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RINGKASAN: Pengadunan polipropilena (PP) dengan getah asli gred ENR-50 dan SMR
CV telah disediakan dimana kandungan getah aslinya adalah di antara O hingga 50 
peratus. Nilai torknya yang bertambah dengan bertambahnya kandungan getah asli, 
menunjukkan bahawa sifat leleran meningkat. Setelah diadun dan dijadikan pelet, sampel
sampel dimasukkan ke dalam mesin pengacuan injeksi dan sifat-sifat mekanikalnya diuji. 
Kekuatan regangan dan kekuatan koyakan didapati beri<urangan manakala peratus pemanjangan 
pada titik putus pula bertambah dengan bertambahnya peratusan kandungan getah asli 
dalam adunan. lndek kebolehleleran dan suhu kelembikan berkurangan dengan bertambahnya 
kandungan getah asli. Adunan PPIENR-50 menunjukkan suhu kelembikan yang lebih tinggi 
dan kebolehleleran yang rendah tetapi adunan PP/SMR-CV mempunyai rintangan hentaman 
yang lebih tinggi berbanding dengan adunan PP!ENR-50. Ketumpatan adunan PPIENR-
50 bertambah dengan peningkatan kandungan getah asli tetapi keputusan yang didapati 
adalah sebaliknya untuk adunan PP!SMR-CV. Analisis Dinamik Mekanik digunakan untuk 
mengkaji tahap kehomogenan adunan. Adunan PPIENR-50 didapati mempunyai tahap 
kehomogenan yang lebih tinggi daripada adunan PP!SMR-CV. Sukatan termogravimetri 
dan nilai fork stabil yang didapati dari kajian pencampuran juga didapati menyokong 
dapatan tersebut. 

ABSTRACT: Blends of polypropylene (PP) with epoxidized natural rubber (ENR-50) 
and constant-viscosity natural rubber (SMR-CV) were prepared in a laboratory-scale 
extruder; the rubber content ranging from Oto 50%. As the percentage of rubber increased 
the mixing torques also increased, an indication of increase in the melt viscosity. Upon 
mixing and palletizing, the samples were injection-moulded and their mechanical properties 
were tested. Tensile strength, tear strength and elastic modulus decreased while elongation 
at break increased, as the rubber content in the blends were increased. Melt flow index 
and Vicat softening temperature of the blends decreased with increasing rubber content. 
The PP/ENR-50 blends show higher Vicat softening temperatures but low melt flow 
index and the PP/SMR-CV blends have higher izod impact strength than PP/ENR-
50 blends. As rubber content increases, the density of PP/ENR blends increase while 
that of PP/SMR-CV blends decrease. Compatibility studies were performed on a Dynamic 
Mechanical Analyser and PP/ENR-50 blends were observed to be more compatible 
than PP/SMR-CV blends. Thermogravimetry measurements and "stable torque" from 
mixing studies further corroborate this compatibility. 

KEYWORDS: Polypropylene, constant-viscosity natural rubber, epoxidized natural rubber, 
compounding, mechanical properties, dynamic mechanical analysis, thermogravimetry 
analysis. 
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INTRODUCTION 

Thermoplastic elastomers (TPE) belong to a class of materials that have the combined 

physical properties of polymers and elastomers. They exhibit properties typical of 

rubbery materials but can be processed like thermoplastics (Fisher, 1974; Coran and 

Patel, 1981; Kresge, 1978; Elliott, 1981; Martuscelli et al., 1982). Typically, a polymer 

provides strength, stiffness, and thermal resistance, while elastomers, such as polyurethane, 

the styrene block copolymers, copolyester elastomers or ethylene propylenediamine 

terpolymer (EPDM), provide impact modification (Kienzle, 1988). TPE's give better 

material utilization because scrap and rejects can be recycled. Furthermore, productivity 

is high because no compounding or vulcanization is required and they are easily 

processed by extrusion or injection moulding. As the composition of blend varies, 

materials with a wide range of properties are obtained. The materials may be divided 

into two distinct types. As rubber content increases, the blends are thermoplastic 

elastomers, while semi-rigid rubber-modified polypropylenes are obtained at low rubber 

contents. The later blends have a flexible modulus of 300-1000 MPa and a definite 

yield point at a tensile strain of less than 100%. The key property of these materials 

is the impact resistance, particularly at low temperatures, at any given stiffness. Other 

important features are the yield or maximum load bearing stress, softening temperature 

and environmental resistance. 

