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ABSTRACT

Extraction of silica from rice husk is an emerging trend in the current research field.
Large amount of rice husk (RH) are treated as waste and disposed of at the landfill site.
These waste materials can also cause fire, which may lead to severe environmental
pollutions. The airborne particles produced from dust may induce respiratory disease
to human beings. The burning of rice husk results in the formation of rice husk ash
(RHA) with major SiO, content with 10 to 20% of carbon and organic components
depending on the burning conditions, the furnace type, the rice variety, the climate
and the geographical area. Moreover, the commonly used silica precursor like
tetraethoxysilane is more expensive, and hence rice husk ash (RHA) and other waste
sources having silica are used as an alternative. Acid leaching of the rice husk can
carried out to remove soluble elemental impurities and hence it increases the purity of
the silica content. The organic compounds in rice husk and other waste materials can
be decomposed under burning conditions. In recent years, environmental demand and
sustainable development have become increasingly important. It is important to study
and utilize RH biowaste, and convert RHs into valued materials. This is the focus of
this research. This paper article will be methods of synthesis SiO, from rice husk and
its physical-chemical characteristics
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1. Introduction

Rice is the second largest produced cereal in the
world. According to information from the Food and
Agriculture Organization of the United Nations,
world rice production in 2016 was 748.0 million
tons in the global rice market (Fig. 1) [1]. While in
Kazakhstan, according to the information of Ministry
of Agriculture of the Republic of Kazakhstan, the
main regions in the territory of the republic involved
in rice production are: Kyzylorda Region (784
thousand ha), Almaty Region (11,1 thousand ha) and
Turkestan Region (3 thousand ha) [2-3]. Rice growing
in Kazakhstan is developed mainly in the land areas
of the lower reaches of the Syrdarya River, in the
territory of the Kyzylorda Region.

Inmost varieties rice is composed by approximately
20% of rice husk, which contains a fibrous materials
and silica (from 1 ton of paddy it is possible to produce
220 kg of rice husk).

Major constituents of RH are cellulose,
hemicellulose, lignin, and silica, and a typical
composition of these constituents is tabulated in Table
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1 [4-6]. The inorganic compounds contained within
the rice husk reached about 20% of the dry husk with
silica occupying 15-17% of the total while cellulose
and lignin which are the main organic components
take more than 75% of the total dry weight of the
husk while the remaining percentage as oils, proteins,
etc. The percentage composition varies with soil type,
climatic conditions, crop type, plantation year and
fertilizers.

Recycling of Rice Husk

Depending on the combustion process, the
RHA can contain silica in an amorphous form.
The amorphous form of silica is obtained from the
RHA obtained by burning rice husks at controlled
temperatures below 700 °C. The transformation of
this amorphous state into a crystalline state occurs if
the ash is exposed to high temperatures above 850 °C
[7]. While crystalline silica is used in ceramics [8] and
in the cement industry [9], amorphous silica has even
more applications [10]. Therefore, this residue can be
considered as a new economically advantageous raw
material for the production of silica [11].
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Rice husk ash, obtained by burning rice husks, can
contain more than 90% of silica and an amount of
metallic impurities. Metallic impurities such as iron
(Fe), manganese (Mn), calcium (Ca), sodium (Na),
potassium (K) and magnesium (Mg), which affect
the purity and color of silica, can be eliminated by
pre-treatment with hydrochloric acid, sulfuric acid or
nitric acid before burning [12].

India, Pakistan, Bangladesh, Sri Lanka, Australia,
Thailand, Indonesia, and USA were pioneers in the
recycling of rice husk during 1970-1985, which were
supported by government and other organizations.
Unique characteristics of rice husk in comparison
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with other agricultural residues, such as high silica
contents (87-97 wt% Si0,), high porosity, lightweight
and very high external surface area make it a valuable
material for industrial applications.

Rice husk during combustion gives ash, which
contains a very high percentage of crystalline
silica. Nevertheless, if it is burned under controlled
conditions is obtained amorphous silica, which has a
high reactivity.

The heat, generated by burning rice husk, eventually
converted into mechanical energy for grinding the
ash. RHA during mixing with Portland cement
produces high-strength concrete. The conducted
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Fig. 1. Rice monitoring of the world market [1].

