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RINGKASAN: Kajian ini dijalankan untuk menelitisifat0sifat elastomer termoplastik 
stirina-butadina-stirina yang diadun dengan pemplastik untuk kegunaan dalam industri 
farrriaseutikal, perubatan dan perriakanan. Stirina-butadina~stirina tanpa pemplastik: 
Vector 8550-D dan Vector 4461-D, yang· masih dalam peringkat percuba:an oleh 
Exxon, serta adunan Vector 8550-D dengan Vector 4461-D diadun dengan pemplastik 
jenis parafinik Plastol 172 dan Plastol 352. Kekerasan Shore A, kekuatan tegangan, 
modulus tegangan pada pemanjangan 100%, .pemanjangan takat putus dan ·nilai 
ketumpatan semakin menurun manakala sifat aliran seperti indek aliran leburan (MF/) 
menunjukkan peningkatan yang tinggi dengan meningkatnya kandungan pemplastik. 
Sifat elastomer termoplastik stirina-butadina-stirina yang diadun dengan pemplastik 
telah dibandingkan dengan stirina-butadina-stirina tanpa pemplastik. 

ABSTRACT: This study investigates the properties of plasticised styrene-butadiene
styrene thermoplastic elastomers for possible applications in pharmaceutical, medical 
and food industries. Unplasticised styrene-butadiene-styrene (USBS) materials: 
Vector 8550-D and Vector 4461-D, which are developmental materials introduced 
by Exxon, and blends of Vector 8550-D with Vector 4461-D were plasticised with 
. paraffinic-type plasticisers Plastol 172 and Plastol 352. Shore A hardness, tensile 
stress at break, modulus au 00% strain, e.longation at break and density values 
showed a decrease whereas flow properties such as melt flow index (MFI) increased 
considerably with increasing plasticiser cor:icentration. The properties of the plasticised 
styrene-butadiene-styrene thermoplastic elastomers were compared to the USBS 
materials. 

KEYWORDS: Thermoplastic elastomers, plasticised styrene-butadiene-styrerie, 
unplasticised styrene-butadiene-styrene, properties. 
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INTRODUCTION 

Styrene-butadiene-styrene (SBS) thermoplastic elastomer (TPE) is a two-phase block 
copolymer comprised of a major proportion of a soft rubbery segment, polybutadiene (PB) 
and a minor proportion of a hard segment, polystyrene (PS). The PB and PS domains are 
inherently incompatible and tend to form separate phases. Due to this phase separation, 
the PS agglomerates into domains that are dispersed in a continuous PB rubbery phase. 
Each of these phase serves a specific purpose. The PB domains are elastomeric and flexible 
in nature. Whilst PS domains serve as crosslinking regions, which are similar to the sulphur 
crosslinks in conventional vulcanised rubbers (Holden,

1 
1987), in addition to behaving as 

reinforcing filler particles. These crosslinks are physical crosslinks and are sometimes also 
called 'virtual crosslinks' (Alger, 1990). At normal ambient temperatures, the crosslinks are 
sufficiently strong and the sites sufficiently immobile to per111it typical rubbery behaviour. Yet, 
when the material is heated during processing, the crosslinks disappear and when the melt 
is cooled, the material behaves as a vulcanised rubber, i.e. it contains thermally reversible 
crosslinks. This allows the material to be remoulded, reshaped and reused; hence it is 
thermoplastic. 

Like most conventional vulcanised rubbers and unlike most thermoplastics, SBS TPEs are 
never used commercially as 'pure' materials (Holden, 1987). They are compounded with 
other polymers such as PS (Flosenzier et al., 1990), extender oils (Canevarolo et al., 1990), 
fillers such as polyethylene terephthalate (PET), short fibres (Guo et al., 1993) and carbon 
fibres (Roy et al., 1993), and a wide range of other additives. The main reason for these 
additions is to achieve the particular requirements for end products by combining changes 
of physical behaviour and processability starting from 'pure' materials. The second reason 
is to reduce the cost of the final manufactured product. In almost all cases, the end products 
contain less than 50% of the 'pure' materials. 

In the present study, unplasticised SBS (USBS) namely Vector 8550-D, Vector 4461-D, and 
blends of Vector 8550-D with Vector 4461-D were compounded with two paraffinic-type FDA 
(Food and Drug Administration) -A grade plasticisers: Plastol 172 and Plastol 352 ranging 
up to 50 weight percentage (wt. %). The purpose is to investigate the properties of the 
plasticised SBS (PSBS) and to compare these properties to those of USBS materials. 

