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Abstract 
Cellulose is one of the most important substances among natural and synthetic polymeric 

materials. Fibrous cellulosic materials are capillary porous disperse systems with high specific 

surface areas. The degraded (low molecular weight product) micro and nano cellulose is highly 

renewable. Because of their inherent renewability and sustainability and unsurpassed 

quintessential physical and chemical properties, microcrystallinecellulose (MCC) and 

nanocrystalline cellulse (NCC) have a great attention to the researcher. The highly crystalline 

cellulose can be prepared by selective methods based on the source of the cellulose. MCC and 

NCC can be derived from number of process like reactive extrusion process, enzyme mediated 

process, the steam explosion process and acid hydrolysis process etc. Out of this process acid 

hydrolysis process is most suitable to prepare the low cost degraded micro and nanocellulose. In 

this study, cotton based waster cloths and commercial wood pulp, which were collected from 

local shop, hosiery industry and paper industry, were used to prepare MCC and NCC by acid 

hydrolysis and ultrasound assisted acid hydrolysis process, respectively.  

 

Since the cellulose contains both amorphous and crystalline structures, MCC and NCC is derived 

by severe acid hydrolysis to remove the amorphous portions of cellulose, yielding low molecular 

weight micro and nano particles. In this study cellulosic materials were hydrolyzed in different 

concentration of HCl (2.5-10N) at different temperatures (80-110)0C to optimize the preparation 

condition for the preparation of MCC powder from local waste lignocellulosic materials. It was 

observed that the formation of MCC depends upon the source of cellulose and the reaction 

conditions of hydrolysis. On the other hand, the stable suspension of cellulose nanocrystals was 

prepared by sulfuric acid hydrolysis followed by ultrasound. For that purpose the optimum 

conditions for the formation of transparent gel of NCC were established for the local cotton 

cloths. Set of experiments were performed to examine the optimum condition viz. temperature, 

time and concentration of acid for the preparation of NCC. The optimum condition of hydrolysis 

was: concentration of acid 63-65 % (w/w), temperature 60oC and time 35 minutes.  

 

Surface morphology and particle size were investigated through Field Emission Scanning 
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Electron Microscopy (FESEM). The analysis showed that the average diameter of prepared 

MCC was about 5-10 μm and length was about 50 μm and the average fiber diameter of NCC 

was less than 20 nm with a length of 100 nm to few micrometers. Comparison of commercial 

MCC and prepared MCC of FTIR confirmed the preparation of typical microcrystalline 

cellulose. The FTIR analysis of NCC was also observed. The results of chemical analysis, XRD 

confirmed the crystalinity of MCC and NCC. Thermogravimetric analysis results showed the 

stability of the prepared MCCs from different sources. Thermogravimetric analysis results 

showed that MCC have higher thermal stability than NCC. 
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1. Introduction 

Cellulose is the most abundant organic polymer with the formula (C6H10O5)n. It is a carbohydrate 

polymer made up of repeating β-D glucopyranose units and consists of three hydroxyl groups per 

anhydroglucose unit (AGU) giving the cellulose molecule a high degree of functionality [1].The 

knowledge of the molecular structure of cellulose is of prime importance as it explains the 

characteristic properties of cellulose, such as hydrophilicity, chirality, biodegradability and high 

functionality. As a renewable material, cellulose and its derivatives have been widely studied, 

focusing on their biological, chemical, as well as mechanical properties. The materials based on 

cellulose and its derivatives have been used for more than 150 years in a wide variety of 

applications, such as food, paper production, biomaterials and pharmaceuticals [2]. Cellulose is a 

relatively stable polymer [3],due to the hydrogen bond network, which does not dissolve in 

common aqueous solvents[4] and has no fixed melting point. In contrast with mineral fibers 

(glass, carbon fibers), the cellulose fibers have a good flexibility and elasticity, these properties 

allowing them to maintain a high aspect ratio in the process of manufacturing. 

 

Fig: 1.1:  Chemical Structure of cellulose chain. 

 

In the world, approximately 1015Kg/yr. is synthesized and degraded and it is found in plenty in 

nature in the form of cotton, hemp, jute, flax etc. A good percentage of wood also consists of 

cellulose. Cellulose has an extremely high degree of crystallinity and this is due to the formation 

of several hydrogen bonds originating from its hydroxyl groups. Its high stereo regularity is also 
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a contributory factor for its high crystallinity. Pure cellulose, also known as α-cellulose, is a 

material insoluble in 17.5% NaOH. β-cellulose and γ-cellulose are not true cellulose. β-cellulose 

beloved to be degraded. It has low degree of polymerization cellulose and is insoluble in 17.5 % 

NaOH; γ-Cellulose is completely soluble at any pH and is thought to be hemicelluloses such as 

xylans, mannas, galactansetc [5-6]. Pretreatment is required to alter the structure of cellulosic 

materials to make cellulose more accessible to reactants and is a necessary element in 

bioconversion of lignocellulosic materials to fuels and chemicals. Pretreatment methods are 

either physical or chemical, some methods incorporate both. Chemical treatments with acids or 

bases promote hydrolysis and improve the yield of crystalline cellulose from cellulosic materials 

by removing hemicelluloses or lignin during pretreatment. The most commonly used acid and 

base are H2SO4 and NaOH, respectively; however, nitric, hydrochloric acid and phosphoric acid 

have also tested.  

 

Cellulosic material is one of the most abundant important substances because of its renewability, 

biodegradability and non-toxicity [7]. The important value added part of cellulosic materials is 

the crystalline cellulose in microcrystalline and nanocrystalline form. Microcrystalline cellulose 

(MCC) represents a novel state of commercial cellulose widely applied as excipient in 

drugs/pharmaceuticals, fillers in special type of papers, emulsifier and bulking agent in food 

production, cosmetics and other industries. On the other hand, nanocrystalline cellulose (NCC) is 

a material composed of nanosized cellulose crystals with a high aspect ratio,an emerging 

renewable nanomaterialthat holds promise in manypotential applications, such as inelectronics, 

nanocomposite films, drug delivery,emulsion, dispersion, oil recovery, protein immobilization, 

metallic reaction template,regenerative medicine in pharmaceuticals, cosmetics,chemicals, foods, 

and personal cares [8-13].Compared to cellulose fibers, NCC possesses many advantages; such 

as nanoscale dimension, high specific strength and modulus, high surface area, unique optical 

properties, etc [2,14-15]. These amazing physicochemical properties and wide application 

prospects have attracted significant interest from researcher, scientists and industrialists. By 

appropriate modification of NCC, various functional nanomaterials with outstanding properties 

or significantly improved physical, chemical, biological, as well as opto-electronic properties can 

be developed.  
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Since lignocellulosic materials contain both amorphous and crystalline parts, thehighly 

crystalline cellulose can be prepared by different selective methods based on the source of 

cellulose. Amongthem MCC is derived by acid hydrolysis toremove the amorphous parts(lignin, 

proteins), yielding particles consisting 

microcrystals [16]. On the other hand, 

the NCC can be prepared by vigorous 

acid hydrolysis orby the combination of 

acid hydrolysis [17]and ultrasonic 

treatment [18].Acid hydrolysis followed 

by ultrasonic treatment is also reported 

for the preparation of transparent 

aqueous gel of NCC [19].   

 

                                      Fig.1.2. Degradation of amorphous region of cellulose by acid hydrolysis 

 

When lignocellulosicmaterials are subjected to harsh sulphuric acid treatment, the hydronium 

ions migrate to the amorphous regions since they have lower density compared to the crystalline 

regions. The hydronium ions cleave the glycoside linkages hydrolytically thereby releasing the 

individual crystallites. Acid hydrolysis is dependent on different parameters, such as acid 

concentration, time of reaction, temperature of reaction and the specific acid used for the 

treatment [19]. Another important characteristic of NCC is that the individual crystallite has 

negative charges on their surface due to the formation of sulphate ester groups during sulfuric 

acid treatment. The negatively charged NCC forms stable aqueous suspensions due to the 

electrostatic repulsion between the individual crystallites. On the other hand, acid hydrolysis 

with hydrochloric acid does not produce as many negative surface charges on NCC, resulting in 

less stable NCC suspensions [20]. Therefore, sulfuric acidis mostly used in the preparation of 

NCC. On the other hand, both sulfuric acid and Hydrochloric acid treatment for the preparation 

of MCC is available in literature [21-27]. The nano and micro crystallinecellulosederived from 

acid hydrolysis of native cellulose possesses different morphologies depending on the origin and 

hydrolysis conditions. 
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Fig. 1.3. Hydrolysis of lignocellulosic materials with H2SO4 

 

However,the properties of the final products are very much dependent on the reaction conditions 

[23], type of acid and its concentration, combination of chemical and mechanical techniques and 

moreover the source of cellulose [24]. As a result, there is a huge future impact of research on 

the extensive studies on preparation condition of MCC and NCC for the next generation 

biodegradable nanopolymer & nanocomposites from lignocellulosic materials especially from 

local available waste lignocellulosic source. As a consequence, this research project is aimed at 

the development of preparation condition of MCC by acid hydrolysis technique and preparation 

of NCC by acid hydrolysis followed by ultrasonic treatment using local cotton based cloths and 

commercial wood pulp as the source of lignocellulosic materials. 

 

1.2Outline of Methodology 

The cotton based cloths were collected from local shop and from hosiery industry. The 

commercial wood pulp was collected from a paper industry. All the raw cellulosic materials were 

first washed and bleached to remove the dirt and colors. The sampleswere further treated with 

NaOH. The samples were then hydrolyzed in different concentrations of HCl in the range of 

2.5N to 10N at different temperature to prepare the MCC. The pretreatment, hydrolysis reaction 

time, temperature of hydrolysis was optimized in separate experiments. After the hydrolysis, the 

sample was washed carefully to complete removal of dissolved materials and chlorides. For the 

preparation of NCC, the materials were hydrolyzed by sulphuric acid at different temperature, 

time and concentration. After the hydrolysis, the sample was subjected to the ultrasonic 
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treatment for further depolymerization with subsequent washing and high speed centrifugation. 

The time, temperature and concentration were optimized by the observation of gel formation. 

The effect of crystallinity of the MCC with different reaction conditionswere analyzed from 

XRD data. The shift of absorption peak and intensity change in the FTIR was given additional 

information about the optimum hydrolysis condition. The thermal stability and degradation was 

analyzed by TG. The particle size was analyzed with Field Emission Scanning Electron 

Microscopy (FESEM).  

 
1.3 Objectives 

The main objectives of this work were to (i) develop an optimum condition of acid hydrolysis of 

local cellulosic materials (cotton linter and wood pulp) to prepare commercial grade MCC (ii) 

develop a preparation method for the NCC from the cotton linter and (iii) Characterize the 

prepared MCC and NCC to justify the optimum preparation condition.  
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2.1 Cellulose and Its Sources 

Cellulose, the most abundant renewable and biodegradable polymer, is the promising feedstock 

for the production of chemicals for their applications in various industries. Annual production of 

cellulose in nature is estimated to be 1011–1012 ton in two forms, partially in a pure form, for 

example seed hairs of the cotton plant, but mostly as hemicelluloses in cell wall of woody plants 

[1]. The versatility of cellulose has been reevaluated as a useful structural and functional 

material. The environmental benefits of cellulosic materials have become even more apparent 

[2]. Cellulose is revered as a construction material, mainly in the form of intact wood but also in 

the form of natural textile fibers like cotton or flax, or in the form of paper and board. The value 

of cellulose is also recognized as a versatile starting material for subsequent chemical 

transformation in production of artificial cellulose based threads and films as well as of a variety 

of cellulose derivatives for their utilization in several industries such as food, printing, cosmetic, 

oil well drilling, textile, pharmaceutical, etc. and domestic life.  

