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Název práce: Aplikace polyethylenu modifikovaného plazmou 

v kompozitech s přírodními materiály 

Anotace: Dizertační práce popisuje detailní výzkum aplikace plasmově 

modifikovaného polyethylenového (PPE) prachu v kombinaci s přírodními 

materiály. Polyethylen slouží jako matrice pro kompozit s přírodními vlákny 

a jako výztuž v přírodních sloučeninách na bázi pryže. Kompozity s 

přírodními vlákny byly připraveny z kokosových vláken sloužících jako 

výztuha a plasmově modifikovaným PE sloužícím jako matrice. Pro jejich 

zhotovení byly použity různé zpracovatelské techniky, jako je lisování, 

rotační tváření nebo vstřikování. Vlákna s modifikovaným PE vykazovaly 

lepší mechanické vlastnosti ve smyslu pevnosti a ohybu a nižší absorpci 

vody. Morfologie kompozitních materiálů ukázala dobrou mezifázovou 

interakci kokosového vlákna a PPE matrice. Plasmou modifikovaný PE 

prášek byl použit jako výplň do matric na bázi přírodní pryže, jejichž 

vlastnosti (mechanické vlastnosti, kinetika vytvrzení , morfologie a interakce 

mezi vlákny a matricí) byly následně porovnávány jejich s 

nemodifikovanými PE kompozity 

Klíčová slova: Plasmově modifikovaný polyethylen, kompozit s přírodními 

vlákny, rozhraní, mechanické vlastnosti, absorpce vody, přírodní pryž 

 

Title: Application of Plasma Modified Polyethylene in 

Composites with Natural Materials 

Abstract: This thesis describes detailed investigation on the applications of 

plasma modified Polyethylene (PPE) powder in combination with natural 

materials. It is as matrix for natural fiber composite and as fillers in natural 

rubber compounds.  Natural fiber composites were prepared using coir fiber 

as reinforcement and Plasma modified PE as matrix. Different processing 

techniques such as compression molding, Injection molding and Rotational 

molding were used for fabricating the composites. Plasma modified PE based 

composites showed higher mechanical properties in terms of tensile 

properties, flexural properties and lower water absorption. Morphology of the 

composites reveals that there is a good interfacial interaction between treated 

coir fiber and PPE matrix. Plasma modified PE powder was used as filler in 

natural rubber matrix and compared the properties (mechanical properties, 

cure kinetics, morphology and fiber - matrix interaction) with that of 

unmodified PE composites. 

Keywords: Plasma modified Polyethylene, Natural fiber composites, 

Interface, mechanical properties, water absorption, Natural rubber 
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1. Introduction 
Plasma modification is an effective, efficient, economic and ecofriendly 

method to modify the physiochemical properties of a material surface. 

Plasma-treated polymer powders find wide applications in various industrial 

sectors. Polyethylene has low surface free energy and lack of polar functional 

groups on their surface, limiting their application in many ways. Plasma 

modification increases the surface free energy and polarity that improves the 

adhesion properties which open more applications in polymer technology. 

These range from the interfacial adhesion between fiber and a polymeric 

matrix being improved, enhancing the adhesive potential getting improved 

adhesion of polymer–metal compounds[1], food packaging[2] and 

biomedical[3,4] industries. Another interesting application area is in 

composites. Initial studies have been reported as matrix for glass fiber 

composites[5]. The present work investigate the potential application of 

plasma modified PE in composite as matrix for natural fiber as well as filler 

in natural rubber. 

Thermoplastic bio composites reinforced with natural fibers have raised great 

attention and interest recently due to environmental awareness. Natural fibers 

are cellulosic fibers which are hydrophilic in nature. The major problem with 

natural fiber composites is poor compatibility between the hydrophilic 

natural fiber and hydrophobic polymer matrix. The main scope of this work is 

to prepare natural fiber – plasma modified PE composites with improved 

properties and better interphase adhesion. The functional groups present on 

the modified surface can interact with hydroxyl groups of cellulose fibers 

which improved interfacial adhesion and properties of the composites. 

2. State of Art 

A polymer composite is a complex multi-component, multi-phase system in 

which reinforcing fillers were integrated with a polymer matrix, resulting in 

synergistic mechanical properties that cannot be achieved from either 

component alone. The performance of a composite material is explained on 

the basis of the combined properties of the reinforcing element, polymer 

matrix, and the fiber/matrix interface. The inter-facial adhesion should be 

strong to meet superior mechanical properties. Interfacial bonding between 

the fibers and matrix can generally be explained by means of various 

mechanisms namely mechanical interlocking, electrostatic bonding, chemical 

bonding and inter-diffusion bonding [6].  