EXPERIMENTAL 

Materials 

The USBS materials: Vector 8550-D and Vector 4461-D are from Exxon Chemical Company, 
Research Division, Abingdon, United Kingdom. These materials have linear structures and 
meet the US Food, Drug and Cosmetic Act as amended under Food Additive Regulation, 
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FDA 21 CFR 177 .181 O (Styrene block copolymers). They were supplied in the form of porous 
pellets. A blend of Vector 8550-D and Vector 4461-D at a weight ratio of 60 : 40 (8550-D: 
4461-D) was prepared in the laboratory. 

Plasticisers 

The two paraffinic-type plasticisers were supplied by Esso Lubricants, Abingdon, United 
Kingdom. Plastol 172 plasticiser is the low-viscosity 130 SSU (Saybolt Seconds Universal) 
series, whilst Plastol 352 plasticiser is the high-viscosity 400 SSU series. These plasticisers 
are of the FDA-A grade. According to the different purity classification of the FDA for mineral 
oils (FDA 21 CFR 178.3620), FDA-A grade plasticisers are colourless, non-aromatic mineral 
oils and are accepted for direct food-contact applications. 

Characterisation Techniques 

The molecular characterisations of the three USBS materials were determined at Exxon 
Chemical Europe, Machelen, Belgium. Nuclear magnetic resonance (NMR) spectroscopy 
was used to determine the PS concentrations, mps (Uffelen, 1995) and are presented in 
Table 1. 

Table 1. Concentrations of PS in USBS materials 

Material IDPS (wt.%)* 

Vector 8550-D 28.9 

Blends of Vector 8550-D and Vector 4461-D 33.9 

Vector 4461-D 41.8 
. 

*analysed by W.V. Uffelen of Exxon Chemical Europe, Machelen, Belgium 

Preparation of plasticised SBS 

The three series of USBS materials were compounded in a Brabender 330 counter-rotating 
twin-screw extruder with a speed of 15 rpm. According to manufacturer's recommendations, 
the USBS materials have been stabilised to allow processing to be carried out safely at 
temperatures up to 232°C. In the present study, barrel temperatures of 160°C to 180°C from 
feeding zone to the die zone, respectively were used. The temperature of the feeding zone 
was ensured not to exceed 160°C to avoid any lumps occurring on the screws which may 
cause the flow to deviate from constant flow conditions. 
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The molten USBS materials were extruded through a single 4-mm· rod die. The extrudate 
was allowed to flow onto a rubber conveyor belt set at a constant speed of 300 cm/min, 
before being cut into approximately 1 metre length. This speed was necessary to ensure 
that the extrudates obtained were sufficiently thick and could easily be palletised. T~e 
extrudates were allowed to cool completely to room temperature, and then palletised in the 
750 series Accrapak pelletiser. 

The compounded Vector 8850-D, Vector 4461-D and blends of Vector 8850-D with Vector 
4461-D (60: 40) were then mixed with Plastol 172 and Plastol 352 plasticisers in various 
proportions ( 10%, 20%, 30%, 40% and 50% by weight) and left to soak overnight. Thereafter, 
the mixtures were again blended according to procedures described previously. 

Compression moulding 

Plasticised SBS containing 1 O wt % plasticiser 

Vector 8550-D containing 1 O wt. % Plastol 172 and Plastol 352 plasticisers were compression 
moulded between two aluminium plates in an electrically heated hydraulic press (Tangyes 
Limited). Pellets were placed in a 147 mm x 147 mm x 1.8 mm thick aluminium frame mould. 
These were sandwiched in-between two PET melinex films of thickness 0.27 mm and 
compression-moulded. The films were used to overcome the adhesion problem between 
PSBS sheet and the two aluminium plates. The top and bottom temperatures of the plates 
were set at 190 ± 2.5°C. 

Initially, a contact time of 5 minutes at zero pressure was applied to warm the two aluminium 
plates and the PSBS materials. After which, full holding pressure of 20 tons was exerted. 
This holding pressure was applied for an additional 10 minutes to facilitate flow into the 
aluminium mould. At the end of the 1 O minute period, the PSBS sheet was cooled to room 
temperature by circulating cold water under the holding pressure at a rate of 125°C/min. 

Plasticised SBS containing 20 wt. % plasticiser 

In order to study the effect of different moulding techniques upon the tensile properties, 
Vector 8550-D containing 20 wt. % Plastol 172 plasticiser was also compression moulded 
under similar conditions described previously. 

