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ABSTRACT 

Natural Jute fibres have been plasma treated in Low temperature DC plasma Source under various external conditions such as 
working pressure, treatment time etc. The samples were characterized and morphologically analyzed by scanning electron 
microscopy (SEM), EDAX. The software Gwyddion (version 2.35) has been used for image processing of the SEM images to 
understand the surface morphology. The ImageJ software visualizes the 3-D images of jute fibres. SEM analysis reveals that 
roughness of the fibre surface is increasing as the working plasma pressure is increasing and exposure times are reduced. 
Elemental analysis of the raw and plasma treated fibres have been tested by EDAX which shows that oxygen percentage is more 
for the typical condition of 0.05mbar working pressure and 2 hour plasma exposure of the fibre. This condition is understood to 
yield the best hydrophobic nature of the treated fibre. This behavior was also confirmed by a crude method by finding the water 
absorption percentage. The XRD results confirm the macro molecular changes in treated jute fibres. The moisture removal from 
the fibres can be evident from TGA (thermo gravimetric analysis) results. 
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1. INTRODUCTION 
In recent global warming scenario, products from natural 
fibres like jute, hemp, flex, coconut fibres etc are getting more 
importance than the petroleum based synthetic fibres (which 
are neither bio-degradable nor non-renewable). Natural fibres 
can be used as an attracting engineering materials because of 
their relatively low cost compared to the synthetic fibres, 
relatively high strength to weight ratio, biodegradable, 
renewable and having good mechanical properties [1-5].These 
properties of natural fibres have initiated to introduce them 
into the application of engineering materials, building 
materials and structural parts of automotive applications where 
weight is playing a very significant role [4]. Applications of 
these natural fibres as reinforcement requires strong adhesion 
force between natural and synthetic fibres which get reduced 
due to more hydrophilicity of natural fibres [6]. Plasma 
technologies have been extensively utilized to improve the 
surface properties of fibres in many applications from textiles 
to fibre reinforced composites for last few years [8-11]. 
Plasma technology is very useful for surface modification of 
man-made fibres to natural fibres [12, 13]. Low temperature 
plasma is also used as an effective alternative drying method 
to remove moisture from fibres compared to any vacuum 
technique [14]. Moreover the plant fibres has high specific 
strength and stiffness. It is abundant in nature and at the same 

time it is highly eco-friendly. Although the chemical 
treatments of fibre surfaces have been somewhat successful in 
improving the interfacial bonding, there are unresolved 
pollution problems related to the disposal of chemicals after 
treatment, plus the high cost of chemical treatment. Plasma 
treatment offers a new approach to the modification of natural 
fibre surfaces. Cold-plasma techniques are dry, clean 
processes without environmental hazards. Plasmas can be 
defined as partially ionized gases that have a collective 
behavior. One of the main advantages of this approach is that 
the modification is confined only to the surface of the 
materials without interfering with their bulk properties. 
Energetic species present in the discharge, such as electrons, 
ions, free radicals and photons, have energies high enough to 
alter all chemical bonds in the surface layers of natural 
polymeric substrates. Proper selection of starting compounds 
and external plasma parameters (e.g. power, pressure and 
treatment time) allow creation of desired characteristics on 
lignocellulosic substrate surfaces [12]. In a cold plasma 
treatment system, depending on the type and nature of the 
gases used, a variety of surface modifications can be achieved. 
Surface energy can be increased or decreased, crosslinking can 
be introduced, and reactive free radicals and groups can be 
produced. In the case of wood surface activation, this process 
increases the amount of aldehyde groups [2]. The optimum 
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plasma treatment parameters are obtained through Taguchi 
analysis as shown in some of the previous work [13, 14].  
 The main aim of our present investigation is to find out 
the best effective condition of jute fibre plasma treatment for 
hydrophobic surface property suitable to many applications in 
automobile industry, textile industry etc. Experimental set up 
is described in section II. Results and discussion of the various 
findings from the characterization instruments are analyzed in 
section III. Brief conclusion and future scope of this paper is 
provided in section IV. 

