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Abstract

The waste natural rubber latex (WNRL) was treated by natural rubber latex (NRL) to improve the
properties. The treatment was done prior to blending with polystyrene (PS). The preparation
of treated waste natural rubber latex (TWNRL)/PS was conducted with ratio of 70/30 using
internal Haake mixer at 140°C with speed of 60 rpm. The WNRL/PS blend was prepared in a
similar way for comparison purpose. The mixing torque was recorded during blending, while
storage modulus and tan_delta were investigated using Rheometer. The thermal gravimetry (TG)
and difference scanning calorimeter (DSC) were also studied. The results showed that TWNRL/PS
blend gave lower mixing torque compared to WNRL/PS blend. Thus, it reveals that the treatment
of WNRNL by NRL could improve the processibility. The storage modulus of TWNRL/PS blend
showed lower value compared to WNRL/PS blend. This could be due to that the TWNRL/PS blend
contains lower cross-linked molecules which have lower resistance to chains mobility. A study
using DSC implied that TWNRL and PS are immiscible (two-phase system). This can be proven
by the presence of two glass transition. In comparison, the T, from DSC and tan_delta observed
for TWNRL/PS and WNRL/PS blends showed no significant difference. However, the degradation
temperature of TWNL/PS blend was slightly lower than that of WNRL/PS blend due to the
requirement of energy for breaking the network molecule was lower.
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Introduction

In recent years, the recycled materials are growing in popularity due to the
awareness of environment and economical issue. Waste natural rubber latex
(WNRL) has a potential being reused because it contains high quality rubber
hydrocarbon chains with lightly cross-linked molecules [1, 2]. Several reports have
been done, Mathew [1] applied WNRL in epoxidised natural rubber compound,
and the overall results showed the acceptable of using the WNRL as efficient
economic filler. Another work reported that WNRL from textile cot industry
showed the improved of impact properties of waste polypropylene (WPP) with
acceptable result compared to virgin polypropylene (VPP) [3]. Due to the above
reasons added with high strength and low cost of PS, it is beneficial to recycle
WNRL by blending it with polystyrene (PS) for the present study. However, the
processibility and thermal properties are important for polymer melt blending [4-7].
Hence, the aim of this work is to study the processibility, rheological and
thermal properties of
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WNRL/PS blend through treatment with NRL. The WNRL was treated with NRL prior to
blending with PS. The NRL may break some cross-links in WNRL network, then more
entanglement with PS which leads to the enhancing of adhesion between phases. This is
similar with what has been reported by Zhang in his research, the presence of bitumen in
waste rubber tyre/polypropylene (WRT/PP) blend increases the elongation due to the
bitumen reduces the cross-links of WRT. It resulted as a good adhesion between WRT and
PP phases. This study focuses on the composition of 70/30 TWNRL/PS blend due to our
previous work [8] which showed drastic improvement of elongation and morphology at
this composition with comparable strength to the untreated blend. Moreover, it is also
because the purpose of recycling of WNRL, Hence, WNRL was used at high proposition.
The mixing torque, storage modulus, differential scanning calorimetric (DSC) and
thermogravimetry analysis (TGA) of 70/30 of TWNRL/PS blend were studied and
compared with the untreated blend.

Experiment

Materials

The waste natural rubber latex (WNRL) was collected from a latex laboratory at School of
Material and Mineral Resources Engineering, USM, Malaysia. Natural Rubber Latex
(NRL) was obtained from ZRM Scientific & Supplies (Malaysia) Sdn. Bhd and the
Polystyrene (PS) used was supplied by Total Petrochemical.

Treatment of Waste Natural Rubber Latex

The WNRL was treated with 20% by dry weight of NRL. It was heated up in the water bath
at 50°C and stirred using a mechanical stirrer for 5 minutes with speed of 300 rpm. After
that, the NRL was added in WNRL and continued to be stirred for another 20 minutes. The
treated waste natural rubber latex (TWNRL) was taken out from the water bath and kept in
room temperature for a day before further process.