Typical applications of thermoplastic elastomers are injection-moulded car bumpers, 

spoilers, radiator grills, and body protection strips which requires high impact strength 

and rigidity. These can readily be coated with flexible polyurethane paint or pigmented 

with carbon black to give enhanced weatherability and cosmetic appeal, without sacrificing 

their outstanding impact strength at low temperatures. Other potential products requiring 

a high degree of impact strength can also be envisaged, for instance, electrical connectors 

and industrial floor tiles, ski-boots and railway-sleeper pads (Gelling and Tinker, 1988). 

For many years, polypropylene polymers have been used for blown film, injection 

moulding and extrusion applications. The opportunity to improve their flexibility, impact 

resistance and tear strength by rubber modification, has served to increase the usage 

of polypropylene. This polymer is generally used due to its lightness and strength 

and also its high melting point compared to polyethylene, which gives it a high temperature 

stiffness. Furthermore, it has good rigidity and heat resistance and is relatively cheap, 

however, its impact strength is inadequate for demanding applications such as car 

bumpers (Elliott, 1987). 

The purpose of this study is to compare the physical and mechanical properties 

of polypropylene with natural rubber ENR-50 and SMR-CV as impact modifiers. In 

a previous study Jang (1985), used synthetic rubbers such as EPDM, ethylene propylene 

rubber (EPR) and styrene-butadiene rubber (SBR) as elastomers to modify the polypropylene. 
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There have been numerous studies on the properties of rubber-modified polypropylene 
based SMR-CV, our intention here is to investigate the physical properties of blends 
processed using a Brabender twin-screw compounder as compared to those processed 
by the common BR Banbury internal mixer. 

ENR is a material that offers unique properties such as low gas permeability with 
a high strength of natural rubber, improved wet grip and rolling resistance, and good 
oil-resistance. ENR undergoes strain crystallization (Davies et al., 1983) where some 
of the unsaturated bonds in natural rubber are replaced by epoxide groups (Figure 1 ). 

NR Latex Epoxidized NR 
(ENR 1 O, 251 50 mole%) 

Figure 1. Epoxidation of natural rubber 

ENR-50 is chosen for its potential in displacing both nitrile and butyl rubber in oil 
resistance and air permeability. SMR-CV has a relatively low and consistent viscosity 
thus offering considerable processing advantages to the consumer (Farouk, 1984). 
In the production of SMR-CV, viscosity variations due to transit and storage of the 
raw natural rubber are repressed chemically so that a much more consistent rubber 
can be produced. Furthermore, SMR-CV is easily dispersed in polypropylene particularly 
in the early stages of mixing. 

Mechanical properties such as tensile strength, elongation at break and tear strength 
for various blend ratios of SMR-CV and ENR-50 are studied and compared. The 
"stable torque" for each rubber-modified polypropylene blends are also investigated. 
The Dynamic Mechanical Analyzer (DMA) was used to study the glass transition 
behaviour of PP/RUBBER blends in an effort to characterize blend compatibilization 
on the molecular level. The rubber content and decomposition temperature were also 
investigated on a Thermogravimetry Analyzer (TG). 

MATERIALS AND METHODS 

Materials 

Polypropylene homopolymer used in this study was of injection moulding grade, from 
Shell Chemical Canada with a density and melt flow index of 0.92 g per cm3 and 

37 



S. Norzalia et al. 

12 g per 1 O min respectively. The viscosity-stabilized natural rubber (SMR-CV) and 
epoxidized natural rubber (ENR-50) were obtained from Rubber Research Institute 
of Malaysia (RRIM), Sungai Buluh, Selangor. 

Processing 

The PP/SMR and PP/ENR blends were prepared using two different techniques. The 
first set of samples were prepared by a thermoplastics mixer followed by compression 
moulding while the second set was prepared by compounding and injection moulding. 

Mixing Study 

Mixing was carried out in a 60 cm3 W50E internal mixer (Brabender Plasticorder 
PL 2000) with twin counter rotating rotors to aid mixing. Two rotor speeds (30 and 
60 rpm) were chosen for the mixing process, while mixer temperature was kept at 
180°C at a mixing period of 8 min. Mixing study was conducted for neat polypropylene, 
and blends with increasing rubber content (10, 20, 30, 40 and 50%). A torque versus 
time curve was also plotted for each blend. 