 
AnselmePayen discovered and isolated cellulose from green plants in 1838 and suggested that 

cell walls of almost any plant are constructed of the same substance [3]. However, it was only in 

the 20th century that the structure of cellulose was resolved [4,5]. Main sources for cellulose 

isolation are plant-based materials such as wood, cotton, and straw. In plants cellulose is 

constituent of the cell wall and it has a reinforcing role [6]. Cellulose can be derived from a 

variety of sources such as woods, annual plants, microbes, and animals. These include seed fiber 

(cotton), wood fibers (hardwoods and softwoods), bast fibers (flax, hemp, jute, ramie), grasses 

(bagasse, bamboo), algae (Valonicaventricosa), and bacteria (Acetobacter xylinum) [7]. A. 

xylinum can synthesize extracellular pellicles of cellulose from glucose. Some simple marine 

animals such as tunicates deposit cellulose in their cell walls [8]. Besides cellulose, these 

materials also contain hemicelluloses, lignin, and a comparable small amount of lignin. Wood 

and cotton are the rawmaterials for commercial production of cellulose. Cellulose serves as a 

structural material within the complex architecture of the plant cell walls with variation in its 

content. In wood, it constitutes about 40–50%; in leaf fibers: sisal fibers (55–73%), in bast fibers: 

flax 70–75%, hemp 75–80%, jute 60–65%, ramie 70–75%, kenaf 47–57%, in canes: bamboo 40–

55%, baggase 33–45%, and in cereal straw: barley 48%, oat 44–53%, rice 43–49%, rye 50–54%, 

wheat 49–54%. Cotton seed hairs, the purest source, contain 90–99% of cellulose [9-10]. In our 
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country cotton linter obtained from garments wastage, spoilage and waste paper from press and 

paper mill can also be a great source of cellulose if we utilize it in a proper industrial way. 

 
Fig.2.1. Cotton linter 

Cotton seed hairs is the purest source, contain 90–99% of cellulose. 

 

 
Fig. 2.2.Cotton seed hairs 

 
 

Forest is a big resource on earth. Of the wood composition approximately 40-50% is cellulose. 

 

 

Wood can be divided in to hard wood and soft 

wood. Hard wood has lower cellulose content 

compared to soft wood (Fig:2.3) and the 

cellulose composition of spring wood is lower 

than the summer wood. The cellulose content 

of the juvenile wood is lower than the mature 

wood. 

                                                                                         Hardwood                         softwood 

                                                                                            Fig. 2.3. hardwood&softwood 
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2.2 Structure and basic information of cellulose 

Cellulose is a polysaccharideproduced by linking additional sugars in exactly the same way. The 

length of the chain varies greatly from its sources, e.g. a few hundred sugar units in wood pulp 

and over 6000 for cotton. The degree of polymerization (DP) is used to describe the average 

number of the monomer units in a cellulose chain. DP is dependent upon the origin of the 

cellulose material. The length of the cellulose chains (degree of polymerization, DP) varies 

greatly depending on the material source and could be in the range of 300-10000 [11], although 

20-30 AGUs give the material properties of cellulose [12]. It is widely known that 

polysaccharides are produced by plants. These are a linear polymer with very long 

macromolecular chains of one repeating unit, cellobiose. Cellulose is the most common 

biopolymer and the common organic compound on Earth and about 33 percent of all plant matter 

is cellulose. The total cellulose content in cotton is 90 percent and in wood it is 50 percent. 

Cellulose is a long chain of linked sugar molecules that gives wood its remarkable strength. It is 

the main component of plant cell walls, and the basic building block for many textiles and for 

paper. Cotton is the purest natural form of cellulose. In the laboratory, ashless filter paper is a 

source of nearly pure cellulose. 

Cellulose is a natural polymer, a long chain made by the linking of smaller molecules. 

Regardless of its source, cellulose can be characterized as a high molecular weight homopolymer 

of β-1,4-linked anhydro-D-glucose units in which every unit is corkscrewed 180° with respect to 

its neighbors, and the repeat segment is frequently taken to be a dimer of glucose, known as 

cellobiose(Fig. 2.4).The hydroxyl group at the C2 can form hydrogen bonds with the preceding 

ring oxygen. The hydrogen bonds prevent the free rotation of the rings and as a consequence 

form stable chain structure (Fig. 2.5)[13]. The hydrogen bonding network is one of the reasons to 

that cellulose is insoluble in common solvents[14]. 
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Fig. 2.4. Molecular structure of cellulose structure of cellulose showing the cellobiose 

repeat unit 

 
The cellulose chain bristles with polar -OH groups. These groups form many hydrogen bonds 

with OH groups on adjacent chains, bundling the chains together. The chains also pack regularly 

in places to form hard, stable crystalline regions that give the bundled chains even more stability 

and strength. 

 
Fig. 2.5.Stable chain structure of cellulose produced by Hydrogen bonding network. 

 

Each cellulose chain possesses a directional chemical asymmetry with respect to the termini of 

its molecular axis: one end is a chemically reducing functionality (Fig: 2.1) (i.e., a hemiacetal 

unit) and the other has a pendant hydroxyl group, the nominal nonreducing end. The number of 

glucose units or the degree of polymerization (DP) is up to 10 000, but shorter cellulose chains 

can occur and are mainly localized in the primary cell walls. All -D-glucopyranose rings adopt a 
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4C1 chair conformation, and as a consequence, the hydroxyl groups are positioned in the ring 

(equatorial) plane, while the hydrogen atoms are in the vertical position (axial). This structure is 

stabilized by an intramolecular hydrogen bond network extending from the O (3′)-H hydroxyl to 

the O (5) ring oxygen of the next unit across the glycosidic linkage and from the O(2)-H 

hydroxyl to the O(6′) hydroxyl of the next residue (Fig.2.5). 

 

In nature, cellulose does not occur as an isolated individual molecule, but it is found as 

assemblies of individual cellulose chain-forming fibers. This is because cellulose is synthesized 

as individual molecules, which undergo spinning in a hierarchical order at the site of 

biosynthesis. Typically, approximately 36 individual cellulose molecules assemble are brought 

together into larger units known as elementary fibrils (protofibrils), which pack into larger units 

called microfibrils, and these are in turn assembled into the familiar cellulose fibers. However, 

celluloses from different sources may occur in different packing as dictated by the biosynthesis 

conditions. In the wood, the smallest unit of the fibrillar structure is the elementary fibril, which 

is aggregated into larger fibrils which are embedded in a matrix of hemicelluloses and lignin. 

The figure below show how the fiber is composed of fibrils and the microfibrils [15]. (Fig. 2.6) 

 
 

 
 

Fig. 2.6. The hierarchical structure of cellulose fibers 
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The cell wall of wood fibers consists of repeated crystalline structures resulting from the 

aggregation of cellulose chains(microfibrils). These microfibrils are surrounded by an 

amorphous matrix of hemicelluloses and lignin; a complex polymer(Fig: 2.7). 
 

 
Fig. 2.7.Microfibrils; surrounded by an amorphous matrix of hemicelluloses and lignin 

 
During the process of wood biosynthesis, the cellulose chains are synthetized in aparallel 

fashion, which leads to hydrogen bonding between the neighboring chains. In native cellulose 

30-40 glucan chains are assembled and merged into a single microfibril,denoted as elementary 

fibril. These microfibrils are not completely crystalline, but theyshow less ordered, amorphous 

regions, creating an irregular pattern of amorphous andcrystalline domains. These elementary 

fibrils have been shown to be 2.5-4 nm in diameter and up to a few micrometers in length. The 

elementary fibrils are then aggregated to form bundles with diameters in a range of 10-20 nm and 

further microscopic cellulose fibers.The scheme of cellulose hierarchical organization is shown 

in Figure 2.8. 

 

In wood cellulose, the microfibrils are surrounded by an amorphous matrix of lignin and 

hemicellulose.  In contrast to cellulose, hemicellulose is a complex, branched and heterogeneous 

polymeric network, based on pentoses such as xylose and arabinose, hexoses such as 

glucose,mannose and galactose, and sugar acids. It has a lower molecular weight than cellulose 

and its role is to connect lignin and cellulose fibers.Lignins are water insoluble amorphous 

polymers of phenylpropane units, which are removed during the pulp preparation. The lignin 

matrix is crosslinked with the cellulose fibrils by hemicellulose.  Lignin holds together cellulose 

and hemicelluloses fibers and gives support, resistance and impermeability to the plant. 
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Fig. 2.8. Schematic drawing of cellulose organization in cell walls of plants showing 

itshierarchical structure. The existence of amorphous and crystalline regions is shown in lateral 

fiber structure. 

 
 
2.2.1 Crystalline structure of cellulose 

In cellulose, each glucose unit possesses three hydroxylic groups, two primary groups at the 

positions C2 and C3, and one secondary at the position C6. These hydroxylic groups are able to 

establish intra and intermolecular hydrogen bonds, thereby forming crystalline structures. The 

hydrogen-bonding network and molecular orientation in cellulose can vary widely, which can 

give rise to cellulose polymorphs or allomorphs, depending on the respective source, method of 

extraction, or treatment [16]. Infra-red spectroscopy and x-ray diffraction studies of cellulose 

organization in plants have shown that the main portion of cellulose is constituted by crystallites 

with interspersed amorphous regions of low degree of order [17]. Based on the molecular 

orientation and hydrogen bonding pattern, four different polymorphs of cellulose (and their 

allomorphs) have been identified: I, II, III and IV [18, 19]. Forms I and II are the most studied 

ones and the difference in their structure is shown in the Figure 2.9. 
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The dominant hydrogen bond for cellulose I is the O6-H---O3, whereas for cellulose II it is the 

O6-H---O2. Native cellulose, namely cellulose I, is the crystalline cellulose. The term 

regenerated cellulose, also called cellulose II, is used to refer to cellulose precipitated out of 

solutions, generally alkali solutions [17]. These represent the two main polymorphs of cellulose. 

The current knowledge on the crystallography and biosynthesis of cellulose strongly suggests 

that the chains in cellulose I are organized in parallel direction [20], whereas the crystalline 

structure of cellulose II is described as antiparallel [17]. Cellulose I is not the most stable form of 

cellulose. An additional hydrogen bond per glucose residue in cellulose II makes this allomorph 

the most thermodynamically stable form [21]. Native cellulose from plant sources occurs in form 

I with two allomorphsIαand Iβ[22], and their ratio depends on the material source. Iα is a 

metastable form and it consists of triclinic unit cells, while Iβ allomorph (which is predominant 

in higher plants) exhibits a monoclinic type of unit cells. Cellulose II is rarely found in the 

nature, but it can be obtained from cellulose I by regeneration or mercerization processes. 

Regeneration includes solubilization of cellulose I in a solvent, while mercerization involves 

only swelling of cellulose in sodium hydroxide. Both processes end by a reprecipitation step, in 

which the more thermodynamically stable cellulose II form is obtained. Cellulose forms III and 

IV are formed from cellulose I and II via different chemical procedures [23-26]. 

 

 
Fig. 2.9. Major supramolecular difference between cellulose I andcellulose II 

 
The different crystalline form of cellulose; cellulose I (Iα, Iβ) and the cellulose II, can be 

transformed into each other by chemical and thermal process. From earlier studies, the 

crystalline structure has been revealed by 13C NMR spectroscopy and X-ray fiber diffraction 

analysis. Native cellulose consists of a mixture of two crystalline forms Iα and Iβ lattice 
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(Fig.2.10). Iβ is mainly found in cotton and ramie, in this form two polysaccharide chains are 

arranged in a monoclinic unit cell. The Iα is predominant in algae and bacteria. The Iα has 

triclinic unit cell structure. The polysaccharide chain of them are the same although with a 

hydrogen boding pattern that is different compared to Iβ, the Iα can transfer into the Iβ, however, 

it is an irreversible process because the Iβ is more stable. The relative ratio of the two forms of 

lattice is dependent on the origin; as an example, the tunicate only consists of the Iβ.  