 

2. EXPERIMENTAL SET UP 
The Thermal evaporator plasma coating unit is used for 
carrying out the entire experimental work. Figure 1 shows the 
Schematic diagram of Thermal evaporator plasma coating unit. 
The fibres are placed in the cylindrical DC plasma source of 
40 cm in height and 30 cm in diameter. The system is 
evacuated using a diffusion pump backed by a rotary pump. 
The base pressure of system has been reduced down to 1.0x10-

6 mbar and glow discharge air plasma is produced. Thereafter, 
Jute fibre sample is imposed under various treatment processes 
by considering parameters such as working pressure, discharge 
current, time of plasma exposure etc. The different parameters 
used are Pressure, discharge current and treatment time. The 
treated and untreated samples of fibre are analyzed using 
various characterization instruments such as SEM-EDAX, 
XRD, TGA, FTIR and DRS to study the morphological and 
absorption behavior of the sample. One of the main objectives 
of the experiment is to find out the hydrophobic nature of the 
plasma treated fibre which has been tested by adopting a crude 
method [6]. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Fig. 1: Schematic diagram of the experimental set up 

3. RESULTS AND DISCUSSION 
 

3.1. Characterization of fibres by Scanning Electron 
Microscope (SEM) with Electron diffraction X-
ray (EDAX) 

The Scanning Electron Micrographs of treated and untreated 
fibre samples have been taken in Hitachi S-4800 SEM with 
resolution of 10µm and variable acceleration voltage of 
5kv.The raw and plasma treated jute fibres have been analyzed 
by scanning electron microscope (SEM). The SEM pictures of 
both raw and plasma treated jute fibres for different 
parameters are shown in Figure 2. The surface of raw jute are 
found to be smooth and showed their multicellular nature, 
whereas rough surface morphology and fragments on the 
surface of the jute are observed. Also it is found that 
roughness increases as the working pressure increases. The 
rough surface morphology was typical for the plasma treated 
fibres and the working pressure condition. Thus plasma treated 
jute fibres result significant change of morphology of the fibre 
surface because of the removal of lignin and hemicelluloses as 
well as other structural effects [6]. SEM analysis reveals that 
roughness of the fibre surface is increasing as the working 
plasma pressure and exposure times are reduced. At the same 
time, treated sample shows that fibre pulls out are also more 
with the reduced plasma pressure and exposure time which 
seems to be a useful fact of consideration in the view of 
application. Plasma treatment makes the surface rough and 
opens the pits on surface, which in turn provide higher 
interfacial contacts, possibly better mechanical interlocking. 
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Fig. 2  Surface morphology of fibres taken by SEM (a) Raw 
jute (b)Plasma Treated Jute 1 Hour 0.015mbar Pressure (c) 

Plasma Treated Jute 1 Hour 0.03mbar (d) Plasma Treated Jute 
2 Hour 0.05mbar Pressure. 

The software Gwyddion(version 2.35) has been used for image 
processing of the SEM images to understand the surface 
morphology. The ImageJ software visualizes the 3-D images 
of jute fibres surfaces at different parameters made using the 
interactive 3-D surface plot plug-in of imageJ [15]. Fig.3 
shows the 3-D visualization of the fibre surface at different 
experimental conditions has been made using the Interactive 3-
D surface plot plug-in of ImageJ [12].Fig. 3 (a)-(d) shows the 
surface topology of jute fibres at different experimental 
conditions. Fig. 3 (a) is at no plasma or simply surface 
topology for raw jute, while (b) and (c) are at 0.015 mbar and 
0.03 mbar treated for 1.0 hour in plasma, respectively. Fig. 3 
(d) shows the surface topology of fibres at 0.05 mbar pressure 
when it is treated for 2 hours. The surface roughness have also 
been quantitatively measured and compared. Some important 
surface roughness parameters like average roughness (Ra), root 
mean square deviations (Rq), skewness (Rsk) and Kurtosis (Rku) 
described by Chandrasekaran et al[7] have been estimated for 
this experimental conditions. Hence, for a particular profile 
length of L and surface height distribution of z(x), average 
roughness (Ra)whose deviation from the mean line (m) and is 
given as, 

( )dxmz
L

R
L

a ò -=
0

1
 ………………(1) 

Where, z is the surface height distribution which is function of 
x and m in the mean line, respectively. 

