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 Plant fibres are rich in cellulose and they are most economical, as well as easily 

renewable resources. With the increase in trend of natural fibres reinforced green 

composites, these fibres which are coarse and not suitable for apparel purpose, present 
promising potential for polymer reinforcement. There have been a lot of efforts in 

investigating newer plant fibres for polymer composites. Among them Sansevieria 

roxburghiana (SR) fibre which is least researched, was subjected to alkalization by 
using aqueous sodium hydroxide solution with varied concentrations (2 – 20%) at room 

temperature for 1h. Chemical composition and physical properties such as tensile 

strength and moisture regain were evaluated after alkali treatment. The thermal 
characteristics, crystallinity index, and surface morphology of untreated and chemically 

modified fibres have been studied using, Thermo gravimetric analysis (TGA), X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and scanning 
electron microscopy (SEM), respectively. The results show that the hemicellulose 

content of the alkali treated fibres decreased as the alkali concentration increased. The 

surface of the fibres became rough on alkali treatment as shown by SEM. The 
improvement in tensile properties of the fibres was observed on alkali treatment, fibres 

attained maximum tensile strength when treated with 15% aqueous sodium hydroxide 

solution and it decreased thereafter. The X- ray crystallinity index of the fibres also 
increased till 15% NaOH solution. The TGA results indicate that thermal stability of the 

alkali treated fibres was found to be higher than that of untreated fibres. Further, the 

char content was maximum for fibres treated with 15% alkali. The chemical 
composition indicated that the percentage of α-cellulose increased and hemicellulose 

content decreased when the fibres were treated with increasing concentration of 

aqueous sodium hydroxide solution, as NaOH dissolves hemicellulose and removes the 
surface impurities from the fibre surface. Most of the properties showed optimum 

increase till 15% NaOH and thereafter the properties started declining, thus indicating 

the beginning of degradation of the fibres at higher concentrations (i.e. 20%). In general 
the fibres treated with 2% - 15% concentration of alkali showed all round improvement 

in the properties as compared to those of untreated raw fibres. It was thus established 

that 15% NaOH treated SR fibres could be most appropriate candidate to be used as 
reinforcement material for preparing polymer composites.  
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INTRODUCTION 

 

The interest in using natural plant fibres as reinforcement materials in composites has increased drastically 

during last few years due to wide demand for green composites. There are many plants that produce usable 

fibres and are the major source of economy in many developing countries. The major components of natural 

fibres are cellulose (α-cellulose), hemicellulose, lignin, pectins, and waxes. A number of natural fibres have 

been investigated and used in reinforced composites including flax, hemp, jute, straw, wood fibre, rice husks, 

wheat, barley, oats, rye, cane (sugar and bamboo), grass reeds, kenaf, ramie, oil palm empty fruit bunch, sisal, 

coir, water hyacinth, pennywort, kapok, paper-mulberry, raffia, banana fibre, pineapple leaf fibre, papyrus and 

many more. (Taj et al., 2007). Agricultural waste is another source of cellulose-based fibre. These include straw 

residues, coffee husks, bagasse, and many more. The main advantages have been their low cost, light weight, 

high specific modulus, renewability and biodegradability, CO2 neutral life cycle. (Mwaikambo and Ansell, 

2002; Mohanty et al., 2003; Das and Chakraborty, 2007; Baley, 2002; Van et al., 2001). The major issue that 

stands in the way of widespread commercial use of natural fibres as reinforcement material is that, these fibres 

are cellulosic and therefore hydrophilic in nature, making them very moisture sensitive and prone to 

dimensional instability and microbial attack. The hydrophilicity of these fibres also causes poor interfacial 

bonding with the largely hydrophobic polymer matrices. (Kalia et al., 2009; Monterio et al., 2011). Therefore 

hydrophilicity of these plant fibres can be reduced by chemical treatments before composite manufacture 

through substitution of the hydroxyl groups by less polar groups using the process of acetylation, silane 

treatment, formaldehyde treatment, isocynate treatment, acrylation, permanganate treatment etc. The extent of 

such modifications is enhanced when these fibres are pretreated with alkali. It is well known that mercerization 

or alkali treatment is a versatile and most effective treatment which is preferred as a pretreatment for chemical 

modifications. It brings about changes in dimension, fine structure, and morphology of natural fibres (Rowell, 

1986; Gassan and Bledzki, 1999; Hua et al., 1987; Singha and Thakur, 2008; Rout et al., 2001; Ray and Sarkar, 

2001; Mwaikambo and Ansell, 2002). Alkali treatment though does not cause chemical modification, it reduces 

the amorphous content of the fibres by removing hemicellulose and wax substances, and increases their surface 

roughness, and thermal stability causing improvement in mechanical properties of the composites (Alvarez and 

Vazquez, 2006; Arrakhiz et al., 2012).  