Preparing Sheet

The TWNRL was casted on a glass plate and dried at ambient temperature for 3 days. Then,
it was hung for further drying. The TWNRL sheet was milled by a two-roll mill and cut
into small pieces before blending them with PS. WNRL sheet was prepared in the similar
way.

Preparation of Blending

The blend was conducted with the ratio of 70/30 of TWNRL/PS using Haake internal mixer
at 140°C. Firstly, PS was preheated in the hot chamber for 1 min and then was shear rotated
for melting at a speed of 60 rpm for another 2 min. The TWNRL was then inserted and the
mixing was continued for another 8 min. The blend was taken out and left at room
temperature before molding. The WNRL/PS blend was conducted in the similar way.
All blends were preheated for 6 min and compressed for 4 min at temperature of 140°C.
After that, the compressed sheets were cooled down under pressure for 3 min at room
temperature. The samples were cut from the sheet before further test.

Characterization

All blends were prepared using the Haake internal mixer. The mixing was done at 140°C
with rotation speed of 60 rpm. The torque was recorded and plotted for each blending.

ASEAN Engineering Journal Part B, Vol 2 No 2 (2013), ISSN 2286-7694 p.54



The rheological properties were performed using the rheomerter (ARES), the
experiments were carried out using a rectangular type torsion testing with 40 mm
length. The temperature scanned was from 35°C to 150°C for observing the dynamic
mechanical properties from room temperature to higher temperature.

Thermal behavior was studied using Perkin ElImer DSC 8500. All samples were placed
in aluminuim pans. The samples were studied from -70°C to 200°C with a heating rate of
10°C/min under dry N, gas atmosphere for investigating the glass transition temperature
(Tg) of the blends.

Thermal stability was studied using DTG-60H, Simultaneous DTA-TG Apparatus
(Shimadzu). The sample of 10 mg was put in the aluminum pans and heated from 30 to
600°C with a heating rate of 10°C/min.

Results and Discussion

Rheological Properties

Figure 1 shows the plastogram of mixing of TWNRL/PS and WNRL/PS blends. Initially,
PS was put in the hot chamber for 1 min preheating, then it was shear rotated. The torque
was suddenly raised due to the incomplete melt of PS which resisted the rotation. After
that, the shear rotation and temperature brought PS to be completely melted, so it
resulted in the decrease of torque again at 3 min. However, the torque raised sharply after
the TWNRL or WNRL was added into the chamber due to the unmelt TWNRL or
WNRL. When the TWNRL or WNRL became soft and broke into small particles,
the torque decreased gradually until it stabilized. It was also found that TWNRL/PS blend
showed lower torque compared to WNRL/PS blend at all mixing time. This may be
due to that the WNRL contains higher cross-linked molecules. The cross-linked
molecule enhances the viscosity of mixing system and leads to higher resistance
[9-11]. Similar observation was also reported that the rubber/poly(ethylene
terephthalate) (PET) blend with cross-linking agent show higher torque compared to the
uncross-linked blend [12]. This can be proved by storage modulus as shown in Figure 2.
It implies that the treatment of WNRL by NRL could improve the processibility.
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Figure 1. Torque development of WNRL/PS and TWNRL/PS blends