Rq is the square root of the arithmetic mean of the square of the 
vertical deviations from the mean line and is given as, 

( )ò -=
L

q dxmzR
0

2  ………………(2) 

Rsk is the degree of symmetry of the height distribution about 
the mean, expressed as the normalized third moment of the 
probability density function p(z) about the mean line and is 
represented with σ as the variance as, 
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L

R
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3
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And Rku is the measure of the number of isolated peaks in the 
height distribution or popularly known as the peakedness of 
the height distribution. It is the normalized fourth moment of 
p(z) about the mean line and is given as, 
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Fig .3 Surface morphology studies of  jute fibres a)Raw jute b) 
plasma treated jute 2 Hour 0.05mbar pressure c) plasma 

treated 1 Hour 0.015mbar pressure d) plasma treated 1 Hour 
0.05mbar pressure. 

(c) 

(d) 
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These parameters are calculated using Gwyddion and shown in 
the table 1. These parameters can also be further confirmed by 
ImageJ and would be considered as future course of study. 
Image processing analysis of the jute fibres shows that 
compared to the raw jute the change in average roughness of 
the jute fibres surface is not that noticeable as in the case of 
plasma exposure at high pressure of 0.05mbar for longer 
duration of 2 hrs. But it is also seen that a slightly moderate 
pressure of 0.03mbar and lower exposure time of 1 hour the 
average surface roughness is much reduced. It should also be 
noted that at a lower pressure regime of 0.015mbar for the 
same time period of 1 hour plasma exposure again the average 
surface roughness has increased. This is also evidently 
supported by the 3D images of these surfaces in fig.3, the 
arithmetic mean of the surfaces are calculated and shown in 
the Table.1. 

Table 1: Different calculated surface roughness parameters: 

 

Fig. 4 shows the elemental analysis of raw and treated fibres 
measured by EDAX analysis. It is seen that not much 
significant change in terms of atomic weight percentage of 
elements with respect to different experimental conditions. 
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Fig.4. Elemental Analysis Of raw and plasma treated fibres By 
EDAX (a)Weight(%) and  (b)Atomic Weight (%) 

 

3.2.  Characterization of fibres by X-Ray Diffraction 
(XRD) 

Fig. 5 shows the room temperature XRD pattern for virgin jute 
and plasma treated jute fibres at three different experimental 
conditions. The relation between the broadening produced and 
the non-uniformity of the strain can be verified by 
differentiating the Bragg law. The spacing d, of a set of planes 
in a crystal is related to the Bragg angle, θ, and the wavelength 
λ , by well-known Bragg equation. 
If di and ds indicates the spacing of the the non-treated 
(unstressed) the treated (strained) fibre, then, the microstrain in 
the particles in the direction normal to the diffracting plane 
given by [14], 
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If ds>di, or ds<di then Δd/d is positive or negative, which 
indicates that the residual stress is tensile or compressive stress 
in the surface. In other way if both are equal for micro-
crystallites, the value of Δd/d must be divided in order to 
obtain either the maximum tensile strain alone, or maximum 
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compressive strain alone. 

On the other hand, the crystalline size of the samples have 
been calculated using well known scherrer formula [16], 
 

qb
l

cos
kt =  ……………………. ….. (6) 

 
Where β(=B - b) is the Full Width at Half Maximum 
(FWHM), k the shape factor (=0.94),θ the Bragg angle and λ 
the wavelength of CuKα1(1.154nm).The factor 57.3, is used to 
convert the value of β from degree to radians to obtain the 
particle size in nm or Å unit. The crystallinity index (CrI) of 
the fibres was calculated according to the Segal empirical 
method as follows [17]  

 100%
002

002 ´÷÷
ø

ö
çç
è

æ -
=

I
IICrI m ……………… (7)   

where I002   is the maximum intensity of the 002 lattice 
reflection of the cellulose crystallographic form (I) at 2θ ~ 
21.76° and the intensity of diffraction of the amorphous 
material at 2θ ~17.14°. 