Sodium hydroxide (NaOH) is the most commonly used chemical for bleaching and scouring (cleaning) the 

surface of plant fibres. This causes removal of lignin, pectin, waxy substances, and natural oils covering the 

external surface of the fibre cell wall.  Consequently it reveals the fibrils, and gives a rough surface topography 

to the fibre. It also changes the fine structure of the native cellulose I to cellulose II by a process known as 

alkalization (Mwaikambo and Ansell, 2002). Alkalization basically causes swelling of cellulosic fibres and the 

degree of swelling depends on the type of alkali used. It is found that Na+ in NaOH has got a most favourable 

diameter, able to widen the smallest pores in between the cellulose lattice planes and penetrate into them to a 

maximum extent giving highest degree of swelling (Weyenberg et al. 2006). After removal of excess NaOH by 

washing, the new Na–cellulose-I lattice is formed, with relatively large distances between the cellulose 

molecules, and these spaces are filled with water molecules. This is where the OH-groups of the cellulose are 

converted into ONa-groups. However continuous rinsing with water will remove the linked Na-ions and convert 

the cellulose to a new crystalline structure Cellulose-II, which is thermodynamically more stable than Cellulose-

I. Sodium hydroxide causes a complete lattice transformation from Cellulose-I to Cellulose-II. The reaction 

between fibre and NaOH is shown below. 

Fibre-OH + NaOH           Fibre –O- Na+ + H2O + Surface impurities 

Sansevieria roxburghiana (SR) Schult. & Schult. F. (Agavaceae), called Murva in Sanskrit and Hindi, and 

Indian bowstring hemp in English is a herbaceous perennial plant with short fleshy stem and stout rootstock, 

occurring in eastern coastal region of India, Sri Lanka, Indonesia and tropical Africa (Eggli, 2002; Prakash et 

al., 2008). In India, this plant has been traditionally used for several medicinal purposes such as cardiotonic, 

expectorant, febrifuge, purgative, tonic in glandular enlargement and rheumatism (Dhiman, 2006; Pulliah, 2006; 

Khare, 2007).  

In the present work, an attempt has been made to investigate the properties of SR fibres with an aim to and 

to explore its further potential to be used as textile and composite materials. The effect of alkalization on the 

properties of SR fibres is studied and the characterization of the fibres by FTIR, XRD and TGA has been done 

along with analysis of chemical composition. 

 

MATERIALS AND METHODS 

Materials: 

The fibres were extracted from the leaves of the SR plant which was harvested from the rural areas of 

Maharashtra, India. The fibres were used without any pretreatment or purification. The chemical reagents of 

analytical grade such as sodium chlorite, sodium bisulphate, glacial acetic acid, sodium hydroxide, ethanol and 

benzene were procured from SD Fine Chemicals Ltd., India. 



37                                                            Mangesh Teli and Akshay Jadhav et al, 2017 

Australian Journal of Basic and Applied Sciences, 11(1) January 2017, Pages: 35-45 

 

Fibre extraction: 

The fibres were extracted from the matured leaves of the SR plant. The leaves were directly subjected for 

water retting for 20 days. After this the leaves were removed from the water and beaten with a wooden hammer 

which removed the pulp and helped in loosening the fibres. These fibres were washed continuously under 

running tap water to get clean fibres. These fibres after washing were sun dried, combed and hand brushed to get 

uniform fibres and make them suitable for physical, chemical and morphological analysis. 

 

Alkali treatment of fibres: 
The SR fibres were chopped to a length of 10cm and treated with different concentrations (2%, 5%, 10%, 

15%, 20% w/v) of aqueous solutions of  NaOH at room temperature for 1hr using  material to liquor ratio 1:30. 

