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from rice husk white ash by a metallothermic reduction
process [4]. Many applications of rice husk silica have
been reported, focusing on a wide variety of products,
e.g., metallurgical silicon, ceramics, zeolites, silicon
tetrachloride, and cement/concrete applications [5]. An
increasing application of rice husk is as fuel in heat
generation for drying rice, due to its high calorific power
(approximately 16,720 kJ/kg). In this combustion, rice
husk ash (RHA) is produced. The burning of rice husk in
air always leads to the formation of silica ash, which
varies from gray to black depending on inorganic
impurities and unburned carbon amounts [6]. The
electrical property of silicon from rice husk ash are very
sensitive to the presence of impurities, its electrical
behavior is base on its inherent electronic structure [7].
Thermoelectric effect was discovered as early as 1821 by
Thomas Johann Seebeck. This process is the direct
conversion of temperature differences to electricity.
During the following 120 years, great advances in both
the theories and experiments were achieved.
Thermoelectric energy conversion is an environmentally
friendly technology with the potential for the energy
supply of the future. Since the 1950s, studies in
thermoelectric have developed very little, because of the
painful difficulties in elevating the efficiency of these
kinds of materials. The efficiency of thermoelectric
materials is determined by a dimensionless parameter,
figure of merit (ZT), where Z is given by Z = α2σ/κ where
T is the temperature, α is the thermoelectric power (or
Seebeck coefficient), σ is the electrical conductivity, and
κ is the thermal conductivity[8]. Bose et al. reported that
99.9 % purity polycrystalline silicon obtained from rice
husk ash and high-purity magnesium powder. The
materials in sintered pellet form was characterized for its
structural, electrical, thermal, thermoelectric and other
properties. A typical sintered pellet exhibited a room
temperature (30 oC) thermoelectric power of 565 μVK-1
and an electrical resistivity of 35 Ωcm [9]. The best
commercially
available
thermoelectric
materials
nowadays have a ZT around 1.0, which can be only used
in some special cases. To be competitive to the kitchen
refrigerators or air-conditioners, a ZT >= 3 at room
temperature is required [10]. There are several studies of
the preparation of silica from rice husk [11-18]. Real et
al.[13] revealed that a homogeneous size distribution of
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1. Introduction
As an agricultural country, Thailand produces a large
number of abundant residues such as rice husk and
coconut shells. The number of rice production of world is
approximate 400 million metric tons per year. Rice husk
is a by-product of rice milling which is about 10 % [1]. It
contains 13-29 % inorganic components, of which 87-97
% is SiO2 (silica) in an amorphous state [2]. The major
impurities are Na, K, Mg, Ca and Fe whose presence as
oxides and silicates can vary from 3 to 13 % in ash. They
can be removed comparatively by acid-leaching, while
life-time killing impurities such as Mo, Ti, Ta, Ni, V, Cr
are either absent or present in very low concentrations and
can also be similarly easily removed. Hence the
importance of rice husk as a potential source for
solargrade silicon [3]. Many investigators studied the
structure of this ash-silica. Recently reports show that
reasonably pure polycrystalline silicon can be prepared
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nanometric silica particle could be prepared by heating
rice husk at temperature of 873-1073 K in atmosphere of
oxygen. Silica from rice husk ash has been used as a
precursor for certain ceramic products and for silicon
materials [17-18]. Conradt et al.[1] found that the particle
size distribution of fumed silica could be obtained by
burning rice husk at temperature of 600 oC in the
atmosphere of air, oxygen, or steam. Liou [19] reported
that uniformly sized ultrafine silica powder can be
obtained by nonisothermal decomposition of rice husk in
an oxidizing atmosphere. The characterization of silica
prepared by heating the rice husk at various heating rate
was performed. It was observed that the average pore
diameter was 5.4 nm, and the average particle size was 60
nm. Silicon dioxide or silicon oxide nanostructures such
as nanowires could be synthesized in many processes
from silicon dioxide or silicon oxide source [20].
In this paper, we studied on the thermo-electrical
properties of materials prepared by mixing silica from rice
husk ash and carbon obtained from coconut shell charcoal
and doped some metal oxide. The materials were studied
in the thermoelectric properties and their microstructures.