Extraction of Silica from Rice Husk
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Fig. 2. Different methods for producing different structural silica from RH. Adapted from [13].
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Table 1
Typical composition of rice husk [4-6]
Composition Percentage
Cellulose 25-35
Hemicellulose 18-21
Lignin 26-31
Silica 15-17
Soluble 2-5
Moisture content 5-10

studies indicate the possibility of converting RH into
amorphous silica with high reactivity, which can be
applied in high-strength concrete. Chouhan et al.
reported that the temperature of complete combustion
of the rice husk affects the compression strength of
the lime-RHA solution [14]. In addition, here the
main role is played by the reactivity of silica. Thus,
the quality of the RHA depends on various factors,
such as the temperature of complete combustion,
the time, the heating rate, the type of oven/kiln, etc.
However, the efficiency of combustion, the optimal
use of energy is extremely important for determining
the economic benefits of the entire process, which
requires careful study.

Chen et al. used fluidized bed combustion (bed
material: quartz sand) to produce amorphous silica
whose purity level does not exceed 94.8% and,
therefore, this method is not suitable for the production
of many value-added products [15]. The method of
using 1M NaOH was used by Kalapathy et al. to
obtain silica from rice husk ash with a purity of more
than 97%, in order to create a silicate heat-insulating
material [16]. Later, in 2011, Ma et al. was proposed
a recyclable technology for the production of silica
powder using rice husks and ammonium fluoride. The
purity of the final dioxide reached up to 94.6% [17].
Liou et al. obtained amorphous nanostructured silica
powders with an average particle size of 60 nm and
a high specific surface area by using nonisothermal
decomposition of rice husk at temperatures between
27-727 °C by using different burning rates [18].
Yalcin et al. demonstrated that the homogeneous
particle size distribution of nano-sized silica can be
obtained by burning pre-treated rice husks at 600-800
°C in an atmosphere of pure oxygen [19]. However,
by analyzing these methods, it can be concluded that
methods that are capable to obtaining high purity
nano-silica are chemical based on hazardous and
environmentally hazardous products, and can be
expensive, requiring additional precautions.

Sodium silicate is used as a source of silicon in
the industrial production of silica. However, sodium
silicates obtained by melting quartz sand and sodium
carbonate at 1300 °C require not only a large amount
of energy but also further purification (Affandi et

al., 2009 [20]). In addition, this can be the cause of
widespread environmental pollution. Alternative
solution of this problem can be the low-temperature
extraction of amorphous silica from plant biomass,
which makes it possible to produce a high-quality,
environmentally friendly and economical product
(Liou et al., 2011 [21]).

Ghorbani et al., 2013 showed that 600 °C is the
optimum temperature for the production of amorphous
silica [22]. Nevertheless, Rozainee et al. found that
the RHA remains amorphous at calcination at 700 °C
for 6 h [23].

Many researchers used heat treatment of husks
and processing with various chemical reagents (HCI,
H,SO,, HNO;, NaOH, NH,OH, etc.) to produce
amorphous high purity silica from rice husks [24-27]
before and after burning at temperatures from 773
to 1673 K and at different time intervals. Chemical
processing before burning was more beneficial.
Whereas the formation of black particles in the
composition of silica from the untreated husk was
found to be higher than the acid-treated husks. It
has been proved that potassium in the husks causes
this phenomenon, which is largely removed by acid
treatment [25-26].

2. Experimental Part
Extraction of silica nanoparticles

The versatile material RHA has generated great
amount of interest in researchers worldwide.
Researchers have worked on various techniques
for the synthesis of silica nanoparticles using
different templates to control the shape and size
of the particles. However in this present study, a
simple, template free methods such as pre-acid wash
treatment (hydrochloric acid, citric acid) and thermal
treatment was used to prepare silica nanoparticles.
The aim of acid pre-treatment is to improve the
purity of silica product. It proves to be an effective
way in substantially removing most of the metallic
impurities and producing ash silica completely white
in color. The acid treatment also gives a high surface
area for the silica when it is precipitated. In addition,
the quality of producing nanosilica powder depends
on the calcinations or combustions temperature and
duration of calcinations or combustions.

WRHA that predominantly contains silica dissolves
in sodium hydroxide solution after pre-treatment.
Sodium silicate formed is used as precursor for silica
synthesis. The principal reaction are described as
follows:

2NaOH + S102 — NaQSin, + Hzo
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Nazsi03 +2HCl — stIOj,,L + 2NaCl
HzSiO3 — S102 + Hzo

Reaction of hydrochloric acid with sodium silicate
promotes a silanol (R;Si—~OH) groups formation and
condensation of which leads to the formation of
extended three-dimensional Si—O-Si network. The
appearance of raw rice husk, white rice husk ash and
extracted silica is shown in Fig. 3.

Methodology of obtaining SiO, by processing of
rice husks

As research objects served the shells of rice (Rice
Husks), selected from different regions of the Republic
of Kazakhstan (Fig. 4). Samples of rice husk with a
length of about 5-10 mm were pre-washed with water
and dried in air.

