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The thermal decomposition of the addition compound of melamine with hydrogen
peroxide was studied by means of DTA, TG, X-ray diffraction analysis, chemical analysis of
hydrogen peroxide, and gas chromatography. The decomposition occurs at 110 °C to produce
oxygen and water vapor. Melamine is not oxidized by oxygen or hydrogen peroxide in the
decomposition. The decomposition kmetxcs obeys the first-order reaction rate law and the
rate constant was measured to be 4.3x10’ exp{-70.4(kJ/mol)/RT}. The addition compound of
melamine seems to be more stable than that of urea against heat.

Organic addition compounds with hydrogen peroxide were prepared first
by Tanatar [1]. Compounds are formed for example, with urea, urethane,
succinimide and erythritol. Krepelka and Buksa [2] also prepared addition
compounds of hydrogen peroxide with hexamethylene tetramine, diacetyl-
hydrazine, quininesulfate and aminoacetic acid. Of these compounds, the
addition compound of urea with hydrogen peroxide is well known and im-
portant in industry [3]. The thermal decomposition of this substance was
reported earlier [4].

Melamine, which is widely used as a fire retarder in polymers, also forms
an addition compound with hydrogen peroxide. The thermal behaviour of
melamine was recently discussed by Costa and Camino [5]. The aim of the
present report is to clarify the thermal decomposition of the addition com-
pound of melamine with hydrogen peroxide by means of DTA, TG, X-ray
diffraction, gas chromatography and chemical analysis of hydrogen
peroxide.
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Fig. 1 DTA and TG curves of the addition compound of melamine with hydrogen peroxide in
air

Experimental

Material used in the experiment

The addition compound of melamine with hydrogen peroxide was
provided by courtesy of Nippon Peroxide Co. Ltd. The chemical analysis of
hydrogen peroxide showed that the sample contained 1 mol hydrogen
peroxide per mol of melamine. The chemical formula is therefore
C3N3(NH2)3.H202.The sample consists of white and rather hygroscopic
crystals.

Thermal analysis and kinetic measurements

Thermal analysis was carried out by the methods described earlier {4, 6].
For the kinetic measurements, two methods were employed under isother-
mal conditions in the temperature range 140 to 200°, to observe the effects
of the gaseous products and the heat of reaction on the decomposition.

One method is a static one to measure the rate of disappearance of
hydrogen peroxide, and the other is a flow method [6] to measure the evolu-
tion of oxygen by gas chromatography in a helium gas flow.
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Fig.2 Oxygen gas evolution curve from gas chromatography, and decomposition curve of
hydrogen peroxide in the addition compound of melamine at elevated temperatures

Thermal analysis

The DTA and TG curves of the material in air are shown in Fig. 1. The
curves revealed that two-step endothermic reactions occur, one of which
begins at 100° and the other at 220°. In the first reaction, the weight loss is
measured to be 20%; in the second reaction, it becomes between 220 and
370°. From X-ray diffraction analysis (not reported here), the solid product
at 200° was identified as melamine,

The results of chemical analysis of hydrogen peroxide, and of oxygen gas
evolution by gas chromatography at elevated temperatures, are shown in
Fig. 2.

As hydrogen peroxide decomposes, the oxygen gas evolution becomes
larger. It is concluded from Figs 1 and 2 that the first reaction is the decom-
position of melamine with hydrogen peroxide to melamine, oxygen and
water (gas). The overall reaction in the first step is as follows:

C3HeN6.H202 = C3HgNg + H20(g) + 1/202 1)
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Fig.3 Decomposition kinetic measurements by means of gas chromatography under isothermal
conditions: (a) decomposition curves based on oxygen gas evolution, and (b) the first
order plot

The weight loss based on reaction (1) was calculated to be 21%, which agree
well with the observed one in the TG curve. The possible reaction scheme
may be deduced to be:
C3HgNes.H202 » C3HgNs + H202() ()
H202(1)* H20(g) + 1/202 3

These two reactions may occur simultaneously and the heat of reaction of
(2) endothermic may be greater than that of (3) (exothermic), from which
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the overall reaction of (1) becomes endothermic, corresponding to the DTA
curve.

The second reaction, at 220°, is the sublimation, melting and decomposi-
tion of melamine [5]. The detailed mechanism of melamine decomposition
has been discussed in the literature [5].

It is to be noted that hydrogen peroxide did not oxidize melamine in its
decomposition. The same result was obtained for the addition compound of
urea with hydrogen peroxide. The addition compound of melamine seems to
be more stable than that of urea, which decomposed at 80°.

Kinetic measurements

Isothermal decomposition curves in the temperature range 140 to 190°
were obtained from the measurement of oxygen gas involved, by means of
gas chromatography, as shown in Fig. 3(a).

It is suggested from Fig. 3(b) that the decomposition seems to obey the
first-order reaction rate law.
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The decomposition rate was also measured from the chemical analysis of
hydrogen peroxide in the same temperature range. The first-order reaction
rate law again fitted well. The results are illustrated in Fig. 4. The rate con-
stant of the decomposition of the material is 4. 3x107exp {-70.4(kJ/mol)/RT}.
It is clear that neither the gaseous products nor the heat of reaction has an
effect on the decomposition, for the kinetic measurements gave the same
result in the two methods.

The rate constant of the thermal decomposition of the addition com-
pound of urea has been reported to be 8.6x1086xp{-61.5(kJ/mol)/RT} [4].
This suggests that the addition compound of melamine is more stable than
that of urea against heat, which is consistent with the thermal analysis, as
mentioned above.

Conclusions

The addition compound of melamine with hydrogen peroxide decom-
poses at 110° to produce oxygen and water (vapor). The rate of decomposi-
tion obeys the firsi-order reaction rate law, and the rate constant was
observed to be 4.3x107exp{-70.4(kJ/m01)/RT}. The addition compound of
melamine seems to be more stable than that of urea against heat.
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Zusammenfassung - Mittels DTA-, TG- und Rontgendiffraktionsanalyse, chemischer
Analyse von Wasserstoffperoxid und Gaschromatografie wurde die thermische Zersetzung
der Additionsverbindung von Melamin mit Wasserstoffperoxid untersucht. Die Zersetzung
verluft bei 110°C und liefert Sauerstoff und Wasserdampf. Melamin wird wihrend der Zer-
setzung weder von Sauerstoff noch von Wasserstoffperoxid oxydiert. Die Zersetzung kann
kinetisch mit dem Geschwmdlgkextsgesetz fiir die erste Reaktionsordnung mit einer
Geschwindigkeitskonstanten von 4. 3x10’ exp{-70.4(kJ/mol)/RT} beschriecben werden. Die
Additionsverbindung von Melamin scheint wirmebestindiger als die von Harnstoff zu sein.
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