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Introduction
The fast growth of the range of applications of plastics: packaging, agriculture, construction, household, etc. has turned to these materials in the a environmental problem since plastics comprise 10 wt% (>30 vol%) of municipal 
solid waste. Pyrolysis is one of the promising alternatives to dumping or incineration for the treatment of plastic wastes, where the polymer sample is heated in an inert atmosphere causing the cracking of the polymer backbone. 

The study of the catalytic pyrolysis of polymers using thermogravimetric analysis (TGA) shows a premature beginning of the process for some polymer-catalyst systems, that provokes a widening of the corresponding peaks in 
the derivative of TGA curves (DTG curves), and in some cases, the appearance of a shoulder [1]. This premature beginning of the decomposition’s reactions would be related to the acid sites located on the surface of the 
material [2,3]. 

The main objective of this work is to carry out a study detailed of such a phenomenon. In this way, TGA studies were carried out, and four cycles of heating-cooling were performed in order to analyse the influence of the first 
stages of decomposition over the activity of the involved active sites. Three polymers (Polyethylene, PE, polypropylene, PP and an ethylene-vinyl acetate copolymer, EVA) were selected, and MCM-41 was used as a catalyst. 
The behaviour of polymer-catalyst mixtures (20% w/w of catalyst) was studied and compared with the observed in the corresponding thermal degradation as well as in the conventional catalytic pyrolysis. 

CONCLUSIONS

• The catalytic pyrolysis of polymers would involve the existence of an initial degradation step, depending on the chemical and structural 
characteristics of the polymer and the catalyst, and only can be clearly observed if the catalysts posses a certain combination pore size, 
specific surface and acidity which provoke the existence of a number of very accessible active sites high enough and with an acidity also high 
enough. 

• The relative importance of the earlier beginning of the process seems to be increased as the reactivity of the polymer chains: i.e., when the 
number of tertiary carbon atoms increase. 

• The results obtained suggest that deactivation processes occur simultaneously to the initial step. The active sites involved in such a 
processes are quickly deactivated and have a noticeable effect in the activity of the catalyst versus the main decomposition step. On the other 
hand, the role of these active sites seems to be increased as the steric hindrances associated to the polymer structure decreases.
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MCM-41 possesses highly regular 
arrays of uniform-size pore channels 
ranging from 1.5 to 10 nm in size and 
large surface area. Nevertheless, it 
has relative low acidity and low 
hydrothermal stability. 
The incorporation of aluminium in the 
framework permit the creation of new 
Brönsted acid sites, solving the 
problem of the low acidity that present 
these materials.

MCM-41 Property MCM-41

Pore Size (nm)a 1.7 

d100(nm)b 3.25 

Wall Thickness (nm)c 2.07 

BET Area (m2/g)d
1 956 

External Surface Area (m2/g)d
2 126 

Pore Volume (cm3/g)d
3 1.00 

Si/Al ratioe 7 

Acidity (mmol/g)f 2.08 

T desorption NH3 (ºC)g 155-550 

 
Schematic model of liquid crystal templating mechanism 
via two possible pathways [4] aBJH ; bXDR; ca0-pore size  

d N2 adsorption isotherms; 1BET method; 
2t method; measured at P/P0=0.995
eXRF;          fTPD of NH3;          gNMR

Materials
PE: LDPE 780R Dow
PP: Novolen 1100L
EVA: Escorene UL15028CC
MCM-41: Prepared according the method reported in literature [5].

Experimental conditions
TGA: Netzsch TG 209 thermobalance. 4 mg of sample (3.2 mg of polymer + 0.8 mg of catalyst 
20%w), 50-550 ºC at 10 ºC/min, nitrogen atmosphere flowed at 45 ml/min. 
Four heating-cooling cycles: The extreme temperatures were 50-300ºC for PE, 50ºC-245ºC 
for PP, and 50-235ºC for EVA. When the fourth cycle ended, a conventional pyrolysis occurs 
heating to 550 ºC adding more fresh polymer in order to achieve a 20% (w/w).

