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ABSTRACT 

 

Thin films of polymer blends between natural rubber (NR) and thermoplastics 

including polyethylene (PE) and poly(vinyl chloride) (PVC) were prepared using hot 

compression molding and electrospinning. Their surface morphology, thermal 

property, and electrical property were investigated. The films of NR/PE blend 

preparing by hot compression molding were dense with the thickness of 0.1-0.2 mm. 

From prepared using hot compression molding at temperature 150oC, it was observed 

that PE partially migrated to the surface, forming the PE layer on the surface of the 

NR/PE films. Due to this, the NR/PE dense film showed higher thermal oxidation 

resistance than the pure NR dense film. For the dense films of the NR/PVC blend 

preparing by hot compression molding, it was found that when PVC content was less 

than 5% by weight, the strength of the films was higher than that of the pure NR 

films. The further increase in PVC content resulted in decreasing of the strength of the 

films. The SEM images showed that at high PVC content, PVC partially migrated to 

the surface and then formed lamelle crystalline. This might contribute to the reduction 

of the strength of the NR/PVC thin films when adding high PVC content. However, 

the electrical properties of the dense NR/PVC film increased with increasing in PVC 

contents. When blending epoxidized natural rubber (ENR) with PVC, the non-woven 

thin films with a thickness of 0.01-0.05 mm were successfully prepared using 

electrospinning. The obtained NR/PVC non-woven thin films showed high flexibility. 

The thermal properties of the NR/PVC non-woven thin films increased with the 

increase of PVC content. 
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Introduction 

 
Polymer 

 

 A polymer is a high molecular weight by polymer is composed of repeating 

units of monomers in reaction units. When polymer is composed of subunits or 

monomers of the same type, it is organized into homopolymer group. But if polymer 

derived from two (or more), it is organized into copolymer group.  

 Polymers, both natural and synthetic, are created via polymerization of many 

monomers. Their consequently large molecular mass relative to small molecule 

compounds produces unique physical properties, (Michael et al., 1995) including 

toughness, viscoelasticity, and a tendency to form glasses and semi-crystalline 

structures rather than crystals. (MaCrum et al., 1997) Natural polymer includes starch, 

cellulose, proteins, nucleic acids, and natural rubber while synthetic polymer includes 

plastics, fibers, foams and adhesives. Because of their broad range of properties, both 

synthetic and natural polymers play an essential and ubiquitous role in everyday life. 

And each polymer has different properties wide variety of applications. (Jensen, 

2008) 

 

Polymer blends 

  

 Polymer blends were macroscopically homogeneous mixture of two or more 

different species of polymer. (Work et al., 2004) The most important characteristic of 

a polymer blend of two (or more) polymers is the phase behavior. Polymer blends 

(like low molecular weight solvents) can exhibit miscibility or phase separation and 

various levels of mixing in between the extremes (e.g., partial miscibility).   

(Robeson, 2007) And polymer blends as a mixture of at least two macromolecular 

substances, polymer or copolymer, in which the ingredient content is above 2 wt%. 

(Utracki 2002) Later, (Utracki and Lyngaae-Jørgensen, 2003) defined Most properties 

of immiscible polymer blends depend on the morphology or the two-phase structure. 

http://en.wikipedia.org/wiki/Polymerization�
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There is a great diversity of immiscible polymer blends morphology, but, from the 

point of view of the performance, they may be divided into two categories:  

 

(1) Blends with discrete phase structure (DPS, or drop-in matrix), and  

(2) Blends with bicontinuous phase structures (BPS, or co-continuous).  

From over definition, we can conclude that polymer blend is a combination of two or 

more homopolymer or copolymer, obtained through different processes and 

technique. 

 

 Method of blending 

 Blending process of plastic, blending and compounding have different 

importance. Mixed indicates that the physical act of homogenization, blending often 

refer to the preparation of the polymer blends, while blending is the combination of 

additives into the polymer matrix, includes lubricants, pigments, antioxidants and 

reinforcement. (Utracki, 2002) 

 Mechanical blending of polymers is the easiest and most direct method of 

preparing a polymer blend. This may be accomplished on two-roll mill or internal 

mixers like Banbury. The nature of the resulting dispersion depends on the time of 

mixing, the shear field in equipment, temperature, rheological properties of the 

component polymers etc. Also, there is a possibility of chemical effects being 

produced by the milling operation. 

 Polymer blends were prepared commercially by melt mixing, solution mixing 

and latex blending  

  a) Melt mixing 

 Melt mixing technique is a simple way and economical way of blending 

different polymers to avoid contamination removal of solvent or water and others. 

Mixing can be accomplished on heated roll mills. Nonetheless, this is not actually 

much because the plastic has a high melting point. The open mixing mill is in the air 

at high temperatures causes oxidative degradation. Internal mixers, mixing extruder, 

and twin-screw extruder are more efficient and their use gives less oxidative 

degradation. (Mohamad, 2005) A melt mixing has been reported, such as (Davis et al., 

2010) study, preparation polypropylene/single-walled carbon nanotube (PP/SWNT) 
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nanocomposites prepared by initial mixing methods process was followed by melt 

extrusion. After that the nanotubes were vacuum dried overnight at 120 ºC before 

mixing 0.5 vol% SWNT or C12SWNT by placing PP and the nanotubes in a vial and 

shaking for 1 min before feeding into the extruder. The results showed that the 

observed for C12SWNTs. The nanotubes that were tended to remain as large 

agglomerates and possess poor adhesion to the polymer surface. And (Pötschke et al., 

2005) study, preparation single-walled carbon nanotubes (SWNT) with polycarbonate 

(PC) by melt compounding was carried out using a Brabender PL-19 single screw 

extruder at screw speed of 50 rpm and temperatures between 240 ºC and 260 ºC, was 

found at the nanotube dispersion as observed by TEM investigations is quite 

homogeneous. The direct incorporation method is discussed in composites of 

polycarbonate with MWNT and SWNT. For commercial MWNT percolation was 

found between 1.0 and 3.0 wt% depending on the aspect ratio and purity of the 

materials. (Wang et al., 2012) Study, rubber/Ca-montmorillonite (Ca-MMT) 

nanocomposites were prepared by combination of latex compounding and melt 

mixing. The masterbatch was added in the system of styrene butadiene rubber (SBR) 

and epoxidized natural rubber (ENR) by melt mixing subsequently. Results showed 

that intercalated and exfoliated nanocomposites were obtained by the masterbatch 

technique. The effects of modified Ca-MMT introduction into the rubber matrix, via 

the masterbatch technique, on the properties of the resulting composites were studied. 