The samples (Almaty, Kyzylorda and Turkestan

region) of rice husks were previously washed with
water for the purification of the composition from
foreign substances. Then the initial raw materials
were dried in the drying oven at the temperature of
90 °C for 2 h (for complete evaporation of the water
in the composition). All prepared samples (50 g) were
calcinated at 600 °C for 4 h in a muffle furnace (AAF
series, Carbolite (UK)) to produce white rice husk ash
(WRHA). Before to produce white rice husk ash we
had done pre-treatment process. WRHA was mixed
with 100 mL of 2M NaOH at 90 °C under continuous
vigorous stirring for 2 h in order to convert the solid
silica into water-soluble sodium silicate. The sodium
silicate solution was filtered via cellulose membrane
filter (Millipore, 0.45 pm) in order to remove insoluble
residues and carbonizates (black ashes). Then sodium
silicate was converted into insoluble silicic acid via
titration with 2M HCI under continuous stirring for
30 min.

Fig. 3. Appearance of raw rice husk, white rice husk ash and extracted silica from treated rice husk in 2M HCI acid followed

by combustion at 600 °C.

1. Almaty region
(Balkhash)
Rice variety: Regul

2. Kyzylorda region

(Syrdarya)
Rice variety: Lider

3. Turkestan region

(Zhetysay)
Rice variety: 42

Fig. 4. Rice husks from different regions of Kazakhstan (objects of experiments).
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The ash product from combustion water-washed
rice husk was completely white. This enabled the
distinct determination of the rice husk combustion
times, whereby the first formation of completely white
ash signified the complete combustion of rice husk.

Scheme of rice husk conversion into the silica by
thermal treatment is presented in Fig. 5.

3. Results and discussion

It was used two different reagents (hydrochloric
acid and citric acid) in the pre-treatment process for
washing RH. Silica from pre-treated RH is extracted
using 100 mL of 2M NaOH. It was found that the
yield of silica is strongly dependent on the type of
acid used for washing and concentration of NaOH.
The results are shown in the Table 2 and Figs. 6 and 7.

Rice husks

Filtration

Solution of
Na,Sio,

‘ Solubilization of silica
with NaOH at 90 °C for 2
‘ hours

Sedimentation
with HCI .
H,SiO, =
30 min Drying

The yield of silica from the rice husks and its purity
also depend on the production method. The highest
yield of final pure product (17.4%) is formed by
preliminary acid treatment of RH from Almaty region.
The silica content varies in the range of ~90.1-99.5%
depending on the purity of used reagent for washing
(acid and its composition).

The dependence of the volume of hydrochloric acid
on the pH of solution used for the preliminary washing
of RH demonstrates that in the neutral medium (pH =
7) yield of the final product is significantly larger (Fig.
8, Table 3).

As shown by the experiment, from 50 g of rice
husks it is possible to obtain 8.71 g of white rice ash,
6 g of pure silicon oxide (purity ~90.1-99.5%), which
means that from 1 t of the rice husks it is possible to
obtain 120 kg of silicon oxide and from the remains
of rice husks in Kazakhstan, approximately in a year
8000 tons of silicon dioxide.

Calcination at 600 °C for 4 hours in a muffle

furnace

White rice husk ash

— Washing | Sio,

Fig. 5. Scheme of the silicon oxide production from the raw rice husk by thermal treatment.
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Fig. 6. Percent yield of the white rice husk (WRH) and rice husk silica (RHS) extracted from the rice husk (RH) of different

region of Kazakhstan by hydrochloric acid treatment.
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Yield of WRH, Silica from RHs (Almaty region, Kyzylorda region and Turkestan region) during pre-treatment
with hydrochloric acid

Sample Yield, wt%
RH 1 RH?2 RH 3
WRH 19 16 17
Si0, 17.4 11.5 11
Raw RH 100 100 100
20
18
. 16
S 14
% 2 uWRH
E 10 mSi02
(=}
= 8
=
~ 6
4
2
0
Rice husk 1 Rice husk 2 Rice husk 3
Types of rice husk

Fig. 7. Percent yield of the white rice husk (WRH) and rice husk silica (RHS) extracted from the rice husk (RH) of different
region of Kazakhstan by hydrochloric acid treatment.
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Fig. 8. Influence of volume of HCI on the pH of RH washing.

Influence of PH & volume of HCI on the yield of obtained final product

PH of solution RH 1 RH 2 RH 3
1 11.4 11 11.28
2 11.37 11.11 11.04
3 10.67 10.02 9.12
4 9.29 9.24 8.78
5 8.87 8 6.68
6 6.4 - -
7 11.47 11.75 11.47
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Conclusion

In this paper considers the production of SiO, from
rice husks, which selected from different regions of
the Republic of Kazakhstan.

