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Mechanical and Electrical Properties of TiO2 Loaded Vulcanized Natural Rubber
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ABSTRACT: High dielectric constant material is very important to miniaturize many electronic devices. TiO based
ceramics are well-known materials due to the very high dielectric constant at room temperature and nearly independence
within wide frequency range. However, forming process for the ceramic into the desired shape requires pressing and
sintering and these will limit the control for the complex shapes. To overcome this problem, it is very useful to produce
composite from TiO2 powder with polymer. Among the polymer class material, elastomer type such as Vulcanized
Natural Rubber (VNR) indicates very high flexibility and robust. Processing of TiO 2/VNR composite involved
vulcanization of rubber and followed by compounding with TiO2 (0, 5, 10, 20, 30 and 50 phr) in an internal mixer. Small
blocks of composites were produced after compression using moulding machines and characterized for mechanical,
microstructural and electrical properties. Mechanical testing of the composites indicates that high TiO2 content causes
tensile strength starts to increase. Impedance spectroscopy measurement also shows that the increasing of TiO2 content
can improve dielectric constant from 3.1513 to 3.4935 at 175 kHz and dielectric loss is decreasing from 0.0323 to 0.0252
at 1.2775 MHz. Microstructure of the composite was observed, and crystal of TiO2 immersed in the VNR with good
surface contact.
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1. Introduction
Traditional polymer materials may exhibit high
mechanical properties but have a relatively low dielectric
constant (εr<10) [1,2]. To increase the dielectric constant
for better applications, polymer materials are used as a
matrix in composite with materials, which has a high
dielectric constant as fillers [3–5]. Compared to
CaCu3Ti4O12 [6,7] or BaTiO3 [8,9], TiO2 has lower but still
relatively high dielectric constant value (εr>60) among the
binary metal oxides [10,11]. However, it has a rigid anatase
structure at a low temperatures [12]. Hence, another
material is needed to provide the necessary mechanical
properties. These needed properties can be found in natural
rubber that has suitable mechanical and physical properties
such as low temperature flexibility, high elasticity and
fatigue resistance [13]. However, it is important to identify
the weight percentage of TiO2 to be used as filler in natural
rubber composite as high filler loading might decrease the
mechanical properties of the natural rubber composite while
low filler loading might cause dielectric constant has no
significant effect. This research’s aim is to produce
TiO2/Rubber composites to combine the beneficial
properties of each of the materials such as mechanical and
electrical properties.
2. Experimental
TiO2 loaded vulcanized natural rubber (VNR) was
prepared by mixing natural rubber, sulphur, zinc oxide,
stearic acid, mercaptobenzothiazole (MBT) and TiO2 based
on phr formulation 100, 3.5, 0.6, 0.5 and x (x = 0, 5, 10, 20,

30 and 50) respectively. The formulated raw materials
excluded sulphur and MBT were incorporated into the
internal mixer for 5 minutes at 160°C. The sulphur and
MBT was mixed later using two-roll mill for 1 and 2
minutes respectively. The rubber compound was sheeted
out, spread with talcum powder and left at room
temperature for 24 hours for material’s characterization.
Mechanical properties were determined using Tinius Olsen
Testing Machine. Thin sheets of composites were cut to 4
small dumb bell-shaped samples of ASTM die type C. The
grip separation speed was set to 500 mm/minute and initial
gauge length 20 mm following ASTM D412. The tensile
strengths of the compounds are tested with Tinius Olsen
tensile test machine. Microstructure of the composites was
observed using Scanning Electron Microscope, Quanta400,
FEI, Czech Republic and electrical properties were
measured using Agilent 4285A Precision LCR Meter at
frequency range from 75 kHz to 30 MHz.
3. Results and discussions
Figure 1 shows the stress-strain behaviour of the
composite with different load of TiO2. All samples exhibit
the increasing stress with strain, but a drastic increase is
observed when strain is higher than 500%. This occured as
the result of “self-reinforcing” of the rubber caused by a
tendency of the network chains of NR that tend to orient
themselves in the direction of stretching or force applied
leading to formation of crystallites. According to Zhang et
al. [14], natural rubber is a crystalline type of polymer.
Molecules of rubber will form fixed orientation when
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Figure 1: Stress-strain behaviour of composites with different load TiO2
stretched and causing polymeric chains of rubber to become
narrow. By adding ceramic’s filler, it can serve as
nucleating agent and causing the molecular chain to become
easier to rearrange and formed crystal quickly under
stretched. Higher filler content allows higher interaction
rubber/filler and increases the reinforcing effects. However,
this is only applicable to certain limits of ceramics content
[14].
In Figure 2, increasing TiO2 phr loading of 0, 5, 10, 20
and 30 shows an increasing of tensile strength. However,
sample of 50 phr recorded slightly decreased in the tensile
strength, and this is believed due to the limits for reinforcing
effects. The aggregations of filler (can be seen the
microstructure) that existed on the higher filler content
create the stress point under a condition of stretch. The
motion of rubber molecular chain was constrained, causing
the flexibility of composite decreased. Elongation at break