The natural fiber composites gained major attention in this era because of the 

environmental concerns and their specific advantages over synthetic fiber 

composites. Apart from the lower energy consumption for their production 

and their relatively low unit cost, compared to synthetic fibers[7], they also 
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have good acoustic, thermal insulation and good specific strength and 

stiffness properties due to their low density and cellular structure. The lack 

luster performance of Natural fiber composites has been attributed to a 

number of factors including poor fiber-matrix interfacial adhesion, low 

degradation temperature, poor resistance to moisture and variable mechanical 

properties which are dependent on the growing and harvesting conditions. 

The main disadvantages of natural fibers in reinforcement to composites are 

the poor compatibility between fiber and matrix and their relative high 

moisture absorption. Therefore, natural fiber modifications are considered in 

modifying the fiber surface properties to improve their adhesion with 

different matrices. By several chemical treatments, natural fibers can improve 

their interfacial bonding with polymer matrix in natural fiber reinforced 

polymer composites. The following chemical methods have been used to 

improve fiber/matrix interfacial adhesion in natural fiber reinforced polymer 

composites.  

Natural rubber (NR) known for its excellent elasticity coupled with extensive 

availability make it suitable in a wide number of applications. NR has been 

modified by incorporating various types of fillers such as carbon black, clay, 

calcium carbonate, metal oxides, CNT, POSS, graphene etc. and other 

polymers from the time immemorial. When Natural rubber is compounded 

with thermoplastic, there exists a special class of material caller thermoplastic 

natural rubber (TPNR). TPNR shows performance properties similar to 

elastomers and processing properties similar to thermoplastics which make 

them popular. One of the frequently used thermoplastic materials, which 

compounded with NR, is polyethylene. TPNRs are generally prepared by 

melt-mixing techniques using an internal mixer or co-rotating twin-screw 

extruders. Even though both NR and polyethylene are nonpolar there exists 

lack of compatibility between them. Lots of studies were reported based on 

natural rubber polyethylene blends, composites and nanocomposites. 

Kurian et al. investigated the morphology of tensile fractured and fatigue 

fractured surfaces of natural rubber vulcanizates filled with polyethylene[8]. 

They found that the size and shape of the thermoplastic domains were 

varying with the thermoplastic content which enhanced their mechanical 

interaction with the rubber matrix. But there was no much improvement in 

tensile strength. 
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3. Goals of Dissertation 

 
The main aim of the present study was to investigate the application of 

plasma modified Polyethylene powder in polymer composites as matrix for 

natural fiber composites and as filler in natural rubber composites. 

The main objectives set to achieve this aim are as follows: 

 

1. To investigate the effect of plasma modified PE as filler in Natural 

rubber composites. Analyze the morphology, mechanical properties, 

cure kinetics and rubber filler interaction. Comparison of properties 

with unmodified PE natural rubber composites. 

2. To investigate the effect of plasma modified PE as matrix for natural 

fiber composites. Evaluate the interphase properties, mechanical 

properties and water absorption charecteristics. 

3. Investigate the effect of chemical modification on coir fiber in 

Plasma modified PE based composites. 

4. Development and optimization of plasma modified PE Natural fiber 

composites for rotational moulding. 

5. Initial studies on Injection moulded natural fiber composites. 
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4. Materials and methods 

 

Preparation of Natural Fiber PE composites: 

Plasma treated (TPE) and untreated (UTPE) linear low-density polyethylene 

powder (PE, Dowlex 2631UE, The Dow Chemical Company, US; density 

0.935 g/cm3, MFI 190 °C/2.16 kg = 7.0 g/10min) was used for the 

experiments. Plasma modification of PE powder was performed by a patented 

special device by Surface Treat, a.s. (Czech Republic). Coir fibres were 

collected from local market in Kerala,India. The chopped fibers  of average 

length 6mm were dried at 120 C for 24 h. The fibers were treated with H2O2 

for better interaction with PE matrix.  

 Various methods were followed to manufacture the composites include 

compression moulding, Injection moulding and Rotational moulding. 

 

 Compression Moulding 

PE and heated coir fiber were taken in a beaker, mixed thoroughly using a 

glass rod. After proper mixing, the mixture was kept for 24 hr. Then it was 

moulded using hydraulic press. Compression mould temperature and pressure 

are set at 130° C and 120 psi respectively. 

