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Introduction  

At present, footwear is considered as one of the most internationalized sectors of the 
Portuguese industry, having a major importance for the national economy, as it is proved by 
2017 economic data: 83.3 billion shoes pairs were exported, representing an average value of 
1.96 billion euros [1]. The remarkable progress of the footwear sector is strongly related with 
the investment in research and technological development made in the last years, along with an 
attentive surveillance of the market opportunities, which in its turns, allows the identification 
the latest consumer demands and of new business opportunities. One example of these novel 
tendencies is the actual society demand for lightweight and comfortable footwear, which 
prompted the development of ultralight (low-density) materials. Additionally, the evolution of 
consumers' environmental awareness, allied to the demand for bio-products, is considered a 
challenge for the footwear sector. Thus, both challenges motivated the development of new 
materials within the scope of the Extralight Safe Shoe project, namely ultralight microcellular 
polyurethanes and natural composite-based materials. In this context, the work performed was 
focused on: (i) the development of ultralight microcellular polyurethanes (PUs) with suitable 
properties for the production of midsoles for technical footwear, and (ii) the development of 
lighter and more flexible PU/cork composites for production of insoles. 

Regarding the development of ultralight microcellular PU, the reduction of the PU den-
sity leads to the decrease of the raw-materials consumption promoting energy saving, together 
with weight reduction and footwear comfort increase. However, the materials to develop must 
guarantee the maintenance and/or improvement of the footwear’s performance. One possible 
strategy for the microcellular PU density reduction involves the modification of the cellular 
structure, i.e., by increasing the number of cells and improve the homogeneity of their distribu-
tion within the PU physical structure. This can be accomplished through the incorporation of 
hollow and/or expandable microparticles into the PU formulation. These additives will be pref-
erably located at the cell wall, leading to the density reduction of the final PU. Nevertheless, 
the effect of additives incorporation in the physico-mechanical properties of the PU must be 
evaluated. This requires a systematic study to determine the relationship between the used ad-
ditive amount and the PU properties, namely in what concerns the impact absorption capacity. 

In a general way, the obtained results evidenced the success of the adopted strategy at 
laboratorial level once the addition of the additive at a content of 3% (w/w, PU-basis leads to 
PUs with densities comprised between 0.35 and 0.30 g/cm3, corresponding to a reduction of 30-
40% comparatively with the base formulation (without additives), which is roughly 45 g/cm3. 
Figure 1 shows the laboratorial set-up developed for the microcellular PUs synthesis, under 
controlled rise conditions. The evaluation of the impact absorption properties showed that the 



low density PUs are suitable for the production of midsoles, having in view ultralight safety 
shoes production. Moreover, the developed solution are being tested at industrial scale at the 
Portuguese footwear company AMFShoes. 

 

 
 
Fig. 1. Experimental set-up used for the ultralight microcellular PU synthesis at labor-

atorial scale: (1) reactive mixture stirring and heating; (2) mold lid fixation system, and (3) 
system opening and PU demolding. 

 
Concerning the PU/cork composites for lighter and flexible insoles, the adopted strategy 

started with the identification of the main drawbacks of the traditionally used cork composites. 
One of these drawbacks is related with their low water absorption capacity, which is related 
with the hydrophobic character of the cork itself and the binder used for cork agglomeration. 
These features result in the low absorption of the sweat, promoting feet discomfort. Another 
drawback is related with the binder chemical nature, once it typically uses toluene diisocyanate 
(TDI), demanding their replacement by more friendly alternatives. Therefore, based on these 
issues, the adopted strategy comprises the substitution of the TDI-based binder by greener so-
lutions such as water-based adhesives, the improvement of the water absorption properties 
through the incorporation of residual biomass, and the increasing in flexibility through the in-
corporation of recycled microcellular polyurethanes. This later solution will contribute for the 
integral valorization of the microcellular PU residues, which find application as raw-materials 
in the development of new materials. Moreover, the presence of the grinded PU residues as 
particles distributed along the cork composite matrix, is expected to act as elastic points in-
creasing flexibility. Additionally, this strategy will be advantageous from an economical per-
spective, once it will reduce the cost associated with residues storage, transportation and depo-
sition in landfills. The overall results pointed out the impact absorption properties increase, 
while the flex resistance was similar to the base formulations (without PU residues). These 
results evidenced a suitable behavior of the produced composites, having in view their utiliza-
tion as footwear insoles. Figure 2 shows examples of the produced insoles 



Considering the different approaches adopted for the development of PU/cork compo-
sites for lighter and flexible insoles production, the overall tested strategies, namely, the re-
placement of the TDI-based binder, incorporation of biomass residues, and of recycled micro-
cellular PUs, resulted in the development of several formulations/products with improved prop-
erties, conforming the target applications. At this stage, these strategies are being tested and 
validated at industrial level by the 3DCork company. 

 

 
Fig. 2. Insoles samples produced by adding the grounded microcellular PU residues. 
 

Conclusions  
This work presents the overall goals and results of the Extralight Safe Shoe project, 

considering the development of ultralight microcellular polyurethanes (PUs) with suitable prop-
erties for the production of midsoles for technical footwear, and (ii) the development of PU/cork 
composites for the production of lighter and flexible insoles. The best solutions, already vali-
dated at laboratorial level, are under industrial testing corroborating the interest and viability of 
the proposed strategies. 
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