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Abstract 

This paper provides information on obtaining silicon dioxide extracted from 
phytogenic wastes, such as rice straw or rice husk. The study object is the rice-husk 
ash from a thermal power station and rice-straw ash resting upon incindering of 
wastes in the field. Upon being treated and dried, the ashes were cindered at 550° C 
for 5 hours. Then they were mixed with the NaOH solution at the solid-to-liquid 
ratio of 1:10 at room temperature. Studied was the effects provided by the alkali 
charge (5-30 % wt. of ashes), temperature, and process duration to identify the 
optimal conditions. The liquid obtained was filtered. The filtrate was treated with 
HCl, so that a gel was obtained that was washed with distilled water with obtaining 
SiO2·nH2O, and then dried at 100 °C and cindered at 575 °C. That resulted in 
obtaining amorphous silicon dioxide. An alternative technique of obtaining silicon 
dioxide is that without rice straw incineration. Rice straw is treated with ethanol 
dissolving waxes. Then the shredded rice straw is mixed with the NaOH solution at 
the solid-to-liquid ratio of 1:10. We investigated the effects provided by the 
alkaline charge, temperature and duration of the process to identify optimal 
conditions. Alkaline treatment was performed within 5 minutes, then the mixture 
was filtered. The filtrate represents black liquor that was treated by 30-% H2SO4 up 
to pH 11.5, silicon dioxide being precipitated, which was dried at 100°C and 
cindered at 575° C. That resulted in obtaining amorphous silicon dioxide 

Keywords: rice straw, rice husk, phytogenic amorphous silicon dioxide, polymer composite, 
polyethylene, filling 

Introduction 
Composite products are widely used in various areas of life. Research in composites 

including nanometer-range particles allowed creating materials having outstanding properties 
and offered new challenges in material science and engineering. To meet the growing needs of 
industries, such as construction, manufacturing, aviation and aerospace, manufacturing chemical 
machines and equipment, and oil & gas, new studies are performed in nanocomposites, including 
polymer ones. 

To create high-quality polymer composites (PC), fillers are used. One of the widely used 
fillers is silicon dioxide (SD) that has outstanding properties, such as thermal stability, 
mechanical strength, low density, and minor expansion factor, while the nano-size of the silicon 
dioxide particles uniquely enhances many indicators in the PCs that use it. 

However, obtaining silicon dioxide causes high energy costs and environmental issues. At 
the same time, silicon dioxide may be obtained from renewable vegetable raw materials, namely 
from rice production wastes, husk and straw. 
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Many researchers study obtaining silicon dioxide from rice production wastes [1-5]. 
However, no publication contains any information regarding extracting silicon dioxide using 
low-temperature technique, without incinerating rice production wastes. 

We chose polyethylene (PE) as the polymer matrices of PCs filled with silicon dioxide, 
since PE is relatively simply structured, cheap, processed at low temperatures, and non-toxic, 
and it has many applications for products of various purposes. 

One of the composites is the PC with nanosilica reinforcement, SiO2. Nanosilica has many 
outstanding properties, such as thermal stability, mechanical strength, and low expanding factor. 
Composites using nano-size silicon dioxide draw the attention of researchers worldwide [6]. A. 
Olkhov and his colleagues [7] studied obtaining PCs based on polyethylene with a filler 
represented as a crystalline nano-SiO2 at the temperature of 140° C, which led to considerable 
increases in the hardness and durability of the material. Worsening indicators of polyethylene did 
not change the structure in the PC, but it was in direct proportion to increasing the hardness and 
durability of the PC. 

Hanan Sertchook [8] made the PC from polyethylene and silicon dioxide using surfactant 
PE-b-PEG to enhance adhesion and better combine polyethylene and the filler. Studies show that 
surfactants both play an important role in stabilizing emulsions and promote better dissolving the 
polyethylene. PC analysis findings have also shown that, when using surfactants, silica was 
uniformly distributed within the PC space lattice and did not differ from the initial structure. 

N. I. Nikonorova [9] made the PC as a polyethylene- and nano-SiO2-based adsorbent at 
160° C. The material can adsorb liquids and gases with high performance. PC has its pore 
diameter of 15-30 nm at 50% of filling with SiO2 and can adsorb N2. 

