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ABSTRACT 

Thepaper presents experimental extraction of silicon from rice husk (RH) of NERICA rice variety obtained from Basawa, 
Zaria in Kaduna State, for possible use as a material for Solar Cells. Magnesium reduction techniques was employed for 

the extraction process. The rice husk sample was pretreated, charred and calcined at different temperatures ranging 

from 500°C to 1000°C to produce rice husk ash (RHA). The RHA produced ware characterized using X – ray 
fluorescence (XRF) and X – ray diffraction (XRD) techniques to ascertain a purer silica for the reduction process. The 

magnesium reduction was realized by pyrolyzing the mixture (Silica and Magnesium) at 700°C for 4 hours, followed by 
leaching of the reduction product in diluted hydrochloric acid (HCl). Characterization of theash calcined at 700°C and 

the final reduction product with XRF techniques revealed Silica of 98.1% and silicon of 97.69% purity with 14 other 

elements as impurities such as Aluminum (Al), Calcium (Ca) and with Iron (Fe) having the highest concentration of 
0.706%wt. Analysis of the extracted silicon by XRD shows structural formation of silicon having all the major reflections 

of standardsilicon. Solar grade silicon has a minimum purity level of 98%, while the extracted silicon has purity level of 

97.69% which seems to be not suitable for solar cells application. However, the extracted silicon, being a natural 
semiconductor, canbe altered to be either an insulator, such as glass, or a conductor.  
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1.0 INTRODUCTION 

 
Worldwide concerns over energy related climate change 

coupled with continues increase in cost of fossil fuels in 

recent years has increased interests in renewable energy 

alternatives. Although solar photovoltaic power 

generation is a proven technology, development of this 

magnificent technology has been limited. One of the 

issues that have limited the widespread use of solar 

photovoltaic power has been the high cost of the 

materials used in producing the solar cells. Currently 

silicon is the dominant semiconductor material used in 

the production of most commercially available solar 

cells, taking over 90% of the market share of all solar 

cells technologies (Larbi, 2010). 

Silicon, the second most abundant element in the earth’s 

crust occurs almost in oxidized form as silicon dioxide 

(SiO2), as in quartz, sand or in plants such as rice. 

Metallurgical grade and electronic or semiconductor 
grade silicon are produced on commercial scale by the 

Carbothermic and Siemens processes respectively. 

Metallurgical grade silicon is typically 98-99.5% pure 

and contains electro-active impurities such as Baron (B 

5-70 ppm), Phosphorus (P 5-100ppm), Aluminum (Al 

3000-5000 ppm) and transition metals which are 

recognized to reduce the conversion efficiencies of p-n 

junction silicon solar cells and panels(Ceccaroli and 

Lohne, 2003). Electronic grade silicon on the other hand 

which has total impurities less than one part per billion 

(< 1ppb) is too expensive for large scale production of 

solar cells (Ceccaroli and Lohne,2003). 

In recent years, an alternative approach to production of 

low cost solar grade silicon from plant biomass such as 

rice husk (RH) is being researched. Rice husk ash 

(RHA) is one of the most silica rich raw materials 

among the family of other agro–based byproducts. Rice 

husk is an agricultural waste product abundantly 

available in rice producing areas during milling of rice. 

Rice husk contains13 to 29 wt% inorganic components 
and 71 to 87 wt % organic components such as cellulose 

depending on the variety, climate and geographic 

location of growth (Okutani, 2009). The inorganic 
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components contain 87 to 97% SiO2 in hydrated 

amorphous form with small amount of alkali and other 

trace elements. 

Ikram and Akhter (1988) prepared Silicon by 

metallothermal reduction of RHA which contains a 

considerable amount of amorphous silica. Acid-leached 

rice husk was pyrolyzed at a temperature of 620ºc to 

obtain RHA which was then reduced with magnesium. 

The powdered silicon obtained had a very low impurity 

concentration, indicating that rice husk is a potential 

source of metallurgical and solar grade silicon. Larbi 

(2010) reported to have developed an integrated process 

for the synthesis of high purity silicon from rice husk, 

using magnesium reduction process within the 

temperature range of 500ºc to 950ºc. Larbi et al (2011) 

investigated the effect of magnesium and silicon oxide 

ratio by varying the magnesium content in the 

composition from 0 to 25% in excess of stoichiometric 

amount. Onojah et al (2012) carried out comparative 

studies of silicon from RHA and natural quartz. The rice 

husk samples were subjected to thermal treatment at 

1000ºc to extract the silica. The silica from RHA and 

powdered natural quartz were subsequently analysed for 

the initial impurities and treated with magnesium 

powder at 1100ºc. The magnesium reduction resulted in 

higher purity silicon from rice husk in the range of 97 – 

98%. Rohani et al (2016) produced amorphous silica 

from rice husk using muffle furnace, at different 

temperatures between 500ºc to 900ºc. X-Ray 

fluorescence (XRF) analysis of silica obtained at 600ºc 

for 2 hrs revealed amorphous silica of 99.582% purity 

with nine (9) different oxide elements as impurities.Also 

Rohani et al (2016) reported that crystallization 

transformation of silica start to occur at 900ºc, and the 

XRD pattern of crystalline silica exhibits sharp peak, 

whereas amorphous silica exhibits weak and broad 

diffused peak. 

