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Abstract
We have studied the advances made in chemical modification of cellulose nanocrystals (CNCs) and their corresponding 
applications. Different synthetic methods such as esterification and etherification, cross-linking and grafting techniques 
parameters, etc., are used in CNCs formation. As CNCs are well studied for their renewable purposes like oxidation, grafting, 
copolymerization reaction, etc. Their biodegradability is of great advantage as it can easily be modified with other related 
functional groups giving high stiffness, strength, low density and long life to metals and other materials. Cellulose polymer 
is mostly used due to its neutrality and its wide applications in furniture, packaging, textile, food medical products, etc. 
Mankind has found a great deal of benefit from cellulose owing to its many applications over a period of hundreds of years. 
This review presents a detailed account of pronounced effect of CNCs, revealed during their numerous applications and 
their potential use in wide ranging fields. The recent research reveals multidimensional properties and great advancements 
of CNCs made at an industrial level. CNCs also exhibit high efficiency in all application areas, described in detail here.
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Introduction

Cellulose  (C14H26O11) is a linear polymer of anhydrous units 
linked by 1–4 carbon atoms by a β. glycoside bond, pos-
sessing microscopic properties which have important effects 
on their microscopic energy such as rheology, colloidal sta-
bility, etc. [1–4]. Organic–inorganic hybrids have attracted 
great attention over the past decades for their combined 
properties of both organic and inorganic components [5]. 
Cellulosic materials are well studied for renewable purposes, 

because they are biodegradable for their low degree of sub-
stitution on functional groups [6]. Due to the presence of an 
activated hydroxyl group, cellulose and its derivatives have 
the advantages, that it can easily modify with another related 
functional group by oxidation, esterification, etherification, 
grafting copolymerization, cross-linking reactions, etc. [7]. 
Various types of additives, especially internal and external 
lubricants, are used with CNCs to improve the bulk and for 
surface properties [8]. It is also the most common polymer, 
everywhere because of scarce application, insoluble in com-
mon polar solvents only at a lower temperature below 0 °C 
[9]. Assembly of CNCs possess/carry specific dimensions 
from hundreds of nanometers to few microns [10]. CNCs 
have been investigated as a reinforcing material for differ-
ent polymers, because of their high stiffness, mechanical 
strength, and low density combined with their excellent 
biodegradability, also improving antifouling properties [11, 
12]. Coated cotton fabrics have good antibacterial properties 
and have good durability, as 99% of bacteria are completely 
killed after 20 washing cycles [13], widely used in furniture, 
packaging, paper, textile, food, medical products, and other 
applications. Cellulose materials can dissolve within a few 
minutes at low temperature, as well as for enhanced desali-
nation performance and dye removal [14–16]. The new or 
intelligent function of cellulose based on textiles is of great 
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