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Abstract: High purity SiO, was prepared by burning rice husk in a furnace at
temperature of 600 degree Celsius in normal atmosphere. The rice husk firstly was
soaked in 1 M hydrochloric acid solution for 1 hour, and then rinsed in distilled water
and dried in air. The acid-treated rice husk was heated in the furnace with air
circulation for 1 hour. The purity of SiO, in silica ash was studied. The silica ash
mixed with Mg or Al was heated at various temperature and atmosphere in furnace
again. After, the furnace was cooled down to room temperature, naturally. The
products were treated by hydrofluoric acid and washed in distilled water several times,
then filtered. The prepared products were investigated by X-rays diffraction

instrument. The high purity of Si prepared from rice husk ash was observed.

Introduction

Rice husk (or rice hull) is an agricultural residue abundantly available in rice
producing Thailand. The number of rice production of world is approximate 400
million metric tons per year. 10 % of rice husk is a by-product of rice milling
process [1]. It consists 13-29 % inorganic components, of which 87-97 % is SiO,
(silica) in an amorphous state [2]. The major contamination are metal oxides such
as Na, K, Mg, Ca and Fe and silicates can vary from 3 to 13 % in ash. They can be
eradicated easily by acid-leaching, while life-time killing impurities such as Mo, Ti,
Ta, Ni, V, Cr are either absent or present in very low condensing and can also be
similarly easily taken. The importance of rice husk used as a potential source for
useful materials such as silica, silicon carbide, silicon nitride or pure silicon for

solar cells solar-grade silicon [4-9]. The burning of rice husk in air takes to the

production of silica ash, their color varies from black gray to white gray depending
on temperature, air and the impurities. The temperature of heating also effected to
structure or phase of amorphous silica or crystalline silica of rice husk ash.

Amorphous silica can be easily transformed into the crystalline form [10].

Materials and Methods

The rice husks used in this work were obtained by product from rice mills and were
washed with tap water to remove all adhering soil and dirt. They were dried in the
sunlight. The dried husks were then washed with distilled water and dried again in
an oven with temperature at 60 °C. The dried husks were subjected to chemical
treatment. The 37% HCI acid used in this study was produced by MERCK,
Germany, and was used as received. A proper amount of the HCI was mixed with
distilled water to form 1 molar of HCI. The rice husks were soaked with 1 molar of
HCI in a glass beaker placed on hot plate at 90 °C for 1 hr. The solution was
filtered and the rice husks were washed with distilled water several times until they
were acid free. The acid-leached rice husks were dried in an oven at 60 °C. They
were fired at 600 °C for 1 hr. The rice husk ash was investigated by X-rays
diffraction (XRD) and X-ray fluorescence (XRF) instruments. The coconut shell
was cleaned by tap water and distilled water several times and dried in oven at 60
°C. The cleaned coconut shell was burned at 400 °C for form charcoal. The
coconut shell charcoal was grounded to be fine powder (~90um), and put in a glass
beaker. The 1 molar of HCI was filled in the beaker and soaked for 1 hr. The

solution was filtered and the charcoal powder was washed with distilled water



several times until acid free. These processes were explained by previous report
[11].  We prepared silicon from silica ash using 2 metallothermic reduction
methods, (1) the silica ash, magnesium powder and charcoal powder were mixed
with ratio of 2:1:0.1 by weight, the mixtures powder were grounded and put in
alumina crucible, then heated at 600 °C in the furnace chamber under atmosphere
of nitrogen with flow rate of 2 L/min. The burn products were soaked in 1 M of
HCI and H,SO, for 1 hr. The solution was filtered and the burn products were
washed with distilled water several times until acid free and dried in oven at 60 °C.
The burn products were soaked again in HF for 4 hrs. They were washed with
distilled water several times then, filtered and dried again. The prepared silicon was
investigated by XRD instrument. (2) the silica ash, aluminum powder and charcoal
powder were mixed with ratio of 3:0.5:0.1 by weight, the mixtures powder were
grounded and put in alumina crucible, then heated at 1100 °C in the furnace
chamber under atmosphere of nitrogen with flow rate of 2 L/min for 2 hrs. The
burn products were carried for production of silicon with the same process of

method (1). The prepared product was investigated by XRD instrument.

Results and Discussion

The rice husk silica was taken from the furnace. The white color of

silica ash can be observed by naked eye. The silica ash was characterized by XRD

and XRF instruments, as shown in Figure 1, Figure 2 and Table 1.
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Figure 1. XRD curved of white rice husk ash.

