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ABSTRACT

This study deals with effect of plasma treatment on the properties of unidirectional ligno cellulosic fabric 
Hildegardia Populofolia (HDP) fabric. Thermal stability of the fabric was determined by differential scanning 
calorimetry (DSC) and Thermo gravimetric analysis (DSC). Morphological properties was analyzed by SEM 
analysis and found that the surface was rough upon plasma treatment which provides good interfacial adhesion 
with matrix during composite fabrication. Thermal stability and mechanical properties of the plasma treated 
fabric slightly increases compare to alkali and untreated fabric. It was observed that tensile properties of the 
fabric increases upon plasma treatment due to the formation of rough surface. SEM analysis indicates formation 
of rough surface on plasma treatment which helps in increasing the interfacial interaction between the matrix 
(hydrophobic) and fabric (hydrophilic).
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1. Introduction

One of the naturally occurring uniaxial fabrics (rare in 

occurrence) is botanically known as Hildegardia Populifolia 

(HDP), which belongs to Malvaceae family. It is widely 

spread in the eastern slopes of the Kalrayan Hills of Tamil 

Nadu, India[1]. Recently, the incorporation of ligno cellulosic 

materials in polymer matrices has become considerable interest 

[2,3].

Renewable natural fibers have attracted many researchers 

with their properties. They showed many advantages over 

synthetic fibers and have been intensively studied in recent 

years. A non renewable and synthetic fiber causes environmental 

problems associated with their use and disposal. For this 

reason, most of the researchers concentrated to find new, 

renewable and biodegradable fibers/fabrics. Recently, research 

on natural fibers (Sisal, Flax, Ramie, Grewia tenax, etc.) 

increases, this is because they offer many advantages over 

synthetic non-renewable fibers (E-Glass, Carbon, Aramide etc,). 

In certain applications (automobile, aerospace etc.) require high 

strength and stiffness. Hence there is a need to improve the 

adhesion between reinforcement (hydrophilic) and polymer 

matrix (hydrophobic). Surface treatment of the natural fibers 

was used to modify the structural morphology. Reports on 

various treatments are available in the literature[4-6].

Methods to modify the surface and to improve mechanical 

properties of the fibers are different according to the type of 

matrix. The most common treatments to modify the fibers surface 

is removing the superficial layer, changing the topography 

and the chemical nature of the surface. Organic fibers generally 

have smooth surfaces and little superficial energy, which 

result in low adherence to the matrix. These interfacial adhesion 

in environments where humidity is high and temperature is 

between 20 and 60°C[7]. It has been recognized that plasma 

treatment change the superficial properties of the material 

based on the formation of free radicals on the surface as a 
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result of the impacts with the energetic particles (electrons, 

ions, etc.) traveling in the plasma. Plasma is an ionized gas 

containing a mixture of ions, electrons, neutral and excited 

molecules and photons[8]. During atmospheric air pressure 

plasma (AAPP) treatment, a high frequency electric current 

excites a feeding gas usually compressed air, into relatively 

low temperature plasma. Depending on the type and nature 

of the feed gases used, a variety of surface modifications 

can be achieved, including an increase or decrease of the 

surface energy, surface cross-linking and the introduction of 

reactive free groups[9]. The plasma treatment duration, magnitude 

of power, distance from the plasma nozzle to the substrate 

have been shown to be extremely important for the 

optimization of interfacial shear strength (IFSS) and the 

eventual composite properties as suggested by Yuan et al. 

[10,11].

The objective of the present study is to investigate the 

effect of plasma treatment on the properties of HDP fabric. 

This paper also explains the structural changes by FTIR, 

thermal stability, surface morphologies and mechanical properties 

of the treated and untreated fabrics.

2. Materials and methods

2.1 Materials 

HDP fabric (Kadiri hills, Andhra Pradesh, India), Sodium 

hydroxide (5% aqueous NaOH) (Dae-Jung Chemicals, South 

Korea) used as received without further purification Acrylic 

acid was distilled to remove inhibitors before using for 

plasma polymerization. Double Distilled water collected in 

the laboratory was used throughout the work.

2.2 Extraction of the fabric

HDP fabric (Kadiri Hills, Andhra Pradesh, India) was extracted 

from tree branches as per the procedure reported elsewhere 

[12]. The fabric was obtained in the form of knitted layers 

(450-700cm) from the sheath of the tree. The fabric was 

soaked in water for 3-4 weeks to remove the gum and 

greasy material and cleaned with double distilled water and 

dried in air until constant weight. A photograph of the 

untreated fabric is shown in figure 1. The plasma apparatus 

used in the present study is schematically represented in 

figure 2. Plasma treated HDP fabric for different exposure 

time was designated as HDPX (where X= 30, 60, 90 and 

120 sec).

Fig. 1  Photograph of the untreated HDP fabric.

Fig. 2  Plasma treatment apparatus.

2.3 Fourier transform infrared spectroscopy

The fabric specimens were characterized using attenuated total 

reflectance Fourier transform infrared spectroscopy (Perkinelmer, 

Spectrum GX Model, USA) to study the chemical composition 

and the structural changes occurred on alkali and plasma 

treatment. The spectrum of the fabric was scanned in the 

range of 500-4000 cm
-1

.