It was found that the vulcanization was hindered by the incorporation of modified Ca-

MMT, while mechanical performances, thermal stability and aging resistance were 

improved. The scorch time and the vulcanization time are increased by the 

incorporating of modified Ca-MMT. And (Ratnam, 2002; Ratnam et al., 2006) 

preparation poly(vinyl chloride)/epoxidized natural rubber (PVC/ENR) blends by 

using Brabender mixing at (50/50). The ENR 50 was irradiated using a 3.0 MeV 

electron beam accelerator at a dose range of 10-100 kGy in air and at room 

temperature. The irradiated ENR 50 was then melt blended with PVC using a 

Brabender at 50 rpm, 150 ºC for 15 min. was found that an upward trend was 

observed for tensile strength, modulus, hardness, impact strength and gel fraction of 

the 50/50 PVC/ENR blend with irradiation dose. Such observation indicate that 

irradiation of the ENR 50 phase contributes to the enhancement in PVC/ENR blend 
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properties. (Ratnam and Zaman, 1999) preparation poly(vinyl chloride)/epoxidized 

natural rubber (PVC/ENR) blends by using Brabender mixing at 70/30 illustrates the 

importance of PVC phase stabilization in ensuring the enhancement of PVC/ENR 

blend properties through irradiation and implies the influence of blend homogeneity 

in enhancing the properties through irradiation. And results showed that effect of 

stabilizer on tensile strength inverse elongation at break properties which tribasic lead 

sulfate (TBLS) stabilizer when amount and time increased that tensile strength 

increased. 

 b) Solution blending  

 Then separate the rubber is removed from the solvent by chemical 

precipitation with non solvent or allow solvent to evaporate completely. Preparation 

of rubber compounds by this method has several disadvantages including solvents are 

expensive and difficult to separate rubber. Dry rubber more energy to keep the costs 

high. The preparation of rubber can not be made in large quantities. Due to the 

viscosity of rubber solutions If the amount of rubber have very high melting exceeds 5 

percent of the weight of rubber / volume of solvent. Therefore, the rubber compound 

in the form of a solution often used for research purposes only. (In the case of the 

little rubber) (Nimsuwan, 2011) This technique was used especially for water soluble 

polymers, such as poly(vinyl alcohol) (Greenland, 1963; Ogata et al., 1997; 

Strawhecker et. al., 2000), poly(acrylic acid) (Billingham et. al., 1997), poly(ethylene 

oxide) (Ogata et al., 1997; Lemmom and Lerner, 1994; Malwitz et. al., 2003; Aranda 

et al., 1992; Simon et al., 2002), etc., whose polarity probably contributes an enthalpy 

gain helping intercalation, though examples of preparations carried out with organic 

solvents and hydrophobic polymers have also been given (Li and Ishida, 2003; Chiu 

and Chu, 2006; Qu et al., 2002). A solution blending have been reported, including 

(Magagnini et. al., 2007) preparation of the ethylene-acrylic acid and a 

montmorillonite clays (EAA/organoclay) composites dissolved under stirring in a 

solvent such as 1,2,4 trichlorobenzene, chloroform, n-hexane and mixtures of THF 

and pentane (incomplete precipitation was obtained with pure THF, and mixtures of 

xylene and benzonitrile, were employed occasionally. (Wang and Wilkiem, 2002) 

PVC-clay nanocomposites have been prepared by solution blending of the polymer 

then dissolved in THF for 30 min. This was the followed by evaporation of the 
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solvent, air-drying and drying in a vacuum oven, and then annealing. And (Schjødt-

Thomsen et al., 2010) PVC/MMT nanocomposites prepared using the solution 

blending method. By then dissolved in THF until the solution became homogeneous 

and afterwards it was poured in plastic moulds, followed by the evaporation of the 

solvent. 

c) Latex blending  

Is an effective method because of the blend can take a good dispersion and 

compatibility thoroughly and use less energy in the mix. But must pay attention to the 

use of surfactants or soaps. The type and quantity of rubber latex to prevent 

degradation and an agglomeration process. However, the blending in the form of 

rubber latex has disadvantages in terms of cost. Because of coagulation dehydration 

and drying when it is a process that requires high costs. (Nimsuwan, 2011) A latex 

blending have been reported, elastomers used as epoxidized natural rubber        

(Chang et al., 2007; Senna et al., 2008), carboxylated nitrile rubber (Das et al., 2000; 

Das et al., 2000; Ibrahim and Dahlan, 1998) and vulcanized natural rubber (NR). 

(Dahlan and Zaman, 2002; Ismail and Suryadiansyah, 2002; El-Sabbagh, 2003;) 

Preparation LDPE and NR latex blends, study the effect of varying the NR latex 

content on the physical, mechanical and dynamic properties. (Poompradub and Supak, 

2011) Study vulcanization of natural rubber latex in presence of styrene-butadiene 

rubber latex. (Bhardwaj et al., 2005) Study, preparation natural rubber (NR) and 

carboxylated styrene butadiene rubber (XSBR) lattices and their blends was studied 

by thermogravimetric methods. (Thomas et al., 2006) and the effect of penetrant size, 

filler loading and temperature on the diffusion properties were studied. (Thomas et al., 

2007)  

 

Classification of polymer blends 

 

 Polymer blends can be classified in various ways using different indicators 

such as compatibility (compatible and incompatible blends), production methods 

(mechanical blend or chemical blends), nature of polymer architecture (block and 

graft polymers), number of constituent polymers (binary blends, ternary blends etc.) 

and the types of constituent polymers. Based on the latest parameter, polymer blends 
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can be broadly classified into three main groups as follows: a) rubber-rubber blends, 

b) plastic-plastic blends and c) rubber-plastic blends (TPE). (Mohamad, 2005) 

The important of rubber-rubber blends become manifest when we realize that 

nearly every major rubber component in a tire constitutes a blend of two or more of 

these rubbers, styrene butadiene rubber (SBR), natural rubber (NR), synthetic rubber 

(IR), poly butadiene rubber (BR), butyl rubber (IIR) and ethylene propylene rubber 

(EPDM or EPM). The reasons of producing rubber-rubber blend are: (a) the 

compound cost may be lowered, (b) easy fabricated in the complex shaping, forming 

and building operations, (c) the final product performance can be modified 

beneficially.   

Polyolefin is the largest group of commercial thermoplastic. They constitute a 

group of polymer of complex macromolecular structure, wide molecular weight 

distribution that are diverse in shape, substantial short and long chain branching and 

high crystallinity. Their density is the lowest among polymers and strongly influences 

performance characteristics. The characteristic of plastic-plastic blend are: excellent 

dielectric properties, water repellence, nonpolarity, high melt viscosities that respond 

weakly to temperature change but strongly to shear rate or stress changes, high melt 

elasticity and melt strength. Most of the studies on plastic-plastic blending used in 

production of films, profiles and containers, molding and insulation and jackets for 

cables. 

Rubber-plastic blend or known as thermoplastic elastomer (TPE) blends is a 

relatively new class of polymer that are processable as a melt at elevated temperature 

but exhibit properties similar to a vulcanized elastomer at use temperature. 

Thermoplastic elastomer blends exhibit stress-strain characteristics that fall between 

the low modulus crosslink elastomers (curve c Figure. 1) and the high modulus 

yielding materials that undergo a high degree of plastic deformation (curve b,     

Figure. 1) (Kresge, 1978) 
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Fig. 1. Stress-strain curve showing behaviour of different polymers; a) high modulus 

plastic, b) high modulus with yielding and poor recovery on return cycle, c) low-

modulus rubbery (Kresge, 1978). 

 

Polymer degradation 

 

 Polymer degradation is a change in the properties of tensile strength, color, 

shape, etc. induced by heat, oxygen, sunlight, high-energy radiation, atmospheric 

pollutants, mechanical stress, biological reaction, hydrolysis and many other 

influences. The degradation mechanisms and stabilization processes by use of modern 

instrumental analytical methods; various spectrometric, chromatographic and thermal 

analysis techniques in the study of degradation mechanisms. The changes in 

properties are often termed aging. In general, we can classify mechanisms of polymer 

degradation is 4 main types. (Chansuvarn, 2011) 

 Thermal degradation 

 Thermal degradation of polymers is molecular deterioration as a result of 

overheating. At high temperatures the components of the long chain backbone of the 

polymer can begin to molecular scission and react with one another to change the 

properties of the polymer. Thermal degradation can present an upper limit to the 

service temperature of plastics as much as the possibility of mechanical property loss. 

Indeed unless correctly prevented, significant thermal degradation can occur at 

temperatures much lower than those at which mechanical failure is likely to occur.      

