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The thermal decompositions of benzoyl peroxide (Bz202), 2,2'-azobisisobutyronitrile 
(AIBN) and their mixtures in the absence of a solvent have been studied with DSC alone. 

At 378 K (Bz202 m.p. = 376.5 K, AIBN m.p. --- 374 K) mixtures of the two compounds 
show a higher decomposition ~H than expected from ~H isothermal measurements on the 
pure compounds; the same decomposition ~H values can be calculated as the sum of values 
obtained from DSC dynamic experiments. At 353 K and 363 K, isothermally measured 
enthalpy variations show a possible induced decomposition effect in Bz202 caused by 
radicals generated by AIBN decomposition. 

Benzoyl peroxide (Bz202) and 2,2'-azobisisobutyronitrile (AIBN) decompose at 
low temperatures and are two of the more common radical polymerization initiators. 
Their thermal decomposition in solution has been subject of many papers [1, 2]. 

Some of the results indicate that AIBN decomposes at low temperatures, and 
generates radicals stabilized by resonance [3] that are scarcely reactive. 

Bz202 decomposes at higher temperatures, undergoes induced decomposition 
phenomena [4] and gives highly reactive radicals which are able, for example, to 
extract hydrogen atoms from a hydrocarbon substrate [5]. 

Few papers [6, 7] deal with the thermal decomposition of AIBN and Bz202 in the 
absence of solvents. 

The present study considers the thermal decomposition of AIBN and Bz202 
mixtures in the absence of solvent at temperatures lower than the melting point of 
the compounds or very close them. 

The reactions have been investigated only in DSC experiments. 

Experimental 

Benzoyl peroxide was purified by precipitation in methanol from chloroform 
solution, while 2,2'-azobisisobutyronitrile (Fluka, 98% purity) was used without 
additional purification. 
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DSC curves were obtained on a Perkin-Elmer DSC-2 instrument. Samples of 
3 - 6  mg of the compounds or their mixtures were weighed in aluminium pans closed 
by covers in which a small hole had been made to allow gas generated by reagent de- 
composition to escape. 

The instrument was present at 323 K and the sample was either heated to 493-573 
K at 10 deg/min (dynamic test) or rapidly heated (160 deg/min) to a pre-determined 
temperature (isothermal test). Indium was used as the standard for calibrating the 
temperature axis and the enthalpy output. All experiments were carried out in 
nitrogen atmosphere. 

Resul ts  

The thermal decomposition of AIBN was studied at 353, 363 and 370 K. The 
results are shown in Table 1. Dynamic experiments in the temperature range 
323-523 K with a heating rate of 10 deg/min gave ~ - / =  805.6 J/g. 

Table 1 AIBN thermal decomposition at temperatures lower than the 
melting point 

Temperature, No. of peaks &H, J/g AH 
K in the curve total 1 st peak k J/mole 

353 1 113.8 - 18,7 
353 1 123.9 - 20, 3 
370 2 428.4 61.3 70.2 

No enthalpy variation was observed at 348 K after heating for 32 minutes. 
The decomposition process is significant at 353 K (see Table 1). 
The thermal decomposition of Bz202 was studied at 368,373 and 378 K. Table 2 

shows the results obtained. DSC curves from dynamic experiments within the tem- 
perature range 323-553 K with a heating rate of 10 deg/min gave ~ = 1602.0 J/g 
or 387.6 kJ/mol. 

No enthalpy variation was observed at 363 K even after heating for 46 minutes, 
and decomposition occurred perceptibly at 368 K, 

The thermal decompositions of mixtures having the AIBN/Bz202 weight com- 
positions 90:10, 70:30, 50:50 and 30:70 were studied at 353, 363 and 378 K. 
The mixtures decomposed without induction times and the DSC curves showed 
only one peak. 

Table 2 Thermal decomposition of Bz20 2 

Temperature, AH, AH, 
K J/g k J/mole 

368 674,9 163,3 
373 806.0 195.1 
378 801,1 193.9 
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Table 3 gives the results obtained in the isothermal experiments. 

Figure 1 shows both the enthalpy variations measured for the various mixtures at 

378 K and the corresponding values obtained in the DSC dynamic experiments wi th in 

the temperature range 3 2 3 - 5 7 3  K with a heating rate of 10 deg/min. The results 
are easily comparable and the two curves display similar progress. 

Table3 Thermal decomposition of AIBN/Bz202 mixtures 

Temperature, K 353 

AIBN:Bz202 90:10 70:30 50:50 30:70 
%, (w:w) 

~Hobserved, J/g 98.9 69.3 59.2 50.1 
AHcalculated, J/g 102.4 79.7 56.9 34.1 

Temperature, K 363 

AIBN:Bz202 90:10 70:30 50:50 30:70 
%, (w:w) 

~Hobserved, J/g 56.6 466.6 755.5 230.1 
~Hcalculated, J/g 111.5 86.7 61.9 37.2 

Temperature, k 378 

AIBN:Bz202 90:10 70:30 50:50 30:70 
%, (w:w) 

~,Hobserved, J/g 1077.7 1020.2 1132.3 1274.7 
~,Hcalcutated, J/g 885.2 1044,5 1203. I 1363.1 
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Fig. 1 Enthalpy variations for various AIBNIBz202 mixtures: o isothermal tests at 378 K, ~, dy- 
namic experiments within the temperature range 323--573with a heating rate of 10 deg/min 
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D i s c u s s i o n  

Bz202 decomposition is significant from 368 K on, and at 389 K Z:~/= 
= 193.9 kJ/mol. This value agrees with the 192.7 kJ/mol found by other authors 
[6] from dynamic experiments with a heating rate of 1 deg/min, but it is lower than 
the 387.6 kJ/mol we measured with a heating rate of 10 deg/min. 