 

Injection Moulding 

The injection molding machine (ARBURG ALLROUNDER 570 C 2000-

675) used for the fabrication of PE. Dumbbell shaped dies were used for the 

moulding according to ISO527 to make it easy for further tensile testing on 

biocomposites.  PE powder and short coir fibers were preheated and mixed 

together before injection moulding process. 

 

 Rotational Moulding 

 The composites samples were prepared using home-made laboratory scale 

rock and roll rotational molding machine with electrical heating, at 200 °C, 

rotational speed is 10 rpm. The prism-shaped mould with dimensions 

260x95x95mm side was filled with fiber PE powder premix.  
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Characterization of Natural fiber composites 

Tensile properties of short fiber composites were measured according to 

ASTMD638 using universal testing machine TINUS OLSEN H50KT at a 

gauge length of 60 mm and speed of 50 mm per minute. The flexure 

properties were measured by the three point bending method according to 

ASTMD790 with a cross head speed of 2 mm per minute.  

The morphology of the bio composite was investigated by using a stereo 

microscope with deep image sharpness. Impact fractured surface of the 

composite were studied by Scanning Electron microscope JSM-7600F 

(JEOL, JP). selected for analyzing microscopy. Water absorption 

characteristics of the composites have been studied at room temperature with 

2X2cm square samples and the percentage weight change was determined 

until the equilibrium values were reached.  

 

Preparation of Natural Rubber PE compounds 

Natural rubber (ISNR 5) was obtained from Rubber Research Institute of 

India, Kottayam. NR and PE powder were mixed in two roll mill with other 

compounding ingrediants as per ASTM D3182. The samples were then 

compression moulded at 160 °C with a cure time of t90 obtained from an 

oscillating disc rheometer according to ASTM D2084. The compounds were 

cured at their respective cure times using a hydraulic press under a pressure 

of about 120 bar. The specimens for various tests were taken in accordance 

with ASTM standards. 

 

Characterization of Natural rubber composites 

Curing behavior was studied at 140°C, 160°C and 180°C on a Monsanto 

Oscillating Disc Rheometer, according to ASTM D1646. Microscopic 

observations were done by means of FESEM with the samples broken after 

immersing into liquid nitrogen. Tensile properties of the samples were 

measured using universal testing machine (Tinius Olsen) with a cross-head 

rate at 500 mm/min according to ASTM D 412 at a room temperature  
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Results and Discussion  PART I:  

Chapter 5. Plasma Modified and Unmodified Polyethylene 

as Filler in Natural Rubber Compounds 

 

Morphological Analysis 

 

 
Figure 5.1: SEM images of a) Neat NR, b) NR with 5phr PE, c) NR with 

10phr PE, d) NR with 20phr PE, e) NR with 30phr PE, f) NR with 50phr 

PE[9] 

Low magnification SEM images of fractured surface of NR filled with 

varying amount of PE are given in figure 5.1. The roughness of the surface 

also increases with the addition of thermoplastic filler. A similar kind of 

observation has been noticed by Kurian et al.[8]. Low magnification SEM 

images of fractured surface of NR filled with varying amount of PPE are 

given in figure 5.2. The surface of NR containing PPE compounds has 

become rougher with the increasing amount of PPE content in a similar way. 
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Figure. 5.2. SEM images of a) NR with 5phr PE, b) NR with 10phr PE, c) 

NR with 20phr PE[9] 

 
Figure 5.3: SEM image of NR with 5phr PE at higher magnifications[9] 

 

It is noticeable in figure 5.3 that the PE powder is nicely dispersed in the NR 

matrix as small particles. It can be seen from the second image that some 

holes are also present due to the detachment of these polyethylene powder 

during fracture. We could also observe some protrusions in the third image 

due to the ductile behavior of PE. In the case of plasma modified 

polyethylene filled compound the morphology was entirely different. The 

SEM images of NR containing 5phr PPE are given in figure 5.4. Here the 

polyethylene particles were agglomerated and were seen as a separate phase. 

This was because of the polar-polar cohesive interaction between the 

modified polyethylene surfaces due to the presence of polar groups [10]. 
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Figure. 5.4. SEM image of NR with 5phr PPE at higher magnifications[9] 

 

 In the case of unmodified polyethylene, even though there was no chemical 

interaction with natural rubber matrix, the polyethylene particles could be 

easily dispersed in the NR matrix due to similarity in structure (both NR and 

PE are non-polar), their powdery form and also the sample preparation 

method. But the modified polyethylene particles had a tendency to come 

closer to form aggregates owing to the polar-polar cohesive interaction. Since 

natural rubber was non polar, the modified PE tried to move apart from the 

rubber hydrocarbon chain. 