(Soldi et al., 2002) 
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 Oxidative degradation 

 Oxidative degradation is reactive oxygen molecules into the polymer, which 

can occur naturally and slowly. By oxygen and UV light, heat or mechanical force is 

an important factor. Born compound is hydroperoxide (ROOH).  

 Photo-degradation 

 Photodegradation is degradation of a photodegradable molecule caused by the 

absorption of photons, particularly those wavelengths found in sunlight, such as 

infrared radiation, visible light, and ultraviolet light. However, other forms of 

electromagnetic radiation can cause photodegradation. 

 Hydrolysis degradation  

 Hydrolysis degradation is degradation of polymers that are functionalized 

esters or amides, such as starch, polyethylene, polycarbonate and polyurethane. 

Hydrolysis reactions that occur, generally divided into two types by using catalyst 

(catalytic hydrolysis), and not the catalyst post (non-catalytic hydrolysis), which is 

also first type is divided into 2 types is an external catalytic degradation and Internal 

catalytic degradation.  

 There are many reports on the thermal degradation of polymer blends. For 

example, NBR/EVA blend system exhibited a two-step degradation process and the 

activation energy of degradation for the blends was higher than that of the pure 

component indicating the enhanced thermal stability (Thomas et al., 2001). The 

compatibilisation of the two blends usually increases the degradation temperature. 

The effect of compatibilisation of PP/NBR blend using phenolic modified PP on the 

thermal degradation has been analysed (Thomas et al., 2000). Lizymol and Thomas 

compared the thermal behaviour of miscible and immiscible blends (Waldman and  

De Paoli, 2013). Investigated the thermal, UV-vis and sunlight ageing of 

thermoplastic elastomeric NR/PE blends. They found that thermal ageing of the 

blends caused the tensile properties to deteriorate, especially at longer times, or higher 

temperatures of ageing after an increase of properties in the initial stage. (Bhowmick 

and White, 2002) Investigated the ageing behavior of IIR/EPDM blends and         

found that the ageing resistance increased with increase in EPDM content.                    

(Deuri et al., 1993) Study the ageing of different rubber-rubber blends. (Peng and 

Kong, 2007; 24 Thomas et al., 2001) and (Sulekha et al., 2002) reported that the use 
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of oligomer bound antioxidants was an effective means of protecting non-resistant 

rubbers against surface cracking.  

 

Thermoplastic Elastomer Blends (TPEs) 

 

Thermoplastic elastomer (TPE) is defined as a polymer or polymers that has 

properties at its service temperature similar to those of vulcanized rubber but can be 

processed or reprocessed at elevated temperature like a thermoplastic. (Jiri, 2007) 

They need no separate vulcanization step. Scrap and rejects of these materials can be 

recycled without significant inferior effect on the properties. TPEs are capable of 

being molded like thermoplastics in injection moulding and extrusion at suitable 

processing temperatures. They are a measure of flexibility and resilience in recovery 

related to rubber vulcanization at temperatures normal. (De and Bhowmick, 1990) 

Some advantage and disadvantage of TPEs, such as the following: (Drobny, 2007) 

(1) Simpler processing with fewer steps since TPEs use the processing 

methods for thermoplastics, which are typically more efficient and significantly less 

costly so the final cost of the finished part is lower. 

(2) Shorter fabrication times, which also lead to lower finished part costs. 

Since molding cycles for TPEs are typically several seconds as opposed to minutes 

for thermoset rubbers, the productivity of the given equipment is greatly increased. 

(3) There is little or no compounding. The majority of TPEs is supplied fully 

formulated and ready for fabrication. 

(4) The possibility of reusing scrap in the same fashion as with thermoplastics. 

The scrap from thermoset rubbers is very often discarded. Its amount generated may 

be in some cases comparable to the weight of the molded part. The TPE scrap can be 

reused as a regrind frequently producing materials having the same properties as the 

virgin material. 

(5) Lower energy consumption due to shorter molding cycles and simpler 

processing. 

(6) Better quality control and closer tolerances of finished parts due to simpler 

formulations and process. 
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(7) Lower quality control costs because of greater reproducibility and 

consistency of properties of TPE resins. 

(8) Since most TPEs have lower density than conventional rubber compounds, 

their volume cost is often lower.  

The disadvantages of TPEs in comparison to conventional rubber materials 

include 

(1) Melting at elevated temperatures. This inherent property limits the use of 

parts from TPEs to service temperatures well below their melting point. A thermoset 

rubber would be probably suitable for a brief exposure to that temperature; 

(2) Limited number of low hardness TPEs. Many TPEs are available at 

hardnesses about 80 Durometer A or higher. The number of materials softer than 50 

Durometer A is still rather limited; 

(3) Drying prior to processing. This step is almost never used for conventional 

rubber materials but is quite common in fabrication of thermoplastics in general. 

Thermoplastic elastomers are classified into following seven groups: (Drobny, 

2007) 

(1) styrenic block copolymers (SBCs); 

(2) crystalline multiblock copolymers; 

(3) miscellaneous block copolymers; 

(4) combinations of hard polymer/elastomer; 

(5) hard polymer/elastomer graft copolymers; 

(6) ionomers; and 

(7) polymers with core-shell morphologies. 

 

Thermoplastic Elastomer Olefins (TPOs) 

 Thermoplastic elastomer polyolefin is defined as materials combining 

polyolefin semi-crystalline thermoplastic and amorphous elastomeric components. 

They exhibit rubber-like characteristics and can be processed as melts by common 

thermoplastic processing equipment.(Kresge, 2004) 

polyolefins are produced by reaction of an alkene as a monmer with general 

formula CnH2n. Polyethylene and polypropylene are produced by long chain 

polymerization of olefins ethylene and propylene respectively as shown in Figure. 2. 
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a) Polyethylene 

      b) Polypropylene 

Fig. 2. Chemical structure of different polyolefins. (Amin S. and Amin M.,2011) 

 

The simple blends are prepared by mixing the hard polymer and the elastomer 

together on high shear compounding equipment, such as internal mixer (e.g., 

Banbury) or continuous mixer (e.g., single- or twin-screw extruders). A two-

dimensional representation of a hard polymer/elastomer blends is in Figure. 3. The 

viscosities of the two polymers must be matched at the temperature and shear rates of 

the mixing. 

 
Fig. 3. Morphology of hard polymer/elastomer blends. (Kresge, 2000) 

 

The optimum viscosity match also depends on the proportion of the two 

components (A and B) and the proportion of these components in the mixture   
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(Figure. 4). The other important factor is the compatibility of the two components, 

which is often expressed by the difference between their solubility parameters. If the 

volumes of the two components are about equal, then for ideal mixing, their 

viscosities should also be about equal. If the volumes are not equal, then the 

component with the larger volume should also have the higher viscosity.         

(Holden, 2000) 

 
Fig. 4. Relationship between the ratio of the viscosities of two components (A and B) 

and their proportion in the mixture. (Drobny, 2007) 

 

Thermoplastics  

Thermoplastic is a material with becomes soft when heated and hard when 

cooled. They can be recycled. Thermoplastics are made up of linear molecular chains 

and can be shaped by flow into articles by molding or extrusion without need of any 

chemical processing before molding. Themoset useful physical property of a 

thermoplastic is its glass transition temperature at which it begins to soften. Glass 

transition temperatures of different thermoplastics. There are three types of 

thermoplastics crystalline, amorphous and semi-crystalline (Legge et al, 1987). The 

examples of thermoplastic polymers are polyethylene, polypropylene, polyethylene 

terephthalate, polystyrene, poly (vinyl chloride) and polyurethane etc. 
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a) Polyethylene (PE) is the most common plastic, with most having the 

chemical formula (C2H4)n. Polyethylene is classified into three groups are HDPE, 

LLDPE and LDPE, dissolved at elevated temperatures in aromatic hydrocarbons such 

as toluene or xylene or in chlorinated solvents. (Kenneth et al, 2005; Sjoqvist et al., 

2011)  

 
Fig. 5. Structure of Polyethylene (PE) 

 

b) Poly (vinyl chloride) (PVC) is a thermoplastic prepared by free-radical 

polymerization of vinyl chloride in dispersion (emulsion), bulk, or suspension 

process. Unmodified PVC is very rigid and requires plasticizers to make it more 

flexible. The main end forms are rigid PVC and flexible PVC. (Drobny, 2007)       

The flexible form is often made from plastisols, suspensions of PVC in plasticizers. 

