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Abstract
Objectives: In this article Zinc doped Sodium Hexa-titanate ceramic materials were prepared for investigating of optical
behaviors. Methods and Analysis: Pure and Zinc doped Sodium Hexa-titanate (Na2Ti6O13) ceramic materials have been
synthesized using solid state route method, by adding sodium carbonate and titanium dioxide in a proper ratio and passes
through different process. Structure and phase of all synthesized ceramic materials were analyzed using X-ray diffraction,
and found single phase and monoclinic structure of pure and zinc doped samples. Morphology of all synthesized materials
has been studied using scanning electron microscopy. Absorption spectra of these Hexa-titanate samples have also been
recorded. Findings: The Crystalline size of synthesized samples was calculated with Debye-Scherrer equation, as well as
the energy band gaps have been calculated using Tauc relation with respect to absorption wavelength. Application: The
energy band gap has been reduced by doping ZnO from 3.780eV to 2.779eV. These narrower band gaps can be used in
different infrared and thermoelectric sensors.
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1. Introduction

The common chemical formula of Sodium alkali titanates
is A2TinO2n+1 (where 1≤n≤8 & A = Na, K, Li, etc.). Along
with the different titanates, Sodium Hexa-titanate
(Na2Ti6O13), and Sodium Octa-titanates (Na2Ti8O17)
have excellent applications for instance ion exchange1, 2,
photocatalysis3, sensors4. Sodium Hexa-titanate (NHT)
has a tunnel structure and these Hexa-titanates materials
shows good quality of chemical stability in comparison of
open ones. These tunnel crystal or layered structures have
a variety of technological applications5.
The physical properties of alkali titanates such as
ionic, electronic conductivities, and optical, have been
investigated on the basis of their potential applications
as ion exchangers in industry, filters, electrodes for
*Author for correspondence

the purpose of secondary batteries, heat insulators,
reinforcements, catalysts.
Sodium Hexa-titante ceramic materials also known as
electro-ceramic can be formulated for specific electrical,
optical, and magnetic properties. These electrical,
magnetic, and optical properties can be tailored by
doping transition metals to work it as insulators, highly
conductive materials, actuators, sensors, electrodes as
well as ferroelectric materials6 - 9 (Figure 1).
Pure and zinc doped Sodium Hexa-titanatehave
been synthesized using solid state route method. These
NHT ceramic materials also have fine applications in
biomedical engineering9.
Sodium Hexa-titanate ceramic materials can be
prepared using various techniques. Such as, sol-gel, solid
state route, and hydrothermal method10 - 12. Properties
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3. Results
3.1 XRD Analysis

Figure 1. Layered structure of Sodium Hexa-titanate.

of the NHT materials can be tailored by doping various
transition metals, such as, Copper (Cu), Zinc (Zn), Nickel
(Ni), Iron (Fe), etc.

2. Synthesis
NHT ceramic powders can be prepared by adding sodium
carbonate (Na2CO3) and titanium dioxide (TiO2) in a
proper molar ratio.
Na2CO3 + TiO2 → Na2Ti6O13 + CO2↑
In this work, different samples of pure and zinc
doped NHT (Na2Ti6O13) of various molar concentration
(x = 0%, 4%, 8% and 12%) are prepared by solid state
route method. The chemical formula of pure and zinc
doped NHT are written below:
Na2CO3 + 5.96TiO2+0.04ZnO → Na2Ti5.94Zn0.04O13
Na2CO3 + 5.92TiO2+0.08ZnO → Na2Ti5.92Zn0.08O13
Na2CO3 + 5.88TiO2+0.12ZnO → Na2Ti5.94Zn0.04O13
Na2Ti6O13 ceramics have been prepared by solid-state
route method, taking proper amount of sodium carbonate
(Na2CO3) AR grade and titanium dioxide (TiO2) Sigma
Andrich, having 99.5% purity powders.
After adding sodium carbonate and titanium dioxide,
powders were grinded accurately for many hours using
pistel mortar to make it smaller in size. After that these
grinded materials were kept in a programmable muffle
furnace. First set it to reach at 900°C with controlled
heating rate of 4 degree Celsius per minute then kept
back it constant for 12 hours, and after that it reaches
at room temperature. To prepare pure and zinc doped
(x = 0%, 4%, 8% and 12% molar) specimens, required
amount of zinc oxide (ZnO) powder were added in
a mixture of TiO2 and Na2CO3 and obtained ceramic
materials were gone through the same process as
described above for pure sample.
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The X-Ray Diffraction (XRD) patterns of pure and zinc
doped NHT are recorded at room temperature and
found monoclinic structure and single phase formation
as shown in Figure 2. It has been also confirmed that
after adding Zn in pure Sodium Hexa-titante no impure
peaks were observed, which clearly indicates that zinc has
replaced titanium accurately and doping was successful.
By calculating crystalline size, it has found that
on increasing the zinc and reducing the titanium in
pure NHT, unit volume of prepared samples gradually
decreases. The most appropriate possible reason is that,
particle size of the doped Sodium Hexa-titanate has been
decreases on increasing the zinc in pure NHT which have
also been confirmed by morphological study (Table 1).
Table 1. Crstalline size of pure and Zn doped
Sodium Hexa-titanate
Sl. No.

Samples Name

Mean Crstalline Size (τ)

1.

Na2Ti6O13

0.210

2.

Na2Ti5.96Zn0.04O13

0.202

3.

