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Synthesis and Photocatalytic Activity of Natural
Rubber/Titanates Nanocomposite

K.S. TAN™# AND J. RILEY ¥

One dimensional (1-D) sodium titanate nanoparticles have been synthesised using a
hydrothermal reaction. The photocatalytic properties of natural rubber (NR) based
nanocomposite containing sodium titanate are presented. Rhodamine B (RhB) was used as
the target organic material for photocatalysis studies. The degradation of RhB molecules was
monitored using a fluoremeter, based on the fluorescent emission counts of RhB sample solution
subjected to ultraviolet (UV) light irradiation. The nanocomposite was photocatalytically
active and the RhB degradation efficiency largely depends on the crystal phase of titanates and
the distribution of photocatalysts on the NR surface.
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Many applications of photoactive titanates
are developed based on photocatalysis.
Among the applications, bactericide'™ can
be considered as commercially viable. One
of the original applications of photocatalysis
was in the field of energy conversion but since
the conversion efficiency was low, attention
has been shifted to the strong oxidative
property of photocatalysts. To study the
antibacterial ability of photocatalysts, simple
organic molecules can be used instead of
actual bacteria; including rhodamine B>'*!!,
congo red', alcohol” and carbon dioxide'.
In this paper, photocatalysis investigations
were carried out using rhodamine B as
target molecules. The breakdown of RhB
molecules under UV light in the presence of
titanium oxides as catalysts has been widely
studied>'*"*'®. Most of the research work

using RhB as target molecules employs UV-
vis spectroscopy to monitor the degradation
rate>” ! In our work, a fluoremeter instead of
UV-vis was used to monitor the concentration
of RhB in aqueous solution. A solution of
fluorescently active rhodamine B molecules in
the presence of a titanate was subjected to UV
light and the rhodamine B fluorescence was
monitored as a function of irradiation time.

Various supporting materials have been
used to immobilise photo active particles. This
approach affects some of the photocatalytic
capability of the material, but it is a compromise
between easy handling and effectiveness®.
Activated carbon and silicon rubber have
been employed to enhance the adsorption
of organic matter, as reported by Gao®.
Immobilisation of photoactive nanoparticles
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can also be carried out using electrophoretic
deposition as described by Nawi®. There are
reports that show the photocatalytic reactivity
of titanium oxide actually increases through
immobilisation on Zeolite particles™. We
report the use of NR as a supporting material
to the titanate nanoparticles.

EXPERIMENTAL
Materials

Natural rubber (NR) latex was obtained
from the Malaysian Rubber Board (MRB).
The latex had been pre-vulcanised (PV) with
some chemical compounds and processes.
Table 1 shows the formulation used in making
the PV latex which was prevulcanised at 60°C
for 5 hours. The quantities shown in the table
are based on parts per hundred rubber (p.h.r.)
which is a widely used standard in the NR
industry.

TABLE 1. FORMULATION OF PV LATEX
USED IN THE STUDY

Latex composition Quantity,
p-hi

60% high ammonia latex 100

10% non-ionic surfactant 0l 1

70% t-butyl hydroperoxide 0.9

(tBHP)

10% tetraethylene pentamine 08

One dimensional (1-D) titanate nano-
particles were synthesised via hydrothermal
reaction using anatase nanopowder purchased
from  Sigma-Aldrich  without  further
purification. Milipore water with resistivity
greater than 18M{) was used in the dissolution
and all washing works. The PTFE-lined
autoclave set up was bought from the PARR
Instrument Company, Moline. Illinois. U.S.A.
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Preparation of Stock Solution

0.0253 g of rhodamine was dissolved in
17.1648 g of water in a glass vial and well
mixed using an ultrasound bath. 0.5 mL of the
solution was transferred into a 1L standard
flask and topped up with deionised water.
The final concentration of stock solution was
1.538 X 10°° mol dm*. The flask was wrapped
with aluminium foil to avoid any contact with
background UV light.