2.4 Thermo gravimetric analysis

About 10-12mg of the fabric powder sample ground in 

liquid nitrogen was used for the analysis.TGA analysis of 

the untreated, alkali treated and plasma treated fabrics was 

carried out using TG instruments SDT Q600 instrument 

(Made: USA). The analysis was carried out at a heating rate 

of 10°C/min in the presence of nitrogen atmosphere at a 

nitrogen flow rate of 100 ml/min.
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2.5 Fourier transform infrared spectroscopy

The fabric specimens were characterized using attenuated total 

reflectance Fourier transform infrared spectroscopy (Perkinelmer, 

Spectrum GX Model, USA) to study the chemical composition 

and the structural changes occurred on alkali and plasma 

treatment. The spectrum of the fabric was scanned in the 

range of 500- 4000 cm
-1

.

2.6 Thermo gravimetric analysis

About 10-12mg of the fabric powder sample ground in 

liquid nitrogen was used for the analysis.TGA analysis of 

the untreated, alkali treated and plasma treated fabrics was 

carried out using TG instruments SDT Q 600 (Made: USA). 

The analysis was carried out at a heating rate of 10°C in 

the presence of nitrogen atmosphere at a nitrogen flow rate 

of 100 ml/min. 

2.7 Differential scanning calorimetry

DSC analysis of the untreated, alkali treated and plasma 

treated fabrics was carried out using TG instruments SDT Q 

600 (Made: USA). The analysis was carried out at a heating 

rate of 10°C in the presence of nitrogen atmosphere at a 

nitrogen flow rate of 100 ml/min. 

2.8 Scanning electron microscopy

Scanning electron microscope (SEM; JEOL JSM Model 

6360) was used for to study the surface morphological properties 

of the fabric specimens after sputter coating with gold (JEOL 

JFC-1600).

2.9 Mechanical properties

Mechanical tests of the samples were performed using 

universal testing machine (Model: Instron 3369) at a cross 

head speed of 5mm/min and an operating load of 5kN with 

an initial accelerating voltage of 10 kV. In each case five 

specimens were measured and the values reported are 

averages.

2.10 Chemical composition of Natural fibers

The chemical composition of natural fibers varies depending 

on the type of fiber, origin, age of the plant. Normally, natural 

fibers contain cellulose, hemicelluloses, halo cellulose, pectin, 

lignin and other waxy materials. The properties of the fabrics 

depend upon the composition of the individual constituents. 

Fibers containing higher amount of cellulose show superior 

mechanical properties. Hemi cellulose is responsible for the 

biodegradation, moisture absorption and thermal degradation 

of the fibers. The % of each of these components varies for 

different fibers. Generally, the natural fiber contains 60-80% 

cellulose, 5-20% lignin and 8-15% moisture. The chemical 

composition of the HDP fabric is presented in Table 1.

Table 1  Chemical composition of various natural fibers

Name of 
the fiber

Cellulose
(wt %)

Lignin
(wt %)

Hemi-cellulose
(wt %)

Pectin
(wt %)

Moisture
content
(wt %)

[13]

Jute 61-71.5 12-13 13.6-20.4 0.4 12.6

Hemp 70.2-74.4 3.7-5.7 17.9-22.40 0.9 10

Kenaf 31-39 15-19 21.5 --- 12

Flax 71 2.2 18.6-20.6 2.3 10

Ramie 68.6-76.2 0.6-0.7 13.1-16.7 1.9 8

Sisal 67-78 8-11 10.0-14.2 10 11

coir 36-43- 41-45 10-20 3-4 8

Lyocell 60 28 -- -- --

3. Results and discussion

3.1 FTIR Analysis

The infrared spectra of untreated (UT), alkali treated 

(AT) and alkali/plasma treated (APT) HDP fabric are 

presented in figure 3. From figure 3 it is evident that there 

was a visual change in the peaks at 3384, 1729, 1628, and 

1021cm
-1

. The intensity of the band around 3384 cm
-1

 

increased on alkali treatment, indicating an increase in the 

OH content of the fabric. This may be due to an increase 

in water absorption on the surface of the fabric. This is 

further indicated by increase in intensity of the peak at 

1628 cm
-1

, which corresponds to the absorbed water.

Moreover, the intensity of the peak around 1024 cm
-1

, 

corresponding to COOH stretching, also increased on alkali 

treatment. Though the fabric was dried before recording the 

infrared spectra, the presence of water is still indicated in 

the spectra. This, in all probability, corresponds to the 

bound water attached to the cellulose peak around 1729 

cm
-1

, corresponding to the C=O stretching of hemicelluloses 

in the UT fabric, is slightly decreased in the spectrum of 

AT fabric. This indicates the partial elimination of 

hemicelluloses after treatment with sodium hydroxide. There 

was no change in the intensity of the peak around 1508 

cm
-1

, a result of the aromatic skeletal ring vibration of the 

lignin[14]. Upon plasma polymerization, an additional peak 

at 2118 cm
-1 

is observed in the APT spectra indicating the 

formation of a polymer film on the surface of the fabric.
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Fig. 3  FTIR analysis of HDP fabric.

