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in non-uniformity of the composite and hence changes 

its properties. This non-uniformity could be overcome 

by incorporating a suitable adhesion promoter and/or a 

coupling agent. Although titanate coupling agents are used in 

this study was aimed at incorporating a CA to natural rubber 

(NR) and low-density polyethylene (LDPE) blend through 

calcium carbonate (CaCO
3

effect of CA loading on properties of the composites. In this 

hundred parts of polymer). CaCO
3
 loading was kept constant 

at 20 pphp. Brabender plasticorder was used to prepare 
o

of 60 rpm. Physico-mechanical properties were evaluated 

according to ISO standards. Degree of swelling and gel content 

and dynamic properties of the composites were investigated. 

composites increased with the addition of CA and showed 

the best properties at a CA loading of 0.7 pphp. Hardness 

of tensile properties and water resistance were also shown at 

0.7 pphp showed better compatibility and the best properties.

coupling agent.

INTRODUCTION

Low-density polyethylene (LDPE) is a highly branched 

long-chain thermoplastic and has a density between 
3 6 

broad melting range within 106–120 °C result in easy 

process applications. Low glass transition temperature of 

 LDPE has combined properties such as high impact 

extruded) where LDPE acts as a seal layer or a water 

 Natural rubber (NR) has been extensively studied 

due to its wide usage in tyre production. Thermoplastics 

are commonly blended with NR to facilitate its 

processability by reducing melt viscosity and to improve 

its performances (Hernández-Sánchez et al

NR-thermoplastic blends are prepared by blending NR 

particularly with polypropylene (PP) and polyethylene 
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with a wide range of properties are obtained. Soft grades 

thermoplastic exhibit rubbery properties (Sampath et al

properties of a plastic material as the continuous phase 

is changed from NR to thermoplastic. NR-thermoplastic 

blends are considerably improved if the NR phase is 

partially cross-linked during mixing through dynamic 

vulcanisation (Maziad et al

resistant to heat ageing than NR vulcanisates. Ozone 

resistance of the blends is also high (Maziad et al

The soft grade blends can replace vulcanised rubber and 

seals and mountings and a wide range of molded and 

developed for light weight good quality microcellular 

soles (Srilathakutty et al

NR/LDPE or high-density polyethylene blends are used 

et al

 Two series of NR/LDPE and NR/polystyrene (PS) 

blend showed excellent chemical resistance and it was 

considered as the best blend ratio owing to its excellent 

the blend of 70:30 NR/LDPE prepared with N-Isopropyl-

good thermal stability due to its good ageing properties 

blends have been developed as possible replacements 

for the conventional NR/HSR (high styrene resin) based 

soles (Srilathakutty et al

literature indicate that the 70:30 NR/LDPE thermoplastic 

elastomer blend has remarkable properties and hence the 

same blend ratio was selected for this study.  

 Fillers are incorporated into both rubbers and 

thermoplastics to reduce the cost by increasing the 

carbonate (CaCO
3

of inorganics in polymers and adhesion of a polymer to 

3 
does not show property enhancement when 

incorporated either into rubbers or to thermoplastics. 

CaCO
3 
is a natural product from sedimentary rocks and is 

CaCO
3 
is treated to improve bonding with thermoplastics 

3
 can exist in 

aragonite and vaterite (Betingyte et al

natural calcite is usually micron-sized with a broad size 

extender. It is known that CaCO
3
 is the most widely used 

inexpensive and can be used at high loadings. According 

and CaCO
3

CaCO
3

3
 does 

not disperse easily in LDPE and it tends to agglomerate. 

substances occur at a low level due to its crystallinity and 

polarity (Doufnoune et al

LDPE such as 30 phpp is blended with 70 phpp loading 

3
 are not at an acceptable 

level due to poor dispersion of CaCO
3
 in the LDPE phase 

as well as compatibility of the two polymer phases NR 

and LDPE. Conventional type titanate coupling agents 

could be used to increase the dispersion of CaCO
3
 in 

LDPE and to develop compatibility between NR and 

dispersibility and compatibility of the inorganic phases 

of HDPE/CaCO
3 

composite can be improved through 

surface treatment of the amorphous CaCO
3 

stearic acid (Croitoru et al

 Titanate coupling agents are used to improve interfacial 

adhesion between hydrophobic polymers and hydrophilic 

chemically bridge two dissimilar species such as inorganic 

Titanium derived coupling agents are unique in their 

in the formation of organic monomolecular layers on 

strength and thus reduce embrittlement and prevent phase 

by breaking down the various mechanisms of the titanate 

molecule into six distinct functions and basic structure 

(Kattas et al

 The compatibility of CaCO
3 
to

 
LDPE is poor and hence 

the composites provide inferior properties (Pietrasanta 

et al

rubber (PBR) and titanate coupling agent treated clay 
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compared to untreated clay composite (Alkadasi et al

