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Abstract

The plastograms of mixing were able to give information on the compatibility of NR/LLDPE
60/40 blends studied. Using the conversion method, torques obtained from a plasticorder
mixer could be converted to standard rheological properties in order to investigate fusing
behaviour of the blends as the results of LNR additions. Improvements in the mechanical
properties such as tensile, elongation and hardness were found in consonance with the
increase in gel contents of the blends. The additions of LNR in the blends were able to
reduce the interfacial tension, therefore improved the interaction between the phases of the
blends.

Abstrak

Plastogram percampuran dapat memberikan maklumat mengenai keserasian adunan
NR/LLDPE 60/40 yang dikaji. Dengan menggunakan kaedah penukaran, nilai tork yang
diberi oleh mesin pengadun dapat ditukar kepada ciri-ciri reologi piawai. Dengan ini
perlakuan pergabungan adunan, akibat dari penambahan LNR dapat dikaji. Didapati
pembaikan dalam ciri-ciri mekanikal adunan seperti sifat tensil, pemanjangan dan kekerasan
adalah selari dengan kenaikan kandungan gel adunan. Penambahan LNR dalam adunan dapat
mengurangkan tegangan antaramuka, dengan itu memperbaiki interaksi antara fasa adunan.

Keywords: natural rubber, liquid natural rubber, polyethylene, compatibility and physical
properties.

INTRODUCTION

Natural rubber-polyethylene (NR/PE) blends belong to the elastomer-thermoplastic group.1

Main characteristic of the blends is two phase system2. One of the phases is a hard polymer
domain which does not melt at room temperature but starts melting at elevated temperatures.
The other is soft rubbery phase. Structure-wise, polyethylene is expected to be more readily
compatible with natural rubber when they are blended3. Nevertheless there are not much
works reported in the literature on the NR/PE system in comparison to natural rubber-
polypropylene (NR/PP) blends4. It is due to PE's lower softening point i.e. ca. 100° C5.
Therefore it has relatively limited scopes of application.
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Thermoplastic natural rubber (TPNR) can be prepared via two main techniques i.e.
melt blending (physical) and graft copolymerization (chemical) ' . NR/PE blendings are
normally carried out using a mixer such as a Brabender Plasticorder mixer operating at a
rotor speed of between 40-60 rpm and mixing temperature of higher than PE's melting
point1. Dicumyl peroxide (DCP) is widely used as dynamic vulcanisation agent in natural
rubber polyolefin blends. Dynamic crosslinkings create big impact on morphology and
physical properties of the blends. Besides dynamic vulcanisation agent, a compatibiliser can
also improve the compatibility of TPNR8. It reduces the interfacial tension of the blends, and
instead improves the interfacial adhesion of the blend phases resulting in improved
properties9.

Ibrahim and Sahrim10 investigated the effects of LNR addition on the rheological
behaviour of NR/PP blends. The addition of LNR causes an increase in torque value of the
blends. The LNR contents of between 15-25% impart the highest torque value. The highest
torque indicates the strongest interaction between the phases of the blends11. The increase in
torque values are not observed immediately upon the addition, but sometime later showing
that LNR has played its role as dynamic vulcanisation agent.

The same effects were also observed by Sahrim et al.12 in NR/HDPE blends. They
also reported an increase in crosslink density as the LNR contents increase. Other properties
which are related to the crosslink density such as mechanical properties show the same trend.

In this paper, we reported the effects of optimum molecular weight of LNR i.e.
LNR-6 with respect to the mixing and physical properties of the blends. Comparison studies
using LNR of less effective molecular weight i.e. LNR-16 as a compatibiliser have also been
carried out. A more extensive reporting will appear elsewhere.13

EXPERIMENTAL

Materials

Natural rubber (NR) of SMR-L grade was supplied by Guthrie Corp, of Malaysia. Linear low
density polyethylene (LLDPE, Dowlex type 2045) was purchased from Dow Europe S.A-,
Switzerland. Both materials were used as received. Liquid natural rubber (LNR) of two
different molecular weights i.e. LNR-6 and LNR-16 were prepared by the ultra-violet (UV)
irradiation technique as previously described14. The molecular weights of LNR-6 and LNR-
16 as determined by the gel permeation chromatography (GPC) were Mw of 4.80 x 105 and
9.25 x 104; and Mn of 1.66 x 105 and 4.42 x 104, respectively.