. 

Cure Characteristics 

 
Figure 5.5: Cure behaviour of a) NR/PE and b) NR/PPE at various PE 

content at 160°C[9] 

The curing characteristics of the studied material were expressed in terms of 

minimum torque (ML), maximum torque (MH), scorch time (ts2), and cure 

time (tc90). The minimum torque was related to the viscosity of the uncured 
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compound at a given temperature. The addition of thermoplastic polyethylene 

reduced the viscosity of the compound. So the minimum torque value 

decreased with increasing amount of polyethylene. By the addition of PE to 

the NR matrix minimum torque, maximum torque and difference between 

them (ΔS) were tend to decrease in both cases. This was because 

polyethylene was in the molten state at this high temperature since the 

melting point of PE is 124°C. The melted PE had a plasticising effect which 

lowers the ultimate torque values[11]. The scorch time and cure time were 

tending to increase with increasing the PE content. Plasma modified PE 

showed comparatively higher values for scorch time and cure time. It is clear 

from the figure 8 that the slope of the rheographs decreases with the addition 

of polyethylene. This indicates that the rate of curing reaction was lowered in 

the presence of polyethylene as it restricts the cross linking site of rubber 

chains. 

 

Mechanical properties 

 

 

 

 

 

 

 

F 

Figure 5.5: Stress Strain plot of NR/PPE and NR PE composites 

 

The addition of PE increases the mechanical properties. The composite with 

10 phr PE shows the highest tensile strength. But on further increase in PE 

tensile strength decreases gradually. This may be because at higher loading 

PE can accumulate together and act as a hindrance for stress transfer.  The 

vulcanizate with 50 phr PE shows remarkable increase in modulus. The 

decrease in mechanical properties at 5 phr may be because of the fact that at 

extremely low loading, PE acts as a hindrance for stress transfer. The 

increase in modulus at higher filler loading is due to the thermoplastic nature 

of PE and PPE and this is confirmed from the percentage of thermoplasticity 

obtained from the rheograph . 
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The plasma modification was found to reduce the mechanical properties may 

due to the decrease in interaction caused by the functional groups present on 

the surface which made less hydrophobic 

 

Filler polymer interaction 

  
Figure 5.6: Bound rubber content and Kraus plot 

 

Analysis of bound rubber content gives the extent of filler polymer 

interaction. The bound rubber content was found to be higher for unmodified 

PE. The comparatively lesser bound rubber content for PPE for all the 

compositions may be due to the lesser interaction between PPE and NR as 

explained earlier. Also as we increase the loading, for both PE and PPE, a 

general trend of decrease in bound rubber content was observed. (Fig. 5.6a)  

An attempt has been made to apply the Kraus[12] equation to find the extent 

of reinforcement of fillers in the matrix. Higher the slop in the Kraus plot 

more interaction between filler and polymer. Kraus plot which also gives the 

degree of filler polymer interaction also confirms that for modified there is 

lesser interaction between filler and polymer.(Fig5.6b ) 
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Part II: PPE as a matrix for natural fiber composites 

Chapter 6: Natural fiber composites prepared via 

compression moulding 

Tensile properties of composites 

 

Figure 6.1 Tensile properties of composites[11] 

The tensile strength was increased by around 100% in the case of PPET 

biocomposite where as it was only 10% for PET biocomposite than neat 

polymer. Even though the tensile moduli increased to a great extend for both 

cases, PPET biocomposites showed higher modulus than PET biocomposites. 

The composite prepared from PPE and bleached fibres showed the best 

properties. This is because of the interaction between the polar groups on the 

polymer surface and hydroxyl groups of the cellulose fibre. As a result of the 

high degree of interfacial interaction, the stress transfer from the matrix to the 

reinforcement is very efficient.  

 

 

 

Fig 6.2: Microscopic images of biocomposites [11] 
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Fig. 6.2 and b illustrate the images of PE biocomposite and PPE 

biocomposite respectively. In Fig. 6.8a a visible gap is clearly observed 

between the fibre and matrix, which can be attributed to the poor interfacial 

adhesion between PE and coir fibre. But in the case of PPE biocomposite 

there is no micro voids and we can see nice wetting of polymer matrix on the 

fibre surface. All these observations can be evidence for good interfacial 

adhesion between PPE matrix and coir fibre, which can be evidenced in the 

improvement in mechanical properties. The strong adhesion and fibre wetting 

was the result of the formation of polar interactions between the plasma 

modified polymer surface and cellulosic fibres. 