Flexible form is also obtained when PVC is blended with acrylonitrile butadiene 

rubber (NBR). (Wimolmala et al, 2000) 

 
Fig. 6. Structure of Poly (vinyl chloride) (PVC) 

 

 

 

http://en.wikipedia.org/wiki/Chemical_formula�
http://upload.wikimedia.org/wikipedia/commons/6/67/Polyvinylchloride-repeat-2D-flat.png�
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Elastomer 

Elastomers are rubbery polymers that can be stretched easily to several times 

their unstretched length and which rapidly return to their original dimensions when 

the applied stress is released. Elastomers are crosslinked, but have a low cross-link 

density. The polymer chains still have some freedom to move, but are prevented from 

permanently moving relative to each other by the crosslinks. To stretch, the polymer 

chains must not be part of a rigid solid. An elastomer must be above its glass 

transition temperature, Tg and have a low degree of crystallinity. (Mohamad, 2005) 

such as natural rubber (NR), synthetic polyisoprene (IR), butyl rubber (IIR), 

polybutadiene (BR), styrene-butadiene rubber (SBR) and acrylonitrile butadiene 

rubber (NBR) etc. 

a) Epoxidized natural Rubber is a modified molecules of natural rubber with 

chemical name is cis-1, 4 polyisoprene. The restructuring using chemicals such as 

peroxy acid will reaction with double bonds of the natural rubber molecules to form a 

ring oxygen is replaced. The reaction epoxidized natural rubber, as shown in Figure 7. 

In the beginning was the acid used formic acid reaction with hydrogen peroxide. 

(Teoh, 2006; Ismail et al., 1998) Then the peroxy formic acid as shown in Figure 7(a) 

And then peroxy formic acid will reaction with double bonds of natural rubber was 

arranged as a ring epoxide. And formic acid is a product as shown in Figure 7(b).  

 
Fig. 7. The reaction epoxidation of natural rubber (Ismail, 2011). 
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However, only 3 types of ENR were considered as commercial standard. 

These are ENR-10, ENR-25 and ENR-50 where the integers designate 10, 25 and     

50 %mole of epoxide incorporated into the natural rubber chain respectively. (Ismail 

et al, 1998; Poh et al., 2001)  

Besides the proposed commercial uses shown, ENR has the potential to be 

further exploited for its usage as advanced materials such as in blends, additives and 

fuel cells applications. (Cheng Hoon, 2006) ENR had been blended with various 

polymers such as natural rubber (Okwu and Okieimen, 2001; Ismail et al., 2011), 

styrene butadiene rubber (SBR) (Ismail and Suzaimah, 2000) and poly(vinyl chloride) 

(PVC). (Ratnam and Zaman, 1999; Ratnam, 2002) 

 

Thermoplastic/Elastomer blends 

Over recent years, blends of natural rubber with thermoplastic elastomers have 

been studied. (Douibi et al, 2012; Ishiaku et al., 1995) The thermoplastic elastomers 

prepared by blending natural rubber with thermoplastics such as polyethylene (PE), 

poly(vinyl chloride) (PVC) and polyurethane etc. Properties have been reported for 

thermoplastic elastomers based on natural rubber and thermoplastic by several 

workers such as 

 

PE/ Elastomer blends  

Polyethylene had been blended with various polymers such as styrene 

butadiene rubber (SBR) (Khalf and Ward, 2010), natural rubber (Roy Choudhury et 

al., 1989; White et al., 2001), epoxidised natural rubber (Roy choudhury et al., 1992), 

acrylonitrile butadiene rubber (NBR) (Thomas, 2000) and ethylene propylene diene 

terpolymer rubber (EPDM). (Airinei et al., 2013) One of the polymer blends is 

exemplified with the blending of PE with natural rubber. It was reported that LDPE 

and NR latex blends were prepared. The effect of varying the NR latex content on the 

physical, mechanical and dynamic properties. The degree of crystallinity of the 

LDPE/NR composite films increased with increasing NR latex content up to 7.5 phr, 

the tensile strength and hardness of the LDPE/NR composite films decreased with 

increasing NR latex content. (Poompradub and Mahapram, 2006) Study the 

morphology and properties of thermoplastic/elastomer blends from natural rubber and 
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high-density polyethylene have been studied. Abrasion resistance, flexural modulus, 

hardness and impact strength have been correlated with the morphological findings. 

(Akhtar, 1988) and the effects of LNR as a compatibilizer in binary blends of 60/40 

NR/LLDPE. It has been observed that increasing LNR content decreases Tm and ΔHf 

which are indicators of the crystalline part of the blends. The decrease reflects a 

reduction in the degree of crystallinity which is due to the interference in the form of 

NR dissolution into the LLDPE phase. The phenomenon leads to a shift in Tg of the 

amorphous part of LLDPE to higher temperatures. (Dahlan et al., 2002) 

PVC/ Elastomer blends 

Poly (vinyl chloride) had been blended with various polymers such as natural 

rubber (Beppu et al., 2001) nitrile butadiene rubber (NBR) (Pappa et al., 2011; Pasa et 

al., 2013), epoxidized natural rubber (Ratnam and Zaman, 1999; Ratnam, 2002) and 

styrene butadiene rubber (SBR) (Chan and Zhu, 1998; Chan et al., 1998) etc. It was 

reported that study the effects of an epoxidized plasticizer on the mechanical 

properties and thermo-oxidative ageing behavior of poly (vinyl chloride)/epoxidized 

natural rubber thermoplastic elastomers (TPEs). It was found thatthe tensile strength 

is higher when addeddi-2-ethylhexylphthalate (DOP) plasticized. (Ishiaku et al., 1997) 

Study the melt rheological behavior of poly(vinyl chloride)/epoxidized natural rubber 

(PVC/ENR) thermoplastic elastomers (TPEs) was studied the effect of dynamic 

vulcanization it was found that the apparent viscosity decreased with increased in 

apparent shear rate (Mousa et al., 2000 ) and temperatures (Mousa et al.,1998) has 

been studied with respect to sulfur concentration(Mousa et al.,2000) as well as the 

effect of sulfur content on the melt flow index and the activation energies of the 

PVC/ENR, the effect of compounding parameters. (Ishiaku et al., 1995) And have 

reported improve the mechanical properties of poly(vinyl chloride) (PVC) with 

modification of natural rubber (NR) by graft copolymerization with methyl 

methacrylate (MMA). It was found that the impact strength of blends was increased 

with an increase of the graft copolymer product content (Rempel et al., 2004) and it 

was found that 300% modulus, tensile strength, tear strength, hardness and solvent 

resistance were increased with increasing MMA content, while the % elongation at 

break decreased. The physical properties decreased with increasing the PVC content, 

but solvent resistance increased. (Kaesaman et al., 1996) 

http://www.researchgate.net/researcher/71805363_U_S_Ishiaku/�
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Thermoplastic Vulcanizate (TPVs) 

 

 A well-established and widely used method to prepare thermoplastic 

compositions comprising vulcanized elastomer particles in melt-processable matrix is 

called dynamic vulcanization. The elastomer is vulcanized during its melt-mixing 

with a suitable molten thermoplastic. (Drobny, 2007) Cross-linking of the elastomer 

phase which have superior elastic properties (Roy Martinus, 2009), defined as 

thermoplastic rubber vulcanizate consisting of a blend of a thermoplastic material and 

a conventional rubber in which the rubber has been crosslinked by the process of 

dynamic vulcanization during the blending and mixing step. Upon melt mixing of the 

thermoplastic and rubbery polymers under high shear, the less viscous. (Mohamad, 

2007) Crosslinked elastomer particles dispersed in a semi-crystalline thermoplastic 

matrix (Figure. 8). The dispersion of a large amount of crosslinked rubber into the 

thermoplastic matrix results in soft and highly elastic products. 