2004). Effects of treatment of titanate coupling agent on 

composite have been reported. The treatment resulted 

in enhancement of mechanical properties of composites 

composites separately. The properties under consideration 

et al

treatment of magnesium hydroxide with titanium (IV) 

et al

 Conventional type titanate coupling agents have 

been found to be very effective in modifying physico-

mechanical properties and rheological behaviour by 

providing lubrication action to the LDPE/polypropylene 

hydrophobicity and a complete continuous phase for 

effect of titanate coupling agents in enhancing inorganic 

coupling agent in developing a CaCO
3

(70/30) composite was studied and the effect of titanate 

coupling agent loading on properties of the composite is 

presented in this paper. 

METHODOLOGY

Materials 

two polymers to prepare composites. LDPE having melt 

-3 °

RSS-2 having plasticity retention index of 64 was 

supplied by the Rubber Research Institute of Sri Lanka. 

CaCO
3
 having mean particle size of 2 micron and density 

of 2.71 gcm-3

from Kenrich Pertrochemical Incorporation was supplied 

coupling agent titanium IV 2 is 2(bis 2-propenolatomethyl) 

A series of 70/30 NR/LDPE composites was formulated 

LDPE composite without CA was taken as the control. 

The formulation of the composites is given in Table 1. In 

3
 

and CA was prepared. The composites were prepared by 

melt mixing using a Brabender Plasticorder operated at 
°C and at a rotor speed of 60 rpm. 

Total mixing time was kept constant at 14 min. Mixing 

cycle used in the preparation of NR/LDPE composites is 

Ingredient Function  Parts per hundred parts of polymer 

  (pphp)

NR Rubber 70

LDPE Thermoplastic 30

CaCO
3
 Filler 20

Stearic acid Organic activator 2.0

N-tert-butyl-2-benzothiazyl  Accelerator 1.0

sulfonamide (TBBS) 

Vulcanox BKF  Antioxidant 1.0

 Formulation of the NR/LDPE composites



20 W.D.M. Sampath et al.

March 2019 Journal of the National Science Foundation of Sri Lanka 47(1)

given in Table 2. NR/LDPE composites were compressed 
oC under 

sheets. Test specimens were cut from these sheets 

according to the standards.

 0 LDPE 

 4 NR

 7 ½ CaCO

 8 ½ CaCO
3

 9 CA

 11 TBBS

 12 Sulphur + DCP

 14 Dumping the compound

 Mixing cycle of the NR/LDPE composites

Physico-mechanical properties

Tensile properties and tear strengths of NR/LDPE 

composites were determined using the Instron tensile 

testing machine according to BS ISO 37:2010 and BS 

test specimens and angle shaped tear test specimens were 

Hardness of the composites was determined using Dead 

Load Digi Test hardness tester according to BS ISO 

with boiled p-xylene was determined using a Shore A 

hardness tester. 

Degree of swelling 

Degree of swelling was determined as per ISO 1817:2011 

standards. Three test specimens having dimensions of 

72 h in closed-lid bottles. Excess solvent on the surface 

of the specimen was removed by wiping with a blotting 

paper. Initial and swollen weights were measured and 

equation (1).

 ...(01)

0
 and m are the weights of the specimen before 

Gel content

were placed in a specimen holder and immersed in boiled 

p-xylene for 16 h. The specimens were oven dried at 

70 °

measured to the nearest 0.1 mg. Percentage gel content 

et al

 ...(02)

the weight of the oven dried gel.

 

Ash content

Test specimens were prepared according to ISO 1796. 
°C and cooled to room 

according to ISO 247 [(weight of the ash) / (weight of 

Accelerated ageing of the composites was carried out at 

70 °C for 72 h in an air circulating oven. Tensile properties 

were evaluated after ageing and percentage retention of 

these properties were calculated according to equation (3).

 

  ...(03)

immersion of test specimens having dimensions of 30 mm 

Increase in weight to the initial weight of the specimen as 

a percentage was reported as the water absorption.

The thermal properties of the NR/LDPE composites 

were examined by differential scanning calorimetry 
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Approximately 10 mg of composites was placed in 

an aluminum pan with a cover and scanned under a 
°C. 

The melting temperature (T
m
) was determined as the 

m
) was determined as the area of 

the melting endotherm. The degree of crystallinity (X
C
) 

was calculated via

to equation 4.   