 

Figure 6.3 Water absorption of biocomposites 

It is very clear from the figure that PPET biocomposites show the lower 

absorption of water at any filler loading. PEUT composites show the higher 

absorption of water. Even though neat PPE was showing small absorption 

than neat PE, the water absorption was very less in PPE biocomposite 

compared to PE biocomposites irrespective of the fibre loading. This is 

because a considerable amount of accessible OH groups, those are 

responsible for water absorption disappeared to become bonded to the polar 

groups on the plasma modified PE surface. And also the lack of micro voids 

present in the composite due to better polymer fibre interaction will help to 

reduce the water absorption[12]. This can be well explained from the 

microscopic images of the composites. The coir fibers were effectively 

wetted by PPE matrix which cannot be seen in PE coir fibre biocomposites. 

Chemical treatment of coir fibre substantially reduces the water absorption of 

both PE composites and PPE composites. 
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Chapter 7: Rotational Moulding of PE coir fiber composites 

 

 

 

 

 

 

 

 

 

Figure 7.1 : Stress strain Plot and [13] 

Plasma modified PE showed the highest value for Tensile strength. There is a 

trend of decreasing tensile strength with the introduction of fiber in all cases 

as reported in previous studies rotomolded composites. But comparing the 

values of composites PPE treated fiber composite has showed highest value 

even higher that unmodified PE. Unmodified PE composites are showing 

lower values than plasma modified PE composites. This improvement in 

tensile strength is due to the strong interfacial adhesion between fiber and 

polymer matrix which was evidenced in SEM images. 

 

 

 

 

 

 

 

 

 

 

Figure 7.2: Impact strength 

 

Impact strength of the composite was higher than neat polymer. Also plasma 

modified PE composites showed better properties similar to tensile 

properties. Previous studies reported that composite impact strength can 
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increase because of higher mechanical energy dissipation during failure 

(longer fiber pullout distance) and possible fiber–fiber interaction 

(entanglements), as long as no fiber breakup occurs[14]. This result also give 

indication that plasma modified PE has an effective interaction with natural 

fiber. 

Morphology 

 

Figure 7.2: SEM image of a) PE -untreated fiber composite, b) PPE-untreated 

fiber composite, c) PE -treated fiber composite and d) PPE- treated fiber 

composite[15] 

 

Broken fibers are visible in figure 7.2(d) which attributed to strong interfacial 

adhesion between treated fibers and plasma modified surface. Besides that 

fiber pull outs are very less and strong fiber matrix adhesion can be observed 

in this image. However in the images of unmodified PE composites we can 

see many fiber pull outs and void due to fiber pull outs. Evidence for poor 

fiber matrix interaction also observed in figure 7.2(a) and 7.2(c) as gap 

between fiber and PE matrix. The interface between polar natural fiber and 
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non-polar polyethylene matrix is weak as expected. The plasma modification 

improves the polarity and surface energy of polyethylene matrix that greatly 

contribute to increase the interfacial adhesion. There are presences of bubbles 

in all the composites which are inevitable defects in rotomolding of 

composites. 

 

Figure 7.3 : SEM image of a) PE -untreated fiber composite, b) PPE-

untreated fiber composite, c) PE -treated fiber composite and d) PPE- treated 

fiber composite[15] 

In order to probe the effect of the plasma modification of PE on the 

interfacial bonding in the composites, their fractured surface were closely 

examined by SEM. Scanning electron micrographs of the fractured surfaces 

of all composites at higher magnification are shown in Figure 7.3. From these 

micrographs, we can see very good interfacial adhesion between fiber and 

matrix for plasma modifies PE composites. The interface is not 

distinguishable as the matrix is nicely coated over the fiber surface. It is 

clearly observed in figure 7.3(c) that the matrix is attached to the fiber 

surface and in figure 7.3(d) that the fiber surface is fully covered by polymer 

matrix. However in unmodified PE composites there is no interfacial 
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adhesion found. We can prominently see a gap between fibre and matrix in 

figure 7.3(a). 