 
 

 
Fig. 2.10. Crystalline forms Iα and Iβ lattice 

 

The dimension of the nano crystals vary from species to species.The nanocrystals from the algae 

and bacteria [27,28] are up to several micrometers while the length of the wood nanocrystals is 

shorter[29]. The width of algal cellulose nanocrystals [30,31] is similar to those of cotton 

whereas the crystallites from wood are smaller. [29,32] 

Dimensions of cellulose nanocrystals from various sources are below- 

Cellulose Type length Cross section 
Tunicate 
 

Tunicate 100 nm – several μm 10-20 nm 

Bacterial 100 nm - several μm 5-10 nm by 30-50 nm 
Algal (Valonia)  >1000 nm  10 to 20 nm 
Cotton  200-350 nm  5nm 
Wood  100-300 nm  3-5 nm diameter 

 
Table1. Dimensions of cellulose nanocrystals from various sources 
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The dimensions and shape of the isolated nanocrystals` are determined not only by the origin but 

also by the hydrolysis condition (e.g. acid, the reaction time, concentration, and temperature). 

The acid will break the cellulose chains, and hydrolyze the glycosidic bonds in the amorphous 

part and as a result separate the crystallite domains. 

 

2.3Reactivity and properties of cellulose 

The chemical character and reactivity of cellulose is determined by the presence of three 

equatorially positioned OH groups in the AGU, one primary and two secondary groups [33]. In 

addition, the β-glycosidic linkages of cellulose are susceptible to hydrolytic attack [33]. The 

hydroxyl groups do not only play a role in the typical reactions of primary and secondary 

alcohols that are carried out on cellulose, but also play an important role in the solubility of 

cellulose. Cellulose is insoluble in common organic solvents and in water [33]. This is due to the 

fact that the hydroxyl groups are responsible for the extensive hydrogen bonding network 

forming both, intra- and intermolecular hydrogen bonding [34]. In order to dissolve cellulose, the 

prevailing hydrogen bonding network must be broken. 

There are two possible mechanisms by which the OH groups in the cellulose molecule form 

hydrogen bonds. One is by the interaction between suitably positioned OH groups in the same 

molecule (intramolecular). These are located between C2-OH and C6-OH groups and C3-OH 

with endocyclic oxygen (Fig. 2.11. i and ii). The other mechanism occurs when neighboring 

cellulose chains (intermolecular) interact via their C3-OH and C6-OH groups (Figure 2.6, iii). 

Intramolecular hydrogen bonds between the hydroxyl group at the C-3 and oxygen of the 

pyranose ring were first described in the 1960s by Liang and Marchessault, and Blackwell et al. 

who claimed the existence of a second ‘pair’ of intramolecular hydrogen bonds between the C-6 

and C-2 of the neighboring AGUs [35]. 

 

Fig. 2.11.Cellulose structures showing the 

intramolecular hydrogen bonding between (i) 

C2-OH and C6-OH (ii) C3-OH with endocyclic 

oxygen and (iii) the intermolecular hydrogen 

bonding between C3-OH and C6-OH 

Cellulose is regarded as a semi-flexible 
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polymer. The relative stiffness and rigidity of the cellulose molecule is mainly due to the 

intramolecular hydrogen bonding. This property is reflected in its high viscosity in solution, a 

high tendency to crystallise, and its ability to form fibrillar strands. The chain stiffness property 

is further favoured by the β-glucosidic linkage that bestows the linear form of the chain. The 

chair conformation of the pyranose ring also contributes to chain stiffness. This is in contrast to 

the α-glucosidic bonds of starch. 

Since cellulose contain both amorphous and crystalline structures, pretreatment (Fig:2.12) can 

separate the crystalline part from the lignocellulosic materials. An effective pretreatment should 

meet the following requirements [36], 

1) Overcome lignocellulosic materials recalcitrance,deconstructing the three-dimensional 

structure of lignocellulose, and breaking down the semi-crystalline cellulose and hemicellulose 

2) Afford high yields to sugars or chemicals and/or give highly digestible pretreated solid; 

3) Avoid carbohydrates degradation and in particular preserve the utility of pentose 

(hemicellulose) fraction; 

4) avoid the formation of inhibitory toxic byproducts; 

5) Allow lignin recovery and exploitation to give valuable co–products; 

6) Be cost–effective, involving reasonable size reactors,low wastes amount and low energetic 

requirements. 

 
Fig. 2.12.Separation of crystalline cellulose from lignocellulosic materials 

Cellulose is a relatively stable polymer [37], due to the hydrogen bond network, it does not 

dissolve in common aqueous solvents [38] and has not a melting point. In contrast with mineral 

fibers (glass, carbon fibers), the cellulose fibers have a good flexibility and elasticity, these 

properties allowing them to maintain a high aspect ratio in the process of manufacturing. 
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Cellulose nano-fibers have many advantages comparing with the inorganic fibers, some of the 

most relevant being the following: low density, renewable sources, biodegradability, non-food 

agricultural based economy, low energy consuming per product unit, low abrasively which 

ensures a greater longevity of the processing equipment, reduced carbon dioxide emission in the 

environment, high specific strength and modulus, high sound attenuation of lignocelluloses 

based composites, relatively reactive surface, which can be used for grafting specific groups and 

modest price[39-41].The main reason in using cellulose nano-fibers in composite materials is 

due to the potentially high stiffness of the cellulose fibers for reinforcement. This property can be 

achieved with the reducing amount of amorphous material by breaking the structure of the plant 

in individualized nano-fibers with high crystallinity. Cellulose nano-fibers and the composite 

materials reinforced with this kind of fillers have found many potential applications in important 

fields like electronic and electrical industry [42-46], constructions, biomedicine and cosmetics 

[41-44], paper industry [45], packaging [46], building materials, textile industry and others. The 

fact that almost any cellulose material could be considered as a potential source for isolation 

nano-cellulose structures represents another important advantage in using cellulose elements as 

reinforcing phase in polymeric matrix composites. Despite of these attractive 

characteristics,cellulose fibers have also a few disadvantages due to their polar and 

hydrophiliccharacter. These limitations make them poorly compatible with non-polar matrices, 

such as polyolefin, and induce loss of mechanical properties [47]. Cellulose nano-fibers can be 

submitted to specific surface modification in order to avoid these drawbacks. 

 

2.4 Preparation of degraded low molecular crystalline cellulose 

There are several methods to prepare low molecular weight micro and nano crystalline cellulose. 

General methods of preparation of cellulose are: 

 Chemical method 

 Mechanical method 

 Chemical and mechanical method 

 Enzyme method 

 

The structure of native cellulosic fibers results in two families of nanocellulosematerials. Since 

the cellulose microfibrils consist of both amorphous and crystallineregions, treatment of them in 
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strongly acidic conditions leads to an extensive hydrolysis ofthe amorphous fractions and 

formation of short rod-like cellulose crystals [48] with highcrystallinity and low aspect ratio 

(Figure 2.4). The diameter of this crystalis typicallyaround 2-20 nm, while they have wide length 

distribution of 100-600 nm. In a controlled acid hydrolysis procedure, microcrystalline cellulose 

and nanocrystalline cellulose can be produce from cellulose microfiblils. When the macroscopic 

cellulose fibers aremechanically disintegrated avoiding the strongly acidic conditions, long 

nanoscale partlyamorphous fibrils named nanofibrillated cellulose [49-51] are produced (Figure. 

2.13).  

 

 
Fig. 2.13.Three methods to disintegrate macroscopic cellulose fibers into micro- or 

nanoscale fibers or crystals [52]. 

Cellulose has an extremely high degree of crystallinity and this is due to the formation of several 

hydrogen bonds originating from its hydroxyl groups. Its high stereo regularity is also a 
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contributory factor for its high crystallinity. Pure cellulose, also known as α-cellulose, is a 

material insoluble in 17.5 % NaOH. β-cellulose and γ-cellulose are not true cellulose.β-

Cellulosebeloved to be degraded. It has low degree of polymerization cellulose and is insoluble 

in 17.5 % NaOH; γ-Cellulose is completely soluble at any pH and is thought to be 

hemicelluloses such as xylans, mannas, galactansetc [53-54]. Pretreatment is required to alter the 

structure of cellulosic materials to make cellulose more accessible to reactants and is a necessary 

element in bioconversion of lignocellulosic materials to fuels and chemicals. Pretreatment 

methods are either physical or chemical, some methods incorporate both. Chemical treatments 

with acids or bases promote hydrolysis and improve the yield of glucose from cellulose by 

removing hemicellulose or lignin during pretreatment. The most commonly used acid and base 

are H2SO4 and NaOH, respectively; however, nitric, hydrochloric acid and phosphoric acid have 

also tested. Acid hydrolysis releases oligomers and monosaccharides and has already been 

modeled as a homogenous reaction in which acid catalyzes the breakdown of hemicellulose to 

xylose followed by breakdown of xylose to furfural. 

 

The main process for the isolation of micro and nano crystalline cellulose from cellulose fibers is 

based on acid hydrolysis. Disordered or paracrystalline regions of cellulose are preferentially 

hydrolyzed, whereas crystalline regions that have a higher resistance to acid attack remain intact 

[55]. Thus, following an acid treatment that hydrolyzes the cellulose (leading to removal of the 

microfibrils at the defects), cellulose rod-like nanocrystals are produced. The actual occurrence 

of the acid cleavage event is attributed to differences in the kinetics of hydrolysis between 

amorphous and crystalline domains [56]. This hypothesis was based on the reasonable 

assumption that disordered or para-crystalline domains are regularly distributed along the 

microfibers and therefore they are more susceptible to acid attack (in contrast to crystalline 

regions that are more impervious to attack). Also, homogeneous crystallites were supposed to be 

generated after acid hydrolysis. These assumptions were actually confirmed by X-ray crystal 

diffraction [57], electron microscopy with iodine-staining [58], small-angle X-ray diffraction 

[59], and neutron diffraction analyses [57]. Typical procedures currently employed for the 

production of MCC and NCC consist of subjecting pure cellulosic material to strong acid 

hydrolysis under strictly controlled conditions of temperature agitation, and time. The nature of 
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the acid and the acid-to-cellulosic fibers ratio are also important parameters that affect the 

preparation. 

Sulfuric and hydrochloric acids have been extensively used for the preparation of crystalline 

cellulose, but phosphoric [60] and hydrobromic acids have also been reported for such purposes. 

The formation of MCC depends upon the source and hydrolysis condition, controlled hydrolysis 

with hydrochloric acid produce microcrystal as powder form [61].  Whereas the stable 

suspension of cellulose nanocrystals can be obtained by sulfuric acid hydrolysis.  

 

 If the crystalline celluloses are prepared by hydrolysis in hydrochloric acid, their ability to 

disperse is limited and their aqueous suspensions tend to flocculate [62]. On the other hand, 

when sulfuric acid is used as a hydrolyzing agent, it reacts with the surface hydroxyl groups of 

cellulose to yield charged surface sulfate esters that promote dispersion of the nanocrystal in 

water [63]. However, the introduction of charged sulfate groups compromises the thermostability 

of the nanocrystals [64]. With respect to the morphology of the particles, a combination of both 

sulfuric and hydrochloric acids during hydrolysis steps appears to generate spherical nanocrystal 

instead of rod-like nanocrystals when carried out under ultrasonic treatment [65].  These 

spherical nanocrystals demonstrated better thermal stability mainly because they possess fewer 

sulfate groups on their surfaces. 