Fig.5 shows the room temperature X-ray diffraction (Bruker 
Advance D8 X-ray diffractometer) pattern of raw and plasma 
treated fibre. Two peaks have been observed in all samples at 
around 2θ = 17.14° and 21.76°. The peak at 2θ = 21.76° 
corresponds to (002) is the crystallographic plane of cellulose. 
The pattern shows that the (002) peak is slightly shifting 
towards the lower angle in plasma treatment indicating an 
increase in d spacing for 1 Hr 0.03mbar pressure and decreases 
in the d spacing for 1 Hr 0.015mbar and 2 Hr 0.05mbar. 
However, slight increase of crystalline size has been observed 
in plasma treated fibres. This could be due to the removal of 
some amorphous constituents of the fibre and may be a 
rearrangement of the crystal domains. The crystal size, d 
spacing and FWHM (Full Width at Half Maximum) have been 
calculated by the XRD method.  A notable increase in the 
intensity of the broad amorphous peak (2θ = 17.14°) and 
FWHM indicates that the plasma treatment of jute fibre 
increased the Crystal size. Final XRD results show that the 
peak position (2θ) for raw jute is 21.76°, while for plasma 
treated one is slightly shifting toward left i.e., 21.79° to 
21.54°. On the other hand FWHM reduces from 3.79 to 2.99 
for raw jute to 2.0 hrs plasma treatment at 0.05 mbar pressure. 
The value of d spacing is remaining well within 4.07 Å. More 
importantly, crystal size of the treated fibres increases from 
22.36 Å to 28.34 Å in the same condition. Hence, there is a 
notable increase in the intensity of the broad amorphous peak 
(2θ= 17.14°) and it indicates that the plasma treatment of jute 
fibre is increasing the crystal size.  
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 Fig. 5. X-ray diffraction pattern of raw jute fibre and plasma 
treated fibre. 

3.3. Characterization of fibres by TGA Analysis 

The thermo gravimetric analysis (TGA,TG/DTA 7200 
EXSTAR instrument) have been carried out under a nitrogen 
gas atmosphere for measuring the thermal stability and 
moisture content in plasma treated and raw jute fibres 
respectively. The samples were cut into small pieces to 
maintain the sample weight range between 10-15mg kept them 
in an Alumina pan. The testing temperature condition was 
from room temperature 30°-700°C at a heating rate of 
10°C/min and a resolution of 3°C. 
Thermo gravimetric Analysis (TGA) curves of plasma treated 
and raw jute fibres are shown in Fig. 6. It shows the main two 
stage processes of untreated jute fibre corresponding to two 
peaks, viz., the first very small peak ~76.9° C corresponds to 
the heat of vaporization of water absorbed in the fibre and a 
strong 2nd peak at about 384.8° C, which indicates the 
degradation of cellulose. In this region, the moisture of the 
plasma treated fibres remains 1.824 % weight(mg). However it 
is clearly seen that the moisture content of the treated fibre 
changes with respect to the treatment time and discharge 
conditions because of the surface modifications. In this case it 
is difficult to understand the change in moisture content of 
treated fibres from the 1st peak of the curve as it looks almost 
same characteristics. Slight moving of the peak toward right 
with respect 0.03 mbar and 0.015 mbar for 1.0 hr treatment 
time indicates the slight reduction of moisture content of the 
treated fibre. On the other hand, the TGA curve of the same 
treated fibres as a whole shifted to slightly toward higher 
temperatures shows the slightly higher thermal stability of 
treated fibres. Hence, the decomposition temperature of the 
treated fibres also increases as usual. The decomposition 
temperatures of the treated and raw jute fibre are about 
384.8°C, 374°C for 1 hr 0.03 mbar pressure plasma treated, 
375.2°C for 1 hr 0.015 mbar pressure plasma treated, 377.3 C° 
for 2 hr 0.05 mbar pressure plasma treated, respectively. The 
residual char left at 700°C increased in 1 hr 0.015mbar 
pressure and in 2 hr 0.05mbar pressure. This indicates that the 
percentage of cellulose contents started increasing. However, 
the changes in the residual char left at a higher temperature 
corresponding to untreated and plasma treated fibres are not 
clear. 
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Fig.6.TGA curves for Raw and plasma treated fibres for 

various experimental conditions (a)Raw jute (b)1 Hr 0.03 
mbar (c)1 Hr 0.05 mbar (d)1 Hr 0.015 mbar (e) 2 Hr 0.05 