 

Water absorption 

 

Figure 7.4: Water absorption of Rotational molded composites[15] 

Water absorption studies are very important for natural fiber composites, 

since due to the hydrophilic nature of natural fiber absorb moisture. Since 

natural fibers and polymer matrix exhibit different properties in terms of 

moisture absorption, the fiber distribution in polymer matrix and interface 

interaction are key to the overall moisture absorption of composites[16],[17]. 

Both plasma modification on PE matrix and chemical treatment on coir fiber 

have positive effect on the resistance to water absorption. The lowest 

absorption was showed by plasma modified PE treated fiber composite. This 

is because a considerable amount of accessible OH groups, those are 

responsible for water absorption disappeared to become bonded to the polar 

groups on the plasma modified PE surface. And also the lack of micro voids 

present in the composite due to better polymer fiber interaction will help to 

reduce the water absorption[18]. This can be well explained from the SEM 

images of the composites. It could be also explained by the formation of 

small capillary between the PE and the fibere whereas good adhesion 

between the PPE and fibers such capillary was not built. The coir fibers were 

effectively wetted by PPE matrix which cannot be seen in PE coir fiber 

composites. Chemical treatment of coir fiber substantially reduces the water 

absorption of both PE composites and PPE composites[19]. 
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Chapter 8: Injection molding 

 

Preliminary experiments were also performed in order to investigate 

wheather the plasma modification of PE can influence the mechanical 

properties of natural fibre composite prepared by injection molding process 

since it is the most common processing method used in thermoplastic 

industry. 

 
Figure 8.1: TensileProperties of Injection molded composites 

 

Tensile modulus of injection molded composites was shown in figure 8.21a 

The stiffness of the composites, which are characterized by the Young´ s 

modulus, significantly increase with an increase in the filler content in the 

entire concentration region. Addition of coir fiber increased the tensile 

modulus gradually due to the rigidity of fiber. This kind of behavior is very 

common in natural fiber polymer composites[20]. But there was no 

significant difference observed between tensile modulus of plasma modified 

PE composites and unmodified PE composites. 

Figure 8.1b describes the tensile strength of all composites prepared via 

injection molding. Composites with 5 % coir fiber showed same value that of 

neat PE. However there was a slight increase in tensile strength with the 

addition of 10% coir fiber. The slight increase in the stress at break at higher 

filler contents is caused by the reinforcing effect of the filler[21]. It is also 

found that there is no effect by either plasma modification of PE or chemical 

modification of coir fiber. This might be due to the degradation of fiber 

during injection molding. And also PE powder and fiber were mixed at the 

time of molding, which did not allow enough time for any interaction 

between modified PE and cellulose fiber. 
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Flexural Properties 

 
Figure 8.2 Flexural properties of Injection molded composite 

 

Flexural modulus of all composites has shown in figure 8.2a. There is an 

increasing trend for flexural modulus with the addition of coir fiber in both 

plasma modified PE and unmodified PE composites. Composites with 10 

wt% showed highest value irrespective of the modification on PE and coir 

fiber. Plasma modified PE with 10 wt% treated fiber showed the highest 

value 80% of neat PE. However composites with 5 wt% fiber showed same 

value of flexural modulus for all kind of composites. 

It is observed from the figure 8.2b that flexural strength of injection molded 

composite increased with the addition of coir fiber for all composites. 

Nevertheless plasma modified PE- treated fiber composite showed better 

properties (43% higher than neat PE) compared to other composites. Flexural 

strength of composite is indirectly a measure of interfacial adhesion between 

fiber and polymer matrix. This result reveals that there is interfacial 

interaction between plasma modified PE and lignocellulose fibers even 

though other mechanical properties are not increasing to a great extent. 
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9. Conclusion 

The present thesis covers a systematic and detailed investigation on the 

applications of plasma modified Polyethylene powder in combination with 

natural materials. Plasma modified Polyethylene has been used in two 

different purposes. One is as matrix for natural fiber composite and other is 

as fillers in natural rubber. Plasm  a surface modification makes the polymer 

more polar and active, which increase its applications in many ways.      

 

9.1Meet the thesis goal 

• To investigate the effect of plasma modified PE as filler in Natural 

rubber composites.  

Plasma modified PE powder was used as filler in natural rubber mat  rix and 

compared the properties (mechanical properties, cure kinetics, morphology 

and fiber - matrix interaction) with that of unmodified PE composites. In all 

compositions the unmodified PE was nicely dispersed in the rubber matrix 

whereas the plasma modified PE (PPE) showed high degree of phase 

separation and a tendency to agglomerate due to the polar- polar cohesive 

interactions among them. Both polyethylene and plasma modified PE 

enhanced the mechanical properties of NR. The interaction between the filler 

and matrix is highlighted and was found to be more in the case of 

polyethylene/NR composites. Plasma modification can impart some polar 

groups on PE but this reduced the interaction between NR and PPE compared 

to PE. The interaction between NR and plasma modified PE, which has some 

functional group on it can be improved if we add compatibilizer like 

modified NR. 