 

2.5 Crystalinity, micro &nanocrystalinity 

The term crystallinity has a somewhat ambiguous use in polymer chemistry. A synthetic polymer 

may be described as crystalline if it contains regions of three-dimensional ordering on atomic 

rather than macromolecular length scales. It usually arises from intramolecular folding and/or 

stacking of adjacent chains. Synthetic polymers may consist of both crystalline and amorphous 

regions. The degree of crystallinity can express in terms of a weight fraction or volume fraction 

of crystalline material. Few synthetic polymers are entirely crystalline [66]. The crystallinity of 

polymers is characterized by their degree of crystallinity, ranging from zero for a completely 

non-crystalline polymer to one for a theoretical completely crystalline polymer. Increasing 

degree of crystallinity tends to make a polymer more rigid. It can also increase the brittleness of 

polymeric materials. Polymers with a degree of crystallinity approaching zero or one will tend to 
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be transparent, while polymers with intermediate degrees of crystallinity will tend to be opaque 

due to light scattering by crystalline/glassy regions. 
In mineralogy and crystallography, a crystal structure is a unique arrangement of atoms or 

molecules in a crystalline liquid or solid. A crystal structure describes a highly-ordered structure, 

occurring due to the intrinsic nature of molecules to form symmetric patterns. A crystal structure 

can be thought of as an infinitely repeating array of 3D 'boxes', known as unit cells. The unit cell 

is calculated from the simplest possible representation of molecules, known as the asymmetric 

unit. The asymmetric unit is translated to the unit cell through symmetry operations, and the 

resultant crystal lattice is constructed through repetition of the unit cell infinitely in 3-

dimensions. Patterns are located upon the points of a lattice, which is an array of points repeating 

periodically in three dimensions. The lengths of the edges of a unit cell and the angles between 

them are called the lattice parameters. 

Although a broad definition, nanomaterials are those which have structured components with at 

least one dimension less than 100 nm. Materials that have one dimension in the nanoscale (and 

are extended in the other two dimensions) are layers, such as a thin films or surface coatings. 

Some of the features on computer chips come in this category. Materials that are nanoscale in 

two dimensions (and extended in one dimension) include nanowires and nanotubes. Materials 

that are nanoscale in three dimensions are particles, for example precipitates, colloids and 

quantum dots (tiny particles of semiconductor materials). Nanocrystalline materials, made up of 

nanometre-sized grains, also fall into this category. A microcrystalline material is a crystallized 

substance or rock that contains small crystals visible only through microscopic examination. 

A nanocrystalline (NC) material is a polycrystalline material with a crystallite size of only a 

few nanometers. These materials fill the gap between amorphous materials without any long 

range order and conventional coarse-grained materials. Definitions vary, but nanocrystalline 

material is commonly defined as a crystallite (grain) size below 100 nm. Grain sizes from 100–

500 nm is typically considered "ultrafine" grains. The grain size of a nanocrystal sample can be 

estimated using x-ray diffraction. In materials with very small grain sizes, the diffraction peaks 

will be broadened. This broadening can be related to a crystallite size using the Scherrer 

equation (applicable up to ~50 nm), a Williamson-Hall plot, or more sophisticated methods such 

as the Warren-Averbach method or computer modeling of the diffraction pattern. The crystallite 

size can be measured directly using transmission electron microscopy. 

http://en.wikipedia.org/wiki/Rock_(geology)
http://en.wikipedia.org/wiki/Crystals
http://en.wikipedia.org/wiki/Microscope
http://en.wikipedia.org/wiki/Polycrystalline
http://en.wikipedia.org/wiki/Crystallite
http://en.wikipedia.org/wiki/Nanometer
http://en.wikipedia.org/wiki/Amorphous
http://en.wikipedia.org/wiki/Long_range_order
http://en.wikipedia.org/wiki/Long_range_order
http://en.wikipedia.org/wiki/Crystallite
http://en.wikipedia.org/wiki/X-ray_diffraction
http://en.wikipedia.org/wiki/Scherrer_equation
http://en.wikipedia.org/wiki/Scherrer_equation
http://en.wikipedia.org/wiki/Powder_diffraction#Size_and_strain_broadening
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2.6 MCC 

Microcrystalline cellulose is white, odorless, tasteless, neutral, nonreactive free flowing versatile 

excipient. It is purified, partially depolymerized cellulose. Its physical chemical and rheological 

properties make it a filler & binder of choice in a variety of pharmaceutical and industrial 

operation. Due to its non-irritating inert and nontoxic properties, it has been used as many topical 

preparations. It is stable over a wide range of temperature. 
Microcrystalline cellulose (such as Avicel) has a degree of polymerization (DP) value of less 

than 400 [67].Since the cellulose contain both amorphous and crystalline structures, the highly 

crystalline cellulose can be prepared from selective methods based on the source of the cellulose. 

Among them MCC is derived by severe acid hydrolysis to remove the amorphous cellulose 

portions, yielding particles consisting of  bundle-like needle-like microcrystals. It can be 

prepared by treating different native cellulose sources such as wood pulp, bamboo, viscous rayon 

and cotton with mineral acids [68,69]. The native cellulose has both amorphous and crystalline 

regions. The amorphous regions are interacted first with solvents and chemical reagents, because 

of their loose structures. The removal of the amorphous regions with an acid treatment of 

cellulose is the most commonly used method for the production of MCC. The acid hydrolysis 

breaks the β-(1→4) glycoside bond, thus decreasing the DP of the resulting MCC [56].   

Commercially available MCC is derived from both gymnosperms (generally conifers) and other 

softwoods, and from hardwood dicotyledons. These woods differ considerably in chemical 

composition (proportions of cellulose, hemicelluloses and lignin) and structural organization 

which affect the composition of the α-cellulose extracted and the composition and crystallinity of 

MCC finally produced [70]. Besides the wood pulp as a source of cellulose and its derivatives, 

the purified cotton linters obtained from Gossypium species are also a common source. 
There are two types of MCC, powder MCC and colloidal MCC. Powder MCC is made by spray-

drying of aqueous MCC suspension and has its average particle size ranging from about 20-90 

μm. Colloidal MCC is MCC colloids in water with the colloidal size of <0.2μm in diameter [71]. 

MCC has excellent mechanical properties and can potentially be used as reinforcing fillers in 

polymer composites [72]. MCC as a reinforcing filler in polymer composites offers several 

advantages over glass fibers and other inorganic fillers: renewability, nonfood sources, low 

energy required for its production, low cost, low density, and high specific strength and modulus 

[73]. Like other inorganic fillers such as glass fibers, MCC fillers have hydrophilic surfaces and 
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are not very compatible with hydrophobic plastics. Coupling agents or compatibilizers are 

oftenrequired for improving the bonding between MCC and the plastic matrix. Moreover, the 

processing temperature of MCC-filled composites is restricted to about 200 °C because MCC 

starts to degrade near 230 °C, whereas glass-fiber-reinforced composites can have a much higher 

processing temperature [74]. 

 

2.6.1 Properties of MCC 

General properties of MCC are: excellent compressibility, rapid disintegration, free flowing, 

freedom from chemical reaction with all other ingredients, good moisture stability, excellent in 

absorbing water oil and solvents, excellent initial color and long-term stability, excellent 

microbiological qualities. MCC is very much hygroscopic and stable substance. Large quantities 

should be stored in a cool dry airtight container. 

The gel network formed by colloidal MCC offers the following properties:  

Thixotropy - gels made with MCC readily break down with shear; when the shear is removed, 

the gel will reform over time with minimal loss to viscosity.  

Foam Stability - MCC is a premier foam stabilizer. The microcrystalline network thickens the 

water phase between air cells and acts as a physical barrier to maintain the air cells insuspension. 

Although MCC does not have significant film forming properties, it does work to increase the 

film strength.  

Stabilized Emulsions - MCC forms a colloidal network of particles when properly dispersed in 

water. This colloidal network sets up at the oil-water interface to physically prevent the oil 

globules from coalescing. The MCC acts to stabilize the emulsion as well as thicken the water 

phase to improve cling properties.  

Heat Stability - temperature changes have little or no effect on the functionality and viscosity of 

MCC dispersions. This property is extremely important in the preparation of heat stable 

products, particularly when acids are present. MCC will hold up during heat processing, 

including baking, retorting, UHT processing and microwave heating with minimal loss in 

viscosity.  

Shorten Texture - MCC can be used to modify textures- it can shorten textures or add body 

without creating a gummy or pasty texture. In food systems, this quality results in a cleaner 

mouth feel and excellent flavor release.  
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Suspend Particles - the stability and thixotropic rheology of MCC makes it a useful suspension 

aid. In an aqueous system, the 3-dimensional matrix sets-up at low-use levels to effectively 

suspend particulates. 

Replace Fats and Oils - MCC can be used to replace some or all of the oil in emulsion type 

products. The MCC mimics many of the rheological properties associated with full oil 

emulsions. 

Control Ice Crystal Growth - the 3-dimensional matrix created with dispersed colloidal MAC 

and the surface area of the microcrystals create a stabilizing system that maintains a 

homogeneous state during freeze/thaw cycles. MCC helps prevent moisture migration and 

inhibits the aggregation of protein and other solids. The 3-dimensional network formed with 

MCC is extremely effective in maintaining the three-phase system of water/fat/air.  

Extend Starches - using a ratio of 4 parts starch/1 part MCC allows processors to reduce the 

amount of starch thickener required by as much as 25%. The MCC will also improve heat and 

shear stability over prolonged process cycles. 

Opacity - insoluble cellulose crystallites act as opacifiers and can add whiteness to products.  

 

2.6.2 Application of MCC 

Microcrystalline Cellulose (MCC) is a kind of purified and partially depolymerized cellulose, 

white, odorless, tasteless and in the shape of crystalline powder made up of porous particles. It is 

commercially available material used for applications in the pharmaceutical (tablet binder-, one 

brand name is Avicel) and food industries, and is prepared by acid hydrolysis of wood 

fiber,back-neutralization with alkali, and spray-dried. The resulting particles are porous, about 

10–50 µm in diameter, have a high cellulose content, a higher crystallinity, and are composed 

ofaggregate bundles of multi-sized cellulose microfibrils that are strongly hydrogen bonded to 

each other[75]. Usually the MCC aggregates are broken up into smaller micron-sized rod-

likeparticles (1–10 µm in length) prior to use in composites. 

Microcrystalline Cellulose is widely used in the pharmaceutical, cosmetics, food and other 

industries. Different particle sizes and moisture contents have different characteristics and 

applications. 

The Application of MCCs are below- 
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1.In the Pharmaceutical Industry 

It is often used as adsorbents, suspending agents, diluents and disintegrating agents. 

Microcrystalline Cellulose is widely used in the pharmaceutical preparation, mainly as diluents 

and adhesives in oral tablets and capsules. It can be used for wet granulation as well as direct 

compression by dry method. It has some lubrication and disintegration action so is very useful in 

tablet preparation. 

 MCC is one of the most used filler-binders in direct tablet compression. Its popularity in direct 

compression is due to its excellent binding properties when use as a dry binder. It also works as a 

disintegrant and lubricant and has a high dilution potential in direct compression formulations. In 

addition to its use in direct compression formulations, MCC is used as a diluent in tablets 

prepared by wet granulation as well as a filler for capsules and spheres [76]. MCC can be used to 

dry or absorb active ingredients that are viscous or oily to produce relatively free-flowing forms. 

The newer technology for manufacturing capsule dosage forms has created another area for the 

application of MCC. As a binder, MCC is especially useful in formulations which are 

compressed before insertion into the hard gelatin capsule. 

Microcrystalline cellulose is a product designed primarily for pharmaceutical solid dosage 

formulation. The suitability of MCC for tableting operations is proven by the numbers and 

variety of functions it can perform 

Direct Compression  Wet Granulation 

 

Binder, Lubricant, Disintegrant, filler, 

flow aid. 

 

Binder, Permits fast addition of granulation 

fluid, Rapid wicking action. 

