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DSC STUDY OF THERMAL DECOMPOSITION
OF PEROXIDE AND AZO DERIVATIVE MIXTURES
IN THE PRESENCE OF LDPE
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The thermal decompositions of azodicarbamide (AZDICA), 2,2'-azobisisobutyronitrile
(AIBN), benzoyl peroxide (Bz,0,), dicumyl peroxide (DICUP) and a,«'-bis(t.-butylperoxy)-
m/p-diisopropylbenzene (PEROXIMON F) in binary and ternary mixtures containing low
density polyethylene (LDPE) have been studied by means of DSC alone. Binary mixtures
including 2% by weight of Bz,0, or DICUP develop a decomposition heat of 64.2 and 59.1 J /g
mixture, respectively.These values are higher than those measured for the decomposition of the
pure peroxides. In all the ternary mixtures studied, containing LDPE, a peroxide and an
azoderivative, the absolute enthalpic values aftributed to the peroxide are lower than those
obtained from the LDPE-peroxide mixtures. The enthalpy changes observed have been
interpreted on the basis of interactions of the peroxide radicals with the polymer support and
with the azo derivative.

In previous works, the thermal decompositions of Bz,0, DICUP and
PEROXIMON [1] and the behaviour of Bz,0, and AIBN mixtures [2] were studied
by means of DSC.

The aim of this work is to study, by means of DSC, the thermal decompositions
of azodicarbonamide and its mixtures with the above-mentioned peroxides in the
presence of low-density polyethylene (LDPE). Some experiments have been carried
out on mixtures containing AIBN instead of AZDICA.

Experimental

The following reactants were used:
LDPE as grains having the following characteristics: A, = 156700, as measured
by means of GPC; crystallinity = 29.7%, as measured by means of DSC. Benzoyl
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peroxide purified by crystallization of a Carlo Erba product: % peroxide >98.
Dicumyl peroxide, AKZO Chemie: % peroxide = 95. a,a'-bis(t.-Butylperoxy)-
m/p-diisopropylbenzene, Montefluos S.p.A., containing 35% para and 65% meta
isomer: % peroxide =-95. 2,2’-Azobisisobutyronitrile, Fluka, 98% purity.
Azodicarbonamide, Fluka, 98% purity.

DICUP, PEROXIMON F, AIBN and AZDICA were used without further
purification.

DSC curves were obtained on a Perkin—Elmer DSC-2 instrument linked to a
Perkin—Flmer Thermal Analysis Data Station 3600. Samples of 3—6 mg of the
compounds or their mixtures were weighed in aluminium pans on the balance of a
Perkin—-Elmer TGS-2 instrument. The pans were closed by covers in which a small
hole had been made to allow gas generated by reagent decomposition to escape.

The DSC instrument was preset at 308 K and the sample was heated to 67 K at
5 deg/min (dynamic test). Indium was used as the standard for calibrating the
temperature axis and the enthalpy output. All experiments were carried out in
nitrogen atmosphere.

Results

Table 1 summarizes the characteristics of the DSC curves of the pure compounds
AIBN, AZDICA, Bz,0,, DICUP and PEROXIMON F [1].

The DSC instrument was present at 308 K and the sample was heated to 67 K at
exothermic (458-488 K, duration: 6 min), gives AH = —171 kJ/mole, which is
more negative than that measured by other authors (AH = — 130 kJ/mole)[3] Two
endothermic peaks, due probably to transformations of the primary decomposition
products of AZDICA, follows. The first of these peaks (495-552.5 K, duration:

dQ
dt /\A

—
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Fig. 1 DSC curve of AZDICA at 5 deg/min
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11.5 min) yields AH = 133 kJ/mole, and the second (559-650 K, duration:
18.2 min) AH = 145 kJ/mole.