Figure 1 show the broad peak XRD of white rice husk ash prepared form rice husk.
The Figure 2 and Table 1 show the XRF curve of pure silicon dioxide from white
rice husk ash. The white rice husk ash consist of silicon dioxide (SiOz) 99.86 %

and Ca0 0.1419 %, GeO and FeO can not be observed.
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Figure 2. XRF curve of white rice husk ash.

Table 1. The composition of white rice husk ash.

Compound Conc. Compound Conc.

Name (%) Name (%)
Sio, 99.86 GeO <<
CaO 0.1419 FeO <<
Element  Conc. Element  Conc.
Name (%) Name (%)
(o) 53.22 Ge <<
Si 46.68 Fe <<
Ca 0.1014

Normalized to: 100 %

After production of SiO ,, we carried for preparation of silicon from white rice
husk ash using metallothermic reduction process. The products was very clearly
different form source materials before reaction. Figure 3 show the XRD curved
burn product before soaked in HF solution. We can see many peaks of the

composition of burn product including of silicon.
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Figure 3. XRD curved of burn products before soaked in HF.

The burn product was soaked in HF solution for 4 hrs then, filtered and washed in
distilled water many time. The dried product was studied by XRD instrument.
Figure 4 show XRD curved of silicon prepared from rice husk ash using Mg

metallothermic reduction.
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Figure 4. XRD curved of prepared silicon from rice husk ash using Mg

metallothermic reduction.
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Figure 5. XRD curved of prepared silicon from rice husk ash using Al

metallothermic reduction.

We studied the composition of the product from Figure 4 by using equation, % Si =

[ / Tyyps00]%100.

Mg25i04

From equation, we calculated the 99.65 % of silicon in this prepared product.

Conclusions

In summary, high purity SiO, was prepared by burning acid-treated rice husk
in a furnace at temperature of 600 degree Celsius in normal atmosphere for 1 hr.
The XRD and XRF data show purity of SiO, in silica ash was around 99.86 %.
The silicon was prepared from rice husk ash using Mg metaalothermic reduction.
The calculation from XRD curved showed around 99.65 % purity of Si from this
process. The SiO, and Si prepared from rice husk ash may be used in materials

technology.
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Abstract: High purity SiO, was prepared by burning rice husk in a furnace at
temperature of 600 degree Celsius in normal atmosphere. The rice husk firstly was
soaked in 1 M hydrochloric acid solution for 1 hour, and then rinsed in distilled water
and dried in air. The acid-treated rice husk was heated in the furnace with air
circulation for 1 hour. The purity of SiO, in silica ash was studied. The silica ash
mixed with Mg or Al was heated at various temperature and atmosphere in furnace
again. After, the furnace was cooled down to room temperature, naturally. The
products were treated by hydrofluoric acid and washed in distilled water several times,
then filtered. The prepared products were investigated by X-rays diffraction

instrument. The high purity of Si prepared from rice husk ash was observed.

Introduction

Rice husk (or rice hull) is an agricultural residue abundantly available in rice
producing Thailand. The number of rice production of world is approximate 400
million metric tons per year. 10 % of rice husk is a by-product of rice milling
process [1]. It consists 13-29 % inorganic components, of which 87-97 % is SiO,
(silica) in an amorphous state [2]. The major contamination are metal oxides such
as Na, K, Mg, Ca and Fe and silicates can vary from 3 to 13 % in ash. They can be
eradicated easily by acid-leaching, while life-time killing impurities such as Mo, Ti,
Ta, Ni, V, Cr are either absent or present in very low condensing and can also be
similarly easily taken. The importance of rice husk used as a potential source for
useful materials such as silica, silicon carbide, silicon nitride or pure silicon for
solar cells solar-grade silicon [4-9]. The burning of rice husk in air takes to the
production of silica ash, their color varies from black gray to white gray depending
on temperature, air and the impurities. The temperature of heating also effected to
structure or phase of amorphous silica or crystalline silica of rice husk ash.

Amorphous silica can be easily transformed into the crystalline form [10].