 

Table 2. Function of MCC 

2. In the Food Industry 

In the food industry, Microcrystalline Cellulose can be used as an important base in functional 

foods and is an ideal health food additive. 

1) It can maintain emulsification and foam stability. 

2) It can maintain high temperature stability. 

3) It can improve the liquid stability. 

4) It can act as nutritional supplements and thickeners. 
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5) It has many other uses. 

Microcrystalline Cellulose is widely used in the oral preparations and food, a relatively non-toxic 

and non-irritating substance. It cannot be absorbed orally, with almost no potential toxicity. 

Heavy use may cause mild diarrhea. It has no difficulty as an excipient of pharmaceutical 

formulation. 

Besides tableting binder MCC is used as binder of many other cosmetics, food and industrial 

ingredients.  MCC has versatile application as: 
 Coating 

 binder   

 Carrier   

 Cellulose Component  

 Functional fillers  

 Anti-caking agent  

 Micro Dispersant   

 Quick Drying or absorbing agent 

 Non-Nutritive Bulking 

 Emulsion Stabilizer 

 Hydration aid  

 Disintegrate  

  Texture Modification  

  Heat Stabilizer 

 

2.7 NCC 

Nanocrystalline cellulose (NCC) is an emerging renewable nanomaterial that holds promise in 

many different applications, such as in personal care, chemicals, foods, pharmaceuticals, etc. 

NCCs are rigid rod-like crystals with diameter in the range of 10–20nm and lengths of a few 

hundred nanometers were obtained by using a 63-65 (w/w)% sulfuric acid concentration for 

approximately 2 h and which can be prepared from a variety of sources, e.g., cotton linter [77] 

microcrystalline cellulose [78], bacterial cellulose [80], algal cellulose (valonia) [81], hemp [82], 

tunicin [83], cotton [84],ramie, sisal [85], sugar beet [86], and wood [79].  By appropriate 

modification of NCC, various functional nanomaterials with outstanding properties, or 
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significantly improved physical, chemical, biological, as well as electronic properties can be 

developed. The nanoparticles are stabilized in aqueous suspension by negative charges on the 

surface, which are produced during the acid hydrolysis process. NCC suspensions can form a 

chiral nematic ordered phase beyond a critical concentration, i.e. NCC suspensions transform 

from an isotropic to an anisotropic chiral nematic liquid crystalline phase. Due to its nanoscale 

dimension and intrinsic physicochemical properties, NCC is a promising renewable biomaterial 

that can be used as a reinforcing component in high performance nanocomposites. Many new 

nanocomposite materials with attractive properties were obtained by the physical incorporation 

of NCC into a natural or synthetic polymeric matrix. Simple chemical modification on NCC 

surface can improve its dispersability in different solvents and expand its utilisation in nano-

related applications, such as drug delivery, protein immobilisation, and inorganic reaction 

template. This review paper provides an overview on this emerging nanomaterial, focusing on 

the surface modification, properties and applications of NCC. One of the program’s most 

exciting research avenues involves developing new materials from cellulose, the main 

component of the cell walls of trees and other plants. In its almost-pure form, cellulose has a tiny 

crystalline molecular structure. Known as nanocrystalline cellulose, or NCC, this substance has 

intriguing properties and uses.  
 

2.7.1 Properties of NCC 

The basic properties of NCC are: 
 The relative low density (1.6 gm/Cm3) 

 Uniform size distribution 

 High surface area(~ 250 m2/g) 

  High aspect ratios (typically > 30-100 µm) 

  Thermal properties(thermal degradation temperature, Td= 200- 3000c) 

  Mechanical properties with elastic modulus and tensile strength higher than Kevlar 

makes NCC a very attractive material.) 

  At high concentrations, birefringent and has liquid crystalline properties due to 

ordering. 

  High optical transparency 

 Reinforcing agent 
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 High moisture absorption capacity 

 High functionality 

 The surface atoms specify the properties 

 Super insulation properties of nanocomposites polymer 

 

2.7.2 Application of NCC 

NCC increases the strength and stiffness of materials it’s added to. Just a small amount can 

increase resistance to stress threefold, making it attractive as a high-performance reinforcing 

material. 

NCC can also alter the surface of material like paper, changing its permeability, strength, 

flexibility and optical properties. Adding a little NCC to paper noticeably boosts its gloss. NCC 

also improves tensile strength, stiffness, surface smoothness and bulk, paving the way for new 

types of paper with novel applications and 

for paints, varnishes and advanced high-

strength materials. 

 

Fig. 2.14.Applications of cellulose 

nanoparticles. (a)Transparent paperfor 

packaging [87] and (b) luminescence of an 

organic light-emittingdiode deposited onto 

a flexible, low-CTE and optically 

transparent wood–cellulose nanocomposite [88]. 

Films made of NCC appear iridescent, making theman ideal decorative treatment for papers. 

Optical films enhanced with NCC are well suited for use in specialty packaging, biosensors and 

security devices; they could even help prevent counterfeiting.In addition, because NCC is 

affected by magnetic and electrical fields, it could prove useful as a filler in magnetic paper, 

electronic memory cards and readers, and other electronic products. 

The properties of nanocellulose (e.g. mechanical properties, film-forming properties, viscosity 

etc.) makes it an interesting material for many applications and the potential for a multibillion-

dollar industry [89]. 
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Paper and paperboard 

There is potential of nanocellulose applications in the area of paper and paperboard 

manufacture. Nanocelluloses are expected to enhance the fiber-fiber bond strength and, hence, 

have a strong reinforcement effect on paper materials. Nanocellulose may be useful as a barrier 

in grease-proof type of papers and as a wet-end additive to enhance retention, dry and wet 

strength in commodity type of paper and board products [90]. 

Composite 

As described above the properties of the nanocellulose makes an interesting material for 

reinforcing plastics. Nanocellulose has been reported to improve the mechanical properties of, 

for example, thermosetting resins, starch-based matrixes, soy protein, rubber latex, poly 

(lactide). The composite applications may be for use as coatings and films, paints, foams, 

packaging. 

Food 

Nanocellulose can be used as a low-calorie replacement for today’s carbohydrate additives used 

as thickeners, flavor carriers and suspension stabilizers in a wide variety of food products and is 

useful for producing fillings, crushes, chips, wafers, soups, gravies, puddings etc. The food 

applications were early recognized as a highly interesting application field for nanocellulose 

due to the rheological behavior of the nanocellulose gel. 

 

Hygiene and absorbent products 

Different applications in this field include 

 Super water absorbent (e.g. for incontinence pads material) 

 Nanocellulose used together with super absorbent polymers 

 Use of nanocellulose in tissue, non-woven products or absorbent structures 

 Use as antimicrobial films 

 

Emulsion and dispersion 

Apart from the numerous applications in the area of food additives, the general area of emulsion 

and dispersion applications in other fields has also received some attention [91].Oil in water 

applications was early recognized. The area of non-settling suspensions for pumping sand, coal 

as well as paints and drilling mud was also explored by the early investigators. 

https://en.wikipedia.org/wiki/Starch
https://en.wikipedia.org/wiki/Soy_protein
https://en.wikipedia.org/wiki/Rubber_latex
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Oil recovery 

Hydrocarbonfracturing of oil-bearing formations is a potentially interesting and large-scale 

application. Nanocellulose has been suggested for use in oil recovery applications as a 

fracturing fluid. Drilling mud based on nanocellulose have also been suggested. 

 

Medical, cosmetic and pharmaceutical 

The use of nanocellulose in cosmetics and pharmaceuticals was also early recognized. A wide 

range of high-end applications have been suggested 

 Freeze-dried nanocellulose aerogels used in sanitary napkins, tampons, diapers or 

as wound dressing 

 The use of nanocellulose as a composite coating agent in cosmetics e.g. for hair, 

eyelashes, eyebrows or nails 

 A dry solid nanocellulose composition in the form of tablets for treating intestinal orders 

 Nanocellulose films for screening of biological compounds and nucleic acids encoding a 

biological compound 

 Filter medium partly based on nanocellulose for leukocyte free blood transfusion 

 A Bucco dental formulation, comprising nanocellulose and a polyhydroxylated organic 

compound 

 Powdered nanocellulose has also been suggested as an excipient in pharmaceutical 

compositions 

 nanocellulose in compositions of a photoreactive noxious substance purging agent 

 Elastic cryo-structured gels for potential biomedical and biotechnological application. 

 Matrix for 3D cellculture. 

 

Other applications 

 Activate the dissolution of cellulose in different solvents 

 Regenerated cellulose products, such as fibers films, cellulose derivatives 

 Tobacco filter additive 

 Organometallic modified nanocellulose in battery separators 

 Reinforcement of conductive materials 

 Loud-speaker membranes 

https://en.wikipedia.org/w/index.php?title=Hydrocarbon_fracturing&action=edit&redlink=1
http://www.pfi.no/New-Biomaterials/Projects/NanoHeal/
https://en.wikipedia.org/wiki/3D_cell_culture_in_wood-based_nanocellulose_hydrogel
https://en.wikipedia.org/wiki/Acoustic_membrane
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 High-flux membranes 

 Flexible electronic displays 

 Computer components 

 Capacitors 

 Lightweight body armor and ballistic glass 

 Corrosion inhibitors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Artificial_membrane
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3.1 Materials 

1. Two types of cotton cloths [local voile cotton cloth (B), Textile cotton cloth(T)] 

2. commercial wood pulp 

3. Filter paper 

4. commercial Microcrystalline cellulose 

5. H2SO4,HCl, Paraffin oil, Sodium hypochlorite, NaOH 

6. Magnet bar 

7. phosphoric acid 

8. AgNO3  

9. Barium chloride 

All the chemicals were analytical grade and were used directly without further purification. 

 

3.2Apparatus and Instruments 

1. Round bottom flask condenser 

2. Thermometer 

3. Hot plate stirrer 

4. Centrifuge machine 

5. Digital balance 

6. Controlled heating vacuum oven 

7. Vacuum desiccators 

8. Vacuum pump 

9. Ultrasonic bath 

10. Oil bath 

11. Sample vial 

12. X-ray Diffractometer 

13. Scanning Electron microscopy 

14. Fourier Transform Infrared Spectroscopy (FTIR) 

15. Thermogravimetric analyzer 
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3.3 Preparation of MCC 

In the present work MCC was preparation from two types of cotton cloths voile cloth designated 

as (type-B), textile cotton cloth designated as (type-T) and wood pulp as (type-W).  The 

preparation method was adopted by optimizing the type of acid, concentration of acid, hydrolysis 

time and temperature. The cotton based cloths werecollected from local shop and from hosiery 

industry. The commercial wood pulp was collected from a paper industry. The MCC was 

prepared by following techniques.  
 

Pretreatment of the sample 
Cellulosic materials were cut in to small pieces by scissors then washed and bleached by 

NaOCl(7%) to remove the dirt and colors. After bleaching the cellulosic materials were 

subjected to treatment with 4% NaOH.  
 

Hydrolysis 

The cleaned bleached cotton (type-B, type-T) cloth and wood pulp (type-W) were hydrolyzed 

with 2N-10N hydrochloric acid for about 1 hour after pretreatment 4% NaOH. The hydrolysis 

proceeds with and without pretreatment of NaOH. The hydrolysis also proceeds in different time 

and temperature condition inround bottom flask with condenser [Fig: 3.2]. The round bottom 

flux was placed in oil bath to maintain the constant reaction temperature. A magnetic stirrer is 

used to continuous stirring the acid-cellulose solution. 

 

The ratio between lignocellolosic materials and acid was 1:50. After completing hydrolysis the 

reaction was stopped by instantly adding ice and then the solution was diluted 10 times. The acid 

of the solution was removed by repeated addition of distilled water. The water portion is 

separated by centrifugation & filtration. For better microcrystal, the solution was dispersed by 

using ultrasonic bath for 5-10 minutes. MCC was then collected by centrifugation and 

filtration.The MCC was dried below 800C. 