 ...(04)

 is the enthalpy of fusion for pure 

crystalline LDPE and was taken as 288 kJ kg-1  

(Saci et al

Dynamic mechanical properties of the NR/LDPE 

composites were determined using a dynamic 

cantilever mode of deformation was used. Rectangular 

test specimens having dimensions 40 mm × 12mm × 

2 mm were heated over the temperature range -130 °C 

to 100 ° °C min-1. Liquid nitrogen was 

in temperature sweep mode at 1.0 Hz.

Surface morphology of tensile fracture surfaces of 

NR/LDPE composites was examined by scanning 

microscope. The specimens were cut and mounted on 

aluminum stubs. The specimens were sputter coated with 

a thin layer of gold to avoid electrostatic charging during 

examination.  

RESULTS AND DISCUSSION

Stress-strain curves are an extremely important graphical 

measure of a material’s mechanical properties such as 

in calculating Young’s modulus and explaining material 

behaviour. Figure 1 shows the stress-strain behaviour 

of composites with and without CA. All composites 

most of the loadings show higher stresses and strains 

compared to the control. The area under the stress-strain 

curve explains the elastic potential energy of polymeric 

the two composites provide high elastic energy and good 

toughness.

Figure 1.  Stress-strain curves of NR/LDPE composites with CA at different loadings
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Figure 2. Variation of tensile strength and elongation at break of NR/LDPE composites   
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 Variation of tensile strength and elongation at break of 

NR/LDPE composites with CA loading

increased with CA loading up to 0.7 pphp and then 

decreased. The best tensile strength is exhibited at a CA 

loading of 0.7 pphp and is associated with the higher 

degree of crystallinity of LDPE in the composites 

between NR and LDPE. Poor interfacial adhesions 

develop poor stress transfer between the matrix and the 

dispersed phase (George et al

which is the amount greater than necessary to form a 

that it can form a weak boundary layer resulting in poor 

properties.
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 Variation of tear strength and hardness of NR/LDPE 

composites with CA loadings

at higher CA loadings to decrease tensile strength. It 

show good dispersability and bonding with plastics in 

composites (Monte et al

of plastic composites. Elongation at break also increases 

loading up to 0.7 pphp. Elongation at break decreases 

thereafter with further addition of CA loading (Figure 2). 

CA loading to enhance the interfacial adhesions between 

LDPE and NR phases through CaCO
3
. 

 Hardness of NR/LDPE composites at different 

CA loadings are shown in Figure 3. Hardness of all 

stress-strain behaviour shown in Figure 1. Hardness of 

and is associated with the formation of crosslinks 

between the two polymer phases. Hardness increases 

decreases thereafter with increase in CA loading. This 

decrease may be due to the enhancement in plasticising 

crosslinks developed through CaCO
3
 with increase of CA 

loading might have provided a softness to the composite.

Tear strength of a polymeric material depends mainly 

on the crack propagation property. Tear strengths of the 

composites show a variation from 40 kN/m (for the control) to  

between the phases at a CA loading of 0.7 pphp.

Figure 4 shows the variation of degree of swelling with 

CA loading. Degree of swelling decreases with CA 

loading up to 0.7 pphp and gradually increases after that 

with the increase in CA loading. The lowest swelling at 

0.7 pphp CA loading is associated with the maximum 

level of interactions developed between NR and LDPE.  

the solvent absorption capacity of that material. If the 

high amount of solvent without completely dissolving in 

organic solvent (p-xylene) at higher CA loadings. 

 Gel content is also used for determining the solvent 

resistance of a thermoplastic or rubber. It is known to be 

directly proportional to the crosslink density. Higher gel 

content indicates a higher crosslink density and results 

gradually increases with CA loading up to 0.7 pphp and 

slightly decreases thereafter with increase in CA loading. 

of crosslinks or interfacial interactions in the composite. 

linkage of phosphate group. 

g m C

 Thermal properties of NR/LDPE composites 

T
g m

:
  c

: degree 

of crystallinity 

0.7 30.2

 Ash content of NR/LDPE composites
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composites. This suggests that the gel contains interacted 

or cross-linked rubber molecules. The composite at CA 

It decreases with CA loading up to 0.7 pphp and gradually 

substance is not compatible with organophilic titanate and 

water absorption and it may be due to the presence of 

CaCO
3

created at higher CA loadings absorbs higher degree 

adhesions and good CaCO
3
 dispersion developed in the 

composite at a CA loading of 0.7 pphp inhibited porosity 

creation and hence showed lowest water absorption.
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 DSC curves of LDPE and gels of the control and the 

composite at CA loading of 0.7 pphp

loading of 0.7 pphp shows the highest hardness of gel due 

to the presence of more interacted/cross-linked NR. DSC 

the composite at CA loading of 0.7 pphp shows a peak of 

revealing the presence of LDPE in gels attached to NR. 