Materials and Methods

The rice husks used in this work were obtained by product from rice mills and were
washed with tap water to remove all adhering soil and dirt. They were dried in the
sunlight. The dried husks were then washed with distilled water and dried again in
an oven with temperature at 60 °C. The dried husks were subjected to chemical
treatment. The 37% HCI acid used in this study was produced by MERCK,
Germany, and was used as received. A proper amount of the HCI was mixed with
distilled water to form 1 molar of HCI. The rice husks were soaked with 1 molar of

HCI in a glass beaker placed on hot plate at 90 °C for 1 hr. The solution was

filtered and the rice husks were washed with distilled water several times until they
were acid free. The acid-leached rice husks were dried in an oven at 60 °C. They
were fired at 600 °C for 1 hr. The rice husk ash was investigated by X-rays
diffraction (XRD) and X-ray fluorescence (XRF) instruments. The coconut shell
was cleaned by tap water and distilled water several times and dried in oven at 60
°C. The cleaned coconut shell was burned at 400 °C for form charcoal. The
coconut shell charcoal was grounded to be fine powder (~90um), and put in a glass
beaker. The 1 molar of HCI was filled in the beaker and soaked for 1 hr. The
solution was filtered and the charcoal powder was washed with distilled water
several times until acid free. These processes were explained by previous report
[11].  We prepared silicon from silica ash using 2 metallothermic reduction
methods, (1) the silica ash, magnesium powder and charcoal powder were mixed
with ratio of 2:1:0.1 by weight, the mixtures powder were grounded and put in
alumina crucible, then heated at 600 °C in the furnace chamber under atmosphere
of nitrogen with flow rate of 2 L/min. The burn products were soaked in 1 M of
HCI and H,SO, for 1 hr. The solution was filtered and the burn products were
washed with distilled water several times until acid free and dried in oven at 60 °C.
The burn products were soaked again in HF for 4 hrs. They were washed with
distilled water several times then, filtered and dried again. The prepared silicon was
investigated by XRD instrument. (2) the silica ash, aluminum powder and charcoal
powder were mixed with ratio of 3:0.5:0.1 by weight, the mixtures powder were
grounded and put in alumina crucible, then heated at 1100 °C in the furnace
chamber under atmosphere of nitrogen with flow rate of 2 L/min for 2 hrs. The
burn products were carried for production of silicon with the same process of

method (1). The prepared product was investigated by XRD instrument.

Results and Discussion

The rice husk silica was taken from the furnace. The white color of

silica ash can be observed by naked eye. The silica ash was characterized by XRD

and XRF instruments, as shown in Figure 1, Figure 2 and Table 1.
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Figure 1. XRD curved of white rice husk ash.

Figure 1 show the broad peak XRD of white rice husk ash prepared form rice husk.

The Figure 2 and Table 1 show the XRF curve of pure silicon dioxide from white
rice husk ash. The white rice husk ash consist of silicon dioxide (SiOz) 99.86 %

and Ca0 0.1419 %, GeO and FeO can not be observed.
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Figure 2. XRF curve of white rice husk ash.

Table 1. The composition of white rice husk ash.

Compound Conc. Compound Conc.

Name (%) Name (%)

Sio, 99.86 GeO <<

CaO 0.1419 FeO <<

Element  Conc. Element ~ Conc.

Name (%) Name (%)
O 53.22 Ge <<
Si 46.68 Fe <<
Ca 0.1014

Normalized to: 100 %

After production of SiO ,, we carried for preparation of silicon from white rice
husk ash using metallothermic reduction process. The products was very clearly
different form source materials before reaction. Figure 3 show the XRD curved
burn product before soaked in HF solution. We can see many peaks of the

composition of burn product including of silicon.
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Figure 3. XRD curved of burn products before soaked in HF.

The burn product was soaked in HF solution for 4 hrs then, filtered and washed in
distilled water many time. The dried product was studied by XRD instrument.
Figure 4 show XRD curved of silicon prepared from rice husk ash using Mg

metallothermic reduction.
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Figure 4. XRD curved of prepared silicon from rice husk ash using Mg

metallothermic reduction.
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Figure 5. XRD curved of prepared silicon from rice husk ash using Al

metallothermic reduction.

We studied the composition of the product from Figure 4 by using equation, % Si =

[ / Ty 0] %100,

Mg2Si04

From equation, we calculated the 99.65 % of silicon in this prepared product.



Conclusions

In summary, high purity SiO, was prepared by burning acid-treated rice husk
in a furnace at temperature of 600 degree Celsius in normal atmosphere for 1 hr.
The XRD and XRF data show purity of SiO, in silica ash was around 99.86 %.
The silicon was prepared from rice husk ash using Mg metaalothermic reduction.
The calculation from XRD curved showed around 99.65 % purity of Si from this
process. The SiO, and Si prepared from rice husk ash may be used in materials

technology.
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