mbar 
 
It was proposed that the air plasma treated fibres are more 
stable because of rise in lignin-cellulose complex or an 
increased cross linking reaction between these components 
and also it has increased the amount of residual char [18].The 
plasma treated fibres which have been exposed to ambient 
environment for more than 24 hours did not absorb much 
moisture due to the surface modification in a particular 
experimental condition. This indicates that the crystallinity 
changes by plasma treatment have little chance to rearrange 
during the exposure in environment for a certain period of 
time. Again the moisture content of fibres has been compared 
by making hydrophobicity test of the raw and treated fibres. 
The raw and plasma treated jute fibres are conditioned at room 
temperature for the determination of its dry weight (w1).Then 
the fibres are immersed in distilled water for 24 hours and 
dried, finally the immersed weight (w2) is determined. 
Percentage of water absorption (W) is calculated by the 
empirical formula for all treated and untreated fibres as 
follows [6], 
 

100
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12 ´
-
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w

wwW …………………………..(8) 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-1, ISSUE-6, NOVEMBER-2014 E-ISSN: 2349-7610 

VOLUME-1, ISSUE-6, NOVEMBER-2014 COPYRIGHT © 2014 IJREST, ALL RIGHT RESERVED                                                                                   44 

 

Water absorption capacities of the raw and plasma treated jute 
fibres have been calculated using Eq. (8).The dry weight (w1) 
and immersed weight (w2) have been measured to calculate the 
water uptake percentage of the untreated and treated fibres. It 
is found that w1, w2 and water uptake percentage (%) values 
for raw jute are 0.0035, 0.006 and 71.42%, respectively. The 
same parameters for 2.0 hrs and 0.05 mbar plasma treated 
fibres have been 0.006, 0.005 and 16%, respectively. The 
water uptake percentage of raw and treated fibres are shown in 
Fig. 7 and table 2 which clearly assures the hydrophobic 
nature of plasma treated fibres under different experimental 
conditions. SEM and EDAX analysis carried out in the above 
mentioned condition also verify the hydrophobicity of the 
plasma treated jute fibre. 
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Fig.7.Calculated values of water uptake (%) for different 
fibres for both treated and non-treated fibres. 

 
 
Table 2. Dry weight, immersed weight and water uptake at 
different conditions 

Sample details 
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2 HR 0.05  mbar 

Pressure 

0.0035 

0.003 

 

 

 

0.004 

 

 

 

0.006 

0.005 

 

 

 

0.005 

 

 

 

71.42 

66.67 

 

 

 

25 

 

 

 

0.006 0.005 16 

 

 
3.4.  Characterization of fibres by Fourier 

Transform Infrared Spectroscopy (FTIR)   
FTIR spectra of raw and plasma treated jute fibres are shown 
in Figure 8 is for the range of wave number 4500 to 450 cm-¹. 
All the spectra show similar spectrum with the change of peak 
intensity and shifting the peak position. The spectra of the 
process where raw fibre was treated shows absorption bands 
for chemical group’s characteristics of the fibre components.  
These are cellulose, hemicelluloses and lignin. These 
components most likely originate from alkanes aromatic and 
different hydrogen containing functional group of phenols and 
alcohol. 
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Fig.8. Infrared spectra of raw and plasma treated jute fibres (a) 

between 690-1750cm-1 and 
(b) between 1760-3500 cm-1 range. 
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The position of major absorption peaks of treated and raw 
fibres are shown in table 3.  The 831 cm-¹ has been chosen as 
an internal standard as it is present as a prominent peak in the 
IR spectra of raw and plasma treated jute fibres. This internal 
standard peak is adopted for a comparative study of the 
spectra. The summary of the results, including the significance 
of the band, the ratios of absorbance maxima of individual 
bands and the 831 cm-¹ bands are recorded. The 662 cm-¹ 
band, ascribed to C-H bending in Phenyl ring substitution. The 
band near 1020 cm-¹ which is assigned to the C-N stretching 
of Amines and 1300 cm-¹ is assigned to symmetrical stretching 
of NO2 Nitro compounds.The band near 2920 cm-¹ which is 
assigned for C-H stretching of Alkanes and 3020 cm-¹ is 
assigned to C-H stretching of aromatic Rings. The absorbance 
at 3400 cm-¹,which is ascribed to O-H stretching of Hydrogen 
bonded-Alcohol, phenols and the band at 3700 cm-¹ ,which is 
attributed to N-H stretching of Amide. The band  
near 1650 cm-1 is associated with absorption of water. This 
band is reduced to 1,580 cm-1 after plasma treatment by 
reducing the moisture from the fibres. 
 