Suchart Siengchin [10] obtained synthetic materials, including those of high-density 
polyethylene, woven flax fibers, and SiO2, using the hot-pressing technique. The findings have 
shown that the breaking strength, thermal stability, and hardness of the modified material were 
much higher than in the initial polyethylene. Optimal amount for SiO2 is 8 %wt. 

In this study, we chose polyethylene as a polymer matrix of the PCs filled with silicon 
dioxide, since it is a polymer of a relatively simple structure, cheap, having a low processing 
temperature, and non-toxic, and it has many applications for the products of different purpose. 

This paper proposes a technology for manufacturing polyethylene-based polymer 
composites using silicon dioxide obtained by the enhanced technique of extracting from rice 
manufacturing wastes instead of synthetic analogues. 

Experimental Part 
In this study, we used IR-spectrometry, elemental and x-ray fluorescence analyses, and the 

microscopic analysis of particle sizes; the structure of silicon dioxide was analyzed using XRD; 
and MFIs and physical and mechanical properties were studied according to the Russian 
standards, GOST 11262-80 and GOST 11645-73.  

As a matrix for the PC, we used first-grade low-pressure polyethylene 273-83 according to 
GOST 16338-85 manufactured by Kazanorgsintez, Kazan, Russia, filled with aerosil and with 
amorphous silicon dioxide. 

As fillers, we used silicon dioxide Aerosil 300 by Reakhim, GOST 14922-77 and 
phytogenic amorphous silicon dioxide obtained by the newly developed techniques [11]. 
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Results and Discussion 
Previously, we studied the use of phytogenic crystalline silicon dioxide (PCSD) as a filler 

[12]. Generally, PCSD compares in its properties with aerosil as a filler for the polyethylene-
based PC. Using it is more promising, since it is obtained from renewable, environmentally 
friendly, and cheap raw materials. At the same time, in most cases, amorphous aerosil is used for 
PCs. 

To extend the list of phytogenic fillers, it was reasonable to study how phytogenic 
amorphous silicon dioxide (PASD) obtained from rice production wastes affects the PC 
performance. Therefore, the studies presented herein deal with developing an efficient and cost-
effective technique of obtaining silicon dioxide from rice husk (RH) and rice straw (RS) to fill a 
polyethylene-based PC. 

Obtaining Silica from Rice Wastes 
Our study object is rice husk ash from a thermal power station and rice straw ash obtained 

from incineration of wastes in the field. Using the EDS method, we found that rice husk ash 
contained 51.3% of silicon and 41.1% of oxygen, while rice straw contained 46.6% of Si and 
45.6% of О. 

SiO2 is the main component of the ash with 92.4 % wt. of rice husk ash and 92.2 % wt. of 
rice straw ash, which is coherent with the published data, according to which the content of SiO2 
in the ashes is 90-98 % wt. [13] 

Upon being treated and dried, the ashes were cindered at 550° C for 5 hours. Then they 
were mixed with the NaOH solution at the solid-to-liquid ratio of 1:10 at room temperature. We 
investigated the effects provided by the alkaline charge (5-30 % wt. of ash), temperature and 
duration of the process to identify optimal conditions. The liquid obtained was filtered. The 
filtrate was treated with HCl, which resulted in obtaining a gel that was washed with distilled 
water under obtaining SiO2·nH2O. Then it was dried at 100° C and cindered at 575° C. That 
resulted in obtaining silicon dioxide (Fig. 1). 

Optimal conditions of alkaline treatment are the use of 25-% NaOH and treatment time of 
72 hours at room temperature. The highest yield of silicon dioxide is observed when using 12-% 
HСl. 

Analysis of the structure of the silicon dioxide obtained (Fig. 2) indicates its preliminarily 
amorphous state (Fig. 2b) with the uniform distribution of particles sized up to 350 nm (Fig. 2a). 

Silicon dioxide from rice husk ash consists by 44.8% of silicon and by 48.2% of oxygen, 
and that from rice straw by 40.2% of Si and by 49.2% of O. This ratio indicates that the product 
obtained basically exists in form of silicon dioxide. Since PASD has high absorption 
performance, it contains about 6 % of moisture. Therefore, before using it, it should be dried to 
the constant weight at 100-110° C for 8 h. 

Moreover, the loose amorphous structure of silicon dioxide facilitates the process of 
introducing and uniformly distributing the filler as compared to aggregating synthetic aerosil. 