The experimental data indicate the dependence of
the characteristics of the silicon-containing samples
extracted from the rice husks on the processing
conditions of the raw materials: the size of the formed
particles, their shape, percentage of silica in rice husk,
influence of volume of HCI on the pH of RH washing.
Proposed approach not only assess the feasibility
of turning agricultural byproduct in to a valuable
resource but also will solve the problem of its disposal
in the environment, which otherwise results in water,
air and soil pollution.
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Kypimn kaybi3biHaH eHaipinren SiO, cuHTe3xey
dicTepin Oarasay ;KoHe OHBIH Heri3ri ¢guukKa-xu-
MHSJIBIK CHIIATTAMAJIAPBI

K. Ackapyier?, XK. Caprosa’, C. Azar'?, M. Eneyos!?,
A. TaybipOekoB'-

DKany mpobGiemanapsl HHCTHTYThI, borenOaii 0aTbIp
172, Anmatsel, Kazakcran

’Satbayev University, Anmatsl, Kazakcran

Son-®apabu ateiHmarsl Kazak YNTTBIK YHHBEPCHTETI,
on-dapabu ganrputbl 71, Anvatel, Kazakcran

AHgaTna

KpemHe3eMHIH Kypill Kaybl3bIHaH OHAIPY 3€pT-
TeyJep/IiH 3aMaHayH CaJIAChIHBIH KaHa YPJici OOJIbII
tabbitanel. Kypim kaysi3eiasiH (KK) xerm memmepi
KaJJBIK PETIHAE KapacTbIpbLIa/bl JKOHE IOJUTOHIA
skonblIaael. COHBIMEH Karap, OyJl KaJABIKTap KOp-
[IaraH OPTaHbIH JIaCTaHybIHA albIll KEJETiH OpPTTiH

ke31 0omysl ga MymKiH. [llanHan maima 6071aTeIH ay-
aHbIH OeJIlIeKTepl aJaMHBIH aF3acblHIA THIHBIC ally
OpraHAapbIHbIH AaCKbIHFAH aypyJapblH KO3ABIPYHI
MYMKiH. Kypimr Kaye3biH epTey reorpadusuiblk ai-
Marbl, KJIMMATbI, KYPilll CYpPBIIbI, TIel TYpi MEH epTey
nraprrapbina Oaiinanpictel 10-Han 20% aelin kemip-
TEeK TICH OpTaHWKaJIBIK KOMIOHEHTTepMeH Si0, Kelr
MOJIIIepiHeH TYPAThIH KYPIIl KaybI3BIHBIH KYJiHIH
naiia OoirysiHa okeneni. bynan Gernek, KpeMHUI 1u-
OKCH[IHIH 9/IeTTE€ KOJIJAHBUIATHIH TETPa3TOKCUCHIIAH
CEeKUII HeTi31H KypayIbl KbIMOAThIpaK OOJIBIT Kele i,
COH/IBIKTaH KPEMHHH JHOKCHIHEH TYpPAaThIH Kypill
KaybI3eIHBIH KyIi (KKK) sxoHe 6acka KanIbIK Ke3aepi
Oamamanbl TaHmay peTiHxe KoiMAaHputansl. Kypim
KaybI3bIH KBIIIKBUIABIK MIaliManay €puUTiH 3JIEMEHTTI
KOCTIaapIblH JKOMBUTYbIHA aJiblll KeJleli, KOHE Col-
KeciHIe OyJ1 KpeMHE3eMHIH Ta3aJIbIFbIH JKOFaphliaTa-
nbl. Kypimn kaybI3el MeH 0acka KaJJIbIKTapAarsl opra-
HUKAIIBIK KOCBUIBICTAP JKaHY >KaFJalbIHIa BIABIPAYHI
MYMKiH. COHFBI JKbIJ11aPbl 3KOJIOTUSUIBIK CYPAHBIC I1€H
TYPaKThl AaMyAbIH MAaHBI3IBUIBIFEl apThI KeIemi.
KK-Ha KaThICThI OMOKAJIIBIKTAp/bl 3¢PTTEY MEH Maid-
JaJiaHy JKoHE OJIapAbl KYHJIbI MaTepuajiapra aiiHan-
IBIPY MaHbI31bl. By 3epTTeyiiH Heri3ri OarbIThl 060-
neint TabbIaab1. Kenripinren makanaga KK-nan SiO,
CUHTE3JIey SJiCTepl KOHE OHBIH (DH3UKA-XHUMHUSIIBIK
cuUnarTaManapbl KapacTbIpblLIaabl.

