Graphical Abstract 
To tackle electromagnetic pollution accompanied by the booming development of 5G telecommunication devices in complicated circumstances, the conduction loss dominated three-dimensional bionic neural network-like architecture decorated multi-scale Ni3Fe@N-doped carbon nanotube composites has been designed and exploited. The architecture synergistically holds dual functionalities, including competitive microwave absorption and reliable corrosion protection. This work opens new avenues toward the innovative microstructure organization of advanced multiduty absorbers in extremely humid and corrosive ocean environments. 
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