Figure 2 (a) shows Log storage modulus (Log G’) at various temperatures of WNRL/
PS and TWNRL/PS blends. It can be seen that the Log G’ of both blends
gradually decreased when the temperature increased until it drastically dropped around
100°C and continuing
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to decrease at molten state. This usually occurs due to the easier move of the molecules
when they gain more energy from the heat. At molten state, the molecule chains can move
freely, but the sample with high cross-linked molecules or entanglement shows high Log
G’ due to the molecule chains were tight together [13]. As a result, the WNRL/PS gave
higher Log G’ compared to TWNRL/PS at any temperature. Hence, it could be said that
the WNRL/PS blend contained higher cross-linked molecule compared to TWNRL/PS
blend. It was conjectured that the crosslinks was reduced through breaking sulfur linkages
during treatment process which illustrated in Figure 3. Figure 2 (b) shows Log tan_delta at
various temperatures from 30°C to 200°C. It shows that the T4 which corresponded to PS,
the TWNRL/PS and WNRL/PS blends showed the similar glass transition temperature (Tg)
even though the TWNRL was treated by NRL. It may be due to the original material of
WNRL, TWNRL and NRL are similar, thus T4 were not significantly different. Moreover,
it seems that lower amount of NRL could not affect the T,
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Figure 2. (a) storage modulus and (b) tan_delta of WNRL/PS and TWNRL/PS blends.
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Figure 3. Possible interaction between WNRL and NRL molecules
(adapted from [14, 15])
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Thermal Properties

The thermal behaviors of WNRL/PS and TWNRL/PS blends were analyzed by DSC. Fig.

4 shows the glass transition temperature (Tg) where it was calculated as the half-height of

the corresponding heat capacity. The Tg of pristine WNRL and pristine PS were -62.27 and
84.32°C, respectively. Figure 4 (c) showed that the first peak was corresponding to Ty
of rubber and the second peak was corresponding to T4 of PS. It can be clearly seen that all
blends showed two Ty peaks. The peaks of WNRL/PS blend were showed at -61.87 and
+99.87°C and the peaks of TWNRL/PS blend were showed at -62.23 and +100.2°C. It
reveals that the rubber and PS in both of these blends are immiscible [13-15]. The T4 of PS

which was examined using DSC and tan_delta were not significantly different.

Furthermore, the T, of the blends were shifted from the virgin material, which may be due
to the interaction between boundaries of each particle of the components [16-18].
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Figure 4. DSC curves of (a) PS, (b) WNRL and (c) blends.

Figure 5 shows TG and DTG curves of the blends. All the DTG curves showed two
peaks which corresponded to each component. There were a major and a minor
corresponding of rubber degradation (first peak) and PS degradation (second peak),
respectively [5]. The major and minor peaks were also related to the quantities of rubber
(70%) and PS (30%). It shows that the second peak of WNRL/PS and TWNRL/PS were
not significantly different. Whereas, the TWNRL/PS gave lower temperature of rubber
degradation (first peak) and the degradation temperature of blend at any percentage
weight loss compared to WNRL/PS blend. It may due to the lower requirement of
energy to break the cross-links in the network molecule [19]. Thus, larger difference
was observed at low percentage weight loss (5% weight 10ss).
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Figure 5. TG and DTG curves of (a) WNRL/PS and (b) TWNRL/PS blends Torque
development of WNRL/PS and TWNRL/PS blends

Table 1. Degradation Temperature of WNRL/PS and TWNRL/PS Blends

DTG Temperature at Weight Loss (° C)
Blends 5% Wt 25% Wt 50% Wt 75% Wt 90%
sClHEn | 2l s Loss Loss Loss Loss Wt Loss
WNRL/PS 382.42 433.37 335.17 373.04 393.33 425.58 44410
TWNRL/PS | 379.22 433.56 329.33 371.95 392.13 424.37 442.00
Conclusions

The treatment of WNRL by NRL could improve the processibility. A study using DSC
implied that TWNRL and PS were incompatible. This is proven from the presence of two
Ty The Ty of TWNRL/PS and WNRL/PS blends which were observed from DSC and
tan_delta were not significantly different. However, the degradation temperature at any
percentage weight loss of TWNRL/PS blend showed slightly lower temperature. It may
due to the lower requirement of energy to break the cross-links in the network molecule
compared to WNRL/PS blend. The storage modulus of blend reveals that the TWNRL/PS
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blend contains lower cross-linked molecules and agrees with the mixing torque during
blending.
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