Tytinoi ce3dep: Kypiml KaybI3bl, KpemHe3eM, SiO,,
KYPII KaybI3bIHBIH KYJIi, KAJIABIKTAP

Ouenka metonoB cunte3a SiO,, MOJY4eHHOr0 H3
PHCOBOIi 1IeTyXHU, H €er0 OCHOBHBIEe (PM3MKO-XHMMH-
YyecKHe XapaKTepuCTHKHU

K. Ackapyisr?, JK. Caprosa’, C. Azar'?, M. Eneyos!?,
A. TaybipOekoB'?

'MuctutyT npobiem ropenus, borenbaii bareipa 172,
Anmartsl, Kazaxcran

2Satbayev University, CatnaeBa 22a, Anmarsl, Kazax-
CTaH

SKasHY um. anp-®apabu 71, Anmarsl, Kazaxcran

AHHOTANUA

W3Bneuenne KpemMHE3eMa W3 PHUCOBOM IICIYyXH
SIBJISICTCSI HOBOM TCHJICHIIMEH B COBPEMEHHOM 00Ima-
CTU HCClieIoBaHUM. boibllioe KoJIM4ecTBO PHUCOBOM
menyxu (PII) paccmarpuBaeTcs Kak OTXOJbI U YTH-
JU3UPYETCS HA MOJUTOHE. DTH OTXOJbI TaKXKE MOTYT
CTaTh IMPUYUHON I0KApa, KOTOPBIM MOXKET IIPUBECTU
K CEpPbE3HOMY 3arpsi3HEHUIO OKPYXKAKOIIEH Cpenpl.
YacTursl Bo3myxa, 00pa3yromuecss U3 MbUTH, MOTYT
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BBI3BIBATH PECIMPATOPHBIE 3a00JEBaHUS y JIOICH.
CxuraHve pHUCOBOHM IIENyXW TPUBOAUT K 00pazo-
BaHUIO 30Jibl pucoBoil wenyxu (3PLL) ¢ Gonpuimm
cogepxkanueM SiO, ¢ yIJIEpOJOM M OPraHUYECKUMH
koMroHeHTamu oT 10 1o 20% B 3aBUCUMOCTH OT yC-
JIOBMH C)KMTAHWs, TUIA TIeYd, CopTa puca, KIumara u
reorpadudeckoro paiona. Kpome toro, oObaHO Hc-
MOJIE3YEMBIH TIPEIIECTBEHHUK JUOKCUIAa KPEMHUS,
TaKO! KaKk TeTPadTOKCHCHIIAH, SBJseTCS Ooiee J0po-
THM, |, CIIEIOBATEIIBHO, 30712 pucoBoii memyxu (3PIII)
U IpyTue HCTOYHUKHU OTXOIOB, COJepKaIlne TUOKCHU
KPEMHHUSI, MCIONb3YIOTCS B KaYeCTBE aJIbTEPHATUBBI.
KucnorHoe BbllII€IauMBaHUE PUCOBOM LIEIYXH MO-
JKET OBITh TPOBENEHO IS YJAJIeHUS PacTBOPHMBIX

9JIEMEHTHBIX TIPUMECEH, W, CIEIOBATEILHO, 3TO TIO-
BBIIIAET YUCTOTY COJEpKaHud KpeMHezema. Opra-
HUYECKHUE COCAMHEHUSI B PUCOBOM ILIEIyXEe U APYrHX
0TXO0JaX MOTYT pa3jiaratbcs B YCIOBUSIX TOpeHus. B
MOCJEHNE TOJIbl YKOJIOTUYECKUN CIPOC U yCTONUM-
BOC Pa3BUTHE CTAHOBITCS BCe Oojee BaKHBIM. BaskHO
n3y4yaTh W HWCIOJIB30BaTh OMOOTXOABI B OTHOIICHUU
PII u mpeoOpa3oBeIBaTh WX B IIEHHBIC MaTEPHAIIBI.
DTO OCHOBHOE HANpPAaBIICHHUE 3TOr0 HccieqoBaHus. B
JTAHHOH CTaThe OYyAyT PacCCMOTPEHBI METOJIbI CHHTE32
SiO, U3 puCcOBOI LIETYXH U €€ PU3HUKO-XUMHUYECKHE
XapaKTEPUCTUKH.

Knouesvie crosa: pucoBas meiyxa, kpemaeseM, Si0O,,
30J1a PUCOBOH LIETYXHU, OTXOJIbI