 
Fig. 8. Schematic representation of the morphology of a TPV. (Roy Martinus, 2009) 

 

Many studies have focused on the morphology of polymer blends during melt. 

Blending (Avgeropoulos et al, 1976; Martin, et al, 2004; Chuai, et al, 2003) and the 

influence of crosslinking on phase inversion (Machado and van Duin, 2005; Harrats et 

al., 2007; Goharpey et al., 2001). Combining the results of these studies leads to the 

simplified representation of the morphology development during dynamic 

vulcanization as shown in Figure. 9 
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Fig. 9. Schematic representation of the morphology development during dynamic 

vulcanization of elastomer/thermoplastic blends. (Roy l’Abee, 2009) 

 

The early stage of the mixing process (A) is characterized by the presence of 

non-molten thermoplastic pellets that ‘swim’ in the elastomer matrix. After complete 

melting of the thermoplastic and intimate mixing of the two phases (B) the 

morphology changes towards co-continuity (C). The combined shear and elongational 

forces that act on the viscous co-continuous phases during mixing deform the          

co-continuous morphology. This deformation leads to a refinement of the                

co-continuous strands, i.e. the strands become thinner but the co-continuity is 

preserved (D). Crosslinking leads to an increased viscosity of the elastomer phase, 

which results in a simultaneous increase in the shear and elongational forces acting on 

the system and, thus, to an increased deformation of the co-continuous structure (E). 

When a critical stress is achieved, the strands will break up into small particles, which 

results in a reduction of the stress and in a dispersion of crosslinked elastomer 

particles in a thermoplastic matrix (F). The dispersed elastomer phase will reach a 

final particle size (G) that depends on the deformation rate, the type of deformation, 

the composition, the viscosity (ratio) and the interfacial tension. (Roy l’Abee, 2009, 

Holden et al, 2004) 

  

Curing method  

 The crosslinking of the rubber phase in heterogeneous blends consisting of a 

thermoplastic and a rubber component takes place by introduction of a crosslinking 

between the mixing process. (Roy l’Abee, 2009) During the crosslinking covalent 

bonds are formed between network points resisting thermal and chemical stresses. 
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Commonly used crosslinking agent for rubber vulcanization. Among them are those 

who require unsaturated double bonds in the molecules to be crosslinked such as: 

sulfhur, phenolic resins, irradiation and peroxides. (Drobny, 2007)   

In addition to vulcanization agents accelerators, such as sulfenamines or 

thiuram sulfides, in combination with activators, such as zine oxide or stearic acid, are 

used to shorten curing times and to prevent thermo-oxidative degradation of the 

polymer. A scheme of the vulcanization process by the classical vulcanization agent 

sulfur is shown in Figure. 10. 

 

 
 

Fig. 10. Scheme of crosslinking reaction with sulphur. (Ballard, 2010) 

 

It is well known that the sulphur vulcanization process as it occurs in the 

production of natural rubber goods strongly effect on the rubber properties. It was 

reported that studies on dynamic vulcanization of PP/NBR thermoplastic elastomer 

blends. It was found that dynamically vulcanized blends have higher tensile strength, 

elongation at break, solvent and oil resistance. (Nader et al., 1999, Hernandez et al., 

2003) Study effect of accelerator/sulphur ratio on the scorch time of ENR. It was 

found that Mooney scorch time decreases exponentially with increasing temperature 

for ENR and SMR L and mooney scorch time decreases in the order; N-tert-butyl-2-

benzothiazyl sulphenamide (TBBS) > tetramethyhhiuram disulphide (TMTD) > 

diphenyl guanidine (DPG) > 2-mercaptobenzothiazole (MBT) > zinc 

dimethvldithiocarbamate (ZDMC). And effect of accelerator/sulfur, it was also found 

that the influence of accelerator/sulfur ratio becomes less significant as vulcanization 

temperature increases. (Ishiaku et al., 1998) 
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Polymer electrolyte membrane fuel cell (PMFC) 

 

Fuel cell is device to cause a electrochemical reaction between oxygen and 

hydrogen, which hydrogen based fuel in the anode, oxygen in the cathode (Costa et 

al., 2004) and can change the energy of the fuel directly into electrical energy by 

without a burning. Polymer electrolyte membrane fuel cell is fuel cells where the 

electrolyte is made of an organic polymer that has the characteristic of a good proton 

carrier when in presence of a water solution. (Osta et al., 2004; Roshandel and 

Parhizgar, 2013) For application as a power source for the car or on places by the fuel 

cell has the following features that can work at room temperature and low pressure. It 

also has a special section of the membrane polymer that can be used to exchange 

protons. Polymers used as polymer electrolytes such as sulfonated monomers    

(Nafion ), polyphenylene oxides (PPO), polysulfones (PES), poly ether ether ketones 

(PEEK) and epoxidized natural rubber (ENR) etc. It was reported that epoxidized 

natural rubber can perform as polymer electrolytes just like polyethylene oxide (PE), 

with an addition of ethylene carbonate (EC) and propylene carbonate (PC), the ionic 

conductivities of the polymer can be enhanced at ambient temperature. (Linford et al., 

2002; Yahya et al., 2008) Study prepared depolymerization of epoxidized natural 

rubber latex (LEDPNR) mixed with lithium bis (trifluoromethane sulfonyl) imide 

(LiTFSI) salt. It was found that the ionic conductivity of LEDPNR/LiTFSI mixtures 

was dependent on epoxy group content and dependent on LiTFSI salt concentration 

and glass transition temperature (Tg). (Kawahara et al., 2006) Study prepared poly 

(vinyl chloride)/polystylene blend films were measured at different temperatures and 

at the different frequencies using LCR meter. It was found that the dielectric constant 

decreases with the increase of the temperature of blends and it increases with the 

increase of frequency at constant temperature. (Hasan et al., 2013) 

Electrospinning process  

 Electrospinning is a unique process to prepare electrospun fibers with 

diameters in the range micrometers to nanometers that depends on the type of 

polymer and processing conditions. (Jung and Lee, 2011; Lee et al., 2005) 
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 Electrospinning is the process that occurred over 60 years. In the year 1934, 

Formhals was patented process and used electrical instruments in synthetic fibers. 