Fig. 4a  TGA thermograms of HDP fabric.

3.2. Thermo gravimetric analysis

As thermoplastic composites are becoming popular at 

present, the authors studied the thermal stability of the HDP 

fabric, to assess the possibility of their use as reinforcement. 

Figure 4 presents the TGA and DTA analysis of the HDP 

fabric. Figure 4 represents the weight losses in the fabric. 

The first peak at around 100°C in the entire sample may be 

due to the loss absorbed moisture. A pronounced weight 

loss of 35% was observed in the range of 340-480°C in 

case of AT and APT fabric, where as in case of UT fabric 

is 47% within the same temperature range, this loss may be 

due to disintegration of cellulose units. A third weight loss 

was observed at around 480°C in case of the UT, AT and 

APT fabric; this might be due to degradation of molecular 

Fig. 4b  DTA thermograms of HDP fabric.

chains. In case of UT, AT and APT the residual content 

after 480°C is 34, 36 and 18%, respectively. Hence, it is 

concluded that the thermal stability of APT fabric is more 

compare to AT and UT fabric. Hence, the fabric can be 

effectively used as reinforcement in composite fabrication. 

Similar results were also reported by Rajulu et al[15].

3.3 Differential Scanning Calorimetry

Figure 5 shows the DSC curves of untreated and treated 

fabrics. Untreated fabric shows higher glass transition 

temperature (Tg) (213°C) than alkali treated fabric (134°C). 

This indicates that the decrease in Tg is due to the removal 

of amorphous materials (hemicelluloses and lignin) in treated 

fabric, indicating an increase in crystallinity of the fabric. 

Further increase in Tg was observed on Plasma treatment 

compare to alkali treated. It was observed a little effect on 

Tg with increasing the plasma exposure time this might be 

due to the fabric damage on longer exposure time.

3.4. Morphological Studies

The scanning electron micrographs of UT, AT and APT 

(30, 60, 90, 120 sec) HDP fabric are presented in Figure 6. 

Figure 6 reveals the surface morphology of the fabric; the 

fibers aligned parallel to each other in uniaxial direction 

(void regions) which helps in penetrating the polymer matrix 

through the voids leading to good binding between fabric 

and polymer matrix during composite fabrication.

Furthermore, in case of the untreated fabric, a white and 

dark combination layer is found on the surface of the fabric 

this might be due to presence of waxy material. Whereas, in 

case of alkali treated fabric these structures were removed 
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Fig. 5  DSC analysis of HDP fabric.

off due to the elimination of waxy and amorphous materials. 

Similar results were also observed in our earlier studies in 

case of Grewia tenax fabric[12].

On plasma treatment the surface of the fabric becomes 

rough which intern helps for better interlocking which further 

leads to better interfacial interaction between fabric and used 

as reinforcement in composite manufacturing. On Increasing 

the plasma exposure time, increase in surface roughness was 

observed up to 90 sec (optimum exposure time) beyond 90 

sec, crack formation was observed indicating the damage on 

surface of the fabric. These defects may be partially due to 

the etching effect of plasma and exposure to elevated 

temperature during plasma treatment, which may expand the 

flaws already present on the fabric. The deterioration of the 

surface morphology is more severe after 90 sec of treatment 

as greater amount of cracks, pits and deeper corrugations are 

visible. Similar observations were also reported by Jimenez 

et al.
16

 in case of other lingo cellulosic fibers.

3.5 Tensile properties

Table 2 shows the tensile strength and modulus of HDP 

fabric. From table 2, it was observed that both tensile 

strength and modulus increased of the fabric increased on 

treatment. On plasma treatment further increase in tensile 

strength and modulus was observed. This increasing trend 

might be due to the removal of loosely structured material 

(lignin and hemi celluloses) and the formation of poly 

acrylic acid layer.. Hence, one can expect that the improved 

properties can be obtained on using APT fabric as the 

reinforcement in any polymer matrix (thermo plastic and 

thermoset)[17].

  

Fig. 6a  Surface morphology of UT, AT and APT30 fabric at 
x100 magnification.

  

Fig. 6b  Surface morphology of APT60, APT90, APT 120 at 
x100 magnification.

Table 2  Tensile properties of HDP fabric

S.No Fabric type Tensile Strength
 (mPa)

Tensile 
Modulus(GPa)

1 UT 83.24 2.81

2 AT 110.43 3.16

3

APT30

APT60

APT90

APT120

119.02

120.65

122.30

121.69 

4.82

3.91

3.93

3.68 

Conclusion

It was observed that the tensile properties of the fabric 

increases upon plasma treatment due to the formation of 

rough surfaces. SEM analysis revealed the formation of 

rough surfaces upon plasma treatment. The rough surface of 

APT fabric helps in increasing the interfacial interaction 

between the matrix (hydrophobic) and fabric (hydrophilic) 
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when use in composite fabrication. The overall properties of 

APT HDP fabric are well improved compare to untreated 

and alkali treated fabrics.
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