Compression Moulding 

The blends obtained from the mixer were compression-moulded into 1.0 mm sheets 
using a 20 tonne hot press (George E. Moore). Upon moulding for 1 O min at a 
temperature of 180°C, the mould was immersed in cold water for approximately 5 min. 
Moulded sheets hence obtained were punched using a pneumatic die punch (Ceast 
6050) to prepare tensile and tear test specimens. 

Compounding and Injection Moulding 

The PP, SMR and ENR rubbers were compounded in a Brabender DSK 4217 twin
screw compounder to prepare blends with rubber content ranging from 0-50%. The 
extrusion was conducted at a speed of 50 rpm and at barrel temperatures of 175°C, 
180°C and die temperature of 190°C. The materials were extruded and granulated 
twice to ensure good dispersion before being injection-moulded. The compounded 
samples were prepared into impact test specimens by the injection moulding technique, 
i.e. using a 20-tonne Battenfeld BA 200 CD Plus machine at 70 kg cm-2 injection 
pressure and a barrel temperature profile ranging from 175-195°C. 

Density Test 

Density of the blends were determined according to ASTM 0792, Method A, by a 
water displacement method. An electronic densimeter (ND ED-120T) with an ability 
for temperature compensation was employed to measure the density of the injected 
samples to the third decimal place. 
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Rockwell Hardness 

Rockwell hardness of the blends were determined according to ASTM 0785-89, Procedure 
B by means of a digital hardness tester (Matsuzawa OXT-1). A half-inch (12.7 mm) 
steel ball indenter with a 60-kg major load was used. Two layers of specimens were 
studied to achieve the minimum hardness of six measurements. 

Vicat Softening Point 

Vicat softening point of the blends were determined according to BS 2782, Method 
120A using a weight of 1 kg and indentation of 1.0 mm with a heating rate of 50°C per 
hour. A total of two test pieces from the rectangular bars were tested for each blend. 

Thermogravimetric Analysis 

Loss of weight in the moulded samples were analysed using Mettler TGSO thermogravimetric 
analyser. The blends were scanned from 25-600°C, at a rate of 20°c per min in 
an atmosphere of nitrogen with a flow rate of 200 ml per min. At 600°C, air was 
introduced into the system and maintained isothermally for 5 mins. 

Dynamic Mechanical Analysis 

Blend compatibilization studies were carried using Perkin ElmerDMA7 dynamic mechanical 
analyser in a 3 point bending mode. The dimensions of the specimens were 15 x 
1 O x 2 mm. The samples were scanned from -100 to 100°C, at a frequency of 
1 Hz and heating rate of 5°C per min, with helium as the purge gas. Loss tangent 
(tan o) versus temperature curves for both types of natural rubber were plotted. 

Melt Flow Index 

Melt flow index of the blends were determined according to ASTM 01238 at 190°C 
under a load of 2.16 kg, from the extruded granules on a Zwick 4105. An average 
of four extrudates was taken for its MFI value. 

Tensile Properties 

Tensile properties were measured using a tensile testing machine (Lloyd L 1 OOOS) 
with a cross-head speed of 50 mm per min (ASTM 0638-89). An Infrared non-contacting 
extensometer was employed for the elongation at break determination where the 
gauge length was set at 25 mm. Tensile strength and percentage elongation values 
were calculated by the instrument software. Five test pieces were tested for each 
blend sample. 
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Elastic Modulus (Young's Modulus) 

Elastic modulus properties were measured using a tensile testing machine (Zwick 
1484) with a cross-head speed of 2 mm per min and gauge length of 25 mm (ASTM 
0638-89). Elastic modulus values were calculated by the instrument software in the 
range of 6-35 N. The average of five tests was taken for each sample. 

Tear Strength . 

Tear resistance properties were measured using a tensile testing machine (Lloyd 
· L 1 OOOS) with a cross-head speed of 50 mm per min (ASTM 01004-88). Tear strength 

values were calculated by the instrument software. Five test pieces were tested for 
each blend sample. 

lzod Impact Resistance 

lzod impact test was performed using a 2-Joule hammer (Ceast 6456/000) based 
on ASTM 0256-88. Test specimens were prepared from the injected rectangular bar. 

Impact specimens were notched (45°) using a Davenport notch cutting apparatus. 
A total of ten specimens were tested for each blend. 