• To investigate the effect of plasma modified PE as matrix for natural 

fiber composites.  

Short fiber composite based on PPE and PE matrix were prepared via 

compression molding with varying the fiber content from 5 to 20 wt%. The 

mechanical properties and water absorption behavior studied in detail. The 

interfacial adhesion and fiber wetting were examined by stereo microscope. 

Plasma modified PE based composites showed higher mechanical properties 

in terms of tensile strength, tensile modulus and flexural modulus than 

unmodified PE composite. Morphology of the composites reveals that there is 

a good interfacial interaction between coir fiber and PPE matrix. In the 

plasma modified one, a  good wetting of fiber by the matrix eliminated the 

possible micro voids. 
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• Development and optimization of plasma modified PE Natural fiber 

composites for rotational moulding. 

Natural fiber composites were successfully manufactured via rotational 

molding with improved mechanical properties and reduced water absorption. 

Morphology of composites revealed the good interfacial adhesion between 

coir fiber and plasma modified PE which was absent in unmodified PE 

composites. Single layered composites and multilayered composites were 

prepared with this technique.  

• Initial studies on Injection moulded natural fiber composites. 

Injection molding technique was also explored for the manufacturing if PPE 

coir fiber composite. It was found that it is not as good as other processing 

techniques concerning plasma modified PE natural fiber composites because 

of the processing conditions like high temperature and high shear rate. 

 

9.2 Suggestions for Future work 

 More studies will be done on the injection molding of plasma 

modified PE coir fiber composites.  

 In rotational molding, special focus will be given to reduce bubble 

formation like two stages mixing or in-situ plasma modification of 

PE powder and natural fiber.  

 Even though few fibers were exposed to atmosphere in double 

layered rotomolded composites, three layered composites can be 

manufactured. 

 In rotational molding process higher length of fiber reduces 

dispersion. So studies can be done on composites with different 

length of fiber from macro to nano. 

 Thermal properties and aging behavior of plasma modified PE coir 

fiber composites can be studied in detail. 

 This new composite material can be used for 3D printing 

technology, which is also a pressure less processing method. 

 

 

 

 

 



23 

 

 

References  
[1] Grace, Jeremy M., and Louis J. Gerenser. "Plasma treatment of 

polymers." Journal of dispersion science and technology 24.3-4 

(2003): 305-341.  

[2] Lei, Jieqiong, et al. "Plasma treated polyethylene 

terephthalate/polypropylene films assembled with chitosan and 

various preservatives for antimicrobial food packaging." Colloids 

and Surfaces B: Biointerfaces 114 (2014): 60-66.).  

[3] Oehr, Christian. "Plasma surface modification of polymers for 

biomedical use." Nuclear Instruments and Methods in Physics 

Research Section B: Beam Interactions with Materials and Atoms 

208 (2003): 40-47.  

[4] Neděla, Oldřich, Petr Slepička, and Václav Švorčík. "Surface 

modification of polymer substrates for biomedical applications." 

Materials 10.10 (2017): 1115.  

[5] Novacek, Vojtech, et al. "Application of low temperature plasma 

treatment for thermoplastic composites." 2017 International 

Conference on Optimization of Electrical and Electronic Equipment 

(OPTIM) & 2017 Intl Aegean Conference on Electrical Machines 

and Power Electronics (ACEMP). IEEE, (2017). 1027-1032 

[6] Zhou, Y., Fan, M. and Chen, L. Interface and bonding mechanisms 

of plant fibre composites: An overview. Composites Part B: 

Engineering, 101 (2016): 31-45.  

[7] John, Maya Jacob, and Rajesh D. Anandjiwala. "Recent 

developments in chemical modification and characterization of 

natural fiber‐reinforced composites." Polymer composites 29.2 

(2008): 187-207.  

[8] Kurian, J., Akhtar, S., Nando, G. B. & De, S. K. Scanning electron 

microscopy studies on tensile failure of polyethylene-filled natural 

rubber vulcanizates. J. Appl. Polym. Sci. 37, (1989): 961–975.  

