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Abstract: This research focused the effect of different polystyrene/acrylonitrile butadiene
styrene (PS/ABS) blend ratio (0:100, 20:80, 40:60, 50:50, 60:40, 80:20 and 100:0) on
the properties of polystyrene/acrylonitrile butadiene styrene/carbon black (PS/ABS/CB)
conductive polymer composites (CPCs). Materials were produced through melt blending
by using Brabender Plastograph internal mixer. The effect of PS/ABS blend ratio at
fixed 15 wt % of CB on the mechanical, electrical, thermal and morphology properties
were investigated. The results showed that the flexural strength and modulus reduced
as increasing of PS content in PS/ABS/CB CPCs. The storage modulus and transition
temperature (T,) of PS/ABS/CB CPCs decreased with increasing of PS content. The PS/
ABS/CB CPCs at blend ratio of 50:50 showed the highest thermal stability compared to
20:80 and 80:20 at same filler loading.

Keywords: polystyrene, acrylonitrile butadiene styrene, carbon black, conductive polymer
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1. INTRODUCTION

Conductive polymer composites (CPCs) are composites that consisting
of conductive filler and a transition occur from insulating polymer to electrically
conductive polymer.! Recently, some level of electrical conductive materials
including antistatic materials, electrostatic discharge (ESD) dissipation and
electromagnetic interference (EMI) shielding were satisfied by adding conductive
filler into polymer matrix.>* The common conductive fillers of CPCs included
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carbon black (CB)*”7, graphite (G)*’, carbon fibre'’, metal powder and intrinsically
conductive polymer (e.g., polyaniline [PAN]).!-13

CPCs have many advantages compared to conductive materials, like
metals, in term of corrosion resistivity, adaptability to application need, weight,
processability and cost. In addition, CB has a significant cost advantage compared
to highly conductive materials (e.g., carbon nanotubes). CB was also showed
chemical stability and weight advantage over metallic fibers, flakes and powder.®
Besides, CB has good electrical conductivity and mechanical characteristic
compared to PAN.*!"2 Therefore, CB is one of the most promising electrical
conductive filler.

Percolation threshold was the critical amount of conductive filler required
to form continuous conductive pathway and impart electrical conductivity to the
polymer matrix.'* Many simple binary composites had a percolation threshold
around 15% filler as predicted by classical percolation theory for random system. !5
The percolation threshold had already been successfully reduced using ternary
composites system in which conductive filler had been added into a mixture of two
immiscible polymer blend.!’ Regarding to literature study, conductive filler were
enable to form conductive pathway (percolation) within the immiscible polymer
blend, either by locating the conductive filler at the interface of a co-continuous
structure or in the matrix component.'® This condition is called "Double Percolation
Concept". In CB filled CPCs, it was desirable to reduce percolation threshold as
low as possible to achieve a great conductivity CPCs.>>!* This situation can also
provide better mixture processability and avoid poor mechanical properties that
caused by high filler content.

This paper was aim to investigate the mechanical, electrical, thermal and
morphology properties of PS/ABS/CB CPCs at different blend ratio.

2. EXPERIMENTAL
2.1 Materials

PS resin (grade MS500) was supplied by Petrochemicals (M) Sdn. Bhd.,
with a melt flow index (MFI) of 5.0 g/10 min at 200°C. ABS resin was supplied
by Idemitsu (M) Sdn. Bhd. with styrene (61%), acrylonitrile (27%) and butadiene
(12%). Electrically conductive CB (Conductex© K Ultra) was supplied by Connell
Bros Company LTD. It was in bead form with the particles size of 18 nm.
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2.2 Sample Preparation

PS/CB and PS/ABS/CB CPCs was prepared by using Brabender®
Plastrograph internal mixer. The PS/CB and PS/ABS/CB CPCs were mixed
according to formulation as shown in Table 1. The compounding was carried
out by using counter rotating screw mode at 180°C and 50 rpm rotor speed. All
formulated PS/CB and PS/ABS/CB CPCs were compressed in sheet form by using
compression molding machine, Model GT7014A. The compression sequences
involved preheated compound at temperature of 180°C for 3 min, followed by
compression under pressure of 100 kg cm™ for 3 min at the same temperature and
cooling under pressure for 3 min.

2.3 Characterisation
2.3.1 Flexural test

The specimens were cut from the compressed sheet and it was in rectangular
bar with dimension of 127 x 12.7 x 3 mm. Flexural tests were performed by using
Instron universal, Model 5569 according to ASTM D790. The flexural strength
and flexural modulus of CPCs can be obtained from the flexural tests. Across head
speed of 5 mm min™' was used and the loading were 50 kN.

2.3.2 Surface resistivity (SR) measurement

The SR of PS/ABS/CB CPCs was measured by using four point probes
based on ASTM D257. The SR measurement was done on five difference locations
on the sample sheet and the mean of the SR value were recorded.