Test Conditions 

Mechanical tests were carried out at standard laboratory conditions of 27°C and relative 
humidity 65%, in accordance to ISO 291 standard on conditioning and testing 
atmospheres for tropical countries. 

RESULTS AND DISCUSSION 

Density, Rockwell Hardness and Vicat Softening Point of PP/RUBBER blends are 
as summarized in Table 1. 

Density 

It is observed that PP/ENR blends show higher densities than PP/SMR blends. Industries 
tend to favour low density blends as saving of weight is of paramount importance 
here, particularly, in the automotive industry (Mullins, 1978). 

Rockwell Hardness 

Rockwell hardness of PP/ENR blends was also observed to be higher than the PP/ 
SMR blends. From Table 1, as the amount of rubber in the blends increase, the 
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hardness of the blends decrease. Hardness of the blends is believed to be contributed 
by the polypropylene matrix. 

Vicat Softening Point 

It is seen that PP/ENR blends have a higher Vicat softening point than PP/SMR 
blends (Table 1 ). On increasing the rubber content the blends become softer and 
thus, lowers the Vicat softening point. 

Table 1. Properties of rubber-toughened plastics 

Properties 

Rubber Density (g cm-3) Rockwell Hardness Vicat (°C) 

content (%) 
PP/SMR·CV PP/ENR-50 PP/SMR-CV PP/ENR-50 PP/SMR-CV PP/ENR-50 

0 0.920 0.920 75 75 153 153 

10 0.904 0.908 60 66 147 149 

20 0.904 0.919 48 52 143 146 

30 0.902 0.924 44 38 131 141 

40 0.903 0.935 31 33 124 129 

50 0.900 0.948 24 28 105 130 

From the above results PP/ENR blends have a higher density, Rockwell hardness 
and Vicat softening temperature. A contributing factor for this could be the higher 
compatibility of the PP/ENR blends as compared to the PP/SMR blends. 

Thermogravimetry Analysis 

Polypropylene was analysed to provide a reference. Thermogravimetry technique was 
used to study the rubber content within the blends, its temperature and course of 
decomposition. Figures 2a and b show typical thermogravimetry scans of PP/SMR 
and PP/ENR blends. PP/SMR blends exhibit start of weight loss between 360-460°C 
and conclude at 520°C. PP/ENR blends, however, started weight loss at a higher 
temperature of 400-450°C and concluded at 520°C. On comparing the neat polypropylene, 
rubber was found to decompose at a higher rate than polypropylene. 
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pp/ I PP90SMA10% 
PPBOSMA20% 
PP70SMA30% 
PP60SMR40% 

.. PP50SMA50% 
0 
LO 

100 . 200. 300. 400 . 500 . ·co . Min 

(a) PP!SMR-CV 

100. 200. 300. 400 . 500. ·co. Min 

(b) PPIENR-50 

Figure 2. Thermogravimetry scan of blends with rubber content ranging 
from O - 50% 
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Figure 3 shows two peaks at 370°C and 470°C for blends at 50% SMR content, 
indicating that PP/SMR blends are not compatible. The peak at 370°C is due to 
the degradation of rubber while the peak at 470°C is due to polypropylene. Maurer 

. (1981 ), in his study, observed the DTG peak temperature under pyrolysis decomposition 
conditions for natural rubber to be 373°C, when the heating rate was set at 10°C 
per min, this is in agreement with our observation. Figure 4 shows blends containing 

"50% ENR, here only a single major peak at approximately 450°C is seen indicating 
PP/ENR blends are more compatible than PP/SMR blends. The peaks of ENR and 
polypropylene cannot be resolved, therefore the content of rubber in the blends cannot 
be quantified (Wyden, 1982). 
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Figure 3. Differential thermogravimetry curve for PP!SMR-CV blends at 
50% rubber content 
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Figure 4. Differential thermogravimetry curve for PP!ENR-50 blends 
at 50% rubber content 
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Dynamic Mechanical Analysis (DMA) 

