
 

 

Contents	
	
Preface	 IX	
	 	
1.	 Nanocellulose:	A	Review	of	Preparation,		

Properties	and	Applications	
1	

	 Suman,	Nitesh	Kumar	and	Abhishek	Kardam	 	
	 	 	
	 1.1	 Introduction:	Origin	and	Evolution	of		

Nanocellulose	
1	

	 1.2	 Classification	of	Nanocellulose	 2	
	 1.3	 Preparation	Methods	of	Nanocellulose	from	

Cellulose	
2	

	 	 1.3.1	 Mechanical	Method	 3	
	 	 1.3.2	 Chemical	Methods	 4	
	 	 1.3.3	 Bacterial	Method	 4	
	 1.4	 Unique	Properties	of	Nanocellulose	 5	
	 	 1.4.1	 Physico-chemical	Properties	 5	
	 	 1.4.2	 Physical	Properties	 5	
	 	 1.4.3	 Morphological	Properties	 5	
	 	 1.4.4	 Mechanical	Properties	 6	
	 1.5	 Applications	of	Nanocellulose	 6	
	 	 1.5.1	 Industrial	Applications	 6	
	 	 1.5.2	 Medical	Applications	 7	
	 	 1.5.3	 Nanocellulose	Composites	 10	
	 	 1.5.4	 Other	Applications	 10	
	 	 1.5.5	 Nanocellulose	as	Adsorbent	for	Heavy	

Metals	
12	

	 1.6	 Conclusions	 12	
	 References	 13	
	 	 	 	 	
2.	 Nanocellulose-based	Materials	for	Water		

Purification	
19	

	 Sanna	Hokkanen	 	
	 	 	
	 2.1	 Introduction	 19	
	 2.2	 Adsorption	and	Membrane	Filtration	 21	
	 2.3	 Nanocellulose	as	Adsorbent	and	Membrane		

Material	
22	

	 2.4	 Cellulose	Modification	for	Water	Treatment		
Applications	

24	



VI	 	 Contents	

 

	 	 2.4.1	 Chemical	Modification	 24	
	 	 2.4.2	 Composite	Materials	 25	
	 	 2.4.3	 Flitters	and	Membranes	 26	
	 	 2.4.4	 Nanocellulose-based	Nanostructured	

Photocatalyst	
27	

	 	 2.4.5	 Nanocellulose-based	Aerogels	 27	
	 2.5	 Applications	of	Nanocellulose-based	Materials	

for	Water	Treatment	
28	

	 	 2.5.1	 Removal	of	Heavy	Metals	 28	
	 	 2.5.2	 Removal	of	Organic	Pollutants	 31	
	 	 2.5.3	 Bacterial	Removal	 35	
	 	 2.5.4	 Removal	of	Anionic	Pollutants	 35	
	 	 2.5.5	 Flocculant	for	Waste	Water	Effluents	 36	
	 2.6	 Adsorbent	Regeneration	 37	
	 2.7	 Current	Challenges	and	Future	Perspectives	 38	
	 2.8	 Conclusions	 39	
	 References	 42	
	 	 	
3.	 Characteristics	and	Applications	of	Bacterial		

Nanocellulose	
53	

	 Alicia	N.	Califano,	María	Laura	Balquinta,	Patricia	
Cerrutti,	Silvina	C.	Andrés	and	Gabriel	Lorenzo	

	

	 	 	
	 3.1	 Introduction	 53	
	 3.2	 Bacterial	Nanocellulose	 55	
	 	 3.2.1	 BNC	Synthesis	 55	
	 	 3.2.2	 Properties	 58	
	 3.3	 Applications	 65	
	 	 3.3.1	 BNC	as	Food	Additive	 65	
	 	 3.3.2	 Further	Applications	of	BNC	 66	
	 3.4	 Conclusions	 70	
	 References	 70	
	 	 	 	 	
4.	 Nanocellulose	as	Reinforcement	in	Polymer		

Nanocomposites	
77	

	 Haleema	Saleem	and	Vikas	Mittal	 	
	 	 	
	 4.1	 Introduction	 77	
	 4.2	 Types	of	Nanocellulose	 79	
	 	 4.2.1	 Micro-fibrillated	Cellulose	 79	
	 	 4.2.2	 Nano-crystalline	Cellulose	 83	



Contents	 	 VII	

 

	 	 4.2.3	 Bacterial	Nanocellulose	 87	
	 4.3	 Use	of	Nanocellulose	as	a	Reinforcement	in		

Polymer	Nanocomposites	
89	

	 	 4.3.1	 MFC	as	Reinforcement	in	Polymer	
Nanocomposites	

89	

	 	 4.3.2	 NCC	as	Reinforcement	in	Polymer		
Nanocomposites	

91	

	 	 4.3.3	 BNC	as	Reinforcement	in	Polymer		
Nanocomposites	

93	

	 4.4	 Summary	 94	
	 References	 94	
	 	 	
5.	 Nanocellulose	Produced	from	Rice	Hulls	 103	
	 Janaina	Mantovan,	Gizilene	Maria	de	Carvalho	and		

Suzana	Mali	
	

	 	 	
	 5.1	 Introduction	 103	
	 5.2	 Rice	Hulls	 104	
	 5.3	 Production	of	Nanocellulose	from	Rice	Hulls	 107	
	 	 5.3.1	 Cellulose	Extraction	 107	
	 	 5.3.2	 Nanocellulose	Isolation	 112	
	 5.4	 Final	Considerations	 116	
	 References	 116	
	 	 	 	 	
6.	 Nanocellulose:	An	Advanced	Green	Material	 125	
	 Saleheen	Bano,	Asif	Ali,	Sauraj	and	Yuvraj	Singh	Negi	 	
	 	 	 	 	
	 6.1	 Introduction	 125	
	 6.2	 Overview	of	Cellulose	 126	
	 	 6.2.1	 Background	 126	
	 	 6.2.2	 Structural	Aspect	and	Properties	 127	
	 6.3	 Classification	of	Nanocellulose	 130	
	 6.4	 Cellulose	Nanocrystals	 132	
	 	 6.4.1	 Isolation	of	Cellulose	Nanocrystals	 132	
	 6.5	 Properties	of	Cellulose	Nanocrystals	 136	
	 	 6.5.1	 Inherent	Properties	 136	
	 	 6.5.2	 Liquid	Crystalline	Behavior	of	CNCs	 138	
	 	 6.5.3	 Optical	Properties	 139	
	 	 6.5.4	 Barrier	Properties	 139	
	 	 6.5.5	 Rheological	Properties	 140	
	 6.6	 Pros	and	Cons	of	CNCs:	Surface	Modification	 143	



VIII	 	 Contents	

 

	 6.7	 Processing	of	CNCs	in	Polymer	Nanocomposites	 144	
	 	 6.7.1	 Casting-Evaporation	Method	 145	
	 	 6.7.2	 Melt	Compounding	 145	
	 	 6.7.3	 Other	Processing	Techniques	 147	
	 6.8	 Applications	 148	
	 	 6.8.1	 Packaging	 148	
	 	 6.8.2	 Waste	Water	Treatment	 149	
	 	 6.8.3	 Energy	Storage	Devices	 151	
	 	 6.8.4	 Biomedical	Engineering	 156	
	 6.9	 Conclusion	 159	
	 References	 159	
	 	 	 	 	
Index	 175	