2.3.3 Dynamic mechanical analysis (DMA)

The DMA analysis was evaluated by using dynamic mechanical analyser,
Model DMA 7e by Perkin-Elmer. DMA was used to determine the tan delta (tan
d) of CPCs which is the dynamic properties due to the polymer viscous-elastic
behaviour at different temperature condition. The sample dimension was 50 x 10
x 1 mm and it was tested at constant frequency of 1 Hz using three point modes at
temperature range of 35°C to 130°C. The heating rate used was 10°C min™".
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2.3.4 Thermogravimetric analysis (TGA)

The TGA analysis was carried out by using TGA Diamond, Perkin-Elmer
apparatus. The CPCs was heated from 30°C to 850°C at heating rate of 20°C min™!
under nitrogen atmosphere condition with the nitrogen flow rate of 50 ml min'.

2.3.5 Scanning electron microscopy (SEM) analysis

The fracture surface and CB-CB network of CPCs specimens were
analysed by using JEOL JSM-6460 LA, at a voltage of 5 kV. Specimens were
coated with a thin layer of palladium for conductivity purpose.

3. RESULTS AND DISCUSSION
3.1 Flexural Properties

Figure 1 shows the effect of PS content on flexural strength of PS/ABS/
CB CPCs at 15 wt % of CB loading. The addition of PS content in the composites
has resulted in decreasing of the flexural strength at the fixed CB loading. The
increasing of PS content in PS/ABS/CB due to reduction of plasticity in PS/ABS/
CB CPCs since the PS structure consisting of larger side group such as styrene
group.!” Figures 2(a—c) show the SEM micrographs of flexural fracture surface for
PS/ABS/CB CPCs at blend ratio of 80/20/15, 50/50/15 and 40/60/15, respectively.
It can be observed that the fracture tear lines (black line) in sample 80/20/15 and
50/50/15 are propagated across the sample when the flexural load was applied. The
fracture tear lines in sample with blend ratio of 40/60/15 were longer. It is believed
that the fracture tear lines have stopped propagated by the butadiene particle in
ABS when ABS contents are lower which has brought to higher flexural strength.
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Figure 1: The effect of PS content on flexural strength of 15 wt % CB filled PS/ABS CPCs.
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Figure 2: SEM micrograph of PS/ABS/CB CPCs at blend ratio of (a) 80/20/15,
(b) 50/50/15 and (c) 40/60/15.

The flexural modulus of PS/ABS/CB with different blend ratio is shown
in Figure 3. The result indicated flexural modulus was decreased as the increasing
of PS content. The decreasing of flexural modulus was due to the ABS used in
this research has of higher flexural modulus compared to PS resulting increased
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the rigidity and brittleness of blend system. A similar observation was found by
Chiu et al."® in their study of toughening behaviour in CB filled propylene-ethylene
block copolymer and styrene-ethylene butylenes-styrene tri-block copolymer.
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Figure 3: The effect of PS content on flexural modulus of 15 wt % CB filled PS/ABS CPCs.
3.2 SR

Figure 4 illustrates the effect of PS content on SR of 15 wt % CB filled
PS/ABS blend. The U-shaped curve relationship is similar to the results that
demonstrate typical double percolation characterised by subsequent insulator-
conductor-insulator transition as a function of matrix blending ratio meaning
that the heterogeneous distribution of CB composite conductivity in spite of the
conduction level." The SR of PS/ABS/CB decreases rapidly as increasing of PS
content. At the PS content increased to 40% and 50% by weight, the PS/ABS/CB
CPCs are conductive. PS/ABS (50:50) CPCs exhibited the lowest SR compared to
other blend ratio. This has proven that CB has distributed within the co-continuous
phase of PS/ABS blend. Further increased in PS content from 60 to 80 wt % shows
the increasing of SR due to the transition from co-continuous to sea island phase
was formed in PS/ABS blends.

According to Yu et al.'s'’ study on ethylene vinyl alcohol (EVA)/low
density polyethylene (LDPE), 20/80 to 50/50 presented low resistivity with 18
wt% CB content in percolation threshold curve. Double percolation was happened
in EVA/LDPE (50/50). By mean of double percolation effect, CB was distributed
in LDPE phase of EVA/LDPE co-continuous blend due to good affinity between
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EVA. Wu et al.?* were reported the addition of CB in ABS/polyamide 6 (PA6) leads
to a phase transition from a sea-island structure to a co-continuous with decreasing
of PA6 content.