Dynamic mechanical analysis has the advantage of being more sensitive than differential 
scanning calorimetry (DSC) when studying glass transition phenomena, due to its. 
ability to detect all impact strength characteristics (Wetton and Corish, 1989). To 
characterize blend compatibilization on a molecular level, OMA technique was employed 
by studying the glass transition behaviour of polymer blends. The glass transition· 
temperature (T ) is the temperature at which amorphous polymers soften from a . g 

glassy state to an elastomeric state. This temperature is characterized in OMA by 
a peak in the loss modulus (E") and loss tangent (tan o) and a decrease in the 
storage modulus (E'). E' is a quantitative measure of the stiffness or rigidity of a 
material. E" is the ability of a material to dissipate mechanical energy by converting 
it through molecular motion. The absorption of mechanical energy is often related 
to the movement of molecular segments within the material, such as polymeric side 
chains or specific molecular groups within the main chain. While the E' decreases 
by about three orders of magnitude, the E" .and tan o go through maxima at \· 
E' and E" are related to tan o by the following equation: 

tan o = E" I E' (1) 

tan o is a useful index of material viscoelasticity since it is a ratio of viscous and 
elastic moduli. It is often measured as the tangent of the phase angle difference 
between a sinusoidal input stress and output strain of a dynamically deformed sample. 

Figures Sa and b illustrate the loss tangent as a function of temperature for both 
PP/SMR and PP/ENR blends at various blend ratios. The glass transition temperatures 
(the peak value of tan o) for PP/SMR are not significantly shifted towards the average 
T9 of rubber (-80°C) and polypropylene (-5°C), indicating incompatible blends. Each 
component in the blends of PP/SMR exhibit its own unperturbed relaxation process. 
Incompatibility in these blends is related to the disparity between the polarities of 
the components and the existence of a finite interfacial tension resulting in a low 
work of adhesion (Olabisi, 1979; Paul and Newman, 1978). 
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Compatibility has a major influence on impact strength, and blends of this type are 
characterized by the presence of a finely dispersed phase and resistance to gross 
phase segregation. In order for optimum compatibility, similar polarity, low molecular 
weight, hydrogen-bonding or other strong intermolecular attractions are required (Chanda . 
and Roy, 1993). When blend components are compatible, a single loss peak in tan o 
plots is observed for the combined process. This loss peak appears between the 
loss peaks for the single components and moves systematically with the composition -
of the blend (Wetton and Corish, 1989). The advantage of having compatible blends 
is that properties can be easily tailored, however its disadvantage is the inability 
to achieve a significant increase in property. For example, the ENR blends (compatible) 
do not show significant improvement in the impact property when compared to the 
SMR blends (incompatible) . When one examines the loss tangent for blends of PP/ 
ENR, there is generally a single glass transition temperature at approximately -30°C. 
This indicates that PP/ENR blends have considerably better compatibility than PP/ 
SMR blends. Co-crosslinking is believed to take place in the system. ENR-50 is 
a natural rubber that is chemically modified by peroxides. Blending polypropylene 
with ENR-50 is thought to cause ring-opening of the epoxide groups in epoxidized 
natural rubber, this leads to crosslinking with the polypropylene chain. In SMR, it is 
difficult to open-up the active carbon-carbon double bond of the natural rubber chain. 

The magnitude of tan o due to the grass transition in the rubber phase increases with 
the volume fraction of composite rubber particles as illustrated in Figures Sa and b. For 
good low-temperature properties such as improved impact energy absorption at room 
temperature, the temperature of tan o should be as low as possible (Bucknall, 1977). 

Melt Flow Index 

Melt flow index of various blend ratios is shown in Figure 6. As the content of rubber 
in the blends increases, the melt flow index decreases. Compatibility in PP/ENR blends 
also seems to contribute to the lower melt flow index values. The die swell was 
observed to increase with increasing rubber content, especially in PP/ENR blends 
containing 30, 40 and 50% rubber. 

Mixing Torque Study 

Typical torque curves for the PP/SMR and PP/ENR blends are shown in Figure 7. 
Torque values after an 8-min run time were recorded by the mixer evaluation software. 
The initial peaks (A) & (XI) observed was due to polymer and rubber loading respectively. 
The material being cold and unmelted has high mixing torques. Gradually as polypropylene 
began to melt, the torque decreased and eventually a constant value was reached 
after approximately seven mins. 
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Figure 6. Flow properties of PP!SMR-CV and PP!ENR-50 blends 

Torque (Nm) 

I _,.---re .i. .... . 
ri .. . :A· ·· ,,.1 

nn l,i ... A./ .:\ /1 

:··, /" i,. o., r 
; ~ I .• , ; Li 

se lY ..... · 
! 