The fibres were then removed and washed continuously with water, neutralized with dilute acetic acid and 

washed again with fresh water. The fibres were there-after, dried at 65 oC in hot air oven for 24 h.     

 

Determination of chemical composition: 

The chemical analysis of the fibres was carried out as per the standard procedure used by Chattopadhyay 

and Sarkar, (1946). The fibres were chopped and weighed. These preweighed chopped fibres were dewaxed 

with a mixture of benzene/ethanol taken in the ratio of 2:1 at 70 ºC for 3 h. The dewaxed fibres were washed 

with ethanol for half an hour, dried and weighed. The dewaxed preweighed samples were boiled for 2 h in 0.7% 

aqueous NaClO2 solution (adjusted to a pH 4 using buffer solution) by maintaining a material to liquor ratio 

(MLR) of 1:50. Later they were washed with 5% aqueous sodium bisulphate solution and distilled water and 

dried at 105 oC in a hot air oven. In this step, the lignin was removed and the weight difference after this step 

corresponds to the lignin content. The remaining holocellulose (hemicellulose and α-cellulose) was treated with 

17.5% aqueous sodium hydroxide solution to eliminate alkali soluble hemicellulose. The weight loss and 

remaining weight corresponded to the contents of hemicellulose and α-cellulose respectively. The ash content 

was determined by standard method of TAPPI T 211 om-02.  

 

Morphological studies: 
The scanning electron micrographs of the fibre surface were recorded on a microscope (JEOL JSM 6380LA 

Akishima, Japan), from Institute of Chemical Technology. The fibre samples were sputter coated with platinum 

before recording the micrographs. 

 

Fourier Transform Infrared spectroscopy (FTIR) analysis: 

The IR spectra of raw and alkali treated fibres sample was recorded using FTIR spectrophotometer 

(Shimadzu 8400s, Japan) using ATR sampling technique by recording 45 scans in % transmittance mode in the 

range of 4000-600 cm-1. 

 

X-ray Diffraction (XRD): 

The crystallinity of raw and alkali treated SR fibres was studied using an X-ray diffractometer (Shimadzu 

6100, Japan) equipped with CuKα radiation (λ = 1.54 oA) in the 2θ range 2-50o. The experiments were 

performed in the reflection mode at a scan speed of 2o/min in steps of 0.02º. The crystallinity index (CrI) of the 

fibre was calculated according to the empirical method shown in the following equation (Segal et al. 1959). 

 
 

100%
002

002 
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II
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           (1) 

Where, I002 and Iam are the peak intensities of crystalline and amorphous materials, respectively. 

 

Thermal analysis: 

The samples of untreated and alkali treated SR fibres were cut into small pieces and thermogravimetric 

analysis (TGA) was carried out. The thermograms were recorded on Shimadzu 60H DTG machine using 

aluminium pan between temperature range 30-500 oC  under the inert atmosphere of nitrogen at a flow rate of 

50ml/min. 

 

Tensile properties and Moisture regain: 

The tensile strength of the fibres was measured according to ISO 5079; 1996 method in terms of the 

breaking load, percentage elongation at breaking using Tinius Olsen tensile testing machine. A gauge length of 

20 mm with a speed of 5 mm/min were used for the testing. Approximately 15 fibres were tested for their tensile 

properties. The moisture content of the fibre sample was measured according to ASTM standard method 2495. 
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RESULTS AND DISCUSSION 

 

Determination of chemical composition: 

The results of chemical composition studies of untreated and alkali treated SR fibres shown in Table. 1, 

revealed that the alkali treatment caused distinct change in composition of the fibre with respect to α-cellulose, 

hemicellulose and lignin contents. Before the chemical composition was determined, the untreated and alkali 

treated fibres were dewaxed by extracting the chopped fibres in benzene/ethanol solvents (2:1 v/v). The 

percentage of extractable matter decreased as the alkali concentration increased from 2% to 20%. This might be 

because the alkali treatment removed most of the wax from the fibres. The hemicellulose content also distinctly 

decreased with increase in the concentrations of the sodium hydroxide solution which may be attributed to its 

relatively much more sensitive nature to the action of aqueous sodium hydroxide at room temperature than 

lignin or α-cellulose (Gassan and Bledzki, 1997). The hemicellulose content of the SR fibres was found to be 

reduced from 30% in raw fibre to 17% for SR fibres treated with 20% NaOH solution. It is well known that 

hemicellulose dissolves in alkali and hence, such alkali treated SR fibre showed consequent increase in relative 

percentage of α-cellulose and lignin, as the percentage of hemicellulose decreased. Ash content also decreased 

from 2% to 0.5% as most of the impurities such as wax, pectins, fatty substances, and mineral matters etc. were 

removed during the alkali treatment.  

