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ABSTRACT
Isolation of microcrystalline cellulose (MCC) and nano cellulose (NC) from peanut shell (PSP), which is
an important agro waste has been carried out. Isolation of MCC was carried out due to its potential significance in
pharmaceutical industry, using alkaline treatment followed by bleaching; and acid hydrolysis was used to isolate
NC from MCC. Changes in functional groups and crystallinity of the cellulose samples during various stages of
isolation were determined by FTIR and X-ray diffraction analysis respectively. FTIR spectra indicated extensive
removal of hemicellulose and lignin. XRD pattern showed that the isolated MCC is crystalline in nature. The size
distribution of freeze dried NC was measured by DLS. The average diameter of the NC sample has also been
determined.
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1. INTRODUCTION

India, being an agricultural country generates mind boggling amount of agricultural waste, which is over
320 million tons per year (Kim, 2004). Main sources of agro waste are paddy straw, sugar cane biogases, peanut
shells, coffee husk, rice husk and maize husk. However, in our country the management of agricultural waste is
very low resulting in environmental issues. By utilizing the potential benefits of these crop residues useful
products can be made.

Peanuts, also known as groundnuts are an important food crop in our country with an annual production
of 1.5 million tons. The peanut shell is an important agro waste with a contribution of 0.1 million tons to the total
agro waste. The chemical composition of peanut shell (Raju, 2012) is cellulose (35.7%), lignin (30.2%),
hemicelluloses (18.7%), and ash content (5.9%). The evaluation of luteolin from Korean peanut (Ramalingam,
2013) as well as the use of chemically modified peanut shells have been studied earlier, however, the isolation of
cellulose has not yet reported. Therefore, peanut shell can be considered as a potential candidate for the isolation
of cellulose.

Cellulose, being most abundant biopolymer on earth is known for its strength and stiffness. It is
important natural filler owing to its renewable and biodegradable nature and its annual production is estimated to
be 7.5 x 10'° tons (French, 2004). The hydrogen bonding ability of the three hydroxyl groups present in the
structure of cellulose are responsible for the varied applications of cellulose due to enhanced physical and
mechanical properties (John, 2008). Cellulose (mainly freeze dried NC) finds potential application in
pharmaceutical chemistry (Kamel, 2008) due to its biocompatibility and biodegradability. The development of
cellulose based biomedical scaffolds has gained attention in recent times. The process of extraction of cellulose
utilizes the removal of hemicellulose and lignin which constitutes the matrix for cellulose micro fibrils. The
isolation and characterization of cellulose from different sources like corn stalk (Reddy et al. 2005), rice husk
(Reddy and Yang, 2005), sugar cane bagasse (Sun, 2005), coconut husk (Rosa, 2010), wood (Orts, 2005) etc.
have been previously reported. However, the isolation of cellulose from an easily available, abundant source,
which is regarded as a waste; peanut shell has not been reported so far. Therefore, the main objective of this
investigation is to isolate and characterize cellulose from peanut shell.

2. EXPERIMENTAL

2.1. Materials: Peanut shells obtained from a local mill near Palakkad were used as the raw material. Chemicals
used were NaOH (Merck), NaOCI, HNO3 and Ethanol. All chemical used for the isolation are of reagent grade.
2.2. Isolation of MCC: The peanut shells were washed with running water and sundried for three days to remove
moisture. Dried shells were then ground into powder form using a mill, and were sieved using 90um mesh. 25 g
of the powder was treated with NaOH (750 ml, 0.5M) for 2 hours at 95°C with continuous stirring. The dark
slurry obtained was filtered and washed several times with distilled water and then dried.

The dried powder was refluxed with a mixture containing 20% (v/v) of nitric acid in ethanol. This
treatment was carried out thrice and the colour changed from brown to yellow in successive steps. The mixture
was then filtered and washed with cold distilled water till the solution becomes neutral. The yellow coloured
residue was then bleached with sodium hypochlorite to get off-white cellulose. It was then oven dried over night
at 60°C to constant weight. Finally, the dried cellulose was ground and kept in polyethylene bags. The total yield
of extracted cellulose was 32 wt %. Photographs at different stages of chemical treatments are shown in Figure 1.
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Fig.1. Photographs of (a) pure PSP (b) alkali treated (c) HNO3/ ethanol refluxed (d) MCC

2.3. Preparation of Nano Cellulose from MCC by Acid hydrolysis: About 5g of MCC (isolated from peanut
shell) was mixed with sulphuric acid (64 wt%, 45 ml) kept in an ice bath, the mixture was stirred for 120 min at
45°C using a magnetic stirrer. About 500 ml of water was added to the reaction mixture to quench hydrolysis and
then washed till the solution became neutral. The resultant suspension was kept for freeze-drying. Photograph of
NC suspension is shown in Figure 2.

