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Abstract

Prospecting sustainable resources will be considerable 1o genemte silica materials which are
extensively used for various commercial applications. Accumnulated amorphous silica called as
phytodith is found in crop residues which are removed during harvesting process.  Henee, 1t
will be beneficial to understand the potent of various kinds of crop residues as silica source
regarding their global generation, yield of generation, and enhancement by silicon fermilizer, OF
e mamy crop residues discussed in this study, sugarcane leaves are the maost prospecting silica
source baving high value of considered parsmeters, ariu:ms synthesis methods are
continucusly developed with an expectation o achieve nable properties of silica particles
with high processing efficiency, The applications of silica particles derived Trom crop residues
arc varied depending on their umique charactenistics related (o textuml and morphological
propertics. In addition, the developments of 1'1::1 materials from crop residucs deal with
several challenges on silica depletion of croplands, segregation approach of valuable
components from crop residues, end high utilization of high energy and chemical reagents.
Utilizng industrial wasies containing silica can be promoted as 51 fertilizer to heal up silica
depletion in croplands. Integrated approach by applying low energy and less chemical methods
can bhe conducted to recover energy, lignocellulosic materials, carbonaceous materials, and

siliceois material from crop residues, simultangously,
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1. lmtroduction

Rapid growth of global population promotes the sustainable production of crop plants to
fulfil global food demand [1]. Surely, the generation of residues afier harvesting process waill
be proportional with the productivity of crop plants. High abundant of those crop residues must
be handied by applying compatible technological process to recover their valuable components.
Many technologies have been employed to utilize organic components of crop residues which
can generate renewsble energies [2-11], carbonaceows materials [12-21], and lgnocellulosic
miterials [22-31]. However, it will be more advantageous to acoomplish those utilization by
recovering inorganie matters in ash residues which are mainly consisted of silica.

Silica s well known as o precursor (o0 many applications such as catalysts [32-36],
electronic coating [37-41]. ceramics [42-d6]. concrete [47-31], chromatography [32-36].
anficorrosion agent [57-60], and optic materials [61-65], The employment of high purity silica
in industrial application will be costly due to the high operating ternperature [66, 67]. Thus, the
synthesis of silica from crop residues will be & good option to reduce processing cost and
counter sustaingbility challenges. Due o high requirement of silica particle for industral
applicanion including high purity and controllehie textural properties. those residues must be
subyjected o an appropriate technological process for obtamming targeted silica product.

The extraction method of silica are relied on thermal [66. 685-84], physical [85-87],
chemical [67, 68, 71, 76, 79 38-98], vr even biclogical process [84, 99 100] w obtain silica
from ¢rop residues, Tyvpical compositions of inergamic fractions in crop residues reguire
specific technological method w obiain silica particles. Moreover, those methads will
determine physical, morphological, and textural properties of the synthesized particles.
Therefore, it will be beneficial o classify various methods of silica extraction based on their

comceplion and the advancement roward green and high energy efficiency of processes




Vanous silica material can be generated from crop residues such as amorphous silica
powder [67, 68, 75, 78, 81, K2, 89 101-107], silica nanoparticles [79, 92, 93_ 96, | (0K-110],
silica xerogel [90, 111}, silica acrogel [$8, 112-114], mesoporous silica [115-117]. and
microsphere silica [118-121]. Siliceous matenals-based crop residues are widely applied on
pollutants remaval by absorption and sdsorption, drug delivery in biomedical application,
cement and ceramic based materials, catalyst for many transformation processes, and filler in
composite’'membrane fabrication. The expansion of application for these silica materials is
certainly reguired e achieve sustainability in the future, Therefore, a depth analysis can be
considered o specify various constraints and epportunities o develop a sustainable silica
recovery from crop residues,

This study aims 1o explore the crop residues which have high potential as silica source,
sumimarize recent technological process for recovering and generating dervative silica producr,
and specify the silica application from crop residues based on their textural properties. In
addition, challenges and future recommendations for developing silica materials from crop

residues are discussed.

2. The advantageons factors of crop residues as silica precursors

20 Sifica ax a meajor inorganic consiivent i crop residue

Silica has received high attention for agriculiural practices duwe o their beneficial
impagts for improving the vields and qualmies of a large group of crops, Those benelicial
impacts are steongly associated with the silica accumulation bebavior which diffeced by
plant species. Agricultural plants classifed as monceotyledons such as rice (Oviza sanivr),
wheat {