Preparation of 1-D Titanates

In a typical preparation, an accurate amount
of anatase powder was weighed and transferred
into a PTFE container. A desired amount of
10 mol dm™ NaOH solution was added with
a pipette to obtain a concentration of 0.008
g cm”. The solution was mixed thoroughly
using a magnetic stirrer. Without removing the
magnetic bar, the PTFE container was sealed,
using PTFE tape around the container lid,
which was also made of PTFE. The container
was inserted into a stainless steel vessel with
the stainless steel lid screwed on tightly before
heating in a preheated oven at 180°C. After
the desired reaction time was reached, the
container was removed from the oven and was
allowed to cool down to room temperature.
The resultant slurry in the PTFE container
was removed -and filtered using Whatman
qualitative filter paper and washed thoroughly
with water. The sludge was transferred into a
glass container and water was added to make
a dispersion. HCI was added to the dispersion
until the pH was 2. The dispersion was left
stirring magnetically over night to allow ion
exchange between Na* and H'. After that, the
dispersion was filtered and fresh water was
added into the slurry and the final pH was
adjusted to pH 7 using HCI and NH,OH. The
resultant dispersion was filtered again and the
sample was dried in an oven at 60°C overnight.
The nanotubes were similarly obtained except
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that 0.08 g cm™ of anatase and 7.5 mol dm™ of
NaOH were used.

Preparation of NR/Titanate Nanocomposites

0.12 g sodium titanate was suspended in
4.5 mL of water and 1.0 mL of this suspension
was added into a vial containing 0.25 mL of
60% PV latex. 0.1 mL of this mixture was
transferred onto a pre-cast NR strip by a
pipette and levelled out using the tip of the
pipette itself. The dimension of the NR strip
was 8 mm X 40 mm X 1 mm. A total of
0.0035 g of dried sample was loaded onto each
NR strip. This is an equivalent of 1 p.h.r., based
on the total weight of the nanocomposites.
The coating was dried in an oven at 60°C
for 30 min. The composite strip was then
inserted into a quartz cuvette, as shown in
Figure 1. The dimension of the strip was
designed to fit the side wall so that the strip
could remain immobilised throughout the test.
This is important because NR has a density of
0.96 g cm™ and will float on the test solution

UV lamp ]] —

if it was not held in place. The titanate coated
surface was facing the UV source and in
contact with the rhodamine B solution. Two
nanocomposite strips were fabricated; one
with nanorods and the other with nanotubes;
both used the same weight of material. The
photocatalytic activity of the nanocomposites
was compared.

Set Up

Since most of the plastic and glass materials
absorb UV light, the set up of this experiment
needs more consideration. Quartz is an ideal
material that is transparent to UV light.
Some researchers have used petri dishes®
and arranged the UV lamp right on top of
the dish to avoid the UV light being absorbed
by the container. This set up is simple and
inexpensive. However, the open exposure of
sample solution to the air means a faster rate
of evaporation. For a small sized sample, the
loss of water volume can affect the accuracy
of the results obtained. The set up (Figure I)

r/_,-'NFh"TiCJz film

u:h.:h.:ﬂ.h.l.h.i |

!

Figure 1. Schematic diagram of set up used for photocatalysis study.
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comprised of a quartz cuvette, a UV source
was from UV land-USA mineral light lamp
model UVGL-58 (0.12 A, 220 V and 50 Hz)
and a magnetic stirrer with the sample solution
sealed during the photocatalysis reaction. The
set up was placed in a dark Faraday Box during
the test to prevent any interference from other
light sources. UV light with a wavelength of
365 nm was used throughout the photocatalysis
study.

RESULTS AND DISCUSSION
1-D Sodium Titanate Nanoparticles

Figure 2 shows well defined and discrete
1D nanorods with diameter in the range of
50 — 200 nm and several micrometers in
length. The X-ray diffraction (XRD) patterns
represent XRD information obtained from the
database. All peaks can be indexed based on
sodium trititanate (Na,Ti,0,, JCPDS 00-31-
1329) except the features with 26 values at
11.5° and 36.5°. The peaks at 26=10.5°, 16.0°,
25.0° 30.0°, 34.5°, 38.0° 44.0°, 48.5° and 53°
represent the lattice planes 001, 101, 011, 300,
203, 310, 401, 020 and 413 respectively. The

AR

two absent peaks in the Na,Ti;O, database
can be indexed to Na,Ti,O,s as deposited by
Wadsley in the Inorganic Crystal Structure
Database (ICSD) where 26 = 11.5° and
36.5° are corresponding to lattice planes 200
and 601 respectively. It is noted that Wang?*
obtained a similar XRD pattern but the peak
at 36.5° was indexed to the 103 lattice plane of
Na,Ti;O; due to the slightly lower 26 position
(35.5° — 36.0°) and the absence of a peak at
11.5°. A mixed phase system has also been
reported by Kolen’ko** where three titanates
with the chemical formula Na,Ti,O,,, (n =3,
4, 9) were identified in a product of a single
hydrothermal reaction. In this case, Na,Ti;O,
and Na,Ti,O,; were obtained in a single
hydrothermal reaction.