3. Results and Discussion
The composition of the mixture samples (rice husk ash
and coconut shell charcoal) was analyzed with the use of
an X-ray fluorescence. The result of X-ray fluorescence
of the mixture samples is shown in table 1. The data
indicate the components of the mixture samples contain
Na , Mg , Si , P , S , K , Ca , Mn , Fe and Cl . The
intensity of Si peak is highest.
Table 1
The X-ray fluorescence analysis result
Analytic
<Rb>
<Y>
Na
Mg
Si
P
S
K
Ca
Mn
Fe
Cl

2. Methodology
The rice husk ash amorphous silica was obtained by
heated rice husk at 600 °C for 3 hrs, and mixed with
amorphous carbon from heated coconut shell at 400 °C
for 10 minutes and mixed with rice husks. The mixture
was heated at 600 °C for 3 hrs. Then it was ground and
heated again at 650 °C for 2 hrs. Some mixture was taken
into the startle block and doping small amount of metal
oxide, (Ge2O3, B2O3, P2O5) and grounded the mixture
again, after that pressed into the pellets by using stainless
steel block with pressure around 3 ton/cm2.The pellets
were heated at 700 °C in atmosphere of nitrogen for 1-3
hours. When the temperatures reached the setting points,
the switch was turned off and to cool down to room
temperature naturally. The pellets appear to become
ceramics. The thermo-electrical property of ceramics
pellets such as voltage and electromotive force with
different temperature was carried out. We have observed
the surface structure of some materials sources and
products. The materials source and the specimens on the
silicon substrates were examined by several techniques
such as wavelength dispersive X-rays fluorescence
(WDXRF), scanning electron microscope (SEM) and
energy dispersive x-ray (EDX) with appropriate manners.
The figures 1 and table 1 show the temperature of hot
probe and difference of voltage between both sides of
pellet samples and the compound of the mixtures. The
table 2 presents the resistivity and Seebeck coefficient of
the pellet samples. The figures 2-5 show the results of
products which were prepared from the mixture of rice
husk ash, graphite and GeO2. The figures 6-9 show the
results of products which were prepared from the mixture
of rice husk ash, coconut shell charcoal and GeO2.

Calibration
Status
Not
Calibrated
Not free
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated
Calibrated

Compound
Formula
Rb2O

Concentration
(%)
0

Calculation
Method
Fixed

Y2O3
Na2O
MgO
SiO2
P2O5
SO3
K2O
CaO
MnO
Fe2O3
Cl

0
0.143
0.195
58.919
2.143
0.680
30.666
3.365
0.906
0.771
2.212

Fixed
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate
Calculate

Figure 1. The temperature of hot probe and difference of
voltage between both sides of pellet samples
pellet A y = -8.48E-06x+2.55E-03
pellet B y = -8.89E-06x+2.28E-03
pellet C y = -4.99E-06x+152E-03
pellet D y = -7.91E-06x+2.38E-03
pellet E y = -5.60E-06x+1.69E-03
pellet F y = -7.89E-06x +2.38E-03
In the figure 1, X-axis represents the temperature of
hot probe and Y-axis represents the difference of voltages
between both sides of pellet samples when different
temperatures are applied on both sides of them. The
voltages between both sides of samples were observed
and recorded. The electromotive force was measured. The
thermo-electrical property of the pellets, the Seebeck
coefficient can be obtained by computer processing, graph
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and slope as shown in Table 2. We applied current to the
pellet samples for measurement the voltage (V) and
calculated the resistant (R), by Van der Pauw method
[21]. The resistivities ( ρ ) of pellet samples were
calculated based on the resistant and the sample
dimensions.
We prepared six samples A, B, C, D, E and F by
differential methods, follow as: Pellet A is prepared from
rice husk ash mixed with B2O3 and it was pressured at 3
ton then heated at the temperature of 700 °C in
atmosphere of nitrogen for 3 hrs. Pellet B is prepared
from rice husk ash doped with GeO2 at the middle of
layer and it was pressured at 3 ton then heated at 700 °C
in atmosphere of nitrogen for 3 hrs. Pellet C is prepared
from rice husk ash doped with GeO2 at the middle of
layer and it was pressured at 3 ton then heated at 700 °C
in atmosphere of nitrogen for 1 hr. Pellet D is prepared
from rice husk ash mixed with GeO2 for one side and
another side rice husk ash mixed with B2O3 then it was
pressured at 3 ton and then heated at 700 °C in
atmosphere of nitrogen for 3 hrs. Pellet E is prepared
from rice husk ash mixed with GeO2 for one side and
another side rice husk ash mixed with B2O3 then it was
pressured at 3 ton and then heated at 700 °C in
atmosphere of nitrogen for 1 hr. Pellet F is prepared from
rice husk ash mixed with B2O3 and it was pressured at 3
ton then heated at the temperature of 700 °C in
atmosphere of nitrogen for 1 hr. We used Van der Pauw
method [22] and Ohm’s law for calculating the resistivity
of pellets. By equation R = V/I, where R is the resistant,
V is the voltage and I is the current. We applied voltage
and current to both side of the pellets for calculated the
resistant. The resistivity ( ρ ) of the pellets can be
calculated by following equations

