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ABSTRACT: A novel method (High-gravity reactive precipitation - HGRP) was developed to prepare nano-SiO2 

from rice husk ash using gas-liquid reaction system. The precipitated silica produced by our proposed method 

had average size of 20 nm with narrow size distribution and purity of SiO2 was approximately 99,2%. The 

principles of the method as well as experimental conditions were also described. 

I. INTRODUCTION  

In the recent years, nanosized materials have attracted lots of attention of scientists and 

producers because of their tremendous potential and applications in variety of industries, such as: 

electronics, optical, chemicals, environment and so on. Rice hull ash (RHA), a waste product of the 

rice industry, has been proved to be rich amorphonous silica material. Precipitated silica 

nanoparticles (SiO2) has been widely used as fillers for papermaking, plastics, coatings, rubber… 

Currently, liquid glass can be produced by a variety of different methods, including the use of 

rice husk ash (RHA) with NaOH reaction. It has many advantages due to the content of amorphous 

silica at high levels. Husk rice ash was the waste resulting in the process of taking heat. 

The synthesis of nanometer-sized silica by reactive precipitation in high-gravity condition is 

one of the new methods to synthesize nano-materials. This method allows the production of large 

amounts of nanometer-sized materials with small and narrow size distribution particles, less time 

consuming, higher yield compared with traditional methods. 

Therefore, the purpose of this project is to study of preparation of nano SiO2 from rice husk 

ash by using high-gravity reactive precipitation technology. 

II. EXPERIMENTAL  

Process of the nano SiO2 preparation from rice husk ash by using high -gravity reactive 

precipitation technology 

The process of the preparation nano SiO2 included 2 steps 

 Leaching rice husk ash (RHA) with sodium hydroxide (NaOH) for producing liquid 

glass. The furnace and a high pressure stainless steel equipment was shown in Fig.1 

The procedure of leaching rice husk ash with NaOH to prepare liquid glass was as following. 

2 kg of husk ash and a certain amount of NaOH solution were added in the reaction vessel (5). 

Close the vessel and turn on the mixer (3). Then gradually increase the reaction temperature of the 

furnace (2) by the control system (6) at a certain period of time. The reaction was undergone under 

5 atm and secured with a pressure gauge (4). After the reaction completed, the solution of liquid 
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glass was extracted as a raw material for the preparation of silica by high-gravity reactive 

precipitation equipment.  

 Preparation of nano SiO2 from liquid glass by using high gravity precipitation 

technology (Higee method). 

As shown in Fig.2, liquid glass presented initially in the stirred tank (1) was pumped through 

the distributor (5) into the rotating packed bed (6), where it reacted with CO2 to form SiO2 particles. 

The mixture slurry of SiO2 flowed back into the stirred tank 1, where it was re-pumped into the 

rotating packed bed and reacted with CO2 again. This recycling process was ended when the pH of 

the slurry reached the value about 8,3. At this moment SiO2 was completely converted from liquid 

glass. 

The high-gravity reactive precipitation system are presented in Fig. 2 below. 

 
 

Figure 1: System of furnace and a high 

pressure stainless steel equipment. 

Figure 2: Experimental set-up of gas-liquid-solid                                     

or gas-liquid phases reaction system. 

III.  RESULTS AND DISCUSSION 

III.1. Determination of SiO2 composition in rice husk ash (RHA) 

The composition of amorphous SiO2 in three types of RHA such as Dinh Hai, King-group, Tri 

Hung ash was determined and the resulted values of each type of RHA were given in Table 1.  

Table 1: The SiO2 composition of each type of RHA. 

N
0 

RHA 
SiO2 amorphous 

(%) 

SiO2 Crystalline 

(%) 

Amount of SiO2            

in RHA (%) 

1 Dinh Hai 64 16 80 

2 King-group 56 24 80 

3 Trí Hưng 40 40 80 

III.2. Determine the parameters affecting of the process of leaching RHA with NaOH 

The experiments on reaction of rice husk ash (RHA) and sodium hydroxide for producing 

liquid glass were carried out in the calcined-stirring equipment at high pressure in order to 

determine 
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(i)  the yield of RHA leaching at the pressure of 5atm; 

(ii) the influence of pressure with leaching at the optimal concentration of NaOH for each 

type of RHA; 

The yield of leaching processes as well as the effect of pressure on leaching RHA with NaOH 

were presented in figures 3,4,5. 
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Figure 3: Leaching different RHA at 5 atm. 
Figure 4:  Effect of NaOH to M (molar)                            

of RHA leaching process at 5atm. 
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Figure 5: Effect of pressure to 

leaching process at the optimal 

concentration of NaOH for each 

type of RHA. 