 
Table 1: Chemical composition of raw and NaOH treated SR fibres 

Fibres Extractives in 
solvent % 

Lignin 
% 

Hemicellulose 
% 

Cellulose 
% 

Ash content 
% 

Raw 2 12 30 54 2 

2% NaOH 1.5 13 28 56 1.5 

5 % NaOH 1 14 26 58 1 

10% NaOH 0.5 15 24 59 0.5 

15% NaOH 0.5 16 21 62 0.5 

20% NaOH 0.5 17 17 65 0.5 

 

SEM analysis: 

The surface topography of raw and alkali treated SR fibres was analysed by scanning electron microscopy 

(Fig. 1). The surface topography of the treated fibre was rougher and disrupted as compared to that of the raw 

fibre. This is because increasing concentration of alkali treatment removed increasing amount of hemicellulose 

and other surface impurities from the fibre surface and this consequently resulted in increase in the roughness of 

the fibres (Prasad et al. 1983). The diameter of the alkali treated fibres and raw fibre was determined on 

scanning electron microscope and corresponding aspect ratio (L/D) values are presented in Table 2. It was 

observed that the diameter of the fibre decreased with increase in alkali concentration, which may be attributed 

to mainly the removal of hemicellulose. This diminution in fibre size after alkali treatment also can be ascribed 

to shrinking of the fibres due to the removal of all the extractable fractions in alkali from natural fibres and also 

affecting slightly the fibre structure, resulting in more fibrillation giving rise to finer and shorter fibres 

(Chowdhury et al., 2013; Ouajai and Shanks, 2005, Bledzki and Gassan, 1999). 

 

 
Fig. 1: SEM images of SR fibres a) Raw fibre b) 2% NaOH treated fibre c) 5% NaOH treated fibre d) 10% 

NaOH treated fibre e) 15% NaOH treated fibre f) 20% NaOH treated fibre 
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Table 2: Physical properties of the fibres  

NaOH concentrations Average length 

L (cm) 

Average diameter 

D (cm) 

Aspect ratio 

L/D 

Untreated 10 0.01045 957.9 

2% 10 0.00916 1091.7 

5% 10 0.00837 1194.7 

10% 10 0.00741 1349.5 

15% 10 0.00623 1605.1 

20% 10 0.00601 1663.8 

 

FTIR analysis: 

The FTIR spectra of untreated and alkali treated SR fibre are shown in the Fig. 2. The untreated SR fibre 

attributed a strong absorption band in the region of 3400 to 3300 cm-1 which is asssigned to O-H stretching 

vibration of the OH group in cellulose molecules. The  spectra also assigned two shoulder peaks at 2930 and 

2858 cm-1, which were assigned to C-H stretching vibration and CH2 symmetric stretching respectively. Another 

peak at 1595 cm-1 attributes to aromatic skeletal vibrations of benzene ring in lignin. The peak at 1255 cm-1 

showed CH bending of hemicellulose. Another band at 1160 cm-1 assigned to antisymmetrical C-O-C stretching 

mode. Similarly a peak at 1020 cm-1 corresponds to C-O/C-C stretching of acetyl group in xylan (Reddy et al., 

1990; Ray and Sarkar, 2001). A peak assigned at 1731 cm-1 is attributed to the C=O stretching vibration of the 

acetyl and uronic ester groups, from pectin, hemicelluloses, or the ester linkage of the carboxylic group of 

ferulic and p-coumaric acids of lignin and/or hemicellulose (Sain and Panthapulakkal, 2006; Sun et al., 2005; 

Motawie et al., 2016). Lignin represented characteristic peaks in the range 1500–1600 cm-1 corresponding to the 

aromatic skeletal vibration (Reddy and Yang, 2005). Another peak observed at 1640 cm-1 represented OH 

bending of adsorbed water (Lojewska et al., 2005). Similarly the peaks at 1423, 1378 and 1321 cm-1 present in 

raw fibre are associated with the bending vibrations of –CH2, C-H, and O-H of cellulose (Alemdar and Sain, 