Table 2 lists the enthalpy values of the individual additives heated in the presence
of LDPE. In the case of AZDICA, the DSC curve shows only one endothermic
peak instead of the two found in the DSC curve of the pure compound. Column V
shows the AH values calculated on the basis of the data in Table 1. It may be noticed
that for the peroxides the found 4 H are clearly higher in absolute value than those
calculated. In the case of AZDICA, the found AH are lower in absolute value than
those calculated for either the exothermic or the endothermic peak. In the case of
AIBN, the found values are in good accordance with the calculated heats.

Figure 2 shows a typical DSC curve of a DICUP-LDPE mixture.

Data on the behaviour of peroxide + azo derivative + LDPE systems are given in
Table 3. The DSC curves of these 3-component systems are characterized by 3
peaks, in addition to that due to the polymer fusion. A typical example is reported in
Fig. 3. The first peak is attributed to the component which decomposes at the lowest
temperature, without taking into account possible phenomena of induced
decomposition. The expected values for the compound decomposition, calculated

el
dt

1mcal/s

| | | | |y
308 381 454 527 600 673
Temperature , K

Fig. 2 DSC curve of a DICUP-LDPE mixture at § deg/min. Molar ratio DICUP/LDPE = 1/473

:

Tmcat/s

| | | ] ]
308 381 454 527 600 673
Temperature , K

Fig. 3 DSC curve of a DICUP-AZDICA-LDPE mixture at 5 deg/min. Molar ratio
DICUP/AZDICA/LDPE = 1/11.6/424.7
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on the basis of the measurements on the single product or its mixtures with LDPE,
are reported in columns V and VI, respectively. Columns X and XI, XV and XVI
show the corresponding data for the peak attributed to AZDICA.

Discussion

In the presence of the polymer, AIBN, Bz,0, and DICUP start to decompose at
temperatures higher than those measured for the pure compounds, whereas little
change is observed in the case of AZDICA.

‘The higher AH values measured for the peroxide decompositions in the presence
of LDPE than in its absence must be related with the reactions which can take place
between the primary radicals formed from the peroxide decomposition and the
polyhydrocarbon (PH). The simplest scheme is that which requires LDPE cross-
linking:

ROOR —2 RO’ 1))
RO +PH —P’ +ROH 1))
2P >P—P (1)

In this case reaction (II) is exothermic and a AH value in the range —33 to
— 55 kJ/mole is foreseeable, depending on whether a primary or a secondary
hydrogen reacts [4].

The absolute 4 H values found for the LDPE-AZDICA mixture are clearly lower
than those calculated; the difference between the calculated and found values is
—21.0 J/g mixtures for the second peak and +19.6 J/g mixture for the third peak.
These differences are probably related to a possible change in the chemism of the
decomposition reaction.

Bhatti et al. [5] state that AZDICA decomposes according to the following
scheme (see p. 1198).

Bhatti et al. [6] agree with Reed [7] that AZDICA decomposition in an open flask
produces a solid residue containing 2% of biuret, whereas under the surface of
liquid paraffin the biuret content increases to 34%.

These data suggest that in the presence of paraffin, and therefore probably in the
presence of polyethylene too, the reactions which lead from biuret to urazole,
cyanuric acid and cyamelide, with resulting change in the 4 H values observed, are
stopped or limited (see Scheme).

The data reported in Table 3 show that the lower absolute AH values than those
expected on the basis of the peroxide-LDPE system correspond to the second peak,
attributable to the peroxide.

14% ‘ J. Thermal Anal. 32, 1987
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The DSC curves obtained for the AIBN-DICUP-LDPE and
AIBN-PEROXIMON F-LDPE mixtures are characterized by a second peak
attributable to AIBN and a third peak attributed to the peroxide. In these cases too,
the absolute AH values are comparable with those of the pure compounds as
obtained from Table 1, but lower than those reported in Table 2 for peroxide-LDPE
mixtures. In contrast, the absolute 4H values attributable to AZDICA in the
peroxide-AZDICA-LDPE mixtures correspond to those reported in Table 2.

