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Thermal characteristics of the composites of poly(methyl methacrylate) and copper 
are reported, including the order of reaction and activation energy of the major second 
stage of pyrolysis. The randomly-distributed metal Particles in the polymer matrix 
can form paths for heat transfer which determine the mechanism of thermal degra- 
dation. 

Lately metal-polymer composites have emerged as a new class of engineering 
materials [1 -3] .  In many applications, however, thermal stability of the materials 
is of importance. The present communication reports results of our preliminary 
investigations on the thermal characteristics of the composites of polymethyl 
methacrylate and copper. Different stages of pyrolysis were determined from the 
DTG and DTA curves. Kinetic parameters, namely order of reaction and activ- 
ation energy of the major second step of pyrolysis were determined from the 
TG curves. 

Experimental 

Particle size distributions of poly(methyl methacrylate) [Fisher Scientific Co. ] and 
copper powders [Assam Carbon Products Pvt. Ltd.] are as follows: 

Poly(rnethyl methacrylate) : Copper: 

150-100# 28% 150-100# 1% 
100- 75 # 34% 100- 75 # 9,%0 
75 -  50# 33% 75-  50/~ 26 

Less than 50 # 5 ~ 50 p 64 

The molecular weight of the polymer was found to be 3.14 x 105, as determined 
by viscosity measurements. Polymer powder and copper powder in different ratios 
by weight were compacted at 100 kg/cm ~ and at 145 ~ Thermal analysis was carried 
out in air using a MOM Derivatograph. The kinetic parameters were calculated 
by the Freeman-Carroll method [4]. 

The polished surface of the composites was examined by Soviet made MI/IM-8M 
]Horizontal Metallographical Microscope. 
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Results anti discussion 

The DTA, TG and DTG curves of pure polymer and the metal-polymer com- 
posites are shown in Figs 1 -3 .  Range of decomposition temperatures, per cent 
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Fig. 1. Thermal decomposition of poly(methyl methacrylate) 

weight loss at different stages of pyrolysis, and the exothermic/endothermic peak 
temperatures are included in Table 1. The order of reaction and activation energy 
of the major second step are shown in Table 2. 
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Table 1 

Results of thermal analysis of poly(methyl methacrylate)-copper composites 
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Fig. 2. Thermal decomposition of poly(methyl methacrylate)-copper composite (10% by 
weight of copper) 
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Table 2 

Kinetic parameters of the second step of degradation of the composites 

Composition, % Activation energy Order of 
metal by weight KJ/mole reaction 

0 
10 
20 

46.4 
83.2 
85.3 

1 
0.4 
0.4 

DTA and D T G  curves indicate that thermal decomposition of  the polymer 
occurs, possibly in three stages: initial degradation starting at 240 ~ , followed by 
the major step of decomposition and finally the oxidation of the residual decom- 
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Fig. 3. Thermal decomposition of polymethyl methacrylate-copper composite (20% by 
weight of copper) 
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posed product. Addition of increasing amounts of copper largely suppresses the 
initial degradation and the final oxidation steps. Figures 2 and 3 indicate that the 
major second step (endothermic peak temperature, 370 ~ becomes more prominent 
in the composites. Analysis of kinetic parameters shows that the activation energy 

Fig. 4. Photomicrograph of the composite (10 ~ by weight of copper) 

Fig. 5, Photomicrograph of the composite (20~ by weight of copper) 

of the major second step increases and the order of reaction decreases in presence 
of metal, indicating an increase in thermal stability of the composite and a different 
mechanism of thermal degradation as compared to the pure polymer. Copper 
itself undergoes oxidation starting around 200 ~ [5]. It appears that the poymer 
matrix offers protection against oxidation of the metal. The weight loss in the TG 
curve corresponds well with the initial polymer content of the composite. The 
polymer is almost completely decomposed and volatilized at 500 ~ . 
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Photomicrographs  o f  the m e t a l - p o l y m e r  composites  (Figs 4 and 5) indicate that  

the metal  particles are r andomly  distr ibuted in the po lymer  matr ix  and can fo rm 

a pa th  for heat  transfer. It  appears that  the available paths of  heat  t ransfer  in the 

composi tes  change the mechanism of  thermal  degradation.  
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R~SUM~ -- On d6crit les caract6ristiques thermiques de composites du polym6thylm6thacrylate 
avec le cuivre, parmi lesquelles l'ordre de r6action et l'6nergie d'activation de la seconde 
6tape de la pyrolyse qui est la principale. Les particules du m6tal distribu6es au hasard darts 
la matrice du P01ym6re peuvent constituer des voies pour le transfert de chaleur qui d6ter- 
minent le m6canisme de la d6gradation thermique. 

ZUSAMMENFASSUNG - -  Die thermischen Charakteristika der Verbindungen von Polymethyl- 
methacrylat mit Kupfer werden zusammen mit der Reaktionsordnung und der Aktivierungs- 
energie der gr6sseren zweiten Stufe der Pyrolyse beschrieben. Die zufallsbestimmt verteilten 
Metallpartikel in der Polymermatrix k6nnen Wege des W~irmetransfers formen, welche den 
Mechanismus der thermischen Zersetzung bestimmen. 

Pe31~oMe - -  [Ipe~icTaBJieltlbi TepMHqeCKIele xapaKTepHcT~IKtt COCTaBOB UOJIHMeTHJIaKpI4JIaTa tI 
Me~IH, BI(moqan nopfl/Io~ peaImHn ~ 3Heprr~K~ aXTnBatUar~ BTOpO~ FJIaBHOI~ CTa~IHa rrapoYra3a. 
13ecnopa~lo~ino pacnpe~eaennb~e B rioarrMeprIo~ MaTpmIe qaCTltIIbI MeTamIa MOFyT cJIy2~HTb 
nepe~omnraMH Ten,a, ~TO ~ onpe~leJ~aeT MexattI,I3M TepMtt~IecI~O~ jlerpa/IaI~I~I~. 
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