Solar cells have long been recognized as one of the 

attractive means for addressing the energy supply 

problem especially for rural areas. Utilization of this 

viable technology has been limited in Nigeria due to the 

high cost of its material processing and advance 

technology. Extraction of low cost and highly pure solar 

grade silicon from bio materials such as rice husk will 

assist in providing locally available raw materials for 

solar cells. 

  
 

2.0 MATERIALS AND METHODS 

 
2.1 Materials and Equipment 

The materials, machine and equipment used include: 

Rice husk, Hydrochloric acid, Magnesium powder, 

Distilled and Deionized Water, 500ml Glass Beaker, 

Magnetic Stirrer Hot Plate, Tomson Oven, Nabertherm 

High Temperature Furnance, PanalyticalMinipal 4 XRF 

Machine (model DY 1055) and Empyrean 

Diffractometer (model D674)  

 

2.2 Methods 

2.2.1 Pretreatment of Rice Husk:A variety of unmilled 

rice (NERICA) grown in Basawa, Zaria of Kaduna State 

was obtained. The rice was milled, and the husk which is 

the raw material for the experimental research work was 

prepared for pretreatment. The pretreatment was done by 

leaching the rice husk in 10 w/w% hydrochloric acid 

(HCl) at 100°C for one hour, it was allowed to remain in 

the solution for 24 hours before it was thoroughly 

washed with distilled and deionized water and dried at 

room temperature for 48 hours.  

2.2.2 Production of the Ash: The Rice husk was charred 

in oven (Tomson Oven) and heated in batches at 

different temperature of 500ºc, 700ºc, 800ºc and 

1000ºc.Nabertherm high temperature furnace was used 

for the production process. 

2.2.3 Characterization of the RHA: X-ray Fluorescence 

(XRF) Analysis and X-ray Diffraction (XRD) Analysis 

were employed for the characterization of the RHA.XRF 

is the emission of characteristic “secondary” (or 

fluorescence) x-rays from a material that has been 

excited by bombarding with high energy x-ray or 

gamma rays (Omatola and Onojah, 2009). In this study, 

a binder was added to 2g of the RHA sample and then 

carefully mixed and pressed in a hydraulic press into a 

pellet. The pellet was loaded in the sample chamber of 

the spectrometer with its voltage and current set to 30kv 

and 1mA to produce the x-ray to excite the sample for a 

preset time 10mins. The spectrum from the sample was 

analyzed in the laboratory of National Geosciences 

Research Laboratory (NGRL) Kaduna, using Energy 

Dispersive X –ray Fluorescence (EDXRF) Spectrometer 

of model“minipal 4” to determine the concentration of 

the oxide in the sample. The procedures were repeated 

for the remaining batches. 

Sample of the rice husk ash calcined at 700°C was taken 

to the laboratory of National Geoscience Research 

Laboratory Kaduna (NGRL) for the XRD analysis. 

Empyrean Diffractometer (Model D674) system was 

used to analyze the structure of the rice husk ash sample. 

The sample was analyzed using copper as an anode 

material, Bragg’s angle (2theta), scan range of -0.002 – 



ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.2, AUGUST, 2017 

 

93 
 

74.9997 and scan step of 0.026261. The Empyrean 

Diffractometer was operated at a Generator voltage of 

45kv and a tube current of 40mA. The structural pattern 

of the sample was recorded and analyzed. 

 

 

 

2.3 Extraction of the Silicon 

2.3.1 Silicon was extracted from the silica produced 

from rice husk using magnesium reduction techniques. 

Magnesium appears to be most suitable reducing agent 

for Silicon dioxide considering factors such as ease of 

separating the by-product of reaction from the desired 

product (Silicon), safety and environmental concern 

(Larbi, 2010). 5g of silica and 4.4g of magnesium were 

thoroughly mixed in a mortar.The sample was poured 

into crucibles and placed in a furnace for pyrolysis at a 

temperature of 700°C for 4 hours and allowed to cool in 

the furnace to room temperature. This composition was 

formulated based on the stoichiometric proportion of 

SiO2 and Mg in the reaction equations shown in equation 

1 and 2 

 

    SiO2+ 2Mg = Si + 2MgO              …            (1) 

 

 

Weight of Mg = Weight of (SiO2)g ×
48𝑔/𝑚𝑜𝑙

60𝑔/𝑚𝑜𝑙
× (1 +

𝑋)                        …                                  (2) 

Where: X = % fraction in excess of stoichiometry 

requirements  

 
10% Mg excess of the stoichiometric amount was added 

to ensure that all SiO2 is reduced and to minimize the 

formation of undesirable product. 