[9] Sari P. Sasidharan, Petr Spatenka, Evgeny Anisimov, and Sabu 

Thomas. "Plasma Modified and Unmodified Polyethylene as Filler 

in Natural Rubber Compounds: Morphology, Cure Behavior and 

Vulcanization Kinetics." Macromolecular Symposia, 381, 1(2018): 

1800135. 

[10] Konar, B. B., and Mausumi Saha. "Influence of Polymer Coated 

CaCO3 on Vulcanization Kinetics of Natural Rubber/Sulfur/N-

Oxydiethyl Benzthiazyl Sulfenamide (BSM) System." Journal of 

Macromolecular Science, Part A, 49.3 (2012): 214-226.  

[11] Sari, P. S., Spatenka, P., Jenikova, Z. and Thomas, S., New type of 



24 

 

thermoplastic bio composite: nature of the interface on the ultimate 

properties and water absorption. RSC Adv. 5, (2015):97536–97546  

[12] Haque, Md Mominul, Md Sakinul Islam, and Md Nazrul Islam. 

"Preparation and characterization of polypropylene composites 

reinforced with chemically treated coir." Journal of Polymer 

Research 19,5 (2012): 9847.  

[13] Sari P. S., et al., “Composite with short fibers and plasma-treated 

polyethylene matrix prepared by rotomolding technology” submitted 

to SAMPE 2019 - Charlotte, NC. 

[14] Ku, H., Wang et al., M. A review on the tensile properties of natural 

fiber reinforced polymer composites. Composites: Part B 42, 

(2011): 856–873. 

[15] Sari P.S., et al., “Effect of plasma modification of Polyethylene on 

natural fiber composites prepared via rotational moulding” 

(submitted to Composites Part B: ) 

[16] Arifuzzaman Khan, G. M. et al. Influence of chemical treatment on 

the properties of banana stem fiber and banana stem fiber/coir 

hybrid fiber reinforced maleic anhydride grafted polypropylene/low-

density polyethylene composites. J. Appl. Polym. Sci. 128, (2013): 

1020–1029.  

[17] Wang, W., Sain, M. & Cooper, P. A. Study of moisture absorption 

in natural fiber plastic composites. Compos. Sci. Technol. 66, 

(2006): 379–386.  

[18] Fang, H., Zhang, Y., Deng, J. & Rodrigue, D. Effect of fiber 

treatment on the water absorption and mechanical properties of 

hemp fiber/polyethylene composites. J. Appl. Polym. Sci. 127, 

(2013): 942–949.  

[19] Haque, M. M., Hasan, M., Islam, M. S. and Ali, M. E. Physico-

mechanical properties of chemically treated palm and coir fiber 

reinforced polypropylene composites. Bioresour. Technol. 100, 

(2009): 4903–6.  

[20] Costa, L., Cramez, M. C. and Pontes, A. J. A Study on Shrinkage 

and Warpage of Rotational Moulded Polyethylene. Mater. Sci. 

Forum 730, (2012): 957–962  

[21] Zhou, Y., Fan, M. and Chen, L. Interface and bonding mechanisms 

of plant fibre composites: An overview. Compos. Part B Eng. 101, 

31–45 (2016).  

 

 



25 

 

 

10.2 Publications related to the title of Dissertation 

 

•[11] Sari P. S., Petr Spatenka, Zdenka Jenikova, Yves Grohens, and Sabu 

Thomas. "New type of thermoplastic bio composite: nature of the interface 

on the ultimate properties and water absorption." RSC Advances 5, no. 118 

(2015): 97536-97546.  

•[9] Sari P. S., Petr Spatenka, Evgeny Anisimov, and Sabu Thomas. "Plasma 

Modified and Unmodified Polyethylene as Filler in Natural Rubber 

Compounds: Morphology, Cure Behavior and Vulcanization Kinetics." In 

Macromolecular Symposia, vol. 381, no. 1, p. 1800135. 2018. 

•[13] Sari P. S., Zoya Ghanem, Zdenka Jenikova and Petr Špatenka, 

“Composite with short fibers and plasma-treated polyethylene matrix 

prepared by rotomolding technology ” submitted to SAMPE 2019 - Charlotte, 

NC.(under review) 

•[15] Sari P.S., Petr Spatenka, Zdenka Jenikova, Zoya Ghanam, and Sabu 

Thomas. “Effect of plasma modification of Polyethylene on natural fiber 

composites prepared via rotational moulding” (submitted to Composites Part 

B: Engineering) 

 