Injection moulding 

Plasticised SBS containing 20, 30; 40 and 50 wt. % plasticiser 

With the exception of Vector 8550-D containing 1 O wt. % Plastol 172 and Plastol 352 
plasticisers, other plasticised materials were injection-moulded in a 35-tonne Peco injection 
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moulding machine into square plaques of dimensions 90 mm x 90 mm x 1.8 mm thick.- For 
easy flow of the molten PSBS material into the mould, a gate width of 34 mm was used. 
The processing conditions are given in Table 2. A water circulating temperature control 
system was used to regulate the mould temperature. 

Table 2. Processing conditions for producing plaques 

Parameters Processing conditions 

Mould temperature, °C 40 

Barrel 1 temperature, 0 c 170 

Barrel 2 temperature, 0 c 180 

Nozzle temperature, °C 180 

Injection time, s 10 

Injection pressure, · kg/cm2 40-70 

Cooling time, s 40 

With increasing plasticiser addition into USBS materials, it was necessary to reduqe the 
injection pressure (Table 2) so that plaques could be produced without flash. In addition, 
the ejection of softer plaques from the mould is also difficult. Mould release agent was applied 
on the mould surface to overcome the ejection problem; thus allowing easy retrieval of PSBS 
plaques from the mould. 

Preparation of Tensile Test Pieces 

Type 2 dumb-bell tensile test pieces (BS 903: Part A2: 1989) were cut from the compression 
moulded sheets and injection moulded plaques. In the latter case, test pieces were cut 
parallel to the flow direction of the melt. Test pieces were kept at room temperature of 
25 ± 2°c for 24 ± 3 h prior to testing. 

Tensile Properties 

lnstron 1122 tensile testing machine was used for the determination of tensile properties. 
The dumb-bell test pieces were held by pneumatic grips. At least ten test pieces were used. 
Modulus values were calculated from the loads at 100% strain. Throughout the study, this 
will be represented as E,oo. 

Strains measured on test length of test pieces from USBS materials containing 27, 29 and 
48 wt. % PS were found to agree well with that calculated from the overall extension rate 
(Diamant, 1982). Hence, throughout this study, it was decided to rely on extension rate of 
the tensile machine for the strain calculation. The gauge length and the extension rate were 
set at 40 mm and 100 mm/min respectively. 
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Stress-strain Curves 

In the stress versus strain curves, the stress and strain values were calculated at a minimum 
of 5 points for each sample. The average stress was calculated by taking the mean stress 
value of at least ten samples at a particular strain. 

Density 

Density measurements were determined by the fluid displacement procedure, ASTM 0792 : 
1986 (Method A). An aluminium bridge was placed over the balance pan, making sure that 
the bridge did not touch the sides of the pan. The brass weight in air (mb) was initially weighed 
with an Oertling analytical balance. A rectangular test piece weighing approximately 1 gram 
was attached to the brass weight and the combined weight in air (m) was taken. A beaker 
containing distilled water was placed on the bridge and the sample was allowed to submerge 
in the water. The sample weight in water (mw) was noted. Care was taken to prevent the 
sample from touching the bottom and the sides of the beaker. Measurements were performed 
at room temperature (25 ± 2°C) . 

The densities of USBS and PSBS materials, p were calculated by the following expression: 

p (1) 

where m' is the weight of the submerged portion of the brass weight and Pw-' is the density 
of water at 25°C, having a value of 0.997 g/cm3 (Kaye et al., 1959). 

Melt Flow Index (MFI) 

The MFI of USBS and PSBS materials were measured according to ASTM 01238 : 1986 
(Procedure A) . A Davenport plastometer was used and an average of at least fifteen 
measurements for each sample was reported as the MFI value. 

Hardness 

The test for hardness of USBS and PSBS materials were carried out with Type A Shore 
Durometer (Shore Instrument and Manufacturing Company) according to ASTM 02240 : 
1986. Four rectangular test pieces were plied together to obtain the required thickness of 
6 mm. The scale was read within 5 seconds from the moment at which the compression 
foot made a firm contact with the test pieces. Six measurements of hardness at different 
positions on the test pieces were made and the median value was reported as the hardness. 
All measurements were performed at room temperature (25 ± 2°C). 
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RESULTS AND DISCUSSION 

Effect of Compression and Injection Techniques on Tensile Properties 

Figure 1 compares the arithmetic mean values of tensile stress at break (ab), modulus at 

100% strain (Euo) and elongation at break (EB) of compression moulded and injection 

moulded specimens ·tor Vector 8550-D plasticised with . 20 wt. % Plastol 172 plasticiser. It 

can be seen that injection moulded samples showed higher ab and E100 values than those 

of compression moulded. This is presumably as a result of better phase separation and 

'annealing' effect, i.e. allowing to cool very slowly from moulding temperature of 180°C for 

40 seconds (see Table 2). 'Annealing' increased ab and E100 substantially (Morton, 1988). 

