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Abstract: Bleached soda sugarcane Bagasse pulp was used for nanocrystalline cellulose production. Isolation and 
purification of cellulose was experimented by a post-bleaching stage under reflux using a mixture of Nitric acid and 
Ethanol for 3 h. Subsequent alkaline and acid hydrolysis were adopted to produce NCC. Alkaline hydrolysis was 
carried out at 40 °C and acid hydrolysis was fulfilled at 40, 60 and 80 °C. Cellulose crystallinity and degree of 
polymerization were measured by X-ray diffraction (XRD) and viscosity of samples, respectively. The results indicated 
that both parameters increased with the temperature increase from 40 to 60 C and then decreased at 80 °C. The highest 
and lowest crystallinity and degree of polymerization were observed at 60 °C and 80 °C, respectively. Ultrasonication 
increased cellulose crystallinity value. 
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Introduction  
Cellulose is one of the most abundant biopolymers on 
earth, occurring in wood, cotton, hemp and other plant-
based materials and serving as the dominant reinforcing 
phase in plant structures. The production of nano-scale 
cellulose fibers and their application in composite 
materials has gained increasing attention due to their high 
strength and stiffness combined with low weight, 
biodegradability and renewability. Application of 
cellulose nanofibers in polymer reinforcement is a 
relatively new research field.  
Sugarcane Bagasse (SCB) is a residue from the refining 
process of sugarcane that contains about 40–50% of 
cellulose in its composition [1]. This characteristic 
suggests the possibility of using the SCB as a source of 
cellulose fibers for the extraction of whiskers structures 
[2].  
The most dominant method for production of 
Nanocrystalline cellulose (NCC) is acid hydrolysis under 
controlled period of time and temperature which removes 
the amorphous cellulose to form highly crystalline 
cellulose with typical diameter of around 2–20 nm and 
wide length distribution from 100 to 600 nm [3]. 
Previous studies show that NCC can be produced from 
acid hydrolysis of various natural cellulose fibers such as 
cotton [4], agro-industrial residues such as banana 
residues [5], wheat straw [6], sisal fibers [7] and oil palm 
empty-fruit-bunch [8]. 
Sonication (ultrasonication) is the application of sound 
energy to physical and chemical systems. In liquids, 
sonication produces bubbles that grows and implodes hot 
spots that cause acoustic cavitations, formation, growth 

and implosive collapse of bubbles to produce hot spots 
[9]. Many investigators apply sonication after acid 
hydrolysis of cellulose to disperse cellulose nanocrystals 
produced [10, 11, and 12]. However, extensive review of 
the literature shows no or very little application of sono-
chemical-assisted hydrolysis of cellulosic materials to the 
production of nanocrystals. In the present work, we 
investigated the sono-chemical-assisted hydrolysis of 
sugarcane Bagasse pulp to product NCC for the first time 
worldwide.  
 
Experimental 
  
Materials 
Bleached Sugarcane Bagasse pulp Pars Khozestan 
Company. Nitric acid (65% w/v) and absolute Ethanol 
were used to extract and purify cellulose. The cellulose 
was hydrolyzed with sodium hydroxide and sulfuric acid. 
The chemicals were purchased from Merck Company. 
 
Purification of cellulose from sugarcane bagasse pulp 
 
The sugarcane Bagasse pulp (used as received) was 
submitted to an extraction and purification process. This 
process was adapted by Filho et al. [13].  About 10.0 g of 
oven-dried bleached Bagasse pulp was soaked in 190mL 
of distilled water for 24 h. Next, the suspension was 
filtered and 190ml sodium hydroxide (0.25 M) was 
added. The new suspension was filtered after 18 h and 
subsequently boiled under reflux with a mixture of Nitric 
acid and Ethanol (20% v/v) for 3 h with change of 
solution with fresh one in each hour. The newly generated 
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suspension was filtered, then washed with distilled water 
and centrifuged (2,383g or 3,500 rpm) for 30 min at room 
temperature until the pH of the suspension reached a 
constant value. 
 
Preparation of Cellulose nanocrystals 
 
A patented method (US 7,005,514 B2; 2/28/2006) for 
production and isolation of cellulose nano-crystals from 
the extracted purified Bagasse cellulose was adopted. The 
isolated cellulose was subjected to alkaline Hydrolysis 
(50% NaoH) at 40 °C for 1 h. After complete washing, 
acid hydrolysis was experimented according to conditions 
summarized in table 1. The resulting suspension was 
sonicated using a Misonix 600W ultrasonicator (Misonix 
Inc., Farmingdale, NY) probe at 15% power output for 5 
min. The appearance of a colloidal solution was a clear 
indication of the presence of cellulose nanocrystals. 
 