Figure 3 shows the XRD pattern for the
nanotubes obtained. The stick patterns are
H,Ti,0+H,0 (JCPDS 00-047-0124) and
H,Ti,0, deposited by Gateshki* in the ICSD.
The 6 peaks found at 20 = 10°, 24°, 28°, 39°,
48° and 63° can be indexed to lattice planes
200, 110, 310, 501, 020 and 202 respectively
of hydrogen titanate, H,Ti,Os-H,O. A similar
XRD pattern has been reported as H,Ti;0, or
(Na,H),Ti;O, by Gateshki* and Suzuki®. This
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Figure 2. SEM image of 1-D sodium titanate nanorods and the corresponding XRD analysis.
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Figure 3. TEM image of 1-D sodium titanate nanotubes and the corresponding XRD analysis.
The scale bar is 10 nm.

is due to very similar XRD patterns among the
titanates mentioned where Na' can be readily
replaced by H+ via ion exchange method.
However, a peak at 20 = 15° which belongs
to H,Ti;0,, does not appear in the nanotubes
prepared in this study. In this preparation,
H,Ti,05-H,0 was obtained.

Rhodamine B Stability Under UV
Irradiation

Rhodamine is a commonly used dye
compound. Its ability of luminescence has
resulted in the use as a tracer dye in water
flow technology. It is also extensively used
in modern biotechnology. When excited, the
molecules fluorescened and the emission
can be easily detected or monitored by a
fluoremeter. Rhodamine B (C,H;,CIN,O;) is
a family member of rhodamine.

Rhodamine B’s stability was tested
under 365 nm UV light for up to four hours
exposure. The test is important as a reference
to ensure that the changes in emission with
the presence of photocatalyst in the solution
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could only be due to the degradation caused by
photocatalytic reaction instead of destruction
due to UV irradiation. In a sample containing
only rhodamine B solution, the fluorescent
activity was monitored using the fluorescence
peak for excitation at 510 nm as mentioned
by Du”. Figure 4 shows the fluorescence
emission in the range 565 and 700 nm at
different UV illumination times. The retention
of fluorescence activity was as high as 95%
after four hours of irradiation indicating that
rhodamine B molecules survived intense UV
illumination.

Degradation of Rhodamine B by NR/
Titanate Nanocomposite

The photocatalytic degradation pathway
for rhodamine B has been studied by Chen®,
Qu' and He'"*. In brief, the decomposition
of rhodamine B occurs by deethylation,
followed by the destruction of chromophore.
Similarly, Liu* concluded that the conjugated
chromophore in dye molecules is destroyed at
the later stage of irradiation. He also provides
evidence of the presence of hydrogen peroxide
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Figure 4. Rhodamine B stability test showing that in room condition rhodamine B is stable under the
irradiation of UV light with 365nm wavelength. UV lamp power 26.4W.

molecules which are believed to contribute to
the ring opening reaction of the conjugated
chromophore. The H,0, molecules are formed
through the combination of hydroxyl radicals
generated by photocatalysis reaction as shown
in Equation 1I:

OH- +OH- > H,0, 1

SEM Images of NR/Titanates
Nanocomposite

Figure 5 shows the SEM images of NR/
titanates nanocomposites. The nanorods
are clearly well distributed throughout the
entire surface. However, the nanotubes are
agglomerated (Figure 6). To enable SEM
imaging, the sample of latex obtained in the
SEM study was mixed with the nanoparticles
and the layer of nanocomposite was drop casted
on an aluminium stub rather than NR strip and
dried in the oven. As the application technique
was the same, the surface characteristic is
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assumed to be the same. If NR strip was used,
heavy surface charging during SEM imaging
occurred since NR is an excellent insulator
and as a consequence, clear SEM images
could not be obtained. However, the difference
in surface properties for both aluminium and
NR could have some minor effects on the
coating behaviour.