Figure 2a shows a typical Bz202 enthalpic pattern at 378 K. The DSC curves of 
AIBN at 353 and 363 K have only one peak, whereas two peaks (see Fig. 2b) are 
observed in the curve registered at 370 K. 

At  this temperature the total measured ~L/is 70.2 kJ/mol, which is lower than the 
132.0 kJ/mol obtained from dynamic DSC measurements with a heating rate of 
10 deg/min. 

Figure 2c shows the typical DSC decomposition curve at 378 K of the 70:30 
AIBN/Bz202 mixture. 
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Fig. 2 Typical DSC curves: a) Bz20 2 at 378 K; b) AIBN at 370 K; c) 70:30 A IBN/Bz20  2 mix- 
ture at 378 K 

At 378 K, just above the melting points of Bz202 and AIBN (see Table 3), mix- 
tures decompose with ~ values similar to those calculated merely with additive 
criteria, using as basis ~ L / =  805.6 J/g for AIBN and ~H = 1602.0 J/g for Bz202, 
obtained from dynamic experiments with a heating rate of 10 deg/min. 

We could not perform such calculations using as basis the decomposition ~L/ 
values of pure Bz202 or AIBN measured at 378 K, for decomposition of AIBN begins 
when the sample is heated at the desired temperature, and the ~ = 801.1 J/g found 
for Bz202 is clearly lower than the value measured in dynamic experiments and 
cannot be used for additive reckoning. 
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The low ~ value observed for Bz20 2 at 378 ,K, a temperature close to the melting 
point, could be explained by supposing a "cage effect", which should help the recom- 
bination of primary radicals. 

In contrast, the higher ~ values observed in dynamic measurements could be 
related to a "cage effect" weakening, due to the fact that the temperature achieved 
during the dynamic tests is progressively higher than the melting point and promotes 
the rapid migration of the initial radicals and the peroxide decomposition reaction. 

The high ~ values measured for mixtures at 378 K are probably related both to 
possible cross reactions between the radicals arising from the decomposition of the 
two compounds and to possible peroxide-induced decomposition. 

On the basis of the previous experimental data, Bz202 decomposition at 353 and 
363 K is negligible and the enthalpy variations in mixtures at these temperatures 
should be computed as due only to AIBN. The ~ observed for AIBN decomposition 
at 353 and 363 K were 113.8 J/g and 123.9 J/g. 

In contrast, the results obtained in experiments lasting less than 45 minutes 
(Table 3) show that the heat developing at 353 K for the 30:70 mixture and at 363 K 
for the 70:30, 50:50 and 30:70 mixtures is greater than that calculated on the basis 
of the above assumption. 

This result is probably related to Bz202 undergoing decomposition induced by 
radicals generated by AIBN decomposition. 

Conclusions 

The results obtained merely from DSC measurements of enthalpy variations in- 
dicate that mixtures of Bz202 and AIBN decompose to a much greater extent than 
was foreseen on the basis of isothermal experiments. Moreover, in the case of mixtures 
at 353 and 363 K we can suppose that Bz202 decomposition is induced by radicals 
generated from AIBN. 

This work was supported by C.N.R= (Progetto finalizzato Chimica fine e secondaria). 
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Zusammenfassung - Die thermische Zersetzung von Benzoylperoxid (Bz20 2) und 2,2'-Azobisiso- 
butyroni t r i l  (AIBN) und yon Gemischen dieser Verbindungen wurde in Abwesenheit von L6sungs- 
mitteln mittels DSC untersucht. Bei einer Temperatur von 378 K (Fp. von Bz20 2 = 376.5 K, 
Fp. von AIBN -- 374 K) zeigen Gemische beider Komponenten eine h~here Zersetzungsenthalpie 
als nach aus isothermen Messungen ~ r  die reinen Substanzen erhaltenen Enthalpien zu erwarten 
w~re, Die gleichen Werte f l i t  die Zersetzungsenthalpien k6nnen auch als Summe von durch dyna- 
mische DSC-Experimente erhaltenen Werten berechnet werden. Bei isothermer Arbeitsweise bei 
353 und 363 K auftretende Enthalpie~nderungen deuten auf einen m6glicherweise induzierten 
Zersetzungsprozel~ hin, der durch bei der Zersetzung yon AIBN entstandene Radikale verursacht 
w ird. 

Pe31oMe -- MeTOAOM ~CK H3y4eHO TepMH4ecKoe pa3no)KeHHe B npHCyTCTBHH paCTBOpHTeJ1R 
nepeKHcH 6eH3oH,qa (Bz202), 2,2-a306HC-H306y'rHpOHHTpHna (AH6H)  H Hx CMeceH. I']pH TeM- 
nepaType 378 K (T. nn, Bz20 2 = 376,5 K, T. nn. AHSH = 374 K) CMeC~ O6OHX eoe/~HeHH~ 
noKa3blBaeT 5onee BblCOKOe 3Ha4eHHe ~ peaKu, HH pa3Jlo~KeHHR no cpaBHeHRIO C 3Ha4eHHRMH, 
O~KMAaeMblMM Ha OCHOBe H3OTeplVIH4eCKHX H3MepeHHI4 AH /~LIIR 4HCTblX coeD, MHeHH~. H3OTep- 
MM4eCKHe H3MepeHHR M3MeHeHHR 3HTa/lbnHH npH 353 H 363 K noKa3arlH 31~eKT BO3MO)KHOrO 
HH/~yu,14pOBaHHOI'O pa3FIO>KeHHR nepeKHcH 6eH3OH,qa paAHKanaMH, O~3pa3yIOLU, HMHCR npH pa3no- 

YKeHH 14 AHSH. 
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