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A two-component pyrotechnical mixture containing MnO 2 and PbuOl has been 
investigated by TG, DTG and DTA. It was found that under 48 ~ MnO 2 content the 
oxygen release exceeds the value calculated on the basis of the reactions MnO~ ~ Mn30~ 
and Pb30~ ~ PbO. Above a MnO~ content of 7.5 ~ the decomposition is partly delayed 
and shifted to higher temperatures. With under 60 % of MnO~, at about 700 ~ the com- 
ponents react exothermally with an increase in weight. The combined heats of the 
reactions MnO~--* Mn203 and Pb30~---r PbO give the highest value at 83 To of MnO~. 

The behaviour  o f  the M n Q  + FeSi  90 mixture was repor ted  previous ly  [1 ]. 
The  invest igat ion of  the oxidant  mixture  MnO,  + Pb304 is presented in this 
paper .  

Experimental 

Our  tests had been carr ied out  by a M O M  Der iva tog raph  using a ceramic 
sample  holder.  The componen t s  were MnO2 of  mineral  grade (pyrolusi te  homo-  
genized by A K Z O  Ams te rdam)  and  PbaO4 of  technical grade  9 9 ~  pur i ty  (made 
by Meta l lochemia  Budapest) .  The componen t s  were air  dried. Gra in  size: 
> 60 pro. 

Weight  of  sample was 2000 • 5 mg in every case. 
The heat ing rate was 10~ The TG,  D T A  and D T G  sensitivities were 

constant .  The tests were carr ied out  in air. The T G  scale was marked  by mg as 
the weight of" sample was constant .  

ResuLts 

The thermal  decompos i t ion  of  the pure Pb304 is presented in Fig. I. The ther- 
mal  behaviour  of  MnO,, has been discussed in a previous pape r  [1 ]. 

In  the thermal  t rea tment  o f  Pb304, the fol lowing react ion takes place:  Pb304 --* 
PbO indica ted  by the s imul taneous  change on D T A  and  D T G  curve. The 

second D T A  change indicates the melt ing of  PbO. The tempera tures  o f  changes 
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agree with literature data [2, 4]. The weight loss corresponds stoichiometrically 
to the decomposition Pb304 ~ PbO. The thermal curves of  mixture of  the two 
components are presented in Figs 2 -  6. 

In pyrotechnical practice, the use of mixtures of  different oxidants results in_ 
quicker burning, that is, between given temperature limits more oxygen is released 
from the mixtures than from the individual oxidants. This assumption may be 
verified by means of the method published earlier [1 ], by comparing calculated 
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Fig. 1. TG, D T G  and DTA curves 
of Pb~O~ 

c 

O ~  

5O 
100 

150 

u~ 200 

H 250 

3 0 0 -  
.~o 

350 '-- 
~_tm400 - -  

DTA I 

I I 
I I 

1 

- -  I 

- 

2 0 0  4 0 0  6 0 0  8 0 0  1000 
Tem p e r o t  u r e  ~~ 

Fig. 2. TG, DTG and DTA curves of the 
mixture 90% MnO2 + 10% Pb304 

and measured weight changes. Between 20 and 1050 ~ the weight loss of MnO2 is 
11.7 %, and that for Pb30~ is 2.1%. A comparison of the calculated and measured 
weight losses for mixtures of different ratios leads to the following findings: With 
over 48 ~ of MnO~ only a slight difference is experienced, and thus between 20' 
and 1050 ~ both oxidants decompose but no other reaction takes place. With less 
than 48 % of MnO 2 the measured values exceed the calculated ones, which shows 
an additional reaction besides the normal decompositions. 

For the sake of  simpler explanation, the decompositions of  the mixtures are 
treated separately in two temperature ranges. 

Section (a): up to the end of  the simultaneous decompositions MnO 2 --* Mn203 
and PbaO4 --* PbO. 

The first decomposition of  MnO2 (MnOz ~ Mn203) ends at 820 ~ The decom- 
position Pb304 ~ PbO takes place between 560 and 670 ~ The peak temperatures 
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of  both changes can be read off the thermal curves. The peak areas and the quan- 
tities of  the components are naturally related, and their characteristic temperatures 
are more or less shifted (Figs 2 - 4 ) .  The presence of  10% of  PbaO4 in 90% o f  
MnO2, and of  5 ~o of  MnO2 in 95 % of  PbaO4, is already noticeable, causing bends 
or peaks. 
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Fig.  3. TG, DTG a n d  D T A  c u r v e s  o f  the  
m i x t u r e  7 0 %  M n O  2 + 30% Pb:r 
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Fig.  4. TG, DTG a n d  D T A  c u r v e s  o f  
the  m i x t u r e  5 % MnO,, 4- 95 ~o Pb.~Ol 

The oxygen released in section (a) should theoretically be the amount of  oxygen 
released from the pure components calculated from their TG curves. On compa- 
rison of  the measured and calculated weight-losses in this section, with a MnO2 
content of  more than 7.5 ~ the measured value is always less than the calculated 
one. Hence the components in mixtures are unable to release as much oxygen 
as in the pure state. With less than 7.5 %, of  MnO2, the amount of  oxygen released 
exceeds the calculated value. 