In the IR spectrum of PASD (Fig. 2d), obtained from the RH and RS ashes, absorption 
bands are visible, having the wave numbers of 792.61 cm

-1
 and 1,090.24 cm

-1 
responsible for the 

symmetric and asymmetric fluctuations of the Si-O-Si bond. Absorption band at 3395.25 cm
-1

 
represents the fluctuation of the -OH groups of adsorbed water, while the band at 1,644.33 cm

-1
 

represents the fluctuation of Si. In the IR spectrum of SiO2, absorption bands occurred at the 
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wave numbers of 960.42 cm
-1

, that belong to the Si-OH group of silanol. Thus, in addition to the 
-OH groups of adsorbed water, the PASD obtained contains silanol groups, which is not 
observed in the IR spectra of PCSD or aerosil [12].  

Presence of some silanol groups in the PASD obtained increases its hydrophilic properties, 
so we can forecast higher adhesive interactions at the polymer-filler interface, especially in polar 
polymer matrices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1. Process flow diagram of PASD separation 
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Based on the findings above, we can state that PASD from rice production wastes is highly 

efficient. Using the ash obtained from incineration of rice wastes, we can solve the existing 

environmental problems. At the same time, the PASD yield is higher for rice husk (85.01%) than 

for rice straw (65.24%), which is explained by the fact that ash from power stations is purer than 

that obtained from the incineration of rice straw in the field. 

Unlike the previously used methods of burning rice husks and straws in the field, the 

method of burning them in the power station furnaces is environmentally friendlier, since 

combustion is more complete there with emitting fewer and less toxic gases. Moreover, the 

subsequent alkaline treatment, unlike conventional methods used at the temperature of above 

100°C, does not require any energy costs and is performed at room temperature. 

  
  

a 

 

b 

  
c d 

 

Fig.2. SEM (a), XRD (b), EDS (c), and IR (d) of PASD  

 

Technology of Pre-Treating Rice Straw with Ethanol 
Silicon dioxide can also be obtained without incineration of rice straw. Straw contains 

wax that prevents from dissolving in alkali. Therefore, to enhance the efficiency of the silicon 

dioxide yields, it should be treated with ethanol dissolving the waxes before to treat it with alkali 

(Fig. 3). Then the shredded rice straw is mixed with the NaOH solution at the solid-to-liquid 
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ratio of 1:10. We investigated the effects provided by the alkaline charge, temperature and 

duration of the process to identify optimal conditions. Alkaline treatment was performed within 

5 minutes, then the mixture was filtered. The filtrate represents black liquor that was treated by 

30-% H2SO4 up to pH 11.5, silicon dioxide being precipitated, which was dried at 100° C and 

cindered at 575° C. 

We found the optimal conditions for alkaline treatment to obtain high yields of PASD: 

Alkaline charge of 18%wt.; temperature of 60° C; and time of 150 min. at the PASD yield of 

81.3%. 

 

 

 

Fig. 3. Process flow chart of pre-treating rice straw with ethanol 
 

Analysis of the structure of the silicon dioxide obtained indicates the preliminarily 

amorphous state of its particles sized 6-8 μm and consisting by 42% of Si and by 48% of О. 
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a b 

Fig. 4. Electronic microscopy data of silicon dioxide obtained from the ashes of rice husk (a) and 

rice straw (b) using 30-% sithout using ethanol (350 nm). The difference in the SiO2 

particle sizes may be due to the raw material sources. SiO2 is obtained from rice husk ash 

with the particles that are considerably smaller than those of the SiO2 prepared directly 

from rice straw 

 

 
    a      b 

Fig. 5. Size distribution of the particles of silicon dioxide obtained from rice husk ash (a) and 

rice straw ash (b) 

 

This method can be used to obtain other products, such as cellulose (straw rests filtered 

upon alkaline treatment) or lignin (if treatment to pH=3-4 is used upon precipitating SiO2). 
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However, this study is focused on obtaining SiO2. Ethanol used to pre-treat the straw is removed 

and purified, and then it is returned into the process. At the same time, the alkaline digestion 

temperature is just 60°
 
C, as compared to other techniques, in which a similar treatment is 

performed at 100° C or above and at a considerably lower SiO2 yield, namely 75%. SiO2 

obtained by this technique has a structure similar to that of the silicon dioxide obtained from rice 

straw ash, but with a higher yield. Therefore, it was selected as a PC filler for further studies. 

