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Abstract: This work is presented as studies on the preparation 

of rice husk ash by burning at 700 oC for 3 and 6 h, 

respectively. Consequently, silica content obtained after heat 

treatment at 700 oC for 6 h was 98.14%. of rice husk ash (RHA) 

which was purified by alkaline extraction method by using 2.5N 

sodium hydroxide.  

Infrared spectral data supported the presence of hydrogen 

bonded silinol group and the siloxane groups in silica. 

Subsequently, the RHA was subjected to precipitation method 

in order to produce nanosilica. The precipitation was done by 

refluxing silica from RHA in boiling  2.5N NaOH. X-ray 

diffractograms and diffraction pattern showed that the obtained 

products were amorphous nanosilica. The size of the particle is 

determined from the number averaged particle radius by LPS 

that show Nanosilica particles which obtained from the rice 

husk ash were in the agglomerate form which dimension of 10-

30 nm. 

 

Index Terms: Rice husk ash, Nano silica, Precipitation Method 

 

I. INTRODUCTION 

Rice husk is considered as an agriculture waste 

material[1]. That abundantly available in all rice 

producing countries[2,3], and their annual world 

production amounts to about 80 million tons[3,4]. It is 

reported that for every ton of rice produced, nearly 0.23 

tons of husk is formed. The production of rice husk in 

India is nearly 26 million tons[2,5]. In Malaysia, rice 

husk is produced in abundance after every paddy 

harvesting season which amounts to more than 400,000 

metric tones of rice husk generated annually[6]. The 

amount of rice straw discarded annually in Egypt is 

around three million tons[1]. Rice husk is bulky, and only 

a small portion of it is used as fuel. This creates a 

disposal problem as the amount is increasing year by 

year[7]. Also at harvesting time, the rice straw is burnt to 

release nutrients for the next growing season and to get 

rid of the huge quantity of it. The burning process of rice 

straw leads to emission of choking smoke which causes 

the ‘black cloud’ phenomenon and affects on visibility, 

human health and global climate by emitting particulate 

matters and other gaseous pollutants[1], and hence its 

efficient utilization is urgently needed to avoid 

environmental pollution. In certain regions, the husk is 

used as a fuel for parboiling paddy in the rice mills[5]. 

An increasing application of rice husk is used as fuel in 

the power plant, due to its high calorific power 



(approximate 13–16MJ/kg)[8]. The disadvantage of this 

process is accumulation of residue, which is rice straw 

ash[1]. 

RHA is usually black or gray in color and has a light 

weight, therefore, the disposal of bulky RHA could be a 

problem[8]. Some utilize RHA as an adsorbent to adsorb 

metal ions such as Cd2+, Zn2+, and Ni2+, and heavy metal 

such as lead and mercury from aqueous solution [8]. And 

also another applications of rice husk ash (RHA) as filler 

in polymers have been reported by Ahmad Fuad et al. 

[10], who observed that the incorporation of this material 

into 

polypropylene has led to a significant increase in flexural 

modulus, comparable to the imparted by commercial 

fillers such as mica [10]. Rice husk on burning gives 

14–20% ash which contains 80–95% silica in the 

crystalline form and minor amounts of metallic elements. 

By controlling the burning conditions like temperature 

and time, amorphous silica of ultrafine size and reactivity 

can be produced. Pretreatment of the husk with mineral 

acids followed by controlled ashing gives silica with high 

purity [2,5,11]. 

On the other hand, fine silica powder (submicrometer-

sized particles) is used for the wide ranged applications 

including electronic substrates, thermal and electrical 

insulators, humidity sensors, optoelectronic devices. 

Moreover, silica nanoparticles are used in many fields 

such as ceramics, chromatography, for catalysis [1] and 

source for preparing advanced materials (e.g. SiC, Si3N4, 

elemental Si and Mg2Si)[2,11]. 

 

 

II. EXPERIMENTAL 

1. Material 

Rice husk ash was washed by distilled water and burnt at 

700oC for 3 and 6 h. Chemical composition of RHA was 

accomplished by X-ray fluorescence (Horiba Mesa-

500w). 

