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Abstract 

Nanocellulose is a nature-based sustainable biomaterial, which not only poses molecular cellulosic 

properties but also has several important hallmarks of nanomaterial, such as large surface area, 

versatile reactive sites or functionalities and scaffolding ability. These unfold new opportunities for 

nanotechnology and its broad-spectrum applications for clean water production that were once 

assumed scientifically non-viable. Recently, our team at Stony Brook University has developed a 

simple, inexpensive and environmentally friendly approach to preparing nanocellulose for water 

purification, based on a nitro-oxidation reaction carried out on biomasses of diverse origins [1-5]. 

There are three key advantages of the nitro-oxidation method. First, the method greatly reduces the 

consumption of chemicals, energy and water. Second, the processing effluent can be efficaciously 
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 neutralized to produce plant fertilizers. Third, the method is effective to extract nanostructured 

cellulose from underutilized raw biomass such as agriculture residues. There are two distinct processes 

in the nitro-oxidation approach: (1) delignification (pulping/bleaching) of various plants and (2) 

oxidation of cellulose. To make nanocellulosic materials, both delignification and oxidation are 

needed. However, delignification is a rapid process, but oxidation of cellulose is a slow process. The 

novelty of the nitro-oxidation technology is that it´s particularly useful for non-woody plants such as 

agricultural residues, if they have a lower lignin content and more porous structure, thus demanding 

less nitric acid/NOx. This advantage, in combination with the conversion of the spent liquor into a 

functional fertilizer, expensive liquor recycling can be avoided. The resulting nanocellulose is proven 

to be efficient water purification agents as coagulants, flocculants, adsorbents, photocatalysts and 

membrane filtration materials to treat a wide range of water pollution problems. We have recently 

demonstrated the utilization of nanocellulose as an adsorbent to remove and recover N-nutrients from 

wastewater, where the N-adsorbed adsorbent can be further used as N-fertilizer supplement. The 

demonstrated technology represents an innovative means to enhance the nexus of food, energy, and 

water systems, and has many far-reaching impacts to improve quality of life. 
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