Na2Ti5.92Zn0.08O13

0.20

4.

Na2Ti5.88Zn0.12O13

0.20

Figure 2. XRD analysis of pure and zinc doped Sodium

Hexa-titanmate.
Crystalline size of pure and doped NHT are calculated
by Debye-Scherrer equation.
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t

K λl
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Where τ denotes mean size of the crystalline, and K
is a dimension less shape factor having a constant value
of 0.91, λ is the X-ray wavelength, and λ = 1.5406Å
(Cu K-alpha), β denotes full width half maxima and
obtained from X-ray diffraction, and θ is Bragg angle
which is also obtained from X-ray diffraction.

3.2 FE-SEM Analysis
Structure and shape of all synthesized materials were
studied using Field Emission Scanning Electron
Microscopy. Morphology of pure and zinc doped
Sodium Hexa-titanatewere observed using FE-SEM
(Nova NanoSEM 450) at an accelerating voltage of 10kV.
Figure 3a, 3b, 3c, and 3d) clearly shows the microstructure
of all synthesized pure and zinc doped NHT materials and
found that these materials have rod shape. Pure Sodium
Hexa-titanatehave a diameter between 0.1micrometer to
0.25micrometer and where length of the rod lies in the
range of 0.8 to 1.3micrometer as shown in Figure 3a. The
other zinc doped Sodium Hexa-titanateceramic having
diameter in the range of 0.1 to 0.25µm, and length of the
rod lies between 0.7 to 1.2µm shown in Figure 3b, 3c,
and 3d.
Table 2 shows average size of rod shape pure and zinc
doped Sodium Hexa-titante alkali titante ceramic materials.

Figure 3a. SEM image of pure Sodium Hexa-titanates.

Vol 12 (21) | June 2019 | www.indjst.org

Figure 3b.

SEM image of 4% Zn doped Sodium
Hexa-titanate.

Figure 3c. SEM image of 8% Zn doped Sodium Hexatitanate.

Figure 3d.

SEM image of 12% Zn doped Sodium
Hexa-titanate.
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Table 2. Particle size of pure and zinc doped Sodium
Hexa-titanate.
Sl. No.

Samples Name

Average Length of Rod

1.

Na2Ti6O13

1.2µm

2.

Na2Ti5.96Zn0.04O13

1.10µm

3.

Na2Ti5.92Zn0.08O13

1.076µm

4.

Na2Ti5.88Zn0.12O13

1.06µm

several advantages and applications. Materials having
narrow band gap can be used in nanoscale spin filters,
as infrafred sensors14. At larger dimension quantum
confinement effect can be observed in a narrower band
gap materials for tiny effectivly masses 15, 16.

3.3 UV-Vis Spectroscopy
The absorption wavelength of pure and zinc doped
Sodium Hexa-titanate recorded at room temperature by
UV-Vis spectrophotometer. The absorption wavelength
gradually increases as dopant percent of zinc increases
in pure Sodium Hexa-titanate. The absorption peaks of
pure and zinc doped Sodium Hexa-titanate have been
observed at 328nm, 358nm, 373nm, and 447nm for pure,
4%, 8% and 12% respectively.
Using Tauc relation, energy band gap of pure doped
Sodium Hexa-titanatehave been calculated the value of
absorbance with respect to wavelength the energy band
gap has been calculated by,

a
α hv = A(hv-E g )

n

Where, α = absorption coefficient, hν=energy of light,
Eg=energy band gap, n=nature of transition (here nature
of transition is direct allowed transition, therefore n=1/2),
A=constant.
Researchers have reported that energy band gap
of pure Sodium Hexa-titnate lies between 2.78eV to
3.78eV13.
Figure 4 reveals the energy band gap for pure and
zinc doped materials. It has found that energy band gap
decreases with increasing concentration of zinc in pure
Sodium Hexa-titanate which is shown in Table 3 on the
basis of the colors. The narrow energy band gap have
Table 3:

4

Figure 4. B
and gap analysis of zinc doped Sodium
Hexa-titnate.

4. Summary and Conclusions
Sodium Hexa-titanate were prepared using solid-state
reaction method and calcined at high temperature
with controlled heating rate for several hours. X-ray
diffraction analysis gives the information of phase and
structure of the synthesized materials. Morphologies
of pure and doped Hexa-titanate were studied by
scanning electron microscopy. The properties of Sodium
Hexa-titanate were tailored by doping ZnO which
replaced TiO2. Furthermore it has found that crystalline
size as well as particle size of Zn doped Sodium Hexatitanate ceramic materials slightly decreases on increasing
the concentration of zinc in Sodium Hexa-titanate.
Absorption wavelength was obtained using UV-Vis
spectroscopy, using these absorption wavelengths energy
band gap has also been calculated with the help of Tauc

Absorption wavelegth and energy band gap of doped Sodium Hexa-titanate.

Sl. No.

Colors

Samples Name

Absorption

Energy Band Gap

1.

Blue

Na2Ti6O13

328nm

3.780eV

2.

Green

Na2Ti5.96Zn0.04O13

358nm

3.471eV

3.

Red

Na2Ti5.92Zn0.08O13

373nm

3.325eV

4.

Cyan

Na2Ti5.88Zn0.12O13

447nm

2.779eV
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relation. Since energy band gap is inversely proportional
to absorption wavelength, therefore energy band gap
decreases with increasing absorption wavelength.
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