Shift of peak at melting endotherm of the composite with 

CA to a higher temperature indicates the formation of 

gels of the composites with CA show greater ash content 

compared to the control (Table 4) revealing the presence 

of more CaCO
3
 in the gels of the composites containing 

CA. This suggests the formation of crosslinks between 

NR and LDPE through CaCO
3
.

      pphp 

Figure 6. Variation of water absorption of NR/LDPE composites with CA loadings 
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the composites at different CA loadings. Most of the 

composites showed good retention of tensile properties 

loadings of 0.7 pphp and 0.9 pphp showed the highest 

percentage and hence showed higher resistance to 

resistance to thermal degradation. Reactivity function of a 

titanate coupling agent is very high as it has six reactivity 

sites. This tetravalent titanium is reacted strongly with 

will react effectively with CaCO
3
 and NR and LDPE. 

Table 3 shows the glass transition temperature (T
g

melting temperature (T
m
) and degree of crystallinity 

c
) of the control and the composites at different CA 

loadings. T
g
 decreases with the addition of CA and 
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T
g
 measurement revealed the plasticising effect caused 

in morphological character (Figure 7). Plasticiser in a 

polymer lowers the T
g
 of the polymer and consequently 

promotes a change in properties from hard and brittle to 

m
 

at higher loadings T
m c

 increases with 

c
 of neat 

1984). It was reported in a previous study (Bajaj et al

loading to create effective interfacial interactions. It was 

et al

interfacial adhesion and degree of crystallinity would be 

thermoplastic polyurethane/polypropylene blend.

versus

and the composite at CA loading of 0.7 pphp. Storage 

modulus is a measure of the maximum energy stored in 

the material during one cycle of oscillation and it provides 

representing the elastic nature of material. As temperature 

their close packing arrangement and hence the storage 

modulus is decreased at the glass transition region. In the 

(Pipattananukul et al

 tensile  elongation at 

Control 94 99

0.3 83 93

0.7 100 99

0.9 100 100

1.2 97 81

 Ageing properties of NR/LDPE composites 

of 0.7 pphp showed the highest storage modulus. Loss 

modulus is a measure of  energy dissipated heat due to 

behaviour. Greater heat dissipation was found with the 

control and the composite compared to the simple blend 

 

(b) composite at CA  loading of 0.7 pphp and (c) composite 

at CA loading of 1.2 pphp  
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composite at CA loading of 0.7 pphp 

material and it indicates the compatibility of phases in a 

the T
g
 observed under DMA. 

due to the presence of CaCO
3
. CaCO

3 
may act as a barrier 

modulus to storage modulus and is called the damping 

g
 of a 

Figure 7a shows the SEM image of fracture surfaces of 

respectively. These images clearly show that LDPE 

is dispersed in the NR matrix. The control and the 

composite exhibit smooth fracture surfaces and good 

interfacial adhesions between the NR and LDPE phases. 

Figure 7c shows a rough surface with a clear phase 

separation due to poor interfacial adhesions between 

mechanical properties obtained at higher CA loadings. 

Figure 7b shows a homogeneous dispersion of CaCO
3
 in 

interaction between NR/LDPE and CaCO
3
. Interfacial 

is deformed and curled and hence fracture surface 

features a typical elastic failure (Sukhanova et al  

the morphological analysis shows that the best interfacial 

adhesion between NR and LDPE phases is at a CA 

loading of 0.7 pphp. 

CONCLUSION 

and the rubbery character on the stress-strain curves 

reveal the presence of NR as the continuous phase in the 

strength of the composites increased with incorporation 

and then decreased. This property enhancement proposes 

that CA at lower loadings could develop interfacial 

adhesions and/or good dispersion of CaCO
3
 within the 

composites. The higher gel content and the lower degree 

to 0.9 pphp indicate the presence of higher interfacial 

adhesions in the respective composites. Melting 
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CaCO
3

melting endotherm to a higher temperature for the gel 

formation of greater extent of adhesions between LDPE 

and NR through CaCO
3

highest storage and loss modulus shown for the composite 

compared to the control and the composites at other CA 

and LDPE phases. Retention of tensile properties after 

thermal ageing was excellent. Smooth fracture surface 

observed in the SEM image of the composite at CA 

interfacial adhesions and proper dispersion of CaCO
3
 in 

for th

0.7 pphp.

The authors wish to thank the Rubber Research Institute 
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