(Sill and von Recum, 2008) In the year 1969, Taylor published work describing the 

phenomena occurring at the time. Polymer solution is ejected from a metal needle at 

high voltage power supply. As the electrostatic charge on the droplet overcomes the 

surface tension, the low molecular weight fluid breaks up into small droplets, named a 

Taylor cone. (Sill and von Recum, 2008; Kessick et al., 2004) 

 The electrospinning experimental is represented in Figure. 11. The basic 

principles of electrospinning are a very simple. There are mainly three components to 

fulfill the process as follows: a high voltage power supply, syringe with metal needle 

and collector. A polymer in solution is encapsulated within a syringe, which is 

connected to an anode that connects to a high-voltage power supply. Because of 

surface tension, the polymer solution forms a hemispherical drop at the end of the 

capillary tip. The surface of the liquid is distorted into a conical shape known as the 

Taylor cone. Once the voltage exceeds a critical value, the electrostatic force 

overcomes the solution surface tension and a stable liquid jet is ejected from the cone 

tip. Solvent evaporates as the jet travels through the air, leaving behind ultrafine 

polymeric fibers collected on an electrically grounded target. The jet often follows a 

bending or a spiral track resulting from the interaction between the external electric 

field and the surface charge of the jet. Bending instability of jets not only results in 

the electrospinning jet being elongated up to ultrafine fibers but also leads to the 

formation of randomly deposited nonwoven electrospun fiber mats. (Truong et al., 

2011; Yuan et al., 2005; Zhu et al., 2010) Electrospun mats have a larger specific 

surface area and small pore size compared to commercial nonwoven fabrics. They are 

of interests in a wide variety of applications including tissue engineering, drug 

delivery system (Chew et al., 2006), wound dressing (Venugopal and Ramakrishna, 

2005) membrane (Liu and Hsieh, 2002) and conductive fiber (Diaz-De Leon, 2001; 

MacDiarmid et al., 2001) 
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Fig. 11. Schematic of the experimental set-up 

 

Polymer used in electrospinning 

 There are a wide range of polymers that used in electrospinning and are able to 

form fine nanofibers within the submicron range and used for varied applications. 

Electrospun nanofibers have been reported as being from various synthetic polymers, 

natural polymers were electrospun from solutions. Such as poly (vinyl chloride) (Lee 

et al., 2002), poly(ethylene-co-vinyl alcohol) (Kenawy et al., 2003), polycarbonates 

(Krishnappa et al., 2003), nylon-6 (Fong et al., 2002), polyurethane (Demir et al., 

2002), polyacrylonitrile (Yang et al., 2003) polylactide (Luu et al., 2004), poly(e-

caprolactide) (Yoshimoto et al., 2003 ) and cellulose acetate. (Liu and Hsieh, 2002) 

 It was reported that (Wang et al., 2003) prepared of electrospun polyvinyl 

chloride (PVC)/polyurethane (PU) blended solutions (10/0, 9/1, 8/2, and 7/3 wt%) 

were prepared by adding PVC and PU in the mixture solvent of THF/DMF (1/9, 

w/w). It was found that membranes exhibited relatively high tensile strength (9.9 

MPa), good air permeability (154.1 mm/s) and excellent abrasion resistance (134 

cycles) 
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Fig. 12. (a) Stress-strain curves of PVC/PU fibrous membranes fabricated from varied 

weight ratios. (b) Proposed three-step break mechanism of tensile fracture process 

upon external stress. (Wang et al., 2003) 

 

As shown in Figure. 12. when an external load is applied, the hydrogen bonding 

between C=O groups of PU and the α-hydrogen of PVC, and the dipole-dipole-

C=O····Cl-C- interactions tend to bear the stress on intermolecular levels, resulting in 

the elongation less than 6% in the first linear elastic behavior 

 
Fig.13. FE-SEM images of PVC/PU membranes fabricated from 10 wt% PVC/PU 

solutions and varied weight ratios of PVC/PU (a) 10/0, (b) 9/1, (c) 8/2, and (d) 7/3. 

(Wang et al., 2003) 
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As seen in Figure. 13a, the fibers formed from 10 wt% PVC solutions exhibited 

irregular wrinkled microfibrous surfaces. After the introduction of PU, the 

morphology of the membranes was greatly changed comparing with pure PVC, as 

shown in Figure. 13b-d. By varying the weight ratios of PVC/PU from 9/1 to 7/3, the 

average fiber diameter increased from 1.33 to 2.06 µm, which can be contributed to 

the increased viscosity and decreased conductivity of solutions with increasing the PU 

content. 

 It is well known that the morphology and size of electrospun fibers depends on 

various processing parameters such as the solution properties, controlled variables, 

ambient conditions, viscosity and surface tension. With the control of these 

parameters, optimal nanofibers can be prepared. Electrospinning parameters and their 

effects on fiber morphology are as follows: 

Process parameters 

- Applied voltage, decrease in fiber diameter with increase in voltage. But the 

beads increase, because the voltage affects the Taylor cone. (Demir et al., 2002; Jun et 

al., 2003; Kim et al., 2005) 

   
  (a) Average 218±20 nm.         (b) Average 243±31 nm. 

   
  (c) Average 230±63 nm.         (b) Average 254±76 nm. 
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Fig. 14. Effect of voltage on morphology and fiber diameter distribution from a 7.4% 

PVA/water solution (DH = 98%, tip-target distance = 15 cm, flow rate = 0.2 ml/h). 

Voltage: (a) 5 kV; (b) 8 kV; (c) 10 kV; (d) 13 kV. Original magnification                   

10 kX. (Zhang et al., 2005) 

 

- Distance between tip and collector, generation of beads with too small and 

too large distance, minimum distance required for uniform fibers. (Geng et al., 2005; 

Zhao et al., 2005) 

   
     (a)            (b) 

   
                  (c)            (d) 

Fig. 15. Effect of tip-target distance on fiber morphology from a 7.4% PVA/water 

solution (DH = 98%, voltage = 5 kV, flow rate = 0.2 ml/h). Tip-target distance: (a) 8 

cm; (b) 10 cm; (c) 12 cm; (d) 15 cm. Original magnification 10 kX. (Zhang et al., 

2005) 
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- Flow rate, decrease in fiber diameter with decrease in flow rate, generation 

of beads with too high flow rate. (Zuo et al., 2005; Zhang et al., 2005) 

     
         (a)          (b)        (c) 

Fig.16. Effect of flow rate of 7% PVA water solution on fiber morphology (DH = 

98%, voltage = 8 kV, tip-target distance = 15 cm). Flow rate: (a) 0.1 ml/h; (b) 0.2 

ml/h; (c) 0.3 ml/h. Original magnification 10 kX. (Zhang et al., 2005) 

 

Solution parameters 

- Viscosity, low-beads generation, high-increase in fiber diameter, 

disappearance of beads. (Zhao et al., 2005; Zhang et al., 2005) 

- Polymer concentration, increase in fiber diameter with increase of 

concentration. (Son et al., 2004; Jun et al., 2003) 

 

   
  (a) Average 214±19 nm.     (b) Average 190±19 nm. 

   
  (c) Average 158±19 nm.     (d) Average 159±21 nm. 
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Fig. 17. Effect of NaCl amount in the PVA solution on fiber morphology (DH = 98%, 

voltage = 5kV, tip-target distance = 10cm; flow rate = 0.2 ml/h). NaCl amount based 

on H2O: (a) 0.05%; (b) 0.10%; (c) 0.15%; (d) 0.2%. Original magnification 10 kX. 