2. Synthesis pure silica from rice husk ash 

Ten grams of RHA samples were stirred in 80 ml distilled 

2.5 N sodium hydroxide solution. RHA was boiled in a 

covered 250 ml Erlenmeyer flask for 3 h. The solution 

was filtered and the residue was washed with 20 ml 

boiling water. The filtrate was allowed to cool down to 

room temperature and added 5 N H2SO4 until pH 2 and 

then added NH4OH until pH 8.5, allowed to room 

temperature for 3.5 h. The filtrate was then dried at 120ºC 

for 12 h. As received product was finally investigated by 

Fourier transform infrared (FTIR- model tenser 27) 

Figure 1. 

 

3. Preparation of nanosilica 

Pure silica was extracted by refluxing with 6 N HCI for 

4h and then washed repeatedly using deionised water to 

make it acid free. It was then dissolved in 2.5N  NaOH 

by continuous stirring for 10 h on a magnetic stirrer and 

then concentrated H2SO4 was added to adjust pH in the 

range of 7.5-8.5. The precipitated silica was washed 

repeatedly with warm deionised water until the filtrate 

became completely alkali free. The washing process 

continued by deionised water repeatedly and dried at 

50oC for 48 h in the oven. 

 

 

4. Characterization of Nanosilica 

4.1. Morphology of nanosilica 

The morphology of synthesized silica was examined by 

SEM (Philips, XL30). It can be seen from fig. 2. that the 

shape of particle is spherical. The size of the particle is 

determined from the number averaged particle radius by 

LPS (fig.3). 

4.2. Phase analysis by X-ray diffraction 

X-ray diffractometer (D8 advanced: Bruker) was used to 

determine the phases of nanosilica. The scanning rate was 

10/min in the 2θ diffraction angle between 10o and 60o. 

XRD diffractograms of nanosilica (Figure 4) showed 

strong broad peaks between 20o
 and 30o

 (2θ). These 

strong broad peaks suggested characteristic of 

amorphous SiO2. 



 

 

 

III. RESULTS AND DISCUSSION 

The rice husk ash (RHA) sample after being burnt at    

700oC for 6 h presented higher silica content compared to 

the other sample 700 oC for 3 h, as shown in Table 1. 

The rice husk ash (RHA) sample after being extracted by 

2.5 N sodium hydroxide generated the yield of pure silica 

up to 90.3%. The concentration of sodium hydroxide had 

strongly effect on the dissolution of silica from as-

received rice husk and it also removed some impurities 

which were not dissolved from the main product. 

The major chemical groups presented in silica were 

identified by the FTIR spectra shown in Figure 1. The 

broad band between 3000 - 3750 cm-1 was due to silinol 

OH groups and adsorbed water. The predominant 

absorbance peak at 1320 cm-1 was due to siloxane bonds 

(Si-O-Si). The peaks between 700-1000 cm-1 are 

attributed to vibration modes of the gel net work [4]. 

 

Table 1. Chemical composition of RHA before after burning out 

at 700oC for 3 and 6 h. 

Components 

expressed as 

oxides 

RHA as 

received 

RHA after 

burning out at 

700 oC for 3h 

 

RHA after 

burning out 

at 700 oC for 

6 h 

 

SiO2 96.51 97.86 98.14 

Al2O3 0.15 n/a n/a 

Fe2O3 0.17 0.07 0.07 

CaO 0.66 0.52 0.46 

ZrO 0.05 0.01 0.03 

MgO 0.77 0.29 n/a 

P2O3 0.21 n/a n/a 

Mn2O3 0.21 0.16 0.16 

SO3 0.04 0.07 0.07 

LOI n/a 0.01 0.02 

 

Fig 1. FTIR spectra nano SiO2 

 

Fig 2. SEM from nano SiO2 

 

 

Fig 3. Distribution of particle size 

 



 

Fig 4. XRD Difractograms of nano silica 

 

 

IV. CONCLUSION 

The nano SiO2 was synthesis from RHA, successfully. 

The 2.5 N sodium hydroxide treatment resulted in the 

highest SiO2 content. Nanosilica particles whith obtained 

from the rice husk ash were in the agglomerate form 

which dimension of 10-30 nm. The particle shape 

distribution is almost found to be uniform. The 

diffraction pattern of the particles showed a diffuse 

pattern which indicative of amorphous phase and 

supported by XRD patterns. 
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