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Highlights 
 Catalytic co-pyrolysis of grape seeds and waste tires is an environmental-attractive 

alternative to produce advanced liquid fuels. 
 A specific-designed fixed-bed reactor eases positive synergetic effects during catalytic co-

pyrolysis of biomass and waste tires.  
 Oxygen content of liquid fuel remains in the same range after 3 consecutive cycles of 

pyrolysis-catalyst regeneration.  
 

1. Introduction 

Second-generation bio-fuels, those produced from lignocellulosic biomass, can be considered as an 
important renewable energy source in order to minimize the negative environmental impact caused by  
derived-fossil fuel. In this sense, the purpose of this second-generation bio-fuels are actual refineries and 
future bio-refineries but, in order to accomplish that target, it is necessary to improve its properties.  
Introducing catalysts at the same time as plastic materials seems to be an attractive solution [1]. This way, 
not only an improved bio-oil is obtained but also, a reduction of plastic residues in landfills is achieved. In 
order to obtain directly high quality bio-oils to be used as renewable energetic vectors, the implementation of 
catalytic co-pyrolysis process as a new, simple and low-cost strategy has been studied in this work. 

2. Methods 

Local agricultural wastes such as grape seeds (GS) were selected as lignocellulosic biomass and WT were 
selected as a plastic-type residue. On the other hand, CaO was selected as low-cost catalyst based on 
previous experiences by the group [1,2]. The catalytic co-pyrolysis process was carried out in a specific-
designed fixed-bed reactor as shown in Figure 1. The installation consist of a staintless steel fixed-bed 
reactor (52.5 cm length and 5 cm internal diameter). This reactor has been designed specifically to carry out 
this process having the peculiarity that incorporates a vertical mobile liner to ensure higher heating rates 
needed for the process. Thus, samples were pyrolysed using nitrogen as carrier gas (300 ml/min). The reactor 
was heated externally with an electrical resistance at approximately 100 ºC/min to the final pyrolysis 
temperature of 550 ºC. The reaction time considered to ensure the pyrolysis process was set to 30 min. A 
condenser (ice-cooled trap) using a water reflux at 3ºC was used to collect the liquids. Liquid and solid 
yields were obtained by weight, while the gas yield was calculated by the gas composition sampled in a gas 
bag. Thus, different feedstock mixtures on mass basis (up to 40 wt. % of WT) were studied and the influence 
of the impact of ratio catalyst to feedstock, lifetime of regenerated catalysts and product fraction properties 
were also analyzed.  

 
Figure 1. Fixed-bed reactor scheme used for catalytic co-
pyrolysis experiments  
 
 

     
Figure 2. Simulated-rate of mass loss of  grape seeds and 
polystyrene at heating rate 100 °C/min.



 

Moreover, previous thermogravimetric experiments have shown that there is a great common area during the  
devolatilisation of GS and WT (from 200 ºC to 550 ºC approximately) where radical interaction of both 
materials in order to produce synergetic effects on liquid fraction could be favored (see Figure 2).  

3. Results and discussion 
An improved organic phase is obtained after co-pyrolysis of GS and WT. As anticipated in TGA analyses, a 
positive synergetic effect occurs on the liquid fraction during the volatilization step and, at the same time, 
hydrogen-transfer reactions promoted by CaO, allows for the formation of a stable bio-oil with upgraded 
properties. This effect has been reflected by obtaining a more deoxygenated liquid (down to values of 4.9 
wt. %) and in consequence, higher heating values associated to final liquid (up to 40.8 MJ/kg), values that 
can be considered in the same range of those by liquid derived from fossil fuels. As can be observed in 
Figure 3, although CO2 production rises after 3 consecutive cycles of catalytic co-pyrolysis and regeneration 
of catalyst (850 ºC in air) keeping a catalyst to feedstock ratio 1 to 1 by weight, liquid yields stand 
approximately in the same range (38 wt. % approximately). Moreover, oxygen content in liquid fraction 
barley suffer any variation (oxygen content increase from 5.3 to 6.6 wt.%). 
 

 

 
   Figure 1. Outstanding results after the catalytic co-pyrolysis of GS and WT 

4. Conclusions 

The catalytic co-pyrolysis process of GS and WT results as a simple and economic way to improve the bio-
oil obtained from catalytic pyrolysis of solely lignocellulosic biomass. Moreover, there are not remarkably 
changes on oxygen content when CaO regenerated is used up to 3 consecutive cycles.   
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