Photocatalytic Activity of NR/Titanates
Nanocomposite

Figure 7 shows the results of the
photocatalytic study using both nanocomposite
samples described earlier. The study shows
that the nanoparticles embedded NR
nanocomposite  possesses  photocatalytic
activity even though at a less powerful level.
The intensity of fluorescence from RhB was
reduced significantly for the nanocomposite
which uses smaller nanoparticles; the intensity
of RhB fluorescence emission was declining
steadily until no emission peak was observed
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Figure 5. SEM images of NR/nanorods nanocomposite.
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Figure 6. SEM images of NR/nanotubes nanocomposite.
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Figure 7. Schematic plots of fluorescent emission of RhB solution treated with NR/titanate nanocomposites
under UV irradiation. (a) NR/nanorod and (b) NR/nanotube
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after 10 hours of UV irradiation as illustrated
in Figure 8. Given the fact that the two
titanate samples are indeed different materials
(based on the XRD results), differences
in  photoactivity should be expected.
Nevertheless, the nanocomposite made of
nanorods suffers photocatalytic inefficiency
due to limited exposed surface area. This can
be explained by the much lower exposed area
of the nanorods if compared to the nanotubes.
More nanotubes are seen on the surface.

An approximate calculation of the effective
area of exposure was obtained by measuring
the area fraction of nanoparticles in an SEM
image. It is noted that the measurement is
just an approximation because there are areas
where the particles appear to be seen but not
clear, indicating a thin layer of coating material
covering the particles. As the effectiveness
of these particles is uncertain, the accurate
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surface area that is exposed to the RhB
solution is difficult to be measured accurately.
The area fraction for nanorods on the surface
of the nanocomposite as seen in the SEM
image in Figure 5 is approximately 7.1%.
From the area fraction values, it is possible
to work out the number of nanoparticles
found on the entire nanocomposite surface.
It is calculated that the number of nanorods
estimated on the nanocomposite surface is
around 2% of the total nanorods loaded. This
is an indication that most of the nanorods
were buried by the NR particles. Due to the
significant density difference between titania
and NR, sedimentation can occur during
the drying process. The area for nanotubes
containing nanocomposite as shown in
Figure 6 is approximately 40%. It was noted
that the distribution of nanotubes on the
nanocomposite surface was not homogeneous
and some agglomerates were found. In this

® NR/nanorods
= NR/nanotubes

0.2 | | |
0 100 200

300

400 500 600 700

Irradiation time, min

Figure 8. Schematic plot showing that only the NR/nanotubes sample is photocatalytically active and
capable of reducing RhB's fluorescent emission intensity down to less than 30% of its original value after 10
hours of UV irradiation.
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case the number of nanotubes cannot be
obtained using the same approach as for
nanorods. This is due to the orientation of the
nanotubes on the nanocomposite surface and
the agglomeration of nanotubes. However, it
is expected that the number of nanotubes on
the nanocomposite surface is higher due to
the lower specific density. Furthermore, the
surface area of a nanotube is much higher than
that of a nanorod, as mentioned earlier, further
enhancing activity.

In order for the degradation of RhB
molecules to happen, adsorption of RhB
molecules to the catalysts must occur. The
quantity of adsorption is substantially lower
for NR/nanorods nanocomposite because
the nanoparticles are embedded into the
NR matrix. The immobilised nanoparticles
therefore have less effective surface area
for the absorption process. As a result, this
NR/nanorod nanocomposite was classified
as photocatalytically inactive. The number
density of nanoparticles can be increased to
improve the reaction rate but that could bring
adverse effects to the nanocomposite such as
increased particle counts and potentially affect
the flexibility or elasticity of the NR surface.

CONCLUSION

The XRD results show that the nanorods and
nanotubes obtained were mixed phase sodium
trititanate  (Na,Ti;0, and Na,Ti,O,5) and
hydrogen titanate (H,Ti,05-H,O) respectively.
It can be concluded that the well defined 1-D
titanates nanoparticles synthesised in this
study are photocatalytically active. The type
of particles plays an important role in the rate
of photocatalysis, as shown by the degradation
rate of rhodamine B under UV irradiation.
Being different in the crystal structure, the
photocatalytic activity of nanorods and
nanotubes is expected to be different. The
ineffectiveness of NR/nanorods naocomposite
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is probably due to the limited exposed area of
nanorods as seen in SEM images.
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