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Abstract 
Pyrolysis of pure materials was extensively studied in the past. On the other hand, 
practical applications of pyrolysis involve very often mixtures of several materials: 
municipal solid waste, for example, are composed by different plastics (mainly 
polyethylene), paper, wood, inorganic solids, etc. In the present work, mixtures of 
PE/wood and PE/paper were pyrolysed in order to investigate the effects of the 
interaction between PE and other materials. The pure solids were grinded, mixed 
and transformed in pellets with 12 mm diameter, 3 cm length and about 3 g weight. 
The samples were heated until 750°C with a temperature increase of 0.1 and 1 
°C/s. Beside pellets composed by pure PE, wood and paper, mixtures containing 
25%, 50% and 75% of PE were tested. The yields of tar, gas and char were 
measured, and compared with the amount predicted as linear combination of the 
yields obtained from pure materials. Generally, at high heating rates, both the 
mixtures did not show important effects of the interactions between the materials. 
At low heating rates (0.1 °C/s) the results were quite different for PE/wood and 
PE/paper. In the first case only an increase by 20% of the gas yield with a small 
reduction of the tar amount was observed.  
When mixtures containing PE and paper were used, an increase (till 60%) of the 
char yield was observed; the tar production was lower than the expected one and no 
significant variations of gas yield were found.  
Considering the PE-paper tests at 0.1 °C/s, the values of residual char higher than 
those calculated by linear calculation were interpreted as due to adsorption of tar 
into the solid structure and transformation of adsorbed tar into char.  
This hypothesis was verified by means of some adsorption/desorption tests of 
linear hydrocarbons into char pellets. Adsorption and desorption were both 
performed at 500°C; after desorption the samples were heated to 750°C and 
weighted. N-hexadecane was employed as a representative compound of tar. These 
tests confirmed that paper char is able to convert into char the adsorbed linear 
hydrocarbons, although its specific area is slightly lower than that one of wood 
char. Tar conversion is probably due to a catalytic effect of the metals present in 
the inorganic solids added for paper production. 
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Introduction 
Thermal treatment of municipal solid waste (MSW) is normally performed by 
incineration, however pyrolysis (for production of either gas or liquid) and 
gasification are more and more considered good alternative technologies.  
Both in pyrolysis and gasification processes the solid undergoes a pyrolysis stage 
that has important effects on the characteristics of the gaseous and liquid products 
obtained. 
A considerable amount of studies have been published concerning the kinetics and 
the products of pyrolysis of the individual specific waste fractions that are present 
in MSW and RDF (Refuse Derived Fuel). In the past years many complex models 
were published able to predict with high detail both kinetics and products of the 
pyrolysis reactions. Moreover, quality and quantity of pyrolysis products, in real 
cases, can also be affected by reciprocal interaction of the various materials present 
in the refuse.  
The effect of such interaction were studied in the past in particular with respect to 
the weight loss kinetics. Some researchers concentrated on mixtures containing 
various polymeric materials [1][2][3] and they did not find relevant effects. 
Similar studies were performed on the kinetics of mixtures of plastics and wood, 
paper or other charring materials and also in this case very low effects of the 
interactions were found [4][5]. 
Some others researchers analyzed the effect of mixture on the pyrolysis products. 
Jakab et al [6] found an increase of char yield when PP(poly propylene) is mixed 
with wood; Caglar and Aydinly [7] analysed mixtures of hazelnut shell and high 
density PE: they performed flash pyrolysis at various final pyrolysis temperature 
and in this case found strong effects of interactions both on gas, char and tar yields.  
In this work the importance of the effect of the interaction between plastics 
(polyethylene) and lignocellulosic materials like wood and paper with respect to 
the yields of tar, gas and char was verified. Various mixtures containing different 
percentages of LDPE and wood/paper in pellet form were pyrolyzed in controlled 
conditions. The amount of tar and char, and the composition of light gases was 
measured and compared with the values obtained by linear combination of the data 
of pure materials. In order to investigate the mechanism of interaction, adsorption 
tests of plastic tars on wood and paper char were performed too.      
 
Experimental setup 
Three different materials were used for tests: low density polyethylene, beech 
wood sawdust and paper.  Several mixtures of PE/sawdust and PE/paper were 
treated, in each case various compositions were treated (0%-25%-50%-75%-100% 
in mass of PE) 
The pure materials were dried, crushed, mixed and pressed to produce pellets with 
12 mm diam., about 3 cm length and 3 g weight. Pellet form can enhance the 
possible effects of interactions as a consequence of the close contact between the 
materials.  
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The experimental set was described in detail in [8]. The pellets were put in a 
stainless steel capsule in order to avoid contact with air. In every test a single pellet 
was used. The capsule was put in an oven and heated. Through the upper part of 
the capsule two thermocouples were introduced (T1 and T2) able to measure 
respectively the temperature at the surface and in the centre of the sample. The 
thermocouple T1 was connected to a temperature programmer in order to impose 
well-defined rising rates to the sample surface temperature. Two heating rates were 
considered: 0.1 and 1 °C/s. The gas and tar produced during pyrolysis escaped 
from the capsule through a tube in the upper part of the device. This flow was sent 
to a tar condenser and finally to a collecting device were their volume was 
measured. A micro gas – chromatograph Varian 4900 was used in order to 
determine the gas composition. 
 