Blend Preparation

NR/LLDPE blends of 60/40* ratio were prepared by mixing in a laboratory cam mixer
(Brabender PL 2000) with a capacity of 60 gm. The mixing parameters followed were as
reported earlier i.e. blending temperature, 135° C and rotor speed, 55 rpm15 16. NR was first
discharged into the mixer 1 min before LNR. Both materials were allowed to mix for about 3
min before LLDPE was added depending on the amount of LNR used. The whole process



proceeded for 15 min. Hlms were then prepared by compressing in a hot press for 2 min at
135° C and 8 metric tonnes pressure using 1 mm spacer. The apparent shear viscosities of the
blends were taken based on the torque values after 15 min of mixing.

Gel Content and Swelling Ratio

Gel contents were measured by the Soxhlet extraction technique using toluene as solvent.
After extracting for 48 hr, the sample was dried in air for 24 hr before keeping it in a vacuum
oven at 60°C until constant weight. The test was duplicated twice for every sample and the
average value was taken. The gel content was defined as follows;

weight after extraction
Gel content (%) = X 100%

weight before extraction

For swelling tests, ASTM D 3616 was followed. Weighed samples were immersed in toluene
for 24 hours at room temperature. The surfaces of the swelled samples were then
immediately blotted with filter paper and weighed. The swelling ratio was calculated based
on the following equation;

Swelling ratio (%) = X 100%

where Ws and Wj were the weights of swelled and initial samples, respectively.

Mechanical Tests

For tensile and elongation, the tests were done at room temperature (25°C), in accordance
with the standard procedure of ASTM D638 using Instron universal testing machine model
4301 equipped with 1 kN loadcell. Crosshead speed was 50 mm/min. The samples of 1 mm
thickness were cut into dumbbell shape following BS 6746 standard. The readings were
taken from an average of best five samples. The hardness of the sample was determined in
accordance with ASTM D2240-89 standard using hardness tester durometer Shore A and D,
Zwick Materials Testing 3100. The measurements were done on 3 mm thick samples at room
temperature.



RESULTS AND DISCUSSION

Mixing Studies

Figures l(a) and l(b) represent the results of mixing works of NR/LLDPE 60/40 blend ratio
using LNR-6 and LNR-16 as compatibilisers. Variations in torque value for various LNR
contents of LNR-6 and LNR-16 in the blends are indicated by Figures l(a) and l(b),
respectively. Figure l(a) shows that when NR is discharged into the mixing chamber, torque
value increases instantly up to the maximum value of 27.8 Nm. This is due to shear
resistance by NR before its temperature reaches the mixing temperature. When it starts to
melt, its viscosity drops resulting in a decrease in torque. For the blend without LNR, LLDPE
was added after one minute of mixing. Instantly after the addition of LLDPE, the torque
increases up to maximum value of 40 Nm. Subsequently the plastic material starts to melt,
reducing the torque value to an equilibrium.

The additions of LNR into the blends cause a slight change to plastogram profile as
shown by Figure 1. The plastograms indicate the reduction of maximum torque values as the
LNR contents increase. The increasing amounts of LNR added compensate the reducing
amounts of NR used in order to maintain the blend ratio of 60/40. The reduced amounts of
NR cause the shear viscosity to drop and in turn reduce the torque value. The contents of the
solvent i.e. toluene also increase with LNR therefore the time taken for the torque to increase
again is longer.

In case of LNR-6, torque values ̂ became stable in ca. 9 to 11 min after LLDPE was
added. Thereafter a little increase in torque value was observed. According to Ibrahim et al.16

the increase is attributed to the effect of compatibilisation by LNR-6. However LNR-16 does
not show the same effect as indicated by Fig. l(b). Instead it shows the effect of a plasticiser
agent.1718

In order to investigate further the blending behaviour of the blends, the conversion
method which was first proposed by Goodrich and Porter19 and later applied by Das20 and
Zainal and Ratnam21 was used. The method was already explained and used in our earlier
report . Using this method, torque obtained from a Brabender mixer can be converted to
standard Theological properties as illustrated in Figure 2. The figure shows a little increase in
torque values when LNR-6 was added. The mixing between NR and LLDPE is getting better
as the amount of LNR is increased until it reaches the optimum point at 12.75% of LNR
content. Beyond this point the mixing was said to be unfused causing the torque to drop.21

However LNR-16 does not show the same effects. Instead it behaves more like a plasticiser
agent as pointed out earlier in Figure l(b). Its fusing point could hardly be observed for the
entire range of LNR-16 compositions.