Fig.2. Photograph of NC suspension

2.4. Characterization: FTIR was carried out by using JASCO FTIR-4100 spectrometer using KBr pellet. IR
spectra were recorded in the range of 4000-400 cm™. Crystalline nature of isolated MCC was measured using
RIGAKU MINIFLEX-600 diffractometer with Cu Ko (A=1.54 A%) with scanning in a 20 range of 10° to 50°, and
a step size of 0.02°. The size distribution and mean diameter particle size of freeze dried NC were estimated by
Dynamic Light Scattering (DLS) using a Zetasizer Nano ZS instrument (Malvern). Measurements were
performed at an angle of 170° using a He-Ne laser operated at 633 nm, on diluted sample.

3. RESULTS AND DISCUSSION
3.1. FTIR analysis: FTIR spectra of untreated PSP, alkali treated, ethanol refluxed and MCC are presented in
Figure 3. Difference in intensities of FTIR bands showed that changes have occured during chemical treatment
(Sun, 2004). All the spectra has broad band in the region of 3400 cm?, 2900 cm™ and 1627 cm. The one at 3400
cm® corresponds to the free O-H stretching vibration of OH group in cellulose. Those at 2900 cm™ and1627 cm
Ywere assigned to C-H stretching vibration (Abdul Khalil et al. 2001) and O-H bending of absorbed water
(Troedec, 2008).

Pure PSP showed strong absorption frequency at 1735 cm™ and 1247 cm™ (Oh, 2005), corresponding to
C=0 stretching vibration of acetyl group from lignin and hemicelluloses; and C-O out of plane stretching
vibration of phenyl group in lignin. These two bands gradually disappeared during chemical treatment. The
absence of these two bands in MCC indicates the complete removal of lignin and hemicelluloses (Viera, 2007).
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Fig.3. FTIR spectraof (a) untreated PSP (b) alkali treated (c) acid refluxed (d) MCC

3.2. XRD analysis:Figure 4 shows the X-ray diffraction pattern of untreated PSP and those at different stages of
chemical treatments. PSP exhibited a broad peak at 20 = 22.6°, which indicates the presence of amorphous
material (Subramanian et al. 2005) and small less prominent peaks at 20 = 16° and 35°. The peak at 20 = 22.6°
becomes more prominent and sharper as it reached MCC after various chemical treatments. This gave an insight
on to the crystalline nature of MCC.

The crystallinity index and crystallite size for untreated PSP, alkali treated, ethanol/HNO3 refluxed and
MCC were calculated using eq. 1 (Bansal et al. 2010) and 2, and the results are represented in Table 1.

Crl (%) = [(loo2) — lam) )/ l002)] X 100 1)

Where Crl is the crystalline index, loo2 is the maximum intensity of the (002) lattice diffraction and the lam
is the intensity diffraction at 16°, 20 degrees.

D(hk|) = Kk/Bocose (2)

Where D () is the crystallite size (nm), K is the Scherrer constant (0.94), and A is the X-ray wavelength
(0.15418 nm for Cu). Po is the full-width half-maximum of the reflection hkl, and 26 is the corresponding Bragg
angle.Results show that crystallinity has increased two folds for MCC than PSP, and this is attributed to the
removal of amorphous constituents along with lignin and hemicelluloses. Furthermore, crystallite size has
decreased for MCC when compared to untreated PSP.
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Figure.4. XRD patterns of (a) MCC (b) acid refluxed (c) alkali treated (d) untreated PSP
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Table.1.Crystalline characteristics of PSP at different stages

Fiber Stage Crystallinity Index (CI) % Crystallite Size (nm)
Untreated PSP 26.5 5.1
Alkali-treated 57.3 3

Ethanol/HNOs refluxed 63.4 3.4
MCC 66.4 1.6

3.3. DLS analysis: The average particle size and particle size distribution of freeze-dried cellulose samples were
measured using DLS. Size distribution graph is shown in Figure 5. Table 2 shows DLS data of freeze-dried
sample obtained by acid hydrolysis. The average particle size obtained is 343 nm showing the nano nature of the
cellulose sample derived as a result of acid hydrolysis from the MCC. Almost 99.9 % of the sample showing

particle range in between 100 — 1000 nm, showing the presence of only one class of compound.
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Fig.5. Size distribution of freeze dried cellulose samples by number

Table 2.DLS data of freeze-dried sample obtained by

acid hydrolysis

Peak No. Size (d.nm) Number (%)
1 343.3 99.9
2 4578 0.1

4. CONCLUSIONS

MCC, an important constituent in pharmaceutical industry was isolated from PSP which is an agro waste
by alkaline treatment followed by bleaching. NC was prepared successfully by acid hydrolysis of derived MCC.
FTIR spectra confirmed the removal of hemicelluloses and lignin, which proves the isolation of MCC from PSP.
XRD pattern showed that the crystallinity has increased for MCC, this confirms the removal of some of the
amorphous parts from PSP during various stages of chemical treatment. The isolation of NC was successfully
carried out by acid hydrolysis of MCC. The particle size distribution resulted in one peak with 99.9 % of particles
around 343 nm.
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