is affected by the same reason as well. Irregular pattern for
the elongation at break may be caused by the irregular
amount of polymeric chain and crosslink [16]. These are
major factors that affecting the elongation at break for
VNR. However, the standard deviations can be seen is
decreased with the increasing of TiO2 as shown on the error
bar. It is suggested that, higher concentration of TiO2
replaced the intrinsic properties of irregular polymeric
chain and resulting more consistent measurement of their
elongation at break.
Figure 3 depicts the dielectric constant of different TiO2
loaded VNR at frequency 175 kHz to 30 MHz measured
using LCR Meter. The dielectric constant is decreasing as
frequency increases. The decreases happen as the dipole
orientation and displacement polarization could not follow
the change of alternation electric field efficiently at higher
frequency. This happens to almost all high dielectric
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Figure 2: Bar chart of tensile strength and elongation at break at different TiO2 loading
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materials [7,17–19]. Higher TiO2 loading causes the
increasing of dielectric constant as predicted. But the
highest TiO2 sample which is 50 phr is not drastically
increasing the dielectric properties to the composite as
polycrystalline TiO2 alone at the same frequency range was
reported [20] can spot at ~85 of dielectric constant (1 MHz).
The wide difference is due to the polycrystalline of TiO2
have space charge polarization between the grain
boundaries that created Internal Boundary Layer Capacitor
(IBLC). At 175 kHz, the dielectric constant is increased
from 3.144 for 0 phr to 3.49 for 50 phr. However, for 30 phr
and 50 phr, the increasing of the dielectric constant is very

small, which is less than 0.002 as the limit of TiO2
addition. The limiting factors are unknown and should be
further investigated with higher TiO2 loading composite
and circuit equivalence analyses.
Addition of TiO2 will contribute to increasing
polarization amount, which is space charge polarization at
the particle-rubber matrix boundary. The increasing of this
polarization by adding more TiO2 will increase the
dielectric constant. However, this will affect the mechanical
properties as well. More investigation should be conducted,
which is involved higher TiO2 loading to explore the
extended properties of the composites.
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Figure 3: Dielectric constant of different TiO2 loaded VRN at different frequency range
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Figure 4: Dielectric loss of different TiO2 loaded VRN at different frequency range
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Figure 5: SEM micrographs of TiO2/VNR composites with various TiO2 loadings (a) 0, (b) 5, (c) 10, (d) 20, (e) 30 and (f)
50 phr
Dielectric loss of polymeric materials as expected is
very low and this is shown in Figure 4. The different TiO2
loaded VNR was tested their dielectric loss at frequency 175
kHz to 30 MHz, and the value is below 0.0324. The
dielectric loss is increasing with frequency is up to 14.5
MHz, and the properties reduced drastically until 0.0008 at
30 MHz. Within 14.5 and 30 MHz, the relaxation
phenomenon has occurred, and the effect is also noticed in
dielectric constant in Figure 3 as well. The relaxation of
dielectric is suggested due to the space-charge polarization
has lost effectiveness to catch up the high frequency
alternating electric field and revealed the origin intrinsic
properties of VNR [13].
Figure 5 shows the FESEM images for all samples.
Visible and homogenous morphologies can be observed in
(a) which proves the absence of TiO2 additive. TiO2
particles are fairly dispersed in (b) and (c) and still have
high inter particle distance and low agglomeration.
However, from 20 phr onwards, (d), (e) and (f) larger

agglomerated particles of TiO2 start to exist. This is due to
the decreasing inter particle distance which increases
agglomeration of TiO2 as shown by the red arrows in (d),
(e) and (f). The effect is apparent in (f) shown by the green
arrow where porosity starts to occur at 50 phr. This is
suggested caused by the decreasing of adhesion between
matrix and filler. As the filler loading increases, the
thickness of the matrix will decrease due to the density
different between TiO2 and vulcanized rubber. When higher
density of TiO2 replaced vulcanized rubber at the same
weight, the occupied volume is reduced to the composites.
4. Conclusion
TiO2 loaded VNR produced have improved the tensile
strength and elongation at break become more precise.
Dielectric constant was increased by ~0.3487 at frequency
from 175 kHz to 30 MHz with increasing TiO2
concentration up to 50 phr. Observation on the
microstructure indicated increasing samples with 20 phr
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TiO2 shows good dispersion and adhesion to the matrix, and
porosity started to occur at 50 phr.
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