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The process of subaerial alteration of metal pieces disperses bioavailable metal elements into the 
environment but above all is mitigated with chemical protective agents that are not friendly for the 
environment and the operators. 
The progressive and irreversible deterioration of copper alloys is caused by nantokite, copper chloride CuCl, 
which accumulates near the metal until it reacts with the humidity present in the external environment. The 
expansive hydration reaction produces basic copper trihydroxychlorides, which induce mechanical 
fragmentation or cracking of the material. As weathering progresses, erosion and material loss occurs. In 
extreme cases, the deterioration reaches the partial or total pulverization of the find, compromising the 
reading or causing the loss of the artistic object. 
To date, inhibitors and protectants based on benzotriazole and its derivatives are applied in the preservation 
of copper alloys. This organic corrosion inhibitor presents unacceptable criticalities including high toxicity for 
the environment and the operator. 
The PhD project plans to develop a low toxicity inhibitory treatment that addresses the two main problems 
arising from the corrosive process of chlorides: the impossibility of mechanically removing the nantokite from 
the natural patina of the bronze and the need to balance the acid environment of spotty corrosion by 
modifying the conditions that favor the weathering cycle. 
The project aims at experimentally verifying, through mineralogical studies and chemical and physical 
investigations, the efficacy, aesthetic impact, durability and safety of green corrosion inhibitors, which are 
not harmful to the environment or to health. The field of cross disciplinary investigation includes the study 
of passivation through inorganic products possibly coupled with microbial action. 
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