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ABSTRACT

A two step methodology is reported to extract the micro size cellulose from rice husk by
chemical treatment. The chemically extracted cellulose is micronised into micro dimensions
under ambient conditions through the controlled degradation of amorphous segment present in
cellulose chain by acid hydrolysis. The obtained cellulose was characterized by infra red
spectroscopy, X- ray diffraction and scanning electron microscopy. These techniques reveal the
crystalline nature of micro size cellulose having particle size in the range from 180- 250 nm.
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INTRODUCTION

The rice husk (RH) is the residual biomass of paddy crop (1-2). It contains 35% cellulose, 25%
hemicellulose, 20% lignin and 17% ash (3-5). The RH composites with biodegradable polymer
like poly lactic acid, poly butylene succinate find applications in automobile, building
construction profile, textile, pharmaceutical industries (6-8). The reactive surface of -OH side
group of micro structured cellulose facilitates the grafting with other molecules (9). Such surface
functionalization of cellulose makes it suitable for fabrication of energy efficient devices,
biomedical implants, semiconductor devices, sensor, packaging films, etc (10-11). The cellulose
extracted from RH is suitable for drug delivery (12) and water decontamination (13). The present
paper reports a two step procedure to extract micro sized cellulose crystals from the RH. The
morphology and structure of cellulose extracted from RH have been investigated.
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METHODOLOGY

The chemicals like sodium hydroxide, potassium hydroxide, sodium carbonate and potassium
carbonate of E- Merk brand (AR grade) were used along with the RH from local market.

Isolation of Chemically Purified Cellulose

The chemically purified cellulose was isolated from the RH using earlier our reported methods
(13). In brief, the finely grounded RH was cleaned in distilled water, stirred to remove impurities
and dried at 100°C. It was then treated with 5% NaOH (aq) and stirred on a magnetic stirrer for
45 minutes. It was then left to dry overnight. The slurry was filtered. Its liquid part consisted of
lignin and silica while residue contained cellulose. The residue was dried in air-circulated oven
at 105°C for 6 h and then stored in air tight polybags.

Extraction of cellulose crystals

The above residue was converted into cellulose crystals by acid-hydrolysis (14-15). The acid
hydrolysis was done with 64% (w/w) H,SO,4 solution, 1:10 g/ml (cellulose: dilute H,SO,) at
ambient temperature for 60 min under constant mechanical stirring on a magnetic stirrer. The
hydrolysis reaction was quenched by adding chilled distilled water (ten times) followed by
successive centrifugation at 2000 rpm for 15 min to remove acidic solution. The sediments were
collected, re-suspended and dialyzed against distilled water until pH 6-7 was reached. After this,
the sample was again centrifuged and then sonicated for 10 min in an ice bath.

Chemical and Morphological Testing
The samples were investigated using Perkin Elmer (RK-1310) Fourier transform infra red (FTIR)
spectrometer. The samples were dried in oven at 105°C for 4-5 h, then mixed with KBr in a ratio
of 1:200 (w/w) and pressed at 10 ton to form pellets. The spectrum was recorded in the
absorbance mode in the wavelength range of 4000 - 400 cm™.
The structure of samples was evaluated by using a Rigaku (RH- 200BH) model X- ray
diffractometer. The parameters were -scanning rate of 2° per min with Cu- Ko radiation source
(A = 1.54060 A) operating voltage of 40 kV and current 30 mA. The X-ray diffraction (XRD)
patterns were obtained over the angular range 20 = 5- 60°. The crystal size of cellulose structure
in respect of (200) plane was calculated using the well known Scherrer equation:

t=k* M (B * cos 0) (1)
where; k is the correction factor, A is the wavelength, 0 is the diffraction angle and B is the
corrected angular width (in radians) at half maximum intensity. The correction factor k is usually
taken to be 0.91. The crystalline size was found to be in the range of 185 nm.
The surface morphology of cellulosic fibers and extracted cellulose was examined using
scanning electron microscope (SEM) of Hitachi make (model 3700) at an accelerating voltage
ranging in between 15-20 Kv. The surface morphology images of RH, alkali treated RH and
extracted cellulose were taken at different magnifications.
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RESULTS AND DISCUSSION

Concentration and Extraction

The isolation of the cellulose from the RH is shown schematically (Figure-1). The bleaching
treatment of extracted cellulose with sodium chlorite (NaClO,) removed lignin and tannins in
scalable manner. These components were essentially responsible for the brown color of the RH.
During the bleaching treatment, chlorine and chlorites rapidly oxidize lignin, to generate
hydroxyl, carbonyl and carboxylic groups. These groups facilitate lignin solubilization in

alkaline medium and also support cellulose purification (16).