Gel Formation

Gel is formed when a strong interaction between components of the blend exists.22 It is an
indicator of crosslinks formed in the blend. Swelling ratio can be used as the indicator for an



estimate of crosslinks in the blend.23*24 In this case it may not necessarily result in a
thermoset network but merely in copious amounts of grafting.25

Figure 3 shows the effects of LNR content on the crosslink formation of the blend.
The higher gel contents indicate a more effective LNR-6 as compatibiliser as shown by
Figure 3, In other words LNR-6 is more effective in inducing the interfacial interaction
between the components of the blend. As also shown in Figure 3, the interaction already
exists even without LNR being added as the gel content was 3.5%. It is due to both NR and
LLDPE have very similar structures and solubility parameters i.e. 16.5 and 16.3 MPa1/2,
respectively3. Therefore the chances for both components to form interactions are better11.
The highest gel content i.e. 7.5% registered by the blend containing between 20-25% LNR-6.
Nevertheless higher contents of LNR-6 are ineffective in inducing more interactions between
the components. In contrast, LNR-16 does not show the same effects. The highest gel content
achieved is only 4.8%.

The blends that have lower gel contents will allow more solvent to be absorbed
resulting in uncrosslinked rubber part to swell more as depicted in Figure 3. On the contrary,
the blends that show higher gel contents will allow smaller amounts of solvent to be
absorbed, thus lower swelling ratios In other words, the swelling ratio curves are the
inverse reflections of the gel curves.

Mechanical Properties

Figure 4 shows that the tensile strength and elongation properties of the blends increase as
the LNR contents are increased. The increases in the mechanical properties of the blends are
in agreement with the increases in the gel contents as depicted earlier in Figure 3. Coran and
Patel27 also reported the same trend with EPDM/PP blends. Interestingly, Figure 4 shows that
the blends with LNR of smaller molecular weight i.e. LNR-16 achieve the highest tensile and
elongation properties with lower LNR-16 contents as compared with LNR-6. This is due to
the smaller molecules have better mobility for the molecules to be fastly absorbed. When the
amounts of LNR in the blends are higher than 15%, both mechanical properties i.e. tensile
and elongation start to decrease. At this point (15% LNR), the blend with LNR-6 shows the
highest tensile and elongation properties i.e. 7.3 MPa and 590%, respectively. Whereas the
properties shown by adding LNR-16 are lower. The same phenomenon has also been
observed and explained by Figure 2.

Another mechanical property that has been used to study the effect of both LNRs was
hardness. Fig. 5 illustrates the effects of both LNRs on the Shore hardness of the blends.
Shore A is found to be more sensitive to the addition of LNRs. By adding 5% of LNR-6,
Shore A value increases from 69.4 to 74 in comparison to an increase in Shore D from only
18 to 20. Shore A is more suitable for measuring the hardness of softer-type samples. The
highest Shore value is achieved by the blend containing 10% of LNR-6. With this amount,
the blend that contains LNR-16 already shows a decrease in value. The increases in the Shore
values are attributable to the curing of the rubber phases.29



CONCLUSIONS

From the results discussed, it shows that LNR-6 has played a role as compatibiliser in the
blends between NR and LLDPE. All the physical properties studied indicate improvements
when LNR-6 is used. The additions of LNR-6 reduce the interfacial tension, therefore
improve the interactions between the phases in the blends.
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Figure 1. Variations in torque values as a result
of different compositions of LNRs in the blends-
(a) LNR-6 and (b) LNR-16
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Figure 2. The effects of LNRs on the mixing
behaviour of the blends as monitored by the
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Figure A. Tensile properties of the blends
with various LNR compositions
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