2008) (Alemdar and Sain, 2008; Nazir et al., 2012). The peak observed at 896 cm-1 indicates the presence of the 

glucosidic linkages between the monosaccharides. The peak between 1736 and 1740 cm-1 of hemicellulose seen 

in untreated fibre starts diminishing as the alkali concentration goes on increasing and finally disappears at the 

highest concentrations which reflects complete removal of hemicellulose. This is due to the removal of the 

carboxylic group by alkali treatment by the process called deesterification. Similarly the observed peak at 1378 

cm-1 and peak between 1245 and 1259 cm-1 indicate the presence of lignin and hemicellulose, respectively. The 

peak at 1378 cm-1 shows diminishing intensity as the fibres are subjected to higher concentration of sodium 

hydroxide. The peak between 1245 and 1259 cm-1 almost disappeared after alkalization. This indicates that the 

hemicellulose is completely eliminated from the fibres rather than lignin. This implies that hemicelluloses are 

easily removed by alkalization as compared to lignin. (Mwaikambo and Ansell, 2002). Also the presence of 

peak at 1591 cm-1 in the alkali treated fibres confirmed that lignin component was intact. No appreciable 

changes were observed in the vibrations of alkali treated fibres with respect to untreated SR fibre. All vibrations 

are summarized in Table. 3. Therefore, the FTIR analysis of raw SR fibre indicated presence of cellulose, 

hemicellulose and lignin whereas that of alkali treated SR fibres suggested decrease in hemicellulose content as 

a result of increase in concentration of alkali treatment.   

 

 
Fig. 2: a) FTIR spectra of untreated SR fibre  b) FTIR spectra of 2% NaOH treated SR fibre c) FTIR spectra of 

5% NaOH treated SR fibre d) FTIR spectra of 10% NaOH treated SR fibre e) FTIR spectra of 15% 

NaOH treated SR fibre f) FTIR spectra of 20% NaOH treated SR fibre 
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Table 3: Possible assignment of frequencies (cm-1) of functional groups in untreated and NaOH treated fibres 

Untreated 

cm-1 

2%  

NaOH 

5% 

NaOH 

10% 

NaOH 

15% 

NaOH 

20% 

NaOH 

Possible assignment of functional groups 

3390 3332 3350 3368 3381 3352 OH stretching α – cellulose 

2930 2923 2925 2923 2921 2924 Alkyl CH stretching 

2858 2885 2883 2880 2879 2884 CH2 symmetric stretching (cellulose & 

hemicellulose) 

1731 ------ ------ ------ ------ ------ C=O stretching (carboxylic acid and ester groups) 

Hemicellulose 

1650 1645 1648 1646 1652 1653 Adsorbed OH water 

1591 1590 1592 1591 1590 1590 Aromatic skeletal vibrations of benzene ring in 
lignin. 

1423 1419 1425 1425 1421 1421 CH2 Bending 

1378 1372 1370 1378 1377 1370 C–H bending 

 

1321 1315 1316 1317 1315 1317 O–H deformation and CH2 
Wagging. 

1255 ------ ------ ------ ------ ------ CH bending of hemicelluloses 

1157 1155 1156 1157 1157 1159 Asymmetric C-O-C stretching of lignin. 

1020 1023 1027 1025 1026 1026 C-O stretch/C-C stretch 

896 894 894 895 896 896 β - glucosidic linkage 

 

XRD analysis: 

The X-ray diffractograms of untreated and alkali-treated SR fibres shown in Fig. 3, exhibit two prominent 

peaks obtained at 2θ values at 16° and 22°. The peak at 16º was of low intensity representing amorphous 

material (Iam) and the peak at 22º showed higher intensity of crystalline material (I002) in this lignocellulosic 

fibre. Similar type of observations were observed in other plant fibres too (Hindeleh, 1980; Sreenivasan et al., 

1984 Mwaikambo & Ansell, 2002 and Wang et al., 2003). It was seen that the crystallinity index of SR fibre 

(Segal et al. 1959) kept on increasing with the increase in alkali concentration as compared to that of untreated 

SR fibre. This may be attributed to removal of amorphous materials such as mainly hemicellulose, pectin, waxes 

etc. on alkali treatment, which results in close packing and stress relaxation of the cellulose chains and as a 

result the degree of crystallinity increases (Le Troedec et al., 2008; Jayaramudu et al., 2011; Ouajai, & Shanks, 

2005; Roncero et al., 2005; Tserki et al., 2005) (Refer Table. 4). The crystallinity of the SR fibres gradually 

increased as the alkali concentration increased from 2% to 15%. However at 20% of alkali this trend was 

reversed. This might be because of the decrystallisation of cellulose resulting in molecular degradation at this 

concentration (Das and Chakraborty, 2008).  