 

The prepared different MCC sample was subjected to analytical technique FESEM,FTIR,XRD, 

TGA to find the optimum reaction condition. Commercial MCC was also analyzed to compare 

with prepared samples.Fig. 3.1. Illustrate overall preparation procedure of MCC.  
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Fig. 3.1. Flow chart of Preparation procedure of MCC 

 

The sample collected from cellulosic materials named 1st (B) & 2nd(T) type cotton cloth, wood 

pulp are mention as B-Series,T-Series, W-Series.Another series is experimented from 2nd(T) type 

cloth named S-Series is done at different condition (without pretreatment with NaOH). 

 

 

 

Fig. 3.2.  Round bottom flask condenser 
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The collected analytical samplehistory isbelow 

Different type of prepared MCC with a short description (Analytical sample 

history) 
M=Commercial MCC 

B1, B2,B3,B4=voile cloth is washed then hydrolyzed with 2.5N,5N,7.5N,10N HCl in 850 C 

S1, S2, S3, S4=Textile cloth is bleached with NaOCl, then hydrolyzed with 2.5N,7.5N, 10N HCl 
about 1 hr. in 850 C  

T1, T2, T3, T4=Textile cloth is bleached with NaOCl, then treated with 4% NaOH about 1 hr. in 
800C then hydrolyzed with 2.5N, 5N,7.5N, 10N HCl about 1hr in 850C 

W1, W2, W3, W4 = Wood pulp is bleached with NaOCl, then treated with 4% NaOH about 1 hr. in 
800C then hydrolyzed with 2.5N,5N,7.5N, 10NHCl about 1hr in 850C 

 

Table3.Analytical sample history 

 
3.4 Preparation of NCC 

Although several preparation techniques of NCC were established, based on the physical 

appearance of the prepared NCC gel and its film transparency optimum hydrolysis conditions 

were selected for the preparation of NCC by this study.The procedure was as follows: A 500 mL 

round bottom flask containing 10g of bleached cotton cloths were placed in an oil bath at a 60oC 

temperature. Simultaneously, 200 mL 65 %(w/w) H2S04(cellulose-to-acid weight ratio of 1 to 

20) was adjusted to thedesired temperature. When the two substances reached working 

temperature, H2SO4was mixed with the cellulose, and the mixture was hydrolyzed at 60 ºC 

temperature for 60 minutes with continuous stirring with a magnetic stirrer.  The ultrasonication 

was applied during (every 30 minutes). Immediately following hydrolysis, the suspension was 

diluted ten times to stop the reaction and allowed to settle for several hours until the suspensions 

were layered, and the clear top layer was decanted off, and then repeatedly washed with distilled 

water until they were not layered. The suspension was then transferred into centrifuge tubes and 
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repeated centrifugation was performed at 4,000 rpm for 10 minutes to remove excess acid and 

water-soluble fragments. The fine cellulose particles became dispersed in the aqueous solution 

approximately at pH 4. The turbid supernatant containing the polydisperse cellulose particles 

was then collected for further centrifugation at 4000 rpm for 45 minutes to separate the NCC 

suspension. The suspension was then washed with deionized water. The process was repeated 

four to five times for each sample to reduce the acid content. Afterward, the resulting suspension 

was placed in regenerated cellulose dialysis tubes having a molecular weight cutoff of 12,000– 

14,000 and dialyzed against deionized (DI) water for several days until the water pH remained 

constant. The purified NCC suspension was kept in a refrigerator at 5oC. Some fraction of 

dialyzed NCC was dried in freeze dryer for the preparation of powdered sample.  

 
 

Fig. 3.3. Flow chart of preparation of NCC 
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3.5. Characterization 
3.5.1 X-ray diffraction (XRD) 

It is well known that the mechanical properties of cellulose products were strongly dependent on 

the crystallinity and crystal structure. To determine the crystal structure and crystallinity, XRD 

patterns of the MCC and NCC were measured by automated powder X-ray diffractometer. 

Before testing, samples were dried in a vacuum oven at 50 ◦C for 24 h to remove moisture. The 

powder samples were pressed in a square aluminum sample holder (40mm X 40mm) with a 1 

mm deep rectangular hole (20mm x 15mm) and pressed against an optical smooth glass plate. 

The upper surface of the sample was labeled in the plane with its sample holder. The sample 

holder was then placed in the diffractometer.The WXRD data were generated by a diffractometer 

with Cu-Ka radiation (λ = 1.542˚ A) at 40 kV and 30 mA over the range 2θ = 10◦–50◦, a size step 

of 0.02◦, and a time step of 2.0 s, (1.0 h per scan).  

The degree of crystallization was determined using the method of X-ray Crystallinity index. The 

formula below was used in calculating degree of crystallization.  

   Crystallinity index =
Icry−Iam

Icry
  -----------------------3.3 

Where Icry represents the diffraction intensity of crystallization at the 200 peak and Iamrepresents 

the diffraction intensity of amorphous region. 

 

3.5.2Scanning electron microscopy 

Morphological analysis was performed using Field Emission Scanning Electron Microscopy 

(FESEM). The samples were sprayed in the carbon strip for analysis, in case of NCC a drop of 

dilute suspension was deposited on small piece of carbon strip and allowed to dry at vacuum 

drier at 40oC. The sample surface was coated with a thin layer of gold to provide electrical 

conductivity. The sample was then placed in the main SEM chamber to view its surface.  

 

3.5.3 Fourier transform infrared (FTIR) measurement 

In infrared spectroscopy, IR radiation is passed through a sample. Some of the infrared radiation 

is absorbed by the sample and some of it is passed through (transmitted). The resulting spectrum 

represents the molecular absorption and transmission, creating a molecular finger prints of the 

sample. This makes infrared spectroscopy useful for several types of analysis like identifying 
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unknown materials, determining the quality or consistency of a sample, and determining the 

number of components in a mixture. Materials can be identified from their functional groups, 

chemical bonds etc. which can be detected through their characteristic infrared absorption 

frequencies or wave lengths. FTIR studies were conducted using Shimadzu IR spectrometer.  

Sample with KBr with a 1:100 “samples-to-KBr” ratio was maintained to prepare disk. The 

sample disks were then scanned in the wave number range of 4000 to 400 cm-1 with an average 

of 30 scans per measurement. The resolution of the spectrometer was 4 cm-1. 

 

The prepared MCC and NCC were dried in a vacuum oven at 50oC for 24 hours and then cooled 

to room temperature forFourier transform infrared (FTIR) analysis. 

 

3.5.5 Thermogravimetric analysis 

The thermal stability of MCC, NCC were studied by a thermo-gravimetric analyzer (TGA) in a 

nitrogen atmosphere. Approximately 5 mg oven dried film samples in a platinum pan were 

heated from 30 to 600oC at a heating rate of 10◦C/min under a nitrogen flow of 60mL min−1. 

Before the data acquisition segment, the sample was equilibrated at 25oC for 5 min to obtain an 

isothermal condition. The weight-loss rate was obtained from derivative thermo-gravimetric 

(DTG) data. 
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4.1 Acid hydrolysis of cellulosic materials 

Since the cellulose contains both amorphous and crystalline structures, the highly crystalline 

cellulose can be prepared from selective methods based on the source of the cellulose. Among 

them MCC&NCC is derived by severe acid hydrolysis to remove the amorphous cellulose 

portions, yielding particles consisting of bundle-like and needle-like micro and nanocrystals 

respectively. A number of different factors affecting the acidic hydrolysis of cellulose were 

examined. A complete set of investigated parameters include: reaction time and temperature, 

acid concentration,source of cellulose, ratio of cellulose to acid, and the effect of applied external 

energy (ultrasonic). The main focus was to optimize the conditions needed for production of 

white powder form MCC & transparent gel of NCC from raw cotton cloth and wood pulp. 

 

Due to the cellulose’s strong ability to form hydrogen bonds, the product tended to agglomerate 

to form larger particlesafter reaction. The ultrasonic energy was applied after the reaction to stop 

down the aggregation to increase the crystallinity of microcrystal & transparency of 

nanocrystals. In this study, ultrasonic energy was vigorously applied in the production of NCC to 

get better transparent nanocrystals. While the application of ultrasonic energy after hydrolysis 

has been previously documented [1], but the mechanism of ultrasonic effect has not been clearly 

understood till today. The aggregate formation manifested itself especially in the absence of 

surface charges when the repulsion forces between the individual nanocrystals were minimized. 

One solution for decreasing the aggregation issue is to introduce negative charges on the surface 

of NCCs. Sulfuric acid is known to introduce negative charges on the surface of the NCCs via an 

esterification reaction with the sulfate anions [2-4]. 

 

It has been proved that the complete hydrolysis of cellulose under strong acid and high 

temperature (~100oC) results in glucose or even carbonization [5]. While under relatively mild 

conditions in the present study, the chemical degradation mechanism can be acid-catalyzed 

cleavage of β-1-4-glycosidic bond [6]. In the present study, different concentration of 

hydrochloric acid & sulfuric acid was used to the preparation of MCC and NCC. 

 

The degradation of cellulosicmaterials could proceed in three steps, outline shown in Fig.4.1. 

Firstly, the glycosidic oxygen linking two sugar units is rapidly protonated under acidic 
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condition, forming a conjugate acid. Then the cleavage of the C–O bond and breakdown of the 

conjugate acid to the positively charged ion take place. After a rapid addition of water, the 

resulted segments and a proton are liberated. Assuming that the cleavage of the C–O bond takes 

place more rapidly at the end than in the middle of the polysaccharide chain, more 

monosaccharides and lower yields of MCC & NCC are resulted. 

 
Fig.4.1. Mechanism of acid-catalyzed hydrolysis of cellulose by cleavage of β-1-4- glycosidic 

bond 

 

The plant cell wall (the stuff wood is made of) is a mixture of many different substances, 

especially polysaccharides and lignin. All of these compounds are stable in NaOH. However, 

they can be extracted from the wood under different conditions. 

To make cellulose more accessible to reactants during bioconversion of lignocellulosic materials 

pretreatment is required. Since lignin and other complex polymer is soluble in NaOH at any pH 
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it can easily remove during pretreatment. In this study, lignocellulosic materials were treated 

with sodiumhydroxide to remove hemicelluloses, xyline, lignin[7] and other 

polysaccharides.Cellulose does not react directly with NaOH.When lignocellulosic materials 

with the contamination of hemicelluloses, xylinie, lignin and other polysaccharides; is treated 

with sodiumhydroxide, it is expected that it could dissolve loosely bound protein and 

lignin.Since it is extremely corrosive and dangerous at such a high concentration,4% NaOH is 

used in the study. 

 

4.2 Physical appearance of the prepared MCC 

Fig.4.2 shows prepared MCC at different conditions. Based on the physical appearance whether 

it was fibrous or powder from comparing with commercial MCChydrolysis conditionswere 

selected for the preparation of MCC.The characteristic properties of the samples were further 

justified by different techniques to get optimum condition. From the physical appearance, it 

wasassuming that B3, S3, T2 &W2 sample were almost similar physical appearance as white 

powder as commercial MCC (M) with similar fineness. S3, S4 were approximately similar 

appearance andT2,T3 were approximately similar appearance. 