The low absolute AH values attributable to the peroxides decomposing in the
presence of an azo derivative are probably related to reactions of the alkoxy radicals
with the decomposition products of the azo derivatives.

Conclusions

LDPE markedly affects the AH values and the temperatures of decomposition of
the peroxides and azo derivatives studied.

The decompositions of Bz,0, and DICUP in the presence of LDPE are
characterized by absolute 4H values higher than those due to the peroxides alone.

AIBN and AZDICA, under the same conditions, give absolute 4AH values which
are comparable and lower, respectively, than those obtained in the absence of the
polymer.

The exothermic peaks due to the decompositions of Bz,0,, DICUP or AIBN in
their mixtures with LDPE start at temperatures higher than those characteristic of
the individual reagents.

The AH values attributed to the peroxides in the ternary mixtures, which are
lower in absolute terms than those obtained in the absence of azo derivative, are
probably due to an interaction of the primary radicals produced in the peroxide
decomposition with the radicals or the final products formed in the azo derivative
decomposition.

* % *
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Zusammenfassung — Die thermische Zersetzung von Azodicarbamid, 2,2’-Azo-bisisobutyronitril,
Benzoylperoxid, Dicumylperoxid und «,«’-Bis(t-butylperoxy)-m/p-diisopropylbenzen in Polyethylen
niedriger Dichte enthaltenden binéren und ternidren Gemischen wurden mittels DSC untersucht. Fiir 2
Gew.-% Bz,0, bzw. DICUP enthaltende biniire Gemische wurden Zersetzungswirmen von 64,2 bzw.
59,1 J/gerhalten. Diese Werte sind hoher als die fiir die Zersetzung der reinen Peroxide gemessenen. Bei
allen hier untersuchten Mischungen von LDPE, einem Peroxid und einem Azoderivat liegen die
absoluten Enthalpiewerte héoher als die den Peroxiden zuzuschreibenden Werte. Die beobachteten
Enthalpiednderungen wurden basierend auf Wechselwirkungen der Peroxidradikale mit dem
Polymertriger und dem Azoderivat interpretiert.

Pesiome — Metonom JICK m3ydeHo Tepmmueckoe pasioxeHue asonukapbammuza,-2,2-a300ucH30-
OYTHpOHMTPHNA, NEpeKHCH OCH30MIa, MEPEKUCH OUKYMOJia M «, o -Guc(rper-6yTunnepokcu)-m/u-
JHM30TIPONKWIGEH301a B ABOMHBLIX M TPOMHBIX CHUCTEMAaX; COAEPXKAIUMX MOJMITHICH C HH3KO#
IIOTHOCTBIO. J|BOiHbIE CMECH, COAEpXKALiMEe 2 BECOBBIX IPOLECHTA NEPEKHCH OEH30MIA WM NEPEKUCH
JAMKYMOJIA, HOKA3BIBAIOT TEILIOTY Pa3jIOKEHHA, COOTBETCTBEHHO, 64,2 m 59,1 mx Ha r cMecn. OTH
3HAYEHMA BBIIE TAKOBBIX, H3MEPEHHBIX [IPH PA3TOKCEHHH YHCTRIX NepeKuceit. Bo BeceX TPOMHBIX CMecsX,
COAEPXKALINX IOJUITHIIEH HU3KOH [LIIOTHOCTH, IEPEKHCH H KaKoe-1u60 a30npou3BoIHOE, a0CONIIOTHRIE
3HAYEHHSA SHTAJbOMK OTHECEHHBIE K IIEPEKMCH, HIXE TAKOBBIX MOJIYYEHHBIX JUIS CMecell TTOIMITHIIEH-
nepexuch. HabmonaeMbie H3MeHEHNs! 3HTATLINHE OOBACHEHET HA OCHOBE B3aHMOJEHCTBHS NEPEKHCHBIX
PafHKaIoB C MOJMMEPHOH OCHOBOM ¥ € a30IIPOH3BOAHBIM.
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