 
Fig. 3: XRD diffraction pattern of raw and NaOH treated fibres. 
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Table 4: Crystallinity Index of raw and NaOH treated SR fibres 

Sample I (am) at 

 2ϴ, 16o 

I (002) at  

2ϴ, 22o 

CrI% 

Raw SR 909 3247 72.00 

2% NaOH 949 3678 73.70 

5% NaOH 912 3553 74.33 

10% NaOH 945 3786 75.03 

15% NaOH 921 3869 76.19 

20% NaOH 956 3742 74.45 

 

TGA analysis: 

The thermal stability of the alkali treated SR fibre shown in Fig. 4, indicate that it was enhanced as 

compared to that of the untreated fibre. This is due to the decrease in the amorphous hemicellulose content of 

the fibres on alkali-treatment. Lignocellulosic fibre consisting of cellulose, hemicellulose and lignin degrades 

below 400 oC. The waxes, pectin and hemicelluloses degrade at around 180 oC, cellulose at around 300 oC and 

lignin at about 400 oC. From the Fig. 4, it can also be observed that the thermograms of the fibres showed a 

similar trend for untreated and alkali treated fibres. Using these thermograms, the degradation temperatures and 

char content were noted down (See Table. 5). (Doyle, 1985; Johar et al., 2012). The first degradation 

temperature ranges from 50–125 ºC corresponding to the evaporation of moisture. The second degradation step 

of untreated fibres was observed at temperature range of 200–300 ºC which indicated the loss of hemicellulose 

and some part of the lignin. The third step is due to the degradation of cellulose and lignin which was observed 

in the range of 300 – 400 ºC. In many other natural fibres similar observations were made (Reddy et al., 2009; 

Rajulu et al., 2002). Similar trend was also observed in alkali treated SR fibres. The alkali treated fibres 

presented a slightly lower in moisture content than that of the untreated fibres, which might be due to reduction 

of free hydroxyl groups as well as amorphous regions and consequent increase in crystallinity, as shown by X-

ray diffraction studies (Ray et al., 2002). Alkalization reduced the hemicellulose content to a considerable extent 

giving rise to lignin-cellulose complex, thereby making the alkali treated fibre more thermally stable than the 

untreated fibre thus causing increase in residual char percentage (Reddy et al., 2009). This might be caused by 

an increased rate of formation of free radicals that are stabilized by condensed carbon ring formations in the 

char. (Hinojosa et al. 1973; Austen et al. 1958; Milsch et al. 1968). The residual char content at 500 0C was 

increased from 20.26% to 29.48% when alkali concentration increased from 2 to 15% NaOH. Further at 20 % 

alkali concentration however the thermal stability started decreasing slightly, with corresponding reduction in 

char content to 27.11%, which supports decrystallisation and degradation of cellulose polymer at 20% 

concentrations of alkali.  

 

 
 

Fig. 4: TGA analysis of raw and NaOH treated fibre 
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Table 5: Results of TGA analysis of raw and NaOH treated SR fibres 

Fibres Peak temperature 
oC 

Degradation 

% 

Residue at 500 oC 

Char content, % 

Raw SR 88.12 9.03 20.26 

299.10 11.91 

371.01 58.80 

2% NaOH 83.25 8.65 23.04 

294.12 12.05 

352.44 56.26 

5% NaOH 82.15 8.05 24.32 

293.14 12.30 

356.32 55.33 

10% NaOH 81.01 7.81 27.31 

294.41 13.03 

362.12 51.85 

15% NaOH 78.05 7.01 29.48 

293.32 10.91 

367.11 52.60 

20% NaOH 65.15 6.50 27.11 

283.02 11.45 

362.13 54.94 

 