·HJ +_ -------------------------------

; ft\ 
':JC. 
...:u ~ -················· : .. ·tt····· 
25 + ..................... ,: ... ; ... : ..... . 

Temperature --~=~;:_~--~-- · . 

i I{ 1 \. : Torque 

:tt? .. I i\ ..:J ,..,1 ------------.-- . --·- ·-----

6 2 4 8 

Temp (OC) 

218 
i 
; 288 

' 190 

i80 

17B 
! 

- 160 
' 
' 150 

.. ~" IA 
~ ... --.u 
: 
; 

i38 

T 128 

110 
HJ 

Time (min) 

Figure 7. A typical torque-time curve obtained during compounding of rubber 
in polypropylene 

47 



S. Norzalia et al. 

A slight correction was applied to the mixing time. The 8-min run time did not appear 
to be appropriate as the mixing did not start at zero time but only gradually as 
the polypropylene began to melt. Thus, the mixing time was adjusted (by means 
of the software) to be the time from the initial peak in the curve. The torque after 
three mins from the peak is taken as the "stable torque". The "stable torque" is 
determined from the plateau region that characterises the viscous nature of the melt. 

As the rubber content increases, the mixing torques are seen to increase simultaneously 
(Figure 8). This can be explained by the increase in viscousity as more rubber is 
added to the polypropylene, thus contributing to the raised mixing torques. Rotor 
speed is also believed to have an effect on the torque of the blends. Increasing 
rotor speeds tend to show increased torque values. It has been reported that in 
conventional viscometry "stable torque" and the rotor speed are proportional to the 
shear stress and the shear rate respectively (Ho et al., 1990). It was also seen 
that the torque values for SMR blends were higher than the torque values of the 
ENR blends (Figure 8). The low "stable torque" in the PP/ENR blends were due 
to the compatibility of polypropylene and ENR. 
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Figure 8. Effect of two different mixing speeds on stable torque of PPISMR-CV 
and PP!ENR-50 blends 
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Tensile Strength 

The toughness of a material in general reflects the degree of plastic deformation 
. before final failure. It was believed previously that the elastomeric particles act as 

energy absorbers or crack-stoppers in thermoplastic matrices (Bucknall, 1977) . 

. Figure 9 shows that the strength of blends decrease as the content of rubber increases. 
Both blends were observed to have equivalent tensile strength. For blends that have 
50% or less rubber, the value of tensile strength is higher than 7 MPa; the minimum 
value quoted usually for synthetic rubber-based thermoplastic elastomers (Mohamed, 
1987). Thus, it appears that natural rubber-based thermoplastic materials are quite 
comparable to synthetic rubber-based thermoplastic elastomer with respect to its tensile 
strength. 
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Figure 9. Tensile strength of PP!SMR-CV and PP!ENR-50 blends 
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Elongation at Break 

As expected, the elongation at break increases with rubber content as illustrated 
in Figure 10. At 40% rubber content the elongation at break of (neat) polypropylene 
increased from 17 to 55% for SMR and 87% for ENR. The higher degree of elongation 
in the PP/ENR blends may be attributed to its better compatibility. High elongation 
at break is believed to be caused by the amount of rubber in the blends. For natural 
rubber, the elongation at break has been accepted to be approximately 600% (Saechtling, 
1987). 
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Figure 10. Effect of rubber content on elongation at break of 
PP/SMR-CV and PP/ENR-50 blends 

Elastic Modulus (Young's Modulus) 

50 

Elastic modulus or Young's modulus decrease as the rubber content in the blends 
increase except for blends up to 10% ENR content, as illustrated in Figure 11 . At 
this composition of ENR, Young's modulus was seen to maximize and after that 

a decrease is observed. PP/ENR blends show higher elastic modulus values than . 
the PP/SMR blends. This could be due to the compatibility in the PP/ENR blends 
which contribute to its high elastic modulus values. 