In addition, the anisotropy of injection-moulded samples is totally different from that of 

compression-moulded samples (Morton-Jones, 1993). During deformation, the unoriented 

lamella structure in compression-moulded samples becomes aligned in the testing direction. 

However in injection-moulded samples, the lamella structure is already oriented in the flow 

direction and consequently in the testing direction. Due to this pre-orientation, further orientation 

has become more difficult and thus more force is required to deform the oriented lamella 

structure (Morton-Jones, 1993). Hence, ab and E100 of injection moulded samples will be 

significantly greater than those of compression moulded samples as illustrated in Figure 1. 
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Figure 1. Comparison of tensile properties between 
injection moulding and compression moulding techniques 
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. In contrast, the EB in injection moulded samples is lower than that in compression moulded 

samples, as illustrated in Figure 1. This is because in injection moulded samples, the oriented 

lamella structure will prevent larger deformation, resulting in low EB values. 
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Effect of Plasticiser Concentration 

Tensile Properties 

Stress-strain curves of USBS materials: Vector 8550-D, blends of Vector 8550-D with Vector 

4461-D, and Vector 4461-D, plasticised with various proportions of low-viscosity Plastol 172 

are shown in Figures 2, 3 and 4 respectively. Whilst, Figures 5, 6 and 7 show the stress

strain curves of these materials plasticised with the high-viscosity Plastol 352 plasticiser. 

From these figures, a gradation of properties with plasticiser concentration is apparent. 
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Figure 2. Effect of plasticiser concentration on stress-strain 
curves of Vector 8550-D plasticised with Plastol 172. 
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Figure 3. Effect of plasticiser concentration on stress-strain curves of 
Vector 8550-D and Vector 4461-D blends plasticised with Plastol 172. 
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Figure 4. Effect of plasticiser concentration on stress-strain 
curves of Vector 4461-D plasticise(} wit_h Plastol 172. 
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Figure 7. Effect of plasticiser concentration on stress-strain 
curves of Vector 4461-D plasticised with Plastol 352. 

The addition of plasticiser into USBS materials affects the tensile properties of these materials; 
increasing the concentration of the plasticisers have decrease the ab, E ... and EB of the 
materials. According to the 'lubricity theory' proposed by Doolittle (1954), the plasticiser 
permits the polymer molecules to slide over each other more easily by reducing the 
intermolecular friction between the polymer molecules. Therefore, with increasing concentration 
of plasticiser, the stress developed will be reduced because of lower molecular cohesion, 
giving decreasing values in ab, E100 and EB. 

Density 

Plasticiser addition· has an effect on the densities of USBS materials. Increasing addition 
of plasticisers Plastol 172 [Figure 8(a)] and Plastol 352 {Figure 8(b)] has decreased the 
densities of PSBS materials. Due to the preferential plasticisation of the PB phase by the 
paraffinic-type plasticisers (Canevarolo et al., 1990), the volumetric fraction of the PB phase 
is increased with increasing addition of plasticiser. However, the weight percentage of PS 
and PB phase does not change. Since density is the ratio between weight percentage and 
the total volume of PS and PB phases, increasing addition of plasticiser will result in an 
i~_crease in the total volume and hence in the decreasing density values. 
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Rgure 8. Effect of plasticiser concentration on densities of SBS 
materials plasticised with (a) Plastol 172 and (b) Plastol 352 plasticisers. 
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MF/ 

Addition of Plastol 172 (Figure 9(a)] and Plastol 352 (Figure 9(b)] plasticisers into Vector 
8550-D (mPS = 28.9 wt.%), blends of Vector 8550-D with Vector 4461-D (mpg= 33.9 wt.%), 
and Vector 4461-D (mPS = 41.8 wt. %) is expected to improve the flow characteristic of the 
materials. This is clearly shown by the increasing MFI values. As explained in the previous 
study of the effect of plasticiser concentration on tensile properties, the 'lubricant' mechanism 
of plasticiser permits the backwards and forwards movements of polymer molecules over 
each other (Doolittle, 1954). Consequently, flow properties of PSBS materials are improved 
and thus, opens up new techniques for processing in injection moulding machines rather 
than the conventional techniques using compression moulding machines. In addition, 
plasticisers tend to disentangle PS domains, giving them greater freedom of movement, and 
also reducing van der Waals forces between PS and PB chains (Heaps, 1972). 
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Figure 9. Effect of plasticiser concentration on melt flow index values of 
SBS materials plasticised with (a) Plastol 172 and (b) Plastol 352 plasticisers. 