Table 3. Standard and observed FTIR Absorbance peak 
position for different compounds 

 

 

3.5. Characterization of fibres by Diffusive 
Reflectance Spectroscopy (DRS-UV) 

The UV-V is spectra of raw and plasma treated jute fibres at 
various exposure time with different pressure have been 
recorded at room temperature in absorption mode using a 
Evolution 300 UV-Vis spectrophotometer in the wavelength 
range 200 to 800 nm. The absorption spectra have been 
recorded both for raw and plasma treated jute fibres at various 
experimental conditions. Fig.9 shows the representative the 
absorption vs. wavelength curves of raw jute and plasma 
treated jute fibre. It is seen that at high wavelength 700nm the 
absorption is high and almost horizontal for 2 hour 0.05 mbar.  
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 Fig.9.Absorbance Vs Wavelength curves for air plasma 

The band gap energy  of raw jute fibre and plasma 

treated jute fibres has been calculated and found to be 3.27 eV 
and 2.95 eV. It has been observed that the calculated value of 
band gap energy is not changing significantly in our 
experimental conditions. But its value is always less than the 
raw jute case. Chemically jute fibre possesses high content of 
semicrystalline and amorphous materials, such as 
hemicelluloses and lignin.  Also due to the presence of the 
hydroxyl groups on the fibre surface and in the amorphous 
region, the jute fibre can absorb moisture from the atmosphere 
in normal conditions. But decrease of band gap energy in this 
experimental condition clearly shows that the jute fibre is 
becoming hydrophobic in nature with plasma treatment .When 
the jute fibre is exposed to low temperature DC plasma 
treatment, energetic charged particles inside the plasma are 
able to interact chemically with the surface to be treated. Such 
interactions can also affect the material properties and the 
moisture content of the treated fibre decreases due to the 
surface modification of the fibres.In the low temperature DC 
plasma ,the water (H2O)dissociates into H and –OH species by 
energetic gaseous ion bombardment. The temperature sensitive 
jute fibres were dried more effectively in plasma without 
damaging its constituents and also improved the crystallinity 
of the fibres (14). So the decrease of band gap energy in this 
experimental condition clearly shows that the jute fibre is 
becoming hydrophobic in nature with plasma treatment. 
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4. CONCLUSIONS 
Plasma treatment of natural jute fibre is carried out in a 
thermal evaporation plasma device under various treatment 
conditions by considering parameters such as working 
pressure, discharge current, plasma exposure time etc. The 
range of imposed conditions chosen are 2.5 ampere discharge 
current, plasma exposed time for 1Hr 0.05 mbar pressure, 1Hr 
0.03 mbar pressure, 1Hr 0.015 mbar pressure, 2Hr 0.05 mbar 
pressure. The treated and untreated samples of fibre are 
analyzed by various characterization instruments such as 
SEM, FTIR and DRS to study the morphological, absorption 
and surface topography of the sample. One of the main 
objectives of the experiment; the hydrophobic nature of the 
plasma treated fibre has been tested by adopting a crude 
method which shows that hydrophobicity is maximum under 
the condition of 2 Hr plasma exposure time and 0.05 mbar 
working pressure. SEM and EDAX analysis of the treated 
sample also support the same condition for the hydrophobic 
nature of the jute fibre. These findings reveal that plasma 
treated natural jute fibres under certain tested conditions may 
provide wide applicability of the materials in various areas 
where wet ability is a major concern.  Though, future scope of 
the paper lies at carrying out extensive experimental as well as 
analytical work using different types of natural fibres such as 
coconut fibre, water hyacinth fibre, natural silk etc. and to 
check the enhanced surface properties of the fibres. The results 
may find importance in automobile, textile industry etc. 
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