Tear Strength 

Tear strength of both blends decrease with increasing rubber content except for blends 
up to 10% rubber content, as illustrated in Figure 12. The tear strength seems to 
maximize at this composition for both the blends. On the whole the tear properties 
of ENR blends are better than the SMR blends as the former has been shown to 
be more compatible to polypropylene. 
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with increasing rubber content 
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lzod Impact Strength 

Rupture in polymer samples may be divided into two classes, brittle and ductile. 
Brittle rupture occurs if the material exhibits elasticity up to the point of failure, i.e., 
it does not yield or draw, whereas in ductile rupture the specimen is permanently · 
distorted near the point of failure. Brittle failure is characterized by the lack of distortion 
of the broken parts and is more dangerous because there is no observable deformation 
of the material. In a ductile failure, however, large non-recoverable deformations occur, -
before rupture actually takes place and serve as a valuable warning. Two aspects 
of brittle rupture are of interest; the temperature below which brittle failure occurs 
under a given set of experimental conditions, and measures of the toughness of 
materials at ambient temperature (Billmeyer, 1962). The main causes of brittle rupture 
in materials have been found to be (i) triaxiality of stress, (ii) high strain rates, and 
(iii) low temperatures (Chanda and Roy, 1993). A convenient way of subjecting the 
material to triaxiality of stress (at the notch tip) and a high strain rate to promote 
brittle failure is by striking a notched bar with a pendulum. 

The factors affecting the impact strength of rubber-modified plastics are phase size 
and cohesive strength of the dispersed rubber, composition, phase morphology, interfacial 
adhesion between the two phases and the degree of crosslinking of the rubber phase 
(Bucknall, 1977). By employing additive.s to improve interfacial adhesion and the cohesive 
strength of the rubber phase, NR can compete with ethylene propylene rubbers (EPR) 
as an impact modifier for polypropylene (Gelling and Tinker, 1988). A study on the 
properties of rubber modified polypropylene-based natural rubber with the addition 
of additives will be reported in a subsequent study. 

Impact properties do improve with an accompanying decrease in rigidity. As shown 
in Figure 13, impact strength increases as rubber content increase. The PP/ENR 
blends have notched izod impact strengths that are substantially lower than those 
of comparable PP/SMR blends. The impact level increases, particularly for the PP/ 
SMR blends, with the amount of rubber applied as the energy absorption contribution 
of the rubber becomes more effective. Block and graft copolymers formed during 
the production of this blends tends to bridge the two phases together, thus contributing 
to the high impact strength of the blends. Ultimately, an optimum level is reached; -
where higher levels of rubber show little or no improvement. At low levels of rubber 
content, the contribution is only slight as the natural rubber is irregularly and sparsely 
distributed throughout the polypropylene matrix. The neat polypropylene in this study 
showed an impact strength of 33 J m·1 with an optimum level for the SMR blend 
at 554 J m·1 while ENR blend at 52 J m·1• This observation agrees with the fact 
that incompatible blends have a higher impact strength, taking advantage of the higher 
impact strength of the rubber component. 
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Optimum toughening is certainly related to the degree of dispersion of the rubber 
in the blends. Particle size or domain structures of the rubber-rich phase and the 
degree of phase mixing between the two-phase boundary are two _ primary factors 
for improving mechanical strength and adhesion properties of multicomponent systems. 
Stehling et al., 1981 illustrated this using a number of blends with identical composition 
but varying intensities, the blends with ~maller particles showed better impact performance. 

·· Jang (1985) , in his paper, stated that the optimum particle size for polypropylene 
toughening is probably 0.4 mm. 

Molecular weight of rubber and its ethylene content in polypropylene can also affect 
the impact strength. Higher molecular weight rubbers toughen polypropylene as compared 
to lower molecular weight rubbers (Galli, 1981 ). 

Blends that have 40-50% SMR do not have a clean break with a 2-J hammer force. 
A probable reason could be that the hammer . hits the rubber domain in the blends 
at the moment of impact and that the PP/SMR are not as compatible as the PP/ 
ENR blends. 
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CONCLUSIONS 

Rubber-modified polypropylene-based natural rubber can be easily processed using 
a plastic twin-screw compounder. Natural rubber (SMR-CV and ENR-50) can act . 
as an impact modifier in polypropylene with polypropylene/ENR-50 blends showing 
improved mechanical properties when compared to that of polypropylene/SMR-CV 
blends. Improvement in the impact properties is however, at the expense of the other · 
mechanical properties; tensile, modulus, hardness and vicat softening temperature. 
The DMA study is in agreement with previous findings that indicate that even without 
any compatibilizing agents, polypropylene/ENR-50 blends have good compatibility (Gelling 
et al., 1987). This study also showed that SMR-CV did not form compatible blends 
with polypropylene, however, it improved the impact strength of the SMR-CV blends 
compared to the neat polypropylene or ENR-50 blends. 
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