In this study, it was found that Vector 8550-D (mPS = 28.9 wt. %) plasticised with 1 O wt. % 
Plastol 172 and Plastol 352 plasticisers respectively cannot be injection moulded. Probably 
the concentration of the plasticisers is relatively small to allow the movement of polymer 
molecules over each other and to facilitate processing in injection moulding. In contrast, 
blends of Vector 8550-D with Vector 4461-D (mpg = 33.9 wt. %), and Vector 4461-D 
(mpg = 41.8 wt. %) containing 1 o wt. % Plastol 172 and Plastol 352 plasticisers can be 
injection moulded. It was noticed that their MFI values are comparatively similar to that of 
Vector 8550-D containing 1 O wt. % Plastol 172 (Figure 9(a)] and Plastol 352 plasticisers 
[Figure 9(b)]. The relatively high concentrations of PS in blends of Vector 8550-D with Vector 
4461-D and Vector 4461-D probably aid processability of these materials in injection moulding 
(Norzalia, 1998). 
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Shore A Hardness 

Hardness of PSBS materials may also be expressed by plotting Shore A hardness versus 
plasticiser concentration [Figures 1 O(a) and (b)]. Their correlations are reported in Table 3. From 
the figures, it is apparent that Shore A hardness reduces linearly with plasticiser concentration. 
Increasing plasticiser addition in USBS materials generally reduces the PS volume fraction, cp,s 
(Canevarolo et al., 1990). Hence the hardness reduction was not unexpected. 
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Figure 10. Effect of plasticiser concentration on Shore A hardness of 
SBS materials plasticised with (a) Plastol 172 and (b) Plastol 352 plasticisers 

Table 3. Correlations between Shore A hardness and plasticiser 
concentration for plasticised styrene-butadiene-styrene materials 

Material 

Plasticisers Vector 8550-D Blends of Vector 8550-D Vector 4461-D 
and Vector 4461-D 

Plastol 172 hd = -0.67 m..1 + 68 hd = -0.59 m.., + 72 hd = -0.71 m.., + 92 

Plastol 352 hd = -0.65 m..1 + 67 hd = -0.56 111.a + 70 hd = -0.87 m..1 + 89 

hd represents Shore A hardness 
llloil represents weight percentage of plasticiser 

Effect of Plasticiser Viscosity 

Stress-Strain Curves 

Stress values at various strains for Vector 8550-D plasticised with 10% by weight plasticisers 
are shown in Table 4. It can be seen that at the given strain level, high-viscosity Plastol 352 
plasticiser shows relatively lower stress values as compared to the low-viscosity Plastol 172 
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plasticiser. According to Bratz (1983), high-viscosity plasticiser adheres strongly to the 
polymer molecules than the low-viscosity plasticiser, and therefore, will accelerate plasticisation 
of the PB phase. The q>ps is reduced and thus less force is required to deform the lamella 
structure (Morton-Jones, 1993), resulting in the lowered stress values. 

Table 4. Effect of plasticiser viscosity on the stress values 
for Vector 8550-D plasticised with 10 wt. % plasticiser 

Stress, Mpa 

Strain,% Low-viscosity Plastol 172 High-viscosity Plastol 352 

100 2.56 1.66 
200 3.04 2.16 
300 3.61 2.70 
400 4.22 3.36 
500 4.97 4.02 
600 5.80 4.65 
700 6.67 5.31 
800 7.46 6.12 
900 8.35 6.83 
1000 8.70 (break) 7.78 
1100 8.92 
1200 10.0 (break) 

Yield Point 

It can be seen that the yield point exhibited in unplasticised Vector 4461-D vanishes when 
the material is plasticised with the high-viscosity Plastol 352 plasticiser (Figure 7), but not 
when the material is plasticised with the low-viscosity Plastol 172 plasticiser (Figure 4). The 
disappearance of the yield point may be due to the preferential plasticisation of the PB phase 
by the high-viscosity plasticiser (Brotz, 1983). This induces a morphological transition where 
the continuous PS phase (Diamant, 1982) breaks down into a disperse phase (Canevarolo 
et al., 1990). 