The purpose of this project is to leach rice husk ash by NaOH to obtain liquid glass with the 

highest value of M and acceptable leaching yield. Therefore, the optimal parameters for each 

different type of RHA were summarized and presented in Table 2. 

Table 2: Optimal parameters for each different type of RHA. 

N
0 

RHA 
Amount 

(Kg) 

Parameter of the process optimization 

NaOH (Kg) M (molar) E (%) P (atm) 

1 Dinh Hai 2 0.438 3.5 57.6 5 

2 Kinh-group 2 0.434 3 49 5 

3 Tri Hung 2 0.600 1.6 36 5 

Dinh Hai ash was selected because its liquid glass gave the highest molar value among three 

types of ash under almost similar conditions of processing. 

Density of liquid glass collected was re-measured and this glass solution would be newly used 

as the feed for preparation of nano SiO2 by using high gravity reactive precipitation technology. 
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III.3. Survey of SiO2 precipitation technology by HGRP method 

The studies of SiO2 precipitation technology by HGRP method were carried out in order to 

estimate  

- The effect of liquid glass dilution on the precipitation process; 

- The effect of condensation of NaCl concentration in the precipitation process; 

- The effect of the rate of CO2 in the precipitation process; 

The results obtained were presented in Figs. 6,7,8: 
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Figure 6: Effect of liquid glass dilution on surface 

area of the particles. 

Figure 7: Effect of the condensation of NaCl 

concentration on surface area of the particles. 
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Figure 8: Effect of 

the rate of CO2 on 

surface area of the 

particles. 

Based on the results of research the preparation of nano-SiO2 by precipitation method using 

CO2 in a HGRP environment, the optimal parameters for the precipitation process were summarized 

in Table 3. 

Table 3: Optimal parameters for the precipitation of SiO2 process. 

N
0 Density 

(Be’) 
NaCl 

(g/l) 
VCO2 

(m
3
/h) 

Time 

(minute) 
T (

0
C) V (L) 

BET 

(m
2
/g) 

1 8.7 11 0.8 22 60 11 180.72 

 

III.4. Determination of nano-SiO2 product parameters 

Silica deposition was taken to determine the shape and nanometer size by  SEM, TEM and 

amount of SiO2 in powder were presented in Figs. 9 and 10 
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Figure 9: Image of nano SiO2 on SEM. 

 
Figure 10: Image of nano SiO2 on TEM. 

Nano SiO2 precipitated product had the parameters shown in Table 4. 

Table 4: Parameters of SiO2 products obtained from the project. 

N
0
 Nano SiO2 Unit 

Parameter 

Registered Results 

1 Quantity  Kg 5 5 

2 Particle size nm 40-50 ~20 

3 Purity % 98.5 99.2 

4 Product’s pH  pH 5-9 7.2 
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IV. CONCLUSION 

1. Under frame of project, successfully designed and manufactured equipment system 

consisted of a well furnace and a high pressure stainless steel reactor fitted with stirrer motor to 

leach rice husk ash (RHA) with sodium hydroxide for producing water glass liquid; 

2. Survey of available types of RHA and study of technical factors that  influenced with the 

leaching process of RHA with NaOH such as: pressure, concentration of NaOH, volume ratio of 

NaOH / RHA were carried out.  

3.  Investigation of technological parameters such as concentration of liquid glass, CO2 gas 

flow rate, and concentration of NaCl additive that affected the formation of particle size and shape 

of precipitated silica was done.  

4. Summarized optimal parameters of synthesis of nanometer-size silica from RHA, using 

gas-liquid reaction on available and typical high gravity reactor system (RPB) were shown in Table 

3. Precipitated silica using above procedure was proved to have the size of about 20 nm, narrow 

particle size distribution. Gas-liquid reaction on the RPB device was effective, easy to scale up and 

the similar method could be utilized to synthesize other materials with nanometer size. Further 

study on both wide range and depth of this technology should be put into consideration; 

5. Resulting from project, 5 kg of nano SiO2 was produced with technical specification and 

the parameters of products presented in Table 4. The product was met all requirements registered in 

proposed project; The process of preparation of nano SiO2 from rice husk ash by using high gravity 

reactive precipitation technology was thus confirmed. 
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