Table 2
The resistivity and Seebeck coefficient of the pellet
samples
Samples

Resistivity (Ω.cm)

A
B
C
D
E
F

153.264
342.032
271.880
106.091
139.130
322.771

Seebeck coefficient
(V/K)
8.48
8.89
4.99
8.48
7.91
5.60

The microstructure of materials source and the
products on the substrates can be shown by scanning
electron microscope (SEM) and energy dispersive x-rays
(EDX). The figure 2 (a) and (b) showed the SEM images
of materials sources prepared from rice hush ash mixed
GeO2 and graphite for assisting then heated in the
atmosphere of nitrogen.

a
b
Figure 2. SEM images of materials source prepared from
burning rice husk ash mixed GeO2 and graphite heated in
atmosphere of nitrogen
The graph in the figure 3 shows EDX curve of
materials source in figure 2. The EDX showed the
compounds of materials source. We found many elements
such as C, O, Ge, Si, Zn, Cu and Au. Au and Cu may
result from gold coating and grid of equipment.

(1)

(2)
and ratio(Q) =

Rmax
Rmin

(3)

Figure 3. EDX image of materials source from figure 2
The figure 4 shows the SEM image of products on
silicon substrates. SEM image reveals the synthesis of the
structure of nanorods and nanoparticle-chain on the
substrate, Fig.4 (b) is expansion image of Fig.4 (a).

The resistivity and Seebeck coefficient are shown in
table 2. The table 2, we found that the Seebeck coefficient
of pellets B is highest and C is lowest. The resistivity of
pellets B is highest. The table 2 showed Seebeck
coefficient and resistivity of each pellets no responding.
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a
b
Figure 4. SEM image of the products on silicon substrate,
(b) is the expansion of image (a).

Figure 7. EDX curve of materials source in figure 6

The figure 5 shows EDX curve of the products on
silicon substrate. EDX curve shows the compounds of
microstructure of SEM image in figure 4 and shows many
elements such as O, Ge, Si and Au. The peak of Au may
be came from gold coating.

a
b
Figure 8. SEM image of the products on silicon substrate
form materials source in figure 6. (a) magnification x
1000 (b) magnification x 5000

Figure 5. EDX curve of products on silicon substrate from
figure 4
We used coconut shell charcoal replace graphite for
catalysis. The materials source prepared from rice husk
ash mixed GeO2 and coconut shell charcoal then heated in
atmosphere of nitrogen. Figure 6 showed SEM image of
this sample. The surface of this sample is still look like
the sample in figure 2.

Figure 9. EDX curve of nanostructure materials in figure
8
The SEM images and EDX curves from Fig. 2-9
show the comparison of source materials and products on
silicon substrates. They reveal that rice hush ash and
coconut shell charcoal can be used to syntheses
nanothermoelectric materials.

4. Conclusion

a
b
Figure 6. SEM image of materials source prepared from
burning rice husk ash mixed GeO2 and coconut shell
charcoal in atmosphere of nitrogen, (b) is expansion of
image (a)

In summary, from the experimental results we conclude
that the materials prepared from rice husk ash and
coconut shell charcoal mixed with several metal oxides
such as Ge2O3, B2O3 and P2 O3 may be used as
thermoelectric materials. The products of the nanofibers
and nanowires thermoelectric materials can be
synthesized by heating mixture of rice husk ash, coconut
shell charcoal or graphite and GeO2 in atmosphere of
nitrogen. The structures of these products have been
characterized by X-rays fluorescence (XRF), scanning
electron microscope (SEM), and energy dispersive X-rays
(EDX) with appropriate manners. This result is the first

We investigated the compound of this materials
source from figure 6. EDX curve in figure 7 shows many
elements such as O, Ge, Si, Zn, Au and Cu. Au and Cu
may derive from gold coating and grid of equipment. We
can not observe carbon from this sample.
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report in making nanowires from waste agricultural
products and these nanostructured materials may be
utilized in future applications in nanotechnology.
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