Pyrolysis results  
Some preliminary tests were carried out on pure PE , wood and paper, in order to 
investigate the behavior of the pure materials in the same conditions used for 
mixtures. These tests confirmed that PE alone does not produce any char. 
The main results were reported in the figure 1 (a-f). In the same figure the results 
were compared with the prevision obtained according to the following equation: 
 
                                             PEPEippimixi XX ⋅+⋅= ,,, ηηη     (1) 

 
where η is the yield (of gas, tar, char), X is the weight fraction in the mixtures, the 
subscripts i and p correspond respectively to the considered product (tar, gas, char) 
and to the pure component (paper or wood),. 
In most cases, the agreement between experimental points and calculated values is 
excellent, indicating a negligible interaction in pyrolysis of mixed materials. In one 
case only the results show a remarkable deviation from a linear combination: PE-
paper mixture with 0.1 °C/s heating rate (fig. 1,  b and c). 
 
Discussion 
As stated in the previous paragraph at low heating rate some important effects of 
the interactions were found with mixtures PE/paper. In this case char increase is 
associated with a tar yield reduction with almost negligible variation of gas yield. 
This behavior can be explained with the hypothesis that the paper char (that is 
almost formed when PE pyrolysis starts) is able to adsorbe ad partially convert into 
carbon the products of PE pyrolysis with higher molecular weight. In order to 
verify this mechanism, such conversion in carbon was reproduced in a more 
controlled condition, using a linear hydrocarbon as a model compound for PE tar.  
Some adsorption/desorption tests of n-hexadecane were performed both on wood 
and paper char. Char was crushed and the powder was put in a suitable reactor kept 
at 500°C. A nitrogen flow saturated with n-hexadecane was sent in the reactor and  
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Figure 1. Binary mixtures of PE/paper and PE/wood. Comparison between the 

experimental yields of tar, gas, char and the yields calculated with eq. (1).  
 
the concentration of n-hexadecane in the outlet gas was continuously measured by 
means of a FID deterctor. Defining c(t) as the concentration of the tracer at the 
outlet of the bed, co the inlet concentration, and V&  the flow rate of the carrier gas, 
the amount ma of the adsorbed material is given by: 
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The amount desorbed was instead obtained as  
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After desorption at 500°C , the samples were heated to 750°C in order to verify the 
complete desorption of the hydrocarbons. After this final heating the samples were 
weighted in order to check the data obtained by means of eq.s (2) and (3). The 
results were reported in Table 1  
 

Table 1: results of the adsorption/desorption tests at 500 °C 
Sample  Initial 

sample 
weight 

Adsorbed 
mass (g/g) 
from 
integration 

desorbed 
mass (g/g) 
from 
integration 

Irreversibly 
adsorbed 
mass (g/g) 
from 
integration 

Total mass 
increase 
(g/g) from 
weighing 

Paper char  0.57 0.214 0.003 0.211 0.220 
Wood char  0.57 0.002 0.001 0.001 0.000 

 
The specific area of the char obtained from paper and wood was measured by 
means of BET analysis: in both cases a specific area close to 300 m2/g was found. 
This demonstrates that the much higher adsorption capacity of wood is not due to a 
physical phenomenon but instead to a conversion of the linear hydrocarbon into 
carbon. The higher activity of paper char is probably due to the presence of some 
metals that were present in the inorganic solids added to produce the paper itself. 
 
Conclusion 
A systematic investigation of the interactions between plastics and lignocellulosic 
materials during RDF pyrolysis was performed. Binary mixtures of PE - paper and 
PE-wood were considered. The mixtures were formed in pellets in order to enhance 
the contact between pure materials, while pellets are often used in industrial plants. 
Two extreme heating rates were used, 0.1 and 1 °C/min. No important effects of 
interaction were observed for wood-PE mixtures at both heating rates and for 
paper-PE mixtures at 1°C/s. At a low heating rate a remarkable increase of char 
yield was found in PE-paper mixtures. Some tests were performed in order to 
check the ability of both paper and wood char to adsorb n-exadecane. This 
compound was chosen as representative of fragments of the PE polymeric chains. 
It was found that paper char is able to significantly convert n-hexadecane into 
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carbon. The reason for this different behavior is due to the presence of large 
amounts of inert materials, mainly metal oxides, that can promote decomposition 
reactions of aliphatic hydrocarbons with formation of char.   
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