Effect of PS Concentration 

Stress-Strain Curves 

Figure 11 shows that at the given strain level, increasing PS concentration in USBS materials 
leads to an increase in the stress value. This is expected since generally increasing PS 
concentration to 100 wt. % will increase the stress values to very high values typical of a 
PS (Holden et al., 1969). 
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Figure 11. Effect of PS concentration on stress-strain curves of USBS materials 

Yield Point 

Unplasticised Vector 4461-D having mpg= 41.8 wt.% exhibits a definite yield point at low 

strain as shown in Figure 11. This observation agrees with that of Cunningham et al. (1972) 

where a yield point was observed when the PS concentration in USBS materials is about 

40 wt. %. The yield point is due to the presence of continuous PS domains (Diamant, 1982). 

As the PS concentration in the USBS materials decrease, this yield point disappeared as 

observed in unplasticised Vector 8550-D (mpg = 28.9 wt. %) and unplasticised blends of 

Vector 8550-D with Vector 4461-D (mPs = 33.9 wt.%) shown in Figure 11. The previous 

discussion by Holden et al. (1969) has suggested that the reason for the absence of yield 

. point in these two materials is due to the phase change of the continuous PS to a disperse 

phase when the volume fraction of the PS phase is less than 39 wt. %. Thus it can be 

concluded that the existence of a yield point at low strain is dependent on the mpg in USBS 

materials. 

Density 

The densities of USBS materials (0 wt. % plasticiser) increases with increasing concentration 

of PS. in USBS materials [Figures 8(a) and (b)]. This is expected since PS domains are the 

main contributor of density for these material; PS having a density value of 1.05 g/cm3 

compared to 0.94 g/cm3 for PB (Whelan, 1994). 

MF/ 

Figures 9 (a) and (b) show that the USBS materials exhibit relatively low MFI values (high 

melt viscosity). This is expected since SBS TPEs are never used as 'pure' materials; they 
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are often added with plasticiser to improve their flow characteristics (Holden, 1987). It is 
interesting to note that as the mpg in USBS materials increases, the MFI value increases. 
This indicates that the concentrations of ·ps in USBS materials also contribute to the 
improvement in flow properties of these materials. 

Shore A Hardness 

Shore A hardness of USBS materials is plotted as a function of volume fraction of PS in 
Figure 12. As expected, the hardness increase linearly with increasing PS concentration, 
since PS domains are the main contributor of hardness for these materials. The plot yielded 
a straight line of: 

hd = 9.8 + 200<pps (2) 

where hd is the Shore A hardness and q>pg is the volume fraction of PS phase in USBS. The 
coefficient of correlation, R2, of this line is 77.1% with a standard deviation, s, of 6.12. 
However, it is apparent that Shore A hardness of USBS materials do not follow the rule
of-mixture principle as is evidenced from Figure 12. This is probably because hardness 
properties of USBS materials are not the true averages of the hardness of PS and PB 
domains. 
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Figure 12. Effect of volume fraction of PS on 
Shore A hardness of USBS materials. 

PS concentration, mps in USBS materials has an influence on the properties of these 
materials. The MFI, density, Shore A hardness and stress values at a given strain level 
increased with increasing mps. A simple generalised equation, hd = 9.8 + 200cj>PS may be 
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proposed as a rough guide for determining· the hardness of USBS materials, where hd ·and 

<!>PS is the Shore A hardness and volume fraction of PS phase respectively. At low strain, 
Vector 4461-D having mpg = 41.8 wt. % exhibits a yield point, which is absent in Vector 

8550-D (mps = 28.9 wt. %) and blends of Vector 8550-D with Vector 4461-D (mps = 33.9 
wt. %). Besides mpg, addition of Plastol 172 and Plastol 352 plasticisers into Vector 8550-

D, blends of Vector 8550-D with Vector 4461-D, and Vector 4461-D also contributed to the 
improvement in flow properties (high MFI values) of these materials. This improvement is 
however, at the expense of the density, Shore A hardness and tensile properties; crb, E,oo 
and EB. 

At relatively same strain level, the high-viscosity Plastol 352 plasticiser gives materials with 
relatively lower stress value than those of low-viscosity Plastol 172 plasticiser. The study 

also shows that the yield point observed in Vector 4461-D (mpg= 41.8 wt. %) vanishes when 
the material is plasticised with the high-viscosity Plastol 352 plasticiser, in contrast to that 

· with the low-viscosity Plastol 172 plasticiser. 
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