 at >/900 ~ is in accordance with the fact that, when 
heated in air to about  1000 ~ all oxides of  manganese form Mn30  4 [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 N H  deformation at 1382 cm -1 
[13] (Table 2). These characteristic infrared bands for N H ~  are not present in the 
infrared spectra recorded for the calcination products obtained above 300 ~ . This 
can be attributed to its dissociation to N 2 0  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 c m -  1 (Fig. l, Table 2). Since 0 2  exhibits a characteristic 
band at 1097 c m -  ~ [15], the band shifted to 1200 c m -  ~ can be tentatively assigned 
to the presence of O f  in a coordinated form. The unexpected shift to higher 
frequency can be attributed to the fact that the coordinated electrons of  0 2  are of  
an antibonding character. A similar assignment for coordinated O 3 at 1140 c m -  x 
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 MnO2 
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Fig. 1 Infrared spectrum of  the calcined product at 1200 ~ 

[19-21] and Mn203 [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 Mn20 3 and Mn30 4 [24, 26-28] (cf. Table 2). At 1000 ~ and 1200 ~ the 
decomposition product appears to be pure Mn30 4 (Fig. 1). 

DTA and TG 

Figure 2 depicts the TG curve of SM, the 120 ~ thermal decomposition product of 
NH4MnO 4. 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 Mn20 3 to MnO 2 (~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 NH4NOa elimination (5.91%, 
calculated by difference). The removal of  water and NH4NO a in this temperature 
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Fig. 2 D T A  and T G 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 MnO2 
to Mn20 3 [9, 10], as is reflected by the chemical an~ilysis 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  MnO2 to Mn203,  can be ascribed to the fact 
that Mn20  3 absorbs oxygen without change in the lattice, to form MnOL58/29]. 

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 2 to Mn304 [11]. The 
second one, which is relatively slow (1.1%), can be related to the transformation 
M n 2 0 3  -*Mn30 4 [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  Mn20  3, as mentioned above [29]. In this respect it is worth mentioning that 
MnO 2 cannot take up oxygen without showing the Mn203 lattice [29]. The 
formation of M n 3 0 4  is reflected in the DTA curve by the appearanceof  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 Mn30 4 
would take up oxygen to give a new compound of  composition Mn304.26 [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  ct-Mn20 3 . 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  7-MnO2. 
Further, the crystallinity of  ct-Mn20 3 declines and the pattern indicates the 
appearance of a coagglomerated phase K 1 _ 2 M n 8 0 1 6  (ASTM card 21)-908). The 
450 ~ sample is composed of 0t-Mn20 3 , . f , l~no 2 and the coagglomerated phase of 
MnO z in a higher concentration than at 300 ~ The pattern indicates significant 
crystallization of the oxides. The calcination process at 600 ~ reflects the appearance 
of 7-Mn203, which is tetragonal. The corresponding pattern also indicates the 
existence of 7-MnO z and its coagglomerated phase, with no change in its 

J. Thermal Anal. 32, 1987 
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o~ 

I r r 

Relative intensity 

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 are ~- 
Mn20  3, 7-Mn20 3, 7-MnO 2 and its coagglomerated phase. The intensities of  the 
diffraction lines characteristic o f~ -Mn20  3 are lower than those at 600 ~ The pattern 
at 900 ~ reveals the most intensive lines characteristic of  MnaO 4. It also shows the 
presence of ~-Mn20 3 and a trace of  7-MnO2. However, unidentified lines too 
appear, with d spacings of  7.054, 3.534, 2.265 and 2.118/~. 