2.3.2 Leaching of the Reduction Product: The reduction 

product was acid leached in HCl of concentration (4M) 

as suggested by Sarder (2010). The mixture was heated 

in a 500ml beaker on a magnetic stirrer hot plate at 70°C 

for 1 hour to remove Magnesium Oxide(MgO) as 

presented in equation 1 and then thoroughly washed 

with distilled and deionized water, dried and weighed.  

2.4 Characterization of the Extracted Silicon 
Sample of the extracted silicon was pelletized and 

loaded in the spectrometer’s sample chamber for X-ray 

excitation. The spectrum from the sample was analyzed 

so as to determine the purity of the extracted silicon and 

concentration of the various elemental impurities that 

could be found in the extracted silicon.  

Also, an X-ray diffraction analysis was carried out on 

the extracted silicon in order to establish its structural 

patterns and compare with the standard silicon patterns 

so as to see whether the major reflections of silicon will 

match between the two patterns. 

3.0 RESULTS AND DISCUSSION 

 
3.1 Results  
3.1.1 X-ray fluorescence (XRF) result of RHA: The 

chemical compositions of the silica are shown in Table 

I.It can be observed that calcining of rice husk ash at 

700°C yields a better silica containing fewer impurities. 

Table 1: XRF Analysis of RHA (Oxide %) (NGRL/OP/5334/2736) 

 

 

 

 

 

Oxide Element 500oC for 3hr 

Wt % 

700oC for 3hr 

Wt % 

800oC for 3hr 

Wt % 

1000oC for 6hr 

Wt % 

SiO2 97.90 98.1 97.80 97.10 

Al2O3 1.20 1.03 1.10 1.0 

SO3 - - 0.27 - 

K2O 0.047 0.068 0.14 0.093 

CaO 0.363 0.348 0.303 0.348 

Cr2O3 0.040 - 0.037 0.037 

TiO2 0.038 0.052 0.062 0.070 

MnO 0.02 0.043 0.01 0.024 

Fe2O3 0.228 0.264 0.226 0.266 

CuO 0.028 0.037 0.029 0.028 

BaO 0.10 - - - 

V2O5 - - 0.010 - 

MoO3 - - - 0.94 
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3.1.2 X-ray Diffraction (XRD) Results of RHA:The 

structural pattern of the batch of silicacalcined at 700°C, 

analyzed with Empyrean Diffractometer (Model D674) 

is shown in FigureI. It is observed in the XRD analysis 

result that the structural patterns of the silica exhibited 

broad diffused peak. Broad diffused peaks is one of the 

characteristics of amorphous structures. 

 

 

Figure 1: XRD Pattern of RHA calcined at 700°C for 3 hours 

 
3.1.3 Magnesium Reduction Product:The extracted 

silicon was strained, dried and weighed. Plate I shows 

the photograph of the extracted silicon from silica of 

rice husk, the silicon is in powdered form.  

3.1.4 X-ray Fluorescence (XRF) Result of Extracted 

Silicon: The silicon extracted was pelletized and the 

spectrum from the sample was analyzed and the 

chemical compositions are presented in Table 2. 

 

 
Table 2: XRF Analysis of Extracted Silicon Plate I: Silicon extracted from RHA 
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ELEMENT Wt % 

Si 97.69 

K 0.24 

Ca 0.41 

Ti 0.093 

V 0.002 

Mn 0.072 

Fe 0.706 

Ni 0.015 

Cu 0.035 

Zn 0.027 

Mo 0.06 

Ba 0.009 

Na 0.06 

Mg 0.27 

Al 0.31 



ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.2, AUGUST, 2017 

 

95 
 

 

It can be seen from the XRF analysis shown in Table II 

that the extracted silicon has a reasonable purity level of 

97.69% despite of some of the impurities contaminated 

in the course of the reduction process.  

 

3.1.5 X-ray Diffraction (XRD) Result of Extracted 

Silicon: The structural pattern of the extracted Silicon 

was analyzed with Empyrean Diffractometer (Model 

D674) and compared with high purity silicon standard 

disk. Results are presented as shown in Figures 2 and 3. 