Accordingly, mixtures containing less than 48~o of MnO2 react somewhere 
between 20 and 1050 ~ and mixtures containing less than 7.5% of  MnOz react 
in section (a). Thus, mixtures containing 7 . 5 - 4 8 ~  of  MnO2 react in section (b). 

Heat of reaction 

The area below the endothermic peak indicating the double decomposition is 
considered a measure of  the combined heat of  reaction. According to the proce- 

J. Thermal Anal. 6, 1974 



2 1 - 8  SULACSIK: THERMAL ANALYSIS OF THE REACTION OF MnOz 4- PbsOs 

dure described in [1 ], the greatest heat of reaction is found for the mixture con- 
taining 83 % MnO2, i.e. the decomposition of this mixture needs maximum heat. 

Section (b): from the end of the reactions MnO2 ~ Mn203 and Pb30~ ~ PbO 
tip to 1050 ~ (up to the end of the decomposition Mn20 3 ~ Mn30~). 
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Fig. 5. TG, D T G  and D T A  curves of  
the mixture 50% MnO2 4- 50% Pb:~O4 
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Fig. 6. TG,  D T G  and D T A  curves  of  the 
mixture 35 % MnO2 + 65 % Pb,Oa 

On raising the temperature further, PbO melts and the second decomposition 
o f  MnO2 takes place in this melt. Both changes can be recognized on the curves; 
the peak or bend only on the DTA around 900 ~ indicates the melting of PbO, 
while the peaks on both the DTA and DTG curves below 1000 ~ indicate the decom- 
position MneO~ ~ Mn3Oa. The melting of 10% of Pb30~ and the second decom- 
position of 5 % of MnOe are still recognisable. With below 60% of MnO 2, besides 
these two changes, the components react e• at around 700 ~ The shapes 
o f  the curves are similar to that of Fig. 6, although the peaks are not so charac- 
teristic. 

For all the mixtures, around 8 3 0 - 8 4 0  ~ an endothermic decomposition takes 
place. 

The measure of this decomposition depends on the source of the M n Q  mineral 
but its nature could not be determined from the thermal curves. 

By comparing the calculated and measured weight losses in section (b), it was 
found that the measured values always exceeded the calculated ones, as the oxygen 
retained in section (a) /eaves the system only in this temperature range. Above 
48 % of MnO2, the measured values are more or less similar, but below 48 % of 
MnO~ they decrease continuously. 
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As the calculated values evidently decrease when the MnOz content decreases, 
the relative amount of oxygen retained in section (a) increases up to 48 ~ of MnO2. 

By dividing section (b) into two parts and comparing the weight change belong- 
ing to the decomposition Mn,,O3 ---, MnzO4 with the weight change at 830-840  ~ 
due to an unknown decomposition, we arrived at the following conclusions: Up to 
48~o of MnO2, the weight loss due to the decomposition at 830-840  ~ decreases 
with the MnO2 content, and that of the decomposition Mn203 ~ Mn304 increases 
to the same extent. At 48 ~ of MnO2, the weight loss at 8 3 0 -  840 ~ becomes zero, 
and on further decrease of the MnO2 content the oxygen released in the second 
MnO2 decomposition decreases too. Thus, suppression of oxygen release in sec- 
tion (a) is more effective in the presence of 48 ~ MnO2, its mass leaving the system 
only in the decomposition Mno.O3 --* Mn304. 

With above 55 ~ of MnO2, at the beginning of section (b) a weight-loss is observ- 
ed, while between 55 and 50 ~o of MnO2 there is no weight change (Fig. 5). Below 
48 ~ of MnO2, the weight increase in the exothermic reaction at 700 ~ (following 
the end of section (b), but preceding the endothermic reaction at 830-840  ~ 
compensates the weight loss of this latter and causes a slight weight increase. 
In spite of this, as mentioned above, for mixtures between 7.5 and 48 ~ of MnO2, 
a weight loss exceeding the calculated value is experienced in section (b). 

The exothermic reaction at 700 ~ which is actually a reaction between PbO 
and Mn20 3 is most violent at 35 ~o of MnO2 (Fig. 7). This is proved by the extent 
of the weight increase and the DTA peak area. The latter, which is a measure of  
the heat of reaction, is nearly 70 cal/g. 

