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Summary 

 

Humans started cultivating the land some 12,000 years ago. Concomitantly to this development, most countries all over the world 

have always considered crop waste as a global issue linked with environmental protection, economic development and healthy 

living. Many varieties of straw are produced everywhere in China in massive quantities (more than 900 million tons a year). Stubble 

burning has been widely adopted by Chinese farmers as one of the easiest and cheapest ways to remove stalks after harvests, even 

if this practice has been banned by the government. However this practice significantly contributes to increase China's carbon 

dioxide emissions and health risks linked to the thick mists it provokes. Indeed, straw, as a renewable biomass resource, can be 

used to make new, marketable, materials, but is still not exploited as it should be. Studies should thus be promoted on isolation 

and rational use of agricultural waste. Adding to the pollution caused by agricultural waste, water shortage, particularly in the 

north and northwest of China, very seriously hinders agricultural production. This region accounts for half of the total surface of 

China, but has less than 20% of the total national available water resources. While water shortage is really severe in this region, 

the efficiency of irrigation water use is only about 40%. Many strategies have been applied to promote a water-saving agriculture. 

In this context, water-saving materials are used such as plastic mulching films and superabsorbent polymers. However, these two 

materials are almost not biodegradable and their mechanical properties are still unsatisfactory. 

A systematic analysis of the literature revealed that the exploitation of agricultural waste is seen as a cheap and promising source 

of raw material that could be used to obtain cellulose and nanocelluloses (cellulose nanocrystalline and cellulose nanofibers). 

Nanocelluloses, could be used for the industrial production of super-strong but light-weight nanocomposite materials.  

In the first step of this work, isolation of cellulose, cellulose nanocrystalline and cellulose nanofibers from wheat straw was carried 

out. Firstly, 4 cellulose nanocrystallines were isolated out of 4 commercial microcrystalline celluloses via sulfuric acid hydrolysis 

and the emphasis was laid on the effects of microcrystalline cellulose characteristics on the morphology, structure and properties 

of the resulting cellulose nanocrystalline. The results showed that both particle size and dispersity have an influence on the 

isolated CNCs. Secondly, cellulose was isolated from wheat straw using a microwave-assisted chemical treatment process where 

microwave aimed reducing chemical use. The reaction conditions and the promoting effect of microwave on the resulting fibers 

were investigated. The results showed that temperature plays the most important role in the cellulose isolation and microwave 

can reduce either reaction time or chemical use during the microwave-assisted alkali hydrolysis process. 

Then, high purity (94%) cellulose nanofibers  were isolated from wheat straw through an environmentally friendly, multi-step 

treatment process that combined steam explosion, microwave-assisted hydrolysis, and microfluidization. Chemical determination 

and characterization were employed to study the effect of each treatment step, as well as to investigate the potential utilization of 

the cellulose nanofibers in nanocomposites. Chemical analysis showed that the cellulose content increased from 44.81% to 

94.23%, whereas hemicellulose and lignin contents significantly decreased, from 33.41% and 8.75% to 5.54% and 1.68% 

respectively. Long and loose 10 nm to 40 nm wide nanofiber bundles, as well as an entangled network of cellulose fibers with an 

average individual diameter of 5.42 nm were observed along this eco-friendly process. 

In the last part of this research, the nanocelluloses were introduced into superabsorbent polymers and mulching films used in 

agriculture for obtaining better performance. The effects of nanocelluloses on their structure, properties and mechanical 

performance were investigated. First, superabsorbent polymers of acrylamide–acrylate copolymer and others with cellulose 

nanofibers, cellulose nanocrystalline or microcrystalline cellulose were synthesized respectively. Swelling capacities in pure water, 

in various solutions, capacities of repeated water-absorbtion, water retaining capacity in the soil and mechanical properties of the 

hydrogels were compared. The results showed that the 3D structures of acrylamide–acrylate–cellulose nanofiber and acrylamide–

acrylate–cellulose nanocrystalline hydrogel were strengthened by the nanocellulose. These two polymers also showed excellent 

capacities of repeated water-absorption. On the other hand, the biodegradable agricultural mulching film, an alternative for the 

ordinary Polyethylene film, is not satisfying enough in terms of mechanical and barrier properties. In this thesis, cellulose 

nanocrystalline was introduced into the film of Poly (butyleneadipate-co-terephthalate)/Polylactic acid composites. Poly 

(butyleneadipate-co-terephthalate)/Polylactic acid/cellulose nanocrystalline films with various contents of cellulose 

nanocrystalline were prepared, characterized and tested as for their properties. PLA/PBAT/3% CNC film showed an increase of 

188.80% deformation in comparison with the PLA/PBAT film. The barrier performance of the PLA/PBAT films increased with the 

content of CNC. However, tensile properties decreased when CNC content was more than 3%. Both the mechanical and barrier 

properties were promoted. 

These results highlighted that (i) wheat straw is a cellulose-rich natural resource from which both cellulose nanofiber and 

nanocrystalline could be obtained, (ii) microwave is a useful assistant during the cellulose isolation process which can reduce 

either reaction time or chemical use, (iii) high purity cellulose nanofibers could be obtained through a combined environmentally 

friendly method and (iv) the nanocellulose could improve the mechanical properties of both superabsorbent polymers and 

mulching films, as well as enhance their performances in agricultural applications. 

In a broader perspective, microwave and other techniques should be further explored in a context of green isolation process. 

Future research on agricultural biomass natural fiber-based composites requires exploring its application to broader fields. The 

approaches that could lead to a significant cost saving for industrial production of nanocellulose and new nanocellulose-based 

materials should be developed further. We secretly hope to succeed in arousing researchers’ interest for the isolation and 

application of agricultural waste based nanocellulose, which deserve further research and could be better used and documented. 

This thesis is thus only the beginning of a wider process. 