 
Figure 2: XRD Pattern of extracted Silicon from Biosilica 

 

Figure 3: Comparison of XRD patterns of extracted Silicon to high purity Si standard 
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3.2 Discussion of Results  

3.2.1 Pretreatment of Rice Husk: Pretreatment of rice 

husk for the production of silica before calcining is 

often necessary in order to reduce or remove impurities, 

so as to increase the chances of obtaining silica of 

higher purity. Chandrasekhar et al. (2005) reported that 

strong interaction exists between the silica in rice husk 

and the oxides contained in the rice husk especially 

those of potassium and sodium which can result in the 

surface melting of silica particles when calcined without 

pretreatment, while potassium oxide imparts black 

colour on the silica particles.  

3.2.2 Characterization of the RHA: XRF was used in 

ascertaining the chemical composition of ash produced 

from the rice husk. Table 1shows the composition of the 

ashes produced at 500ºc, 700ºc, 800ºc and 1000ºc. The 

ash produced at 700ºc yields a better silica of 98.1% 

purity, it contains 7 different Oxides as impurities.  On 

the other hand, one of the essential reasons of X-ray 

diffraction (XRD) analysis on silica is to establish its 

structural formation. Itis more reactive atamorphous 

state, while less reactive at crystalline state and 

carcinogenic. XRD pattern of crystalline silica exhibits 

sharp peaks, whereas amorphoussilica exhibits weak 

and broad diffused peak. Many research studies 

established that the structural formation of rice husk 

silica often investigated by XRD analysis depends on 

the controlled calcining process. Over various 

temperature ranges, silica can exist in either crystalline 

or amorphous state. To obtain amorphous silica from 

rice husk, the processing temperature should not exceed 

900°C, as phase transition to the crystalline structure 

would soon follow. In view of this, patterns of the silica 

obtained exhibited weak and spacious diffused peaks 

confirming the formation of amorphous silica, which is 

in agreement with the work of Kapur (1985),Iyenagbe 

et al. (2012) and Rohani et al (2016).   

3.2.3 Characterization of the Silicon: The silicon was 

found to be 97.69% in terms of purity with a total 

number of 14 elements as impurities. By comparing the 

impurity elements of the silica (Table 1) to the impurity 

elements of the extracted silicon (Table 2), it can be 

noticed that there is an increase of 7 impurity elements 

found in the extracted silicon. It is also noticed that 

apart from Aluminum (Al) and Copper (Cu), the 

concentration of the impurity elements in the extracted 

silicon increased when compared to the impurity 

concentration in the silica. However, concentration of 

Mg could be as a result of excess Magnesium used in 

the reduction process. 

On the other hand, by comparing the impurities in the 

extracted silicon to the metallurgical grade silicon (MG-

Si), it can be seen that impurities with detrimental 

effects on the performance of solar grade silicon that 

exists in MG-Si specifically Boron (B) and Phosphorus 

(P) were not found in the extracted silicon. In general, 

all the impurities in the extracted silicon especially 

those that were not originated from the silica can be 

removed or reduced to minimal value if the extracted 

silicon is subjected to a second stage leaching so as to 

enhance the purity level of the silicon for the possible 

use as feedstock for solar cells technology. 

X-ray diffraction results presented (Figures 2 and 3) 

exhibited a very good and fine structural pattern of 

silicon. It is seen from the comparison that the major 

reflections of silicon in the extracted silicon 

harmoniously accords with the patterns of standard 

silicon disk.  

Solar grade silicon has a minimum purity level of 98%, 

while the extracted silicon has purity level of 97.69% 

which makes it not suitable for solar cells application. 

Although, silicon is a natural semiconductor, meaning 

that it can be altered to be either an insulator, such as 

glass, or a conductor. Rice husk, an agricultural waste 

can be converted to wealth by using it as a potential raw 

materials in silicon production, thereby reducing its 

disposal problems which will help in keeping the 

environment clean. 

 

 

4.0 CONCLUSION 

 
This experimental study confirms the possibility of 

using rice husk ash as an alternative source of high 

purity silicon. Four different batches of silica were 

successfully produced from the pyrolysis of rice husk. 

Rice husk pyrolysed at 700°C for 3hrs reveals an 

amorphous silica of 98.1% purity level. All the batches 

were pyrolysed at different temperatures, ranging from 
500°C to 1000°C. The samples were found to be 

amorphous silica, including the sample pyrolysed at 

1000°C. 

Silicon of 97.69% purity was extracted through blending 

of silica with magnesium granules in stoichiometric 

proportion and the mixture was calcined at 700°C for 

4hrs, forming reactive magnesium oxide (MgO) and 

silicon (Si). X-ray diffraction analysis of the extracted 

silicon reveals that the major reflections of silicon in the 

extracted silicon pleasantly blend with the patterns of 
standard silicon disk. The silicon extracted is not good 

enough for solar cells, but it can be subjected to more 
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purification techniques for possible use as feedstock to solar cells manufacturing industry. 
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