The chemical treatment of cellulose using sodium chlorite solution at acidic pH ~5.0 for 45 min
removed most of the lignin and solubilized hemicellulose (17). While, acid hydrolysis breaks the

amorphous segment of cellulose and also miniaturizes the cellulose dimensions.
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Figure-1 Schematic representation for extraction micro size Sheet

Infrared Spectra:

FTIR spectral analysis of RH, alkali treated RH and extracted cellulose helps to understand the
changes in molecular structure of RH during the both extraction steps. The FTIR spectra of the
RH, alkali treated RH and extracted cellulose is shown in Fig-1l. The broad absorption peak in
the range 3600-3300 cm™ reveals the presence of hydroxyl (OH) groups and the hydrophilic
nature of samples. The peak at 2916 cm™ is due to the C-H stretching vibration of cellulose. A
shoulder type of peak at around 1700 cm™ in the spectrum of the RH indicates the presence of
acetyl or ester linkage of lignin component (18). This peak disappears in the spectra of extracted
cellulose due to the removal of non cellulosic components. The peak at 1636 cm™ due to C=0 in
the spectrum of the RH gets shifted to 1651 cm™ in cellulose. It again shows the removal of
hemicellulose (19). The effect of bleaching on RH can also be understood by IR analysis. The
band near 1049 cm™ in RH loses its intensity in cellulose sample. This band is due to the
presence of xylans associated with hemicellulose in RH. The evolution of small but sharp peak at
973 cm™ in the spectra of cellulose reveals its structure due to the glycosidic type C-H
deformation. This peak also supports the b-glycosidic linkage between the anhydroglucose units
in cellulose and also indicate the change in structure of cellulose (20).
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Figure-11 FTIR of RH, alkali treated RH and extracted Cellulose

XRD
The XRD of the extracted cellulose and RH (Figure-11) shows that former is more crystalline in
nature. The increased crystallinity of extracted cellulose is due to the removal of hemicellulose
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and lignin from RH (18). The large number of peaks in RH is due to its multi-component nature.
However, the XRD of extracted cellulose compares with the reported diffraction (21). The broad
peaks at 20 = 16 ° and 20 = 22° indicate typical cellulose I structure. The peak intensity at 22°

has been used to compare the degree of crystallinity employing Segal formula. The result
reveals the 183% higher crystallinity of the extracted cellulose (21).
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Morphological Study

The optical photographs of RH, alkali treated RH and extracted cellulose are shown in Fig- 1V.

The white colour of extracted cellulose (Fig IVA) is attributed to the elimination non cellulosic
components.
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Figure-1V Optical photographs (A) RH  (B) Alkali treated RH (C) Cellulose

The SEM photographs show smooth surface of RH epidermis (Fig. 5A) having an identical
morphology as reported earlier (21).The removal of non cellulosic parts makes its surface rough
(Fig-VB) and also decreases the particle size. Further, the acid hydrolysis degrades the less stable
amorphous segment of obtained cellulose and in the process leads to the formation of cellulosic
microsheets, (Fig-5C).

Figure-V SEM of (a) RH  (b) Alkali treated RH (c) extracted Cellulose
CONCLUSION

The cellulosic microsheet having the thickness ranging from 180 to 250 nm, was successfully
isolated from the agro waste RH. The crystallinity of the obtained cellulose increased effectively
by 183%. The FTIR spectra confirmed the removal of non cellulosic components
(hemicellulose, lignin, wax etc.) from the extracted cellulose.
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