PASD-Filled PCs 

To evaluate the performance of the process of mixing PASD with polyethylene, we found 

the melt flow index (MFI) (Fig. 6). Generally, the MFI values vary insignificantly in the entire 

filling series, which does not lead to any treatment difficulties. Tensile strength depends on the 

filler content extremely (Fig. 7). In case of a polyethylene-based PC, the highest value is 

registered for 1% wt. of filling with PASD, and it is 33% higher than that of the unfilled PC. 

Considerable changes in properties at introducing small amounts are typical of nano-fillers. 

Indeed, the PASD used has a nano-size particle range of 350 nm. Strength of PCs with rice-husk 

silicon dioxide is slightly higher than rice-straw-ash SiO2 due to higher particle sizes of the latter 

one. 

 

 

 

  

 

 

 

  

Fig. 6. Filling degree influence                           Fig. 7. Strengths of PCs filled with 

upon the MFIs of PE-based PC                                       PE-based PASD 

 

Moreover, the PASD-containing PC has 9% higher strength than its analogues containing 

synthetic aerosil. This effect of filling with PASD is due to its qualitative difference from 

synthetic aerosil. On the surfaces of the PASD particles, there are some functional groups, such 

as Si-OH and -OH, which probably contribute to forming an additional chemical lattice in the PC 

(Fig. 8). Absorption band of the Si-O group in the IR spectrum of the PC is slightly shifted due 

to forming hydrogen bonds and dipole interactions between the PASD and PE molecules. In 

addition to the absorption bands typical of PASD, there are bands relating to polyethylene: 

Absorption bands with the wave numbers of 2.918.5 cm
-1

, 2.853.8 cm
-1

, and 1.463.6 cm
-1

 

characterize the C-H bonds, while the band with the wave number of 1.370.3 cm
-1

 is responsible 

for symmetrically changing the C-H bond stress. 
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Fig. 8. IR spectrum of PE-based PC with 1-% PASD from RH 

Therefore, with its considerably higher strength indicators, a PASD-using PC may compete 

with synthetic A. When comparing the effects provided by various fillers upon the strengths of 

polyethylene-based PCs, we can see that using rice-husk PASD without treating with the low-

temperature plasma of high-frequency capacitance discharge [13] in the amount of 1% wt. leads 

to the best results, enhancing the strength of an unfilled analogue by 33%, while synthetic aerosil 

enhances this indicator by just 7%. 

Table 1. Tensile strength of the PE-based PCs filled with rice-husk derived PASD, plasma-

processed PCSD, and Aerosil. Capacity RF-plasma processing time is 3 minutes at 

U=1.5 kV and I=0.3A 

Filling, in % wt. 

Filler 

PASD Plasma-processed PCSD Aerosil 

Tensile strength, in MPa 

0 26.84 

1.0 35.69 29.85 28.80 

2.5 32.34 30.61 28.98 

 

Conclusions 

Rice husk and rice straw, both being agricultural wastes, can be transformed into a 

valuable product, silicon dioxide, for many applications, using the alkaline digestion method. An 

efficient method has been developed to obtain amorphous silicon dioxide from the rice straw 

pre-treated with ethanol, using the method of alkaline digestion, with the following processing 

parameters: Rice straw-to-NaOH solution ratio of 1:10; alkali charge 18 % wt.; temperature 60° 

C; and time 150 minutes. 

Analysis of the obtained silicon dioxide structure indicates its preliminarily amorphous 

state with a uniform distribution of particles sized up to 350 nanometers. Rice-husk derived 
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silicon dioxide consists by 44.8 % of Si and by 48.2 % of O, while rice-straw one consists by 

40.2 % of Si and by 49.2 % of O. 

Dependence of the effects provided by the amounts of the phytogenic amorphous silicon 

dioxide (PASD) on the strength and the tensile strain in a polyethylene-based PC is extreme. The 

highest value is registered at 1 % wt. of PASA, which is 33% higher than in an unfilled 

analogue. 

Comparing the effects provided by synthetic aerosil, as well as by phytogenic crystalline 

silicon dioxide (PCSD) and phytogenic amorphous silicon dioxide (PASD) within the filling 

interval of up to 5 % wt., has shown that, generally, phytogenic analogues lead to more 

essentially increasing the polyethylene-based PC strength, which is to a greater extend due to 

using the PASD, as compared with the crystalline one, which allows us to suggest its 

applicability instead of synthetic aerosil with a considerable increase in strength indicators and to 

consider it as a more economically efficient alternative. 
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