 
Fig. 4.2(a). Physical appearance ofMCC of the samples type-B series comparing with 

commercial MCC(M) 
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Fig. 4.2(b). Physical appearance of MCC of the samplestype-S & type-T series comparing with 
commercial MCC(M) 
 
 

 
 

Fig. 4.2(c). Physical appearance of MCC of the samples type-W seriescomparing with 
commercial MCC (M) 
 

From the physical appearance,it can be concluded that the formation of MCC depends upon the             

source and hydrolysis condition. For example, in this study T-type cloth(textile cotton cloth) 

needs 7.5N HCl(S3) acid to form white powder MCC,while after treating with 4% NaOH it needs 

5N HCl(T2). It forms brownish powdered cellulose at the 10N HCl(T4). Thus,the formation of 

MCC depends upon hydrolysis condition. Again T-type cloth(textile cloth) needs 7.5N HCl to 

form almost similar physical appearance to the commercial MCC, while at the same condition 

wood pulp produce brownish powdered MCC. At 10N HCl wood pulp produce almost black 

powder, which indicate carbonization occurred here.On the other hand,voile cloth needs 7.5N 

S4 M 

S3 S T T1 

T3 M 
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HCl to produce almost same appearance of commercial MCC. At 10N HCl hydrolysis it also 

forms white powder MCC. i.e. the formation of MCC depends upon the source of the cellulose. 

 
4.3Characterization of prepared MCC through HClhydrolysis by FESEM image 

From the physical appearance, it wasassuming that from type-B, sample B3 form powder MCC 

leaving the fibrous appearance which was similar inappearance as the commercial MCC sample 

M. From type-T,T2 is approximately similar as the commercial MCC sample M. From type-W, 

W2 is approximately similar as the commercial MCC sample M. Sample B3, T2and W2 were 

subjected to FESEM image to justify whether the sample was in micro dimension or not. 

The FESEM image of commercial MCC(M) is below- 

 
Fig. 4.3.FESEM image ofcommercial MCC (sample M) 

 

The comparative FESEM image of B3, W2, T2 with Commercial MCC (M) are below-  

 

 

Fig. 4.3(a). FESEM –image of sample B3 comparison with commercial MCC.  
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Fig. 4.3(b).FESEM –image of sample T2 comparison with commercial MCC. 

 

 

Fig: 4.3(c). FESEM –image of sample W2 comparison with commercial MCC. 

Microcrystalline material is crystallizedsubstance that contains small crystal visible only through 

microscopic examination. From the above FESEM images we saw the average diameter was 

about 10 μm and length was about 50 μm, while the diameter of commercial MCC was 10 μm 

and length was about 20 μm,So, from the FESEM images it can be concluded that all the 

prepared MCCs have in micro-scale dimension with some morphological differences as like as 

commercial grade MCC. From the above discussion, it can be claimed that the experimental 

lignocellulosic materials are successfully converted into microcrystalline cellulose. 
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4.4 Characterization of prepared MCC by FTIR Spectral analysis 

FTIR Spectroscopic studies were carried out in order to get some qualitative information on the 

prepared samples. The molecular structure of different samples wascharacterized by FTIR 

spectroscopy in the region of 4000-400 cm-1
.  

Figure: 4.4.1. Illustrates the FTIR spectra of commercial MCC. The absorbance at 3343, 2908, 

1641, 1364, 1146 and 1053 cm-1are associated with native cellulose. A strong band at 3343 cm-1 

is attributed to the stretching of hydroxyl groups. The absorption at 2908 cm-1 originates from the 

C-H stretching. Band 1641cm-1arises from the H-O-H bending of the absorbed water. The peak 

at 1364 cm-1 corresponds to the O-H bending and that at 1146 cm-1 is attributed to the C-O 

antisymmetric bridge stretching. A strong band at 1053 cm-1 is due to the C-O-C pyranose ring 

skeletal vibration. Small absorbances at 1323 cm-1 and 1427 cm-1 corresponding to the C-O 

stretching of the syringyl ring and aromatic skeletal vibrations [8], which indicate the present of 

lignin at amorphous region in low concentration. In addition, the absence of a peak at 1210 cm-1 

indicates the absence of polysaccharides [9]. The observed absorbance peaks indicate the typical 

structure of cellulose. 

 

 
 

Fig: 4.4. FTIR spectra of commercial MCC 
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FTIR analysis for B-Series 

The FTIR spectrum of MCC obtained from cotton cloth in different concentration are shown in 

the Fig.4.4(a) The FTIR spectrum of prepared sample showed very similar characteristic 

absorption peak with that of commercial MCC.Therefore, the prepared MCC sample from voile 

cotton cloth has same chemical characteristics as like as that of commercial MCC. 

 

Fig: 4.4(a).Comparison spectra of commercial MCC(M) VS B-Series 

 
FTIR analysis for T-Series 

The FTIR spectrum of MCC obtained from Textile cottoncloth in different concentration are 

shown in the Fig.4.4 (b).The FTIR spectrum of prepared sample showed very similar absorption 

peak with that of commercial MCC.Therefore, the prepared MCC sample from textile cotton 

cloth has same chemical characteristics as like as that of commercial MCC.The slight change of -

OH band at wave number 3354cm-1(T2) to low wave number 3344cm-1(T3) may indicate the 

change of crystallinity index. 
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Fig. 4.4(b).Comparison FTIR graph of T-Series with commercial MCC. 

 
FTIR analysis for W-Series 

The FTIR spectrum of MCC obtained from wood pulp in different concentration are shown in 

the Fig.4.4(c).This result indicates all the prepared MCC from wood pulp have very similar 

chemical nature as that of commercial MCC. 
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Fig: 4.4(c).Comparison FTIR graph of W-Series with commercial MCC. 

 

4.5 X-ray diffraction (XRD) Analysis 

From the crystallographic planes, all the prepared and commercial MCC indicate the typical 

structure of cellulose.The crystallographic planes were labeled according to the native cellulose 

structure, as described by Wada et al. [10]. After deconvolution, all diffractograms show the 

14.5°–15.3° 2θ reflection assigned to the (1–10) crystallographic plane, the 15.7°–16.30° 2θ 

reflection assigned to the (110) crystallographic plane, the 18.30°–18.40° 2θ reflection assigned 

to the amorphous phase and the 21.90°–22.20° 2θ reflection assigned to the (200) 

crystallographic plane of cellulose I [10,11]. The XRD profiles of commercial MCC and 

prepared MCC from textile cotton cloth are presented in Fig.4.5 (a).  All the samples exhibited a 

peak around 2θ =15.1°, 16.5o and 22.5o and 34.6o which are supposed to represent the typical 

cellulose structure. The cellulose crystals exhibit characteristic assignments of1–10, 110, 200, 

and 004 planes, respectively [12-13] (Fig.4.5). 

The X-ray diffractometer was used to investigate the crystalline structure of the samples. From 

the observation, it was clear that the X-ray diffraction patterns of prepared samples and 

commercial MCC are similar. The prepared MCC from cotton cloth have similar characteristic 

peaks at the same position. The only difference that is discernible is slight change in their peak 
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intensities, representing some changes in the crystallinity due to the change of the concentration 

of acid during chemical treatment and hydrolysis of cellulose.  

 

 
Fig. 4.5. Crystallographic plane of commercial MCC. 

 

 
2θ/degre 

Fig. 4.5(a). XRD- graph of T-Series comperison with commercial MCC. 

(004) 
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The crystallinity index of the samples was calculated according to amorphous subtraction 

method. The crystallinity of cellulose is defined as [14], 

 

Crystallinity =
Icry−Iam

Icry
x100 (%) ----------------------- (4.1) 

It was the empirical method proposed by Segal et al. in 1959 [11,15]. 

Here, Icry is the intensity of the 200 planes reflection, typically located around 2θ = 22.50; Iam is 

the intensity at 2θ = 180, corresponding to the minimum in a diffractogram [15]. 

 

Fig:4.5(b). shows the height of crystalline and amorphous region to calculation of crystallinity of 

commercial MCC. 

 
Fig. 4.5(b).Height of crystalline and amorphous region to calculation of crystallinity 

ofcommercial MCC 

 

Iam=0.2 
Icry=2.5 
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Putting the value of Icry&Iam in Eq. (4.1) we get the crystallinity of commercial microcrystalline 

cellulose as, 

Crystallinity =
2.5−0.2

2.5
x100 = 92% 

Similarly using Eq. (4.1), the  Crystallinity of the samples; T,T1,T2,T3,T4 from textile cotton 

cloth(treating with NaOH) are 87%,89%,93%,95%,92%. This result follow the experiments 

perform by Nada et al.(2009) who showed that hydrolyzed cellulose had much higher 

crystallinity than unhydrolyzed cellulose,and the crystallinity increases with the increase of the 

acid concentration. [16] 

The crystalinity of the sample S3 (bleached textile cotton cloth without treating with NaOH) is 

94%. That means there is some effect of NaOH treatment on textile cloth. i.e. there is very few 

lignin portion in the local voile cloth. 

 

 

Sample 
Crystalinity 

 (%) 
Commercial microcrystalline cellulose (M) 92 

T(Bleached raw textile cotton cloth without hydrolysis) 87 

T1(Bleached raw textile cotton cloth treating with NaOH then hydrolysis 
with 2.5N HCl) 

89 

T2(Bleached raw textile cotton cloth treating with NaOH then hydrolysis 
with 5N HCl) 

93 

T3(Bleached raw textile cotton cloth treating with NaOHthen hydrolysis 
with 7.5N HCl) 

95 

S3(Bleached raw textile cotton cloth without treating with NaOH then 
hydrolysis with 7.5N HCl 

94 

T4(Bleached raw textile cotton cloth treating with NaOH then hydrolysis 
with 10N HCl) 

92 

 

Table 4.Crystallinity of the prepared sample collected from textile cotton cloth series(T-series) 

 

In the experiment,it was seen that the crystallinity increases with the acid concentration, but 

hydrolysis with at 10N Hydrochloric acid the crystallinity decreases. It may be due to the 
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carbonizationoccurring or may the burning of the sample. From the agreement with the physical 

appearance, T4sample wasbrownish color.  

 

4.6 Thermo-degradation behavior of MCC 

Thermal analysis techniques such as thermogravimetry (TG), derivative thermogravimetry 

(DTG) and differential thermal analysis (DTA) were widely used to measure the thermal stability 

and pyrolysis behavior of polymers in different conditions.  TG curves show the changes in 

weight during heating. The results of the thermogravimetric (TG) analysis of commercialMCC 

(M), prepared MCC are shown in Fig. 4.7. All samples showed a slight weight loss at low 

temperatures (< 1500C), corresponding to evaporation of absorbed water.  However, the 

degradation behavior was different in the high temperature range.  All samples showed one 

major pyrolysis process, and associated weight loss in the temperature range from 220 to 3800 C 

was observed but the maximum weight loss occurred at different temperature from one another 

which might be due to the crystallinity changes. The weight loss occurred at 297-3550C of 

commercial MCC was 2.40%, The weight loss occurred at 303-3760C of sample B3was7.92 %, 

The weight loss occurred at 300-3640C of sample T3 was 5.27 %.  At high temperatures, the 

repolymerization pathway of cellulose yields tar (laevoglucose), which further decomposes with 

the formation of char and this mostly occurs in crystalline regions. Generally, cellulose thermal 

degradation involves dehydration, depolymerization and decomposition of glycosyl-units and 

then formation of a charred residue.  
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Fig. 4.6.TGA graph of commercial MCC and prepared MCC. 

The loss in weight was increased with rising acid concentration from 2.5-10N. A high increased 

in loss of weight was obtained by increasing the acid concentrations from 5N-10N HCl acid. B3 

(303-7600c) is more stable than T3(300-3650c). i.e, T3 is more crystalline than B3. The weight 

loss occurred at 297-3550c of commercial MCC.  The crystallinity sequence M>T3>B3. From the 

above observation, it can be say that, the stability ranges of commercial MCC and prepared 

MCC are approximately same. Weight loss occurred at different temperature from one another 

which might be due to the crystallinity changes. Therefore,Thermal degradation occurs at higher 

temperature within broader ranges of temperature showing higher thermal stability due to 

presence of amorphous region.Prepared MCC is stable over a wide range of temperature which is 

approximately similar the TGA of commercial MCC. 