(Zhang et al., 2005) 

 

- Molecular weight of polymer, reduction in the number of beads and droplets 

with increase of molecular weight. (Chen and Ma, 2004; Demir et al., 2002) 

 

Solvents used for electrospinning 

 The solvent used in preparing polymer solutions has a significant influence on 

its spinnability, because the first and foremost step in the electrospinning process is 

dissolution of polymer in a suitable solvent. Solvents should have some properties 

such as, good volatility, vapor pressure, boiling point and should maintain the 

integrity of the polymer solution. Thus for successful electrospinning the selection of 

an appropriate solvent system is indispensable. (Bhardwaj and Kunda, 2010) It is well 

known that different solvents may contribute different surface tensions. The solution 

viscosity is determined by the concentration of the polymer, but the value of surface 

tension depends on both the polymer and solvent. (Reneker and Chun, 1996; Yang et 

al., 2004) In table 1, shown different properties of solvents. 
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Table 1. Properties of different solvents used in electrospinning process. (Bhardwaj 

and Kunda, 2010) 

Solvents 
Surface 
tension 
(mN/m) 

Dielectric 
constant 

Boiling 
point 
(°C) 

Density 
(g/ml) 

Chloroform 26.5 4.8 61.6 1.498 
Dimethyl formamide 37.1 38.3 153 0.994 
Hexafluoro 
isopropanol 16.1 16.7 58.2 1.596 

Tetrahydrofuran 26.4 7.5 66 0.886 
Acetone 21.1 27 78 1.393 
Water 25.2 21 56.1 0.786 
Methanol 72.8 80 100 1.000 
Acetic acid 22.3 33 64.5 0.791 
Formic acid 26.9 6.2 118.1 1.049 
Dichloro methane 37 58 100 1.21 
Ethanol 27.2 9.1 40 1.326 
Tri fluoro acetic acid 21.9 24 78.3 0.789 
 
The ability of the volatility in the solvent.such as reported that study PVC/PU 

electrospinning by solutions for electrospinning were prepared in a mixed solvent of 

tetrahydrofuran (THF) and N,N-dimethylformamide (DMF). It was found that THF is 

ability of the good volatility and DMF is ability of the poor volatility. Found that 

when used THF 100% to make the fibers have high porosity and when used DMF 

100% to make the fibers are smooth and microtexture fiber. (Lee et al., 2002; Lee et 

al., 2003) 

   
                    (a)        (b)             (c) 
Fig. 18. SEM images of fibers electrospun from a 13 wt%. solution of PVC/PU 

polyblends with an applied voltage of 12 kV and tip-to-collector distance of 12 cm: 

(a) 100/0, (b) 50/50, and (c) 0/100 (arrow means point bonded structure). (Lee et al., 

2003) 
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OBJECTIVES 

 
 This study aimed to prepared polymer electrolyte membrane and improve 

properties from the blending of natural rubber with thermoplastics (PE and PVC) 

using hot compression moulding and electrospinning.  
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RESULTS AND DISCUSSION 

 
Polyethylene Thin Film Coating Preventing the Degradation of Natural Rubber 

(Paper I) 

Oxidative breakdown of natural rubber (NR) was related to reactions between 

unsaturation and free radicals in the presence of heat which ultimately leads to chain 

scission. As well as ozone plays a much more important role in the degradation of 

unsaturated polymers. Ozone degradation destroys the polymer chains and thus 

changes the properties of materials. The preventing of this degradation was vital to the 

rubber industry. In the present study, the preventing of membrane degradation by 

polyethylene (PE) thin film coating was investigated. NR was directly mixed with PE 

in contents from 15 to 150 part per hundred of rubber (phr) and was vulcanized at  

150 ºC. The PE separated and migrated to form a thin film on the rubber surface 

during the hot compression process. The tensile strength of PE membrane is higher 

than NR membrane while the tensile strength of blend membrane is slightly increased 

when compared with NR membrane. In addition, the tensile properties of composite 

film were rising with increasing the PE concentration as well as the ozone aging 

properties. The sulfur cross-linking in rubber molecule was determined cover photon 

energy range of 2460 to 2490 eV. The S K-edge XANES absorption peak area is 

increased and shifts towards lower photon energy at 2472.0±0.2 eV with increasing 

the PE concentration corresponds with the mechanical properties of membrane. The 

surface topography of the composite film was examined by using scanning electron 

microscopy (SEM). The SEM images showed that the PE was migrated to create a 

barrier film and formed micro-pore at the bottom surface of blend membrane after 

extraction with xylene and present to the ozone resistance. The surface of PE coated 

membrane formed lamellae crystallites which crystalline size and number depend on 

ozone aging time. The results revealed that the PE coating layer formed crystalline 

lamellae to improve the ozone aging of membrane and increasing of tensile 

properties. 
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TPNR Membrane Reinforcing with Cotton Fibre Spun (Paper II) 

The emergence of thermoplastic natural rubber (TPNR) is one of the most 

important developments in the area of polymer science and technology. TPNR are a 

new class of material that combines the properties of vulcanized rubbers with the ease 

of processability of thermoplastics. TPNR can be prepared by blending thermoplastic 

with NR (natural rubber). To improve their conductions, it can simply be done by 

incorporation with conductive materials such as carbon black, fiber, cellulose and 

chitosan. In this work, TPNR was prepared by mixing NR with thermoplastic 

(polyethylene; PE) using 2-roll mills before compressed on cotton fiber spun and 

vulcanized at 150 ºC. The mechanical properties and morphology of the membrane 

were investigated using DMTA (dynamic mechanical thermal analyzer) and SEM 

(scanning electron microscopy), respectively. The tensile strength of NR was 

increased from 10 to 18 MPa after reinforcing with cotton fiber spun. The distribution 

of vulcanized NR was increased with increasing PE component from 30 to 90 phr by 

tensile strength changed from 12 to 30 MPa. The membrane was immersed in xylene 

to remove PE phase and found that the tensile strength was decreased while the 

elongation at break was not changed due to inserting cotton fibre spun sheet. The 

SEM micrographs of the cotton fiber reinforced NR and TPNR demonstrated that the 

cotton fiber layer was inserted in the polymer matrix. It is clear that, the increasing of 

PE component resulted in PE cover the spun of cotton fibre and formed film on the 

film surface. To investigate the membrane mechanical properties, DMTA thermogram 

were measured. The storage modulus (E’) is found to decrease with adding PE         

for 90 phr below the glass transition temperature (Tg) and indicated that PE blending 

has improved the softness of the TPNR during the transition from the glassy to the 

rubber state. The damping property (tanδ) was corresponding to Tg of the polymer 

matrix which decreased when adding PE. The dielectric property of cotton fiber 

reinforced NR and TPNR were increased. The dielectric constant of NR is increased 

when blending with PE for 30 phr and decreased with adding PE at higher 

concentration for more than 90 phr. The sharp decrease in dielectric loss in lower 

frequency range of TPNR with 150 phr PE is attributed to the decrease in contribution 

of both interfacial polarization and conductivity. This data conclude that the 

reinforcing of NR with cotton fiber spun is not only to improve the mechanical 
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properties but also increase the dielectric properties due to the polarity of cotton fiber. 

NR is miscibility blends with PE at the composition (90:100) increased the 

mechanical properties and vulcanized NR might be dispersed in PE matrix. 

 

In Situ Coating of Natural Rubber Film with Poly (vinyl chloride) Resin  
(Paper III) 
 

Natural rubber (NR) blend represents very important field in processing of 

new materials, which has better properties in comparison with the net polymers. 