Conclusion 

1. In powdered mixtures of MnO2 and Pb304 between 20 and 1050 ~ with over 
48 ~ of MnO2, there is no reaction resulting in the release of more oxygen than 
calculated from the thermal curves of the pure components. With below 48~o 
of MnO2, the release of oxygen exceeds the value calculated on the basis of the 
reactions MnO2 ~ Mn304 and PbaO,l ~ PbO. 

2. With over 7 .5~  of MnO2 the simultaneous decompositions result in the 
release of less oxygen than corresponds to the pure components. 

This retained oxygen leaves the system only at higher temperatures. Its quantity 
is related to the calculated weight loss, and increases relatively with the decrease 
of the MnO~ content up to 48 ~o of MnO2. 

3. With below 6 0 ~  of MnO2, around 700 ~ the components react exothermally. 
The weight increase of this reaction only compensates the weight loss of the endo- 
thermic reaction around 830-840  ~ below 48 ~ of MnO2. 

4. The combined heats of the simultaneous decompositions MnO2 ~ MnzOa 
and PbaO~ ~ PbO attain the highest value at 8 3 ~  of MnO2, about 400 cal/g. 
The heat of the exothermic reaction around 700 ~ is about 70 cal/g. 

The au thor  wishes to acknowledge the helpful suggestions and comments  of  Mr. F. Paulik, 
J. Paulik and Dr. T. Kompol thy .  
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R~st;M~ -- On a 6tudi6 par TG, TGD et ATD un m61ange pyrotechnique de MnO~ et de 
PbaOa. Pour une teneur en MnO2 inf6rieure ~t 48 % le d6part d'oxyg6ne est sup6rieur b. la valeur 
pr6vue d'apr6s les r6actions MnO 2 ~ Mn30~ et Pb30~--+ PbO. Pour une teneur en MnO~ 
sup6rieure ~t 7.5 % la d6composition est en partie retard6e et d6plac6e vers des temp6ratures 
plus 61ev6es. Pour une teneur en MnOz inf6rieure ~t 60 % et ~t 700 ~ environ, les composants 
r6agissent exothermiquement avec augmentation de poids. La chaleur de r6action globale 
qui r6sulte des deux processus MnO2 ~ MnzOa et PbzO~ --+ PbO atteint sa valeur la plus 61ev6e 
pour une teneur en MnO2 de 83 %. 

ZUSAMMENFASSUNG - -  Ein pyrotechnisches Zweikomponentengemisch aus MnO2 und Pb30~ 
wurde durch die TG, DTG und DTA Methode geprtift. Der Vergleich der thermischen Kurven 
der reinen Komponenten und ihrer Gemische ergab, dab unterhalb eines MnO2-Gehaltes von 
48 % die Sauerstoffabgabe den an Hand der Reaktionen MnO2 ~ Mn304 und Pb304 ~ PbO 
berechneten Wert tiberschreitet. Bei einem Gehalt an MnO., fiber 7.5 % wird die Zersetzung 
teilweise verz6gert und in Richtung h6herer Temperaturen verschoben. Unterhalb eines 
60 % igen MnO2-Gehaltes reagieren die Komponenten bei 700 ~ in exothermer Weise unter 
Gewichtszunahme. Die gesamte Reaktionsw/irme der Reaktionen MnO2-+ Mn203 und 
PbaOa-~ PbO erreicht den h6chsten Wert bei 83 % MnO2-Gehalt. 

Pe3/oMe - -  //Icc~e~oaaHa ~ByXKOM17OHeHTHa~f nnporexnr~,~ecra~ cMecb. CpaBHeHHeM TepMI~I- 
qeCKHX KpI4BIalX qHCTblX KOMIIOHeHTOB C I(pnBblMI,I HX cMeceit 06Hapy~eHo, HTO npH co~epMaHHH 
MnO2 Menee 48~o Bb]~/eYlenrJe x~c~opoza nplaBMmaeT Be.rlHqHHy, paCCqHTaHHyIO na OCHOBa- 
H•rt pearatHX~ MnO2 - -  Mn304 a Pb3Oa--PbO. 1-Iprt co~epa<anni4 MnO2 BbItue 7,5%, pacna~ 
necroat,xo 3aMe~aen n C~aBrmyT K 60nee BbICOKHM TeMnepaTypaM. Hm-,xe 600/o MnO 2 oKono 700 ~ 
KOMFIOHeHTbI pearrlpy~oT 3K3OTepMHqeCKH, npHqeM HX Bee yBe~HqrtBaeTcfl. Ten~oTa peari~n~t 
MnO2 ~ Mn2Oa r~ Pb304 ~ PbO aocrrlraeT narI60abmo~ neaH,mrn, i npH 83~o MnO2. 
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