 

4.7 Optimization of the preparation condition of NCC 

Though there are several preparation techniques of NCC. In this study,optimum hydrolysis 

conditions were selected for the preparation of NCC based on the physical appearance of the 
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prepared NCC gel and its film transparency. The preparation of NCC was optimized by the 

variation of acid concentration, hydrolysis time, temperature of hydrolysis and ultrasonic time 

and power. Fig.4.8. shows the physical appearance of prepared NCC collected from different 

condition. 

The conditionswere selected by following several set of experimental technique,  

a) Variation of concentration 

NCC was prepared using different concentration of sulfuric acid with cotton-to-acid weight ratio 

of 1 to 20 at 50 ºC temperature. The prepared bleached cotton cloths were pre-mixed with the 

acid and the mixture was stirred vigorously for 40 minutes. Immediately following hydrolysis, 

the suspension was diluted ten-fold to stop the reaction. The suspension was then transferred into 

centrifuge bottles and was centrifuged at 4000 rpm for 10 minutes to remove excess acid and 

water-soluble fragments and separate the gel type ppt. from the suspension. The gelwas then 

washed with distilled water and then mixture was centrifuged again & then collected the gelof 

the solution by high centrifugation. 

The variation of concentration taken 

were,S1=25%,S2=30%,S3=35%,S4=40%,S5=45%,S6=50%,S7=55%,S8=60%,S9=65% (w/w) 

 
Fig: 4.7(a): Physical appearance of prepared NCC collected from different concentration 

From the physical appearance of the prepared NCC geltransparency on glass slide, concentration 

of sulfuric acid was found S9=65% (w/w) at 50ºC temperature for 40 minutes hydrolysis.  

 

b) Variation of temperature 

NCC was prepared using65% (w/w)aqueous solution of sulfuric acid at different temperature 

with cotton-to-acid weight ratio of 1 to 20 for 40minutes hydrolysis. The variation of 

temperature taken per degree centigrade were T1=200C, T2=250C, T3=300C, T4=350C, T5=400C, 

T6=450C, T7=500C, T8=550C, T9=600C. 
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Fig: 4.7(b): Physical appearance of prepared NCC collected from temperature variation. 

From the physical appearance of the prepared NCC gel on glass slide,the transparent NCC gel 

was formed at 60oC. 

 

c) Variation of hydrolysis time 

NCC was prepared from hydrolysis of bleached cotton cloth with 65% H2SO4 at 600C with 

variation of time at constant acid-cotton ratio 1:20. The following time variation were 

t1=25min,t2=30min,t3=35min, t4=40min. 

 
Fig: 4.7(c): Physical appearance of prepared NCC collected from time variation. 

From the physical appearance of the prepared NCC gel on glass slide,the minimum time at 60oC 

and 65% H2SO4 concentration was 35 min. 

So, from the above sets of experiments the optimum condition was decided as follows, 

Concentration of H2SO4 – 65% (w/w) 

Temperature-   60oC    

Hydrolysis time-  35 min   
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4.8Physical appearance of prepared NCC in different states 

Fig.4.8. shows NCC at different state. The appearance of a stable glossy gel at is an obvious 

indication of the presence of NCC. The NCC powder is obtained by freeze drying exhibits white 

metallic luster color. Vacuum evaporation of aqueous suspensions of NCC at room temperature 

produces solid films with perfect optical transparency.  

 
Fig.4.8.  NCC at different state 

 

4.9 Characterization of NCC prepared through H2SO4 hydrolysis by FESEM 

A complete set of experiments were performed to examine the formation of transparent NCC 

without complete hydrolysis at the time of time, temperature and concentration optimization. 

When the concentration of H2SO4 was 60%, the products were white powder like commercial 

MCC. On the other hand,when acid concentration was 70% the product was blackish product. It 

might happen due to the carbonization of cellulose. These finding gave us an indication to 
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choose 64-65% sulfuric acid concentration for hydrolysis purpose and at this concentration the 

transparent gellike product formed [2].  In the same way acid to cellulose ratio, temperature of 

the hydrolysis and time for hydrolysis were also investigated and the results from those studies 

gave indication to choose the optimum condition for hydrolysis. The optimum condition of 

hydrolysis was carried out at 60oC temperature for 35 minutes with 65% (w/w) H2SO4 at the acid 

to cellulose ratio 20:1.  
After hydrolysis, the diameter and size of fibrils of hydrolyzed cellulose was reduced to great 

extent due to removal of most the amorphous region of cellulosicmaterials leaving nano-scale 

cross-linked fiber like crystals. Fig. 4.9(a) shows the FESEM micrographs of a very dilute 

suspension of NCC, showing agglomerated ‘cross-linked fiber’ nanocrystals. The diameter of 

nanocrystals has wide range of distribution but the size of most of the ‘cross-linked fiber’ 

nanocrystals are within the range 100-300 nm in length and 10-20 nm in diameter.The compact 

agglomeration of CNCs shows that cellulose chains have an intermolecular hydrogen bonding 

and a strong hydrophilic interaction in between the cellulosic chains. From Fig. 4.9(b), the 

FESEM image of prepared MCC from voil cloth hydrolysis with 7.5N HCl, it can say that MCC 

particles were irregular shapes and their average diameter was about 10 μm and length was about 

50 μm. The irregularity may be due to the presence more amorphous region in MCC compare to 

NCC. From the above discussion, it can be claimed that the local lignocellulosic material cotton 

(voile) is successfully converted into nanocrystalline cellulose. 

 
Fig 4.9. (a) FESEM image of NCC and (b) FESEM image of MCC 
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4.10 Characterization of prepared NCC by FTIR 

FTIR Spectroscopic studies were carried out in order to get some qualitative information on the 

prepared samples.The molecular structure of different samples ischaracterized by FTIR 

spectroscopy in the region of 4000-400 cm-1
. Figure: 4.11illustrate the FTIR spectra of prepared 

NCC. The absorbance at 3343, 2911, 1647, 1320, 1166 and 1068 cm-1 in spectrum is associated 

with native cellulose. A strong band at 3,343 cm-1 is attributed to the stretching of hydroxyl 

groups.The absorption at 2,911cm-1 originates from the C-H stretching. The band at 1,647cm-1 

arises from the H-O-H bending of the absorbed water. The peak at 1,320 cm-1 corresponds to the 

O-H bending and that at 1,166 cm-1 is attributed to the C-O antisymmetric bridge stretching. A 

strong band at 1,068 cm-1 is due to the C-O-C pyranose ring skeletal vibration. The small 

absorbance at 1320 cm-1 and 1427 cm-1 corresponding to the C-O stretching of the syringyl ring 

and aromatic skeletal vibrations[10], which indicate the very little present of lignin at amorphous 

region. In addition, the absence of a peak at 1210 cm-1 indicates the absence of polysaccharides 

[11]. 

 

Fig. 4.10. FTIRspectrum of prepared NCC from local voile cloth. 
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4.11 Characterization of prepared NCC by X-ray diffraction (XRD) Analysis 

An empirical method for determining the crystallinity of native cellulose was studied with an x-

ray diffractometer using the focusing and transmission techniques. The influence of fluctuations 

in the primary radiation and in the counting and recording processes has been determined. The 

intensity of the 200 interference and the amorphous scatter at 2θ =180, 22.50 was measured. The 

percent crystalline material in the total cellulose was expressed by an x-ray "crystallinity index." 

This was done for cotton cellulose decrystallized with aqueous solutions containing from 70% to 

nominally 100% ethylamine. The x-ray "crystallinity index" was correlated with acid hydrolysis 

crystallinity, moisture regain, density, leveling-off degree of polymerization values, and infrared 

absorbance values for each sample. The results indicate that the crystallinity index is a time-

saving empirical measure of relative crystallinity.  

The crystallinity index of the sample NCC was calculated according to amorphous subtraction 

method. The crystallinity of cellulose is defined as [14] 

 

Crystallinity =
Icry−Iam

Icry
X100 (%) ----------------------- (4.1) 

It was the empirical method proposed by Segal et al. in 1959 [10,15]. 

Here, Icry is the intensity of the 200 planes reflection, typically located around 2θ = 22.50; Iam is 

the intensity at 2θ = 180, corresponding to the minimum in a diffractogram [15]. 

 

Fig:4.11. shows the height of crystalline and amorphous region tocalculation of crystallinity of 

prepared NCC. Putting the value of Icry&Iam in Eq. (4.1) we get the crystalinity of prepared NCC, 

Crystallinity =
2.8−0.2

2.8
X100 = 92.85% 

The crystallinity is not absolute value, because the background scale of XRD-graph is not same 

at different analysis. 
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Fig. 4.11.Height of crystalline and amorphous region to calculation of crystallinity of prepared 

NCC 

 

4.12Characterization of prepared NCC by thermal stability compared with commercial 

MCC and prepared MCC 

In Fig 4.12, the first weight loss occurred at 220-2620C of NCC.In case of MCC, thermal 

degradation occurs at higher temperature within broader ranges of temperature showing higher 

thermal stability due to their amorphous region.On the other hand,in case of NCC, thermal 

degradation occurs at lower temperature within broader ranges of temperature showing lower 

thermal stability due to their nano-sizes and greater number of free ends in the chain of NCC, 

and may show drastic reduction in the molecular weight and degradation of highly sulfated 

amorphous regions. The weight residues for both samples are same.Here, remnant sulfate groups 

are responsible for the reduced thermal-stability of the nanocrystals [17] because the elimination 

of H2SO4 in sulfated anhydro-glucose units require less energy [18], therefore, sulfuric acid 

molecules were released at much lower temperatures during the degradation process. 
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Fig.4.12. Comparison of thermogravimetry (TG) curves of commercial MCC and prepared MCC 

& NCC. 
 

4.13 Transparency studies of NCC&MCC 

Aqueous slurry of microcrystalline cellulose on class slide form a nontransparent white thin layer 

but nanocellulose forms a transparent thin film (Fig. 4.13).  Both sides were kept on a small 

piece of paper which was written NCC and MCC and figure bellow clearly shows NCC is 

transparent whereas MCC is not.  

 
Fig. 4.13. Thin layer of NCC and MCC on glass slide 
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5. Conclusion 

The white powder form microcrystalline cellulose and transparent Nanocrystalline cellulose gel 

weresuccessfully prepared by hydrochloric acid hydrolysis and sulfuric acid hydrolysis, 

respectively, from local lignocellulosic materials. 

 

The optimum condition for the preparation of MCC using hydrochloric acid treatment (acid to 

cellulose ratio: 50:1, Time -1hour) at 85oC was found as follows 

Voile cloth         7.5 N 

Textile cloths 

Pretreatment with NaOCl and 4% NaOH     5N 

Pretreatment with NaOCl and without pretreatment with NaOH  7.5N 

Wood pulp 

Pretreatment with NaOCl and 4% NaOH     5N 

 

The optimum condition for the preparation of NCC gel using sulfuric acid (acid to cellulose 

ratio: 20:1) and ultrasonic treatment from Voile cloth was found as follows 

Concentration of acid        65% (w/w) 

Temperature         60oC 

Hydrolysis time        35 minutes  

 

 FESEM image of MCC showed that the average diameter of microcrystals was about 10 μm and 

length was about 50 μm, whileFESEM micrographs of NCC and showed that the diameter of 

nanocrystals has wide range of distribution but the size of most of the ‘cross-lined fiber’ 

nanocrystals lies within the range of 10-20 nm in diameter and of 100-300 nm in length. 

 

From analysis from XRD, it was found that all the prepared sample of MCC and NCC are 

crystalline in nature. The thermogravimetric analysis showed the higher thermal stability of 

MCC as compared with NCC.  

 

 

 