Basically, from the thermodynamic point of view there are two types of polymer 

blends: miscible and immiscible. Most NR blends show immiscible systems, as the 

formation of two or more distinct separated phases. Many articles were devoted to 

studying in NR modification to increase the compatibility. For example, the 

compatibility of epoxidized liquid natural rubber (ELNR)/poly (vinyl chloride) (PVC) 

blend was observed by differential scanning calorimetry (DSC) and dynamic 

mechanical analysis (DMA). In this research, Film formation of poly (vinyl chloride) 

resin (rPVC) coating on natural rubber (NR) surface in solid state was prepared and 

then investigated for immiscible effect of PVC/NR blend. The tensile strength of 

PVC/NR blend is increased when mixing with rPVC for 5 phr and rapidly decreased 

with adding more rPVC content. The SEM image showed that rPVC particles were 

accumulated and dispersed on top and bottom surface of the blend film. In a high 

addition of rPVC, it was immiscible blend with NR and exist in two distinct 

separated. The experimental results obtained from atom force microscopy (AFM) 

showed that the surface of NR/5rPVC is roughness covered with rPVC particle. The 

blend film composed of aggregates of particles and arranged particles with sharp 

spherical contours. Then, the surface roughness average (Ra) and root mean square 

(Rq) of NR and NR/rPVC blend films were calculated and the data are presented that 

the roughness of the NR/rPVC blend film is slight broader than NR film. 

Furthermore, the effect of rPVC concentration on the dielectric constant for the blend 

NR/rPVC was measured. The dielectric property of the blend changed with rPVC 

concentration which increasing in small amount of rPVC and lower dielectric constant 

in more than 50 phr of rPVC due to heterogeneous of the polymer blend. The addition 

of 10 phr of rPVC in blend provides the sharp increase in dielectric loss factor 
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attributed to the increase in contribution of both interfacial polarization and 

conductivity. This data conclude that small amount of rPVC migrated to the surface 

and form a thin film coating on NR surface along with improve in physical and 

dielectric properties of the NR/PVC blend, conversely with over 50 phr rPVC 

blending.     

 

Preparation and Properties of Electrospun PVC Nanofiber. (Paper IV) 

The low thermal stability of poly (vinyl chloride) (PVC) is considered as one 

of the most serious industrial problems. The developing PVC nanofiber was attended 

to improve material properties. Ultrafine PVC fibers cannot be produced by ordinary 

spinning techniques. Electrospinning is one of the methods to prepare nanofibers of 

polymer or polymer composite materials. In this article, the effects of electrospinning 

condition including electric voltage, tip-to-collector distance and polymer solution 

concentration such as PVC concentration and mixed solvent of THF and DMF were 

studied on the morphological and physical properties of PVC nanofibrous. The 

morphology of nanofibrous was observed under field emission scanning electron 

microscope (FE-SEM) and the images demonstrate that morphological variation 

depends on PVC concentration and electrospinning conditions. The low concentration 

of PVC (10%) led to the formation of beads on the fiber. Therefore, in this study, 

PVC nanofibrous were prepared from PVC solution at 15% by weight with applied 

voltage 12 kV and distance between the syringe tip and collector plat is 15 cm. The 

thermal properties of membranes were performed using differential thermal analysis 

(DTA). The membrane prepared from PVC dissolved in THF is harder than that from 

DMF and mixed solvents. THF was evaporated very fast led to high crystalline 

membrane indicated with high exothermal peak at -30oC. In contrast, DMF was 

evaporated to decreasing of melting temperature of the membrane. The mixed 

solvents between THF and DMF enhanced the membrane properties. Additionally, 

dielectric constant of the membrane prepared from PVC dissolved in DMF pure 

solvent enhanced the dielectric properties due to its charge compared to THF. PVC 

dissolved in mixed solvent between DMF and THF found that the dielectric properties 

decreased depends on the amount of added THF. The result suggest that smooth 

surface of electrospun PVC nanofiber can be prepared by using high concentration of 
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PVC in mixed solvent between DMF and THF with applied voltage 12 kV and 15 cm 

of tip to collector distance. PVC nanofiber had a high ionic conductivity and their 

thermal properties were improved comparing with PVC sheet. 

 

Electrospun Epoxidized Natural Rubber with Poly(vinyl chloride) (ENR-PVC) 

nanofibrous for PEMFC Applications. (Paper V) 

Blending to achieve a microheterogeneous mixture of two or more polymers is 

a well-known method to improve the mechanical, environmental and rheological 

properties of polymers. Epoxidized natural rubber (ENR) blending with poly (vinyl 

chloride) (PVC) for improving some properties is currently important topic. In this 

research, a series of polymer blends of ENR/PVC was prepared by electrospinning 

technique and characterized. The effects of electrospinning condition including 

electric voltage, tip-to-collector distance and polymer solution concentration were 

studied on the morphological and physical properties of ENR/PVC nanofibrous. 

Various concentration of ENR solution in N,N-dimethylformamide (DMF) and 

tetrahydrofuran (THF) were directly added to PVC solution for plasticization of the 

electrospun nanofibrous. The SEM images showed that the morphological structure of 

ENR/PVC nanofibrous was changed by changing the ENR concentration. For ENR 

blending with PVC, it clearly shows the beads on the fiber be disappear, which 

increasing ENR composition can be attributed to higher viscosity and surface tension. 

The PVC nanofiber prepared from 10% by weight is more rigid than that from 15% 

by weight which correspond with DTA thermogram. The thermal properties of 

nanofibers were improved after mixing PVC with ENR. The mixture of PVC with 

high ENR content gave more flexible nanofiber with lower glass transition temperture 

(Tg). The nanofiber spun from high concentration of PVC (15%) is high viscous and 

was not easily to mix with ENR solution need to optimized the electrospinning 

condition. Studies also revealed that the membrane prepared from 10% PVC mixed 

with high ENR content reduced the dielectric constant due to dense of ENR phase. 

The dielectric properties of 15% PVC mixed with ENR was not changed with ENR 

contents due to the prepared nanofibrous membrane were dense. This data conclude 

that the smooth surface ENR/PVC nanofibrous membrane can be prepared from 

electrospinning method with applied voltage 12 kV and distance between the syringe 
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tip and collector plate is 15 cm. The increasing ENR composition can result in higher 

viscosity and surface tension and the thermal properties of the ENR/PVC nanofibrous 

results indicate that the ENR/PVC membrane has a good thermal stability. 
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CONCLUDING REMARKS 

 
NR with PE blending by using hot compression moulding, it was found that 

PE phase separated from NR phase and formed thin film coating on the membrane 

and was found that the PE form lamellar crystallites on the rubber interface after 

ozone treatment resulted in preventing rubber oxidation reaction and improvement of 

membrane strength. NR with PE blending using 2-roll mills before compressed on 

cotton fiber. It was found that the membrane strength was increased from 10 MPa to 

18 MPa after reinforced with cotton fibre spun as well as the increasing of dielectric 

constant. The membrane was immersed in xylene to remove PE phase before 

characterization of membrane properties. Next, PVC with NR were compressed and 

found that the PVC was migrated and coated on the NR surface as same as NR with 

PE blends. The tensile strength of blend is increased with adding the PVC for 5 phr 

and rapidly decreased with increasing PVC content and higher dielectric constant than 

uncoated NR films.  

 The results, study ENR with PVC blending was prepared by electrospinning 

technique. Various concentration of epoxidized natural rubber (ENR) solution in N,N-

dimethylformamide (DMF) and tetrahydrofuran (THF) were directly added to PVC 

solution for plasticization of the electrospun nanofibrous was found that ENR/ PVC 

the eletrospinning condition ENR/ PVC nanofibrous were prepared from PVC 

solution at 10 wt% by weight with applied voltage 12 kV and distance between the 

syringe tip and collector plate is 15 cm. Dielectric constant of the membrane prepared 

from 10 wt% PVC mixed with high ENR content reduced the dielectric constant due 

to dense of ENR phase and The thermal properties of the ENR/PVC nanofibrous 

results indicate that the ENR/PVC membrane has a good thermal stability. 

 Further studies should be conducted using natural rubber with a polar 

properties mixing with thermoplastics with a polar properties for use polymer 

electrolyte membrane instead of conductive polymer commercial. 
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