Table 1. Alkaline and acid hydrolysis conditions 
Acid hydrolysis Alkaline 

hydrolysis 
 

50 50 
Chemical 

concentration 
(%) 

60 60 Treatment Time 
(min) 

1010Consistency 
40, 60, 80 40 Temperature 

(°C) 
 
Degree of polymerization 
The DP of cellulose fiber and nanofibers was measured 
by the viscosity method as described in SCAN-CM 15:88 
standard using the related equations.  
 
X-ray diffraction (XRD) 
The X-ray diffraction patterns were obtained in an X-ray 
diffractometer (Philips PW40), using CuKα radiation (λ = 
1.5406 Ǻ) at 40 kV and 20 mA. Scattered radiation was 
detected in the range of 2θ = 5–40°, at a scan rate of 
2°/min. The extent of crystallinity (Crl) was estimated on 
the basis of areas under crystalline and amorphous peaks 
with the equation suggested by Binod et al. [14]. 
 

CrI = [(I002 – I18°)/I002] × 100 
 

Where I002 is the maximum intensity of the crystalline 
plane (002) reflection (2θ = 22.5°) and I18° is the intensity 
of the scattering for the amorphous component at about 
18° in cellulose. 

 
Results and Discussion 
The effect of different temperatures on DP of pulp 
samples is shown in figure 1. On contrary, temperature 
increase from 40 to 60 °C has affected a rising trend in 

DP; however, the elevated temperature of 80 °C has 
resulted to more penetration of acid agent and 
intensification of acid hydrolysis which is followed by 
cellulose chains cleavage in crystalline an amorphous 
regions and breakage of hydrogen bonding among 
glucose molecules which leads to DP decrease. 

  
Figure 1. Acid hydrolysis temperature effect on Cellulose 

DP 
 

The X-ray diffraction patterns of acid hydrolysis and their 
respective nanofibers are shown in Figure 2 and the 
crystallinity values and different acid hydrolysis 
temperature is shown in Figure 3. In acid hydrolysis 
process, temperature is a very important factor on acid 
activity. In low temperature of 40 °C, acid affects the 
cellulosic chains mildly. Acid removes the amorphous 
regions in cellulose chains increasing the crystallinity 
values. This trend continues to 60 °C and acid causes the  

  
  

Figure 2. X-ray diffraction patterns after acid hydrolysis 
in different temperatures; a) 40 °C, b) 60 °C, and c) 80 °C 
 

  
Figure 3. Different acid hydrolysis temperatures and 

cellulose crystallinity 
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References swelling of crystalline regions without destructing them. 
Removal of remaining impurities such as hemicelluloses 
and lignin which are regarded as amorphous regions 
promotes crystallinity, too. After 60 C, temperature 
increase intensifies the process conditions causing acid 
hydrolysis agent destruct the crystalline regions other 
than the amorphous ones which results in crystallinity 
values reduction. During acid hydrolysis reaction not only 
the cleavage of cellulosic chains happens but also 
swelling of crystalline cellulose regions due to acid 
penetration is observed. Ultrasonication applies shear 
forces on cellulosic chains causing the partial separation 
of the swelled regions due to acid and temperature 
treatments. This will help the crystalline value and yield 
increase as shown in figure 4.  
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Conclusions 

Bleached soda sugarcane Bagasse pulp was used for 
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purification stage, the cellulose was treated by alkaline 
and acid hydrolysis. Different temperatures of 40, 60 and 
80 °C were considered as process variable in acid 
hydrolysis stage. On contrary, temperature increase from 
40 to 60 °C increased DP followed by a falling trend in 
elevated temperatures. Cellulose crystallinity increased 
due to temperature increase till 60 °C and decreased 
subsequently. Temperature as an effective and facilitator 
agent in acid hydrolysis caused crystallinity increase until 
60 °C due to removal of impurities and cellulosic chain 
amorphous regions. After 60 °C with intensifying acid 
hydrolysis condition and destruction of crystalline 
regions, DP and crystalline value of nanofibers decreased. 
Ultrasonication caused partial separation of the swelled 
regions in cellulosic chains and increased crystallinity. 
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