Finally, the X-ray diffraction pattern of  the 1200 ~ sample was identified as 
distorted cubic Mn30  4. This is confirmed by the appearance of an IR band for 
distorted cubic M n 3 0  4 at 240 cm -1 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 ct-Mn203, which 
on heating gives ~-MnO2, while crystallinity declines simultaneously up to 300 ~ 
Heating at 450 ~ develops the crystallization significantly (cf. DTA curve) and the 
coagglomerated form of  MnO2. At 600 ~ we get a significant phase transformation 
of the cubic cr 3 to tetragonal 7-Mn203 (cf. DTA curve, Fig. 2). The corrected 
unit cell dimensions a o were calculated for the calcination products and were found 
to be: 

S a m p l e  ~-Mn20 3 (pure) 300 ~ 450 ~ 600 ~ 750 ~ 
ao/~ 9.430 9.418 9.396 9.430 9.464 

The lower values o f a  0 for the 300 ~ and 450 ~ samples as compared to that for pure 
ct-Mn20 3 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  7-MnO2 were shifted to lower 
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values of 20, i.e. their interplanar spacing values increase and the unit cell dimension 
increases. The a o value for the 600 ~ sample is the same as that for pure 0c-Mn20 3, 
suggesting the absence of  a solid solution due to distortion of the cubic lattice of ct- 
Mn203, forming the tetragonal ? phase. Solid-state formation for the 300, 450 and 
750 ~ sampleswas  confirmed by preliminary measurements of the magnetic 
susceptibilities of  these samples [33]. 
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Z u s a m m e n f a s s u n g -  Die Muttersubstanz, Ammoniumpermangana t ,  wurde in Luft bei 120 ~ vorsichtig 

zersetzt. Das  dabei erhaltene Ausgangsmater ia l  (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 NHaM nOa ,  Mn~O3 auftritt  neben MnO~, NH~NO3,  H~O und 02 .  
Die Bildung von M n 3 0  4 beginnt bei 900 ~ Aus  Infrarotspektren verschiedener Kalzinierungsprodukte 

ist ersichtlich, dab in der Git terstruktur N H ~  bis 300 ~ zuriickgehalte n wird und iiberschiissiger 
Sauerstoff in Form von koordiniertem 0 2 vorliegt. Die Ergebnisse der TG-, DTA-  und IRA- 
Untersuchungen von SM best/itigen Daten der chemischen Analyse. Mittels R6ntgenanalyse wurden die 

Phasen identifiziert und der Verlaufder Phaseniiberg/inge und der Bildung einer festen L6sung zwischen 

MnO 2 und M n 2 0  3 verfolgt. 

Pe31oMe - -  l-lepBOHaqa.~bHO flepMaHraHaT aMMOHHIt Ho~Iaepra.nH OCTOpO~HOMy pa3.aox~eHrlto Ha 
ao3~lyxe npn 120 ~ l-lo~yqaeMbI.~ npn 3TOM npo~yKT, HaabieaeMbI~ Ka~ HCXO~HOe BettteCTaO, 
no~taept-aJtca 3aTeM a Te~tennl4 5 qaCOB TepMrl,~ecrofi o6pa6oTKe Ha ao3.~yxe B 14HTepBa.rle XeMHepaTyp 

150--1200 ~ XHMHqeCKH~ ana~rt3 noKa3a.a, qTO F,qaBHbIM npoRyKTOM paa~oxxenria ~lBJl~lJlacb OICHCb 

TpexBa~ettTnoro MapraHtta, Hapaay c aByoKucbm Mapranrta, HHTpaTOM aMMOnna, BO~aOfi H 
KncaopoaoM. Hpri TeMnepaType 900 ~ Ha~riHaaoc~, o6paaoaanne Mn304.  HK cnerTpt,l pa3~nqm,lx 

npo~IyrToB npoi<a~tnBaHHa noKa3a~n y~tepx~naanne ~o 300 ~ aMMOHHHfi-HoHa B pemeTKe n npncyTcTBne 

rrlc~opo~ta B qbopMe 0 2 . ~annble TF, ~ T A  n HI( cneKTpocKon~n noJ1TBepa~t~n pe3y~bTaTbl 
XHMHqeCKOFO aHa~H3a. PeHTFeHOCTpyKTypHbI~ aHa.~rI3 661~ HClIO.rlb3OBaH ~.~1 H}IeHTH~HKalIHH dpa3, 

ncc~eaoaanr~ npeapatuenn~ ~ o6pa3oBa~rla TBep~oFo paCTBOpa Me>r,ay ~IByOKHCbiO MapraHtta n 

OKHEbIO TpexBa_rleHTHOFO Mapran t t a .  

1L2 J. Thermal Anal. 32, 1987 


