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The leather processing goes through several steps, including the tanning process, conducted in an aqueous 

environment in which water is used as a fundamental resource for the chemical transformation of hides. Due to the 

diffusive transport mechanisms, the transformations are slow and ineffective. To improve the process, tanning agents 

are used in large excess respect to the theoretical value. In addition, it has been reported that the recommended 

average water consumption is around 30-50 L per kg of treated skin [1–3], sometimes it is observed that in a tanning 

process water consumption is higher, and in some cases it rises to an average of 142 L/kg up to 150 L/kg [2]. In 2018, 

10,000 tonnes of leather were sold in Italy [4], estimating about 500 million litres of wastewater are produced per year. 

In view of a green innovation, we want to implement a water-less, or water-free, process with low environmental 

impact, by developing an advanced tanning technology. The development of this technology could achieve a significant 

reduction in the water resources used and a total depletion of chemical agents, resulting in a reduction in water 

pollution and wastewater purification costs. The aim of this project is to develop innovative products through the 

industrial implementation of a sustainable tanning process without the use of water as a vehicle for tanning agents 

(water-free) or with a substantial reduction of water amount used in the whole process (water-less), in combination 

with the use of alternative metal-free tanning agents [5–7].  

Moreover, the manipulation of the animal skin allows the absorption of macromolecular and nanoparticle compounds, 

difficult to use with conventional processes that do not allow their effective penetration. Polymers and nanoparticles 

modulate and amplify the properties of the skin, giving innovative functions. The employing of a three-dimensional 

material leads to the possibility of creating substrates with amplified characteristics of resistance to hydrolytic attack, 

resistance to tearing and abrasion, with the aid of surface treatments and "three-dimensional" treatments to give the 



skin different peculiarities. With the application of ad hoc functionalization it could get genuine leather with 

superhydrophobic properties, inspirated by superhydrophobic surfaces comes from nature, e.g. lotus leaf, butterfly 

wings, scales of sharks, gecko foot and pond skater [8], and with remarkable mechanical properties, in terms of tear 

load, tensile strength and elastic modulus [9]. 
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