Tensile properties and moisture content: 

The tensile properties of the untreated and alkali treated SR fibres presented in Table. 6, showed enhanced 

tensile strength in case of later samples. The tensile strength of the alkali-treated fibres was found to be 

considerably higher than those of the untreated fibres, which may be due to the removal of amorphous 

hemicellulose and other greasy materials from the fibre on alkali treatment and also consequent increase in 

crystallinity (Mukherjee et al., 1993). In untreated fibres, the cellulose chains are always in a state of constraint 

due to the dispersion of hemicelluloses and lignin into the inter-fibrillar region of fibre structure separating the 

cellulose chains from each other. But after alkali treatment, since hemicellulose is removed to a large extent. 

Due to this the fibrils rearrange themselves in a compact manner which leads to a close packing of the cellulose 

chain, which ultimately results in the improvement of tensile properties of the alkali treated SR fibres (Sinha and 

Rout, 2009). Hemicellulose acts as the barrier because of which the chains are in the state of strain. When this 

barrier of hemicellulose is removed, new H- bonds are formed between the cellulose chains which result in close 

packing of cellulose chains (Varma et al. 1984). From 2% to 15% of alkali treatment there was increase in 

crystallinity reflecting in increase in the tensile strength. However at 20% alkali treated sample, showed slight 

decrease in tensile strength which is attributed to the degradation of cellulose at such high concentrations of 

alkali and lowering of crystallinity too. Elongation, however remained more or less unaltered.  

 
Table 6: Tensile properties and moisture content of raw and NaOH treated SR fibres. 

Fibres Tensile strength 

Gf 

Elongation 

% 

Moisture content 

% 

Raw SR 260.5 1.63 9.0 

2% NaOH 263.3 1.65 8.6 

5% NaOH 275.8 1.80 8.0 

10% NaOH 288.5 1.98 7.8 

15% NaOH 311.2 2.14 7.0 

20% NaOH 291.1 1.71 6.5 

 

Conclusion: 

The SR fibres treated with different concentrations of NaOH showed that the hemicellulose content 

decreased with increase in alkali concentration, which was due to the dissolution of hemicellulose in alkali. 

Surface of the treated fibres became rougher due to removal of hemicellulose and other surface impurities like 

wax, pectin, dirt etc. resulting in the decrease in the fibre diameter. The morphological study provided visual 

evidence that the surface impurities were removed from the fibres on alkali treatment. It was also visualized that 

the surface area of the alkali treated fibres improved and this might lead to better interfacial characteristics of 

the fibre in composites. The results of chemical properties, FTIR spectrum and SEM confirmed the same. FTIR 

study also thoroughly confirmed the removal of hemicellulose.  

The XRD analysis showed increase in the crystallinity upto 15% NaOH treated samples, as a gradual loss in 

amorphous hemicellulose and increase in close packing of the cellulose chains took place. However, at 20% 

concentration the cellulose degradation and decrystallisation took place showing decrease in the crystallinity of 

alkali treated SR fibre. TGA analysis showed that the thermal stability slightly increased as compared to that of 

raw fibre and the residual char content also increased with the increase in alkali concentration till 15%. 

However, at 20% alkali treatment, char content decreased possibly due to cellulose degradation. Similarly, 

tensile properties were also enhanced till 15% and then decreased at 20% concentration of alkali. Hence, it could 
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be said that the SR fibre which was treated with 15% alkali was most suitable for further modifications and 

applications in composites as it had over all enhanced properties, in terms of crystallinity, tensile strength, 

thermal resistance etc. Most of the synthetic fibres are obtained from crude oil. So to make our future 

enviormentally friendly, there is a need to replace man made synthetic fibres partially if not fully due to the 

issue of recyclability and biodegradablility by SR fibres. Further, due to good length of the fibres and fineness 

these SR fibres can be spun into yarn. Nonwovens can also be prepared which will make its application in 

different sectors of textile industry such as geo-textiles, agro-textiles etc. In near future these SR fibres can 

replace at least some amount of synthetic fibres in many applications where cost and biodegradability outweigh 

high composite performance requirements. These successful results on SR fibres will initiate the researchers to 

explore hitherto undiscovered many natural plant fibre resource, which can be play major role in replacing 

synthetic fibres. 
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