Study of the early beginning of the decomposition process 
of the catalytic pyrolysis of different polymers

Preliminary Study

The figure shows the TGA and DTG curves obtained for the catalytic pyrolysis of PP in the presence of 
two different MCM-41 samples as well all in the presence of HZSM-5 zeolite [1]. The catalyst referred as 
MCM-41 is the one selected for the present work.  

According to the results of figure, the tail appearing at temperatures before the peak temperature would 
suggest, for the three catalysts, the existence of an initial reaction step, but this is only noticeably marked 
in the presence of the MCM-41 selected for the present work. This behaviour reflects a clear influence of 
the catalyst characteristics and suggests that only can be clearly observed if the catalysts posses a 
certain combination pore size, specific surface and acidity which provoke the existence of a high enough 
number of very accessible active sites and with also high enough acidity.

0

20

40

60

80

100

100 200 300 400 500
T(ºC)

%
w

0

0,5

1

1,5

2

2,5

3

D
TG

PP
MCM41-less acid
MCM41
ZSM-5
DTG PP
DTG MCM41-less acid
DTG MCM41
DTG ZSM-5

TGA and DTG curves of pyrolysis of PP Results of characterization of catalysts [1]

Property HZSM-5 MCM-41 
less acid 

MCM-41 

Pore Size (nm) 0.51x0.55 2.4 1.7 

BET Area (m2/g) 334 1136 956 

External Surface Area (m2/g) 67 383 126 

Pore Volume (cm3/g) 0.27 1.34 1.00 

Si/Al ratio 24 47 7 

Acidity (mmol/g) 1.36 0.60 2.08 

T desorption NH3 (ºC) 165-385 138 155-550 

 

• The normalized DTG curves show: i) “conventional” catalytic pyrolysis, ii) catalytic pyrolysis 
after four heating-cooling cycles, with addition of fresh polymer and iii) thermal pyrolysis.

As can be seen:

• For the three polymers, the shoulder appearing before the peak of the DTG curves, is clearly 
diminished after the heating cycles, again indicating the occurrence of the deactivation of the 
initial  processes. 

• In the PE and PP, cases when the catalytic pyrolysis is completed until the total degradation of 
the polymer, a loss of the catalyst activity appears in the main decomposition process after the 
heating cycles, as compared with the “conventional” pyrolysis. 

• In the EVA case, the main decomposition step is not affected by catalyst. However, the first 
step appears noticeably widened in the conventional pyrolysis run. Considering the high steric 
hindrances associated to EVA chains,  this behaviour indicates than the more accessible 
(superficial) active sites are involved in the process. Moreover, the simultaneous deactivation of 
this active sites also occurs, as the TGA and DTG curves obtained after the heating-cooling 
cycles reflect.
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We suggest that the active sites involved in these initial process are the more accessible ones and its role (i.e. the importance of the initial step as well as its fast deactivation) is increased as the steric 
hindrances associated to the polymer-catalyst mixture decrease.

Temperature of maximum decomposition rate the different 
systems studied.

• The TGA curves obtained in the heating-cooling 
cycles performed for each polymer + catalyst 
system, the weight loss obtained in the first heating 
cycle is higher than that obtained in the next cycles. 
Moreover, the weight loss associated to the initial 
step starts at lower temperatures in the first cycle 
than in the following ones, thus reflecting than the 
deactivation occurs mainly in the first heating cycle. 
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Sample Experiment T (ºC) 
PE Thermal 473 
PE-MCM-41 Conventional pyrolysis 358 
PE-MCM-41 Pyrolysis after 4 cycles-polymer addition 386 
PP Thermal 462 
PP+MCM-41 Conventional pyrolysis 340 
PP+MCM-41 Pyrolysis after 4 cycles-polymer addition 356 
EVA Thermal 353-468 
EVA+MCM-41 Conventional pyrolysis 353-406 
EVA+MCM-41 Pyrolysis after 4 cycles-polymer addition 353-405 