Besides that, Tchoudakov et al.?! have reported the conductivity of high
impact polystyrene (HIPS)/styrene isoprene styrene (SIS)/CB determined by blend
continuity. At HIPS/SIS/CB (55/45/4), double percolation was occurred where CB
was more dominant in HIPS phase and HIPS/SIS was in co-continuous phase.
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Figure 4: The effect of PS content on SR of PS/ABS/CB CPCs.
33 Dynamic Mechanical Analysis (DMA)

Figure 5 shows the storage modulus of CB filled PS/ABS blends with
various PS concentrations. The storage modulus at temperature of 40°C and
transition temperature (7},) are summarised in Table 1. The storage modulus was
decreased with increasing of PS content. As discussed earlier, ABS used in this
study has slightly higher flexural modulus than PS, this mean that ABS is more
rigid than PS. ABS is copolymer that consists of styrene-acrylonitrile grafted on
polybutadiene. Both the ratio of monomer and molecular structure are strongly
affected the properties of the copolymer. This observation is in line with flexural
modulus result as discussed earlier. Chen et al.?* have reported the storage modulus
of isotactic polypropylene (iPP)/polyethylene (PE) increased as decreasing of PE
content due to the storage modulus of iPP was higher than PE. Besides, the storage



Effect of Blend Ratio of PS/ABS/CB 70

modulus of neat PE was evidently lower than that iPP/PE blends. Its implies
that the higher thermal stability of iPP as compared to PE resulted in the storage
modulus of neat PE being evidently lower than that of iPP/PE blends.

—e—PS/ABS/CB:20/80/

15
—a—PS/ABS/CB:50/50/
15

Storage Modulus (GPa)
P, N W A~ U1y N

55 75 95 115
Temperature (°C)

(')
wn

Figure 5: The effect of PS content on storage modulus of PS/ABS/CB CPCs.

In Figure 6, it can be observed that there is a single peak in the entire PS/
ABS blend ratio. This is because both the PS and ABS polymer having the closer
T, value which is 111°C for PS and 110°C for ABS.** At high PS content, the 7,
was slightly lower due to the decreasing of ABS content since the ABS has shghtly
higher modulus than PS and caused the blend system become more plasticity. The
PS/ABS/CB (50/50/15) CPCs exhibited the highest T, compared to others blends
due the CB-CB network formed within the PS and ABS phase and these CB-CB
network were restricted the chain mobility as well as increased the rigidity of PS/
ABS/CB CPCs.

Table 1: The storage modulus at temperature of 40°C and glass T, of PS/ABS/CB CPCs
with different PS content.

Material Storage modulus at temperature  Glass transition temperature, T,
40°C (GPa) (°C)

PS/ABS/CB: 20/80/15 7.7 112

PS/ABS/CB: 50/50/15 6.2 114

PS/ABS/CB: 80/20/15 5.7 110
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Figure 6: The effect PS content on 7, of PS/ABS/CB CPCs.
3.4 TGA

The TGA curves of PS/ABS/CB CPCs at 15 wt % CB loading with
different PS content is shown in Figure 7. The TGA data is summarised in
Table 2. According to Table 2, the PS/ABS/CB (50/50/15) showed highest
temperature at 5% of weight loss (7}s,,) and temperature at degradation peak (7,,)
among all the PS/ABS/CB CPCs. This means that PS/ABS/CB (50/50/15) CPCs
has better thermal stability. This might be due to the co-continuous phase presence
in PS/ABS/CB (50/50/15) CPC, where the CB particles located within PS/ABS
interphase. Those CB providing physical barrier properties to hinder the diffusion
of free radial, as a result the thermal degradation of PS/ABS matrix was delayed.*
However, PS/ABS/CB (20/80/15) and PS/ABS/CB (80/20/15) was in sea-island
phase. The CB might be dispersed in continuous phase and it enhanced the thermal
stability of that polymer phase. In other hand, another discontinuous phase with
less CB will be easier to undergo thermal degradation. Therefore, PS/ABS/CB
(50/50/15) with co-continuous phase was higher thermal stability than PS/ABS/
CB (20/80/15) and PS/ABS/CB (80/20/15) with sea-island phase.
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Figure 7: TGA curve of PS/ABS/CB CPCs with different PS content.

Table 2: Temperature at 5 wt % weight loss (7,5,) and temperature at maximum
degradation (7,,,) of PS/ABS/CB CPCs with different PS content.

Materials Ty50, (°C) Tyee (°C)
PS/ABS/CB (20/80/15) 374 421
PS/ABS/CB (50/50/15) 378 429
PS/ABS/CB (80/20/15) 370 425

4. CONCLUSION

PS/ABS/CB CPCs with higher PS content exhibit lower flexural strength
and modulus. Besides, the U-shape curve was observed in SR result due to the
different of PS/ABS blend ratio caused the PS/ABS/CB (50/50/15) exhibited lowest
SR compared to others blend. The DMA result illustrated the storage modulus and
T, reduced with increasing of PS content. Moreover, the PS and ABS has almost
similar 7, was resulted single peak observed in DMA result. However, PS/ABS/
CB (50/50/15) exhibits the highest T, compared to PS/ABS/CB (20/80/15) and PS/
ABS/CB (80/20/15). For TGA analysis, the PS/ABS/CB (50/50/15) had higher
thermal stability than PS/ABS/CB (20/80/15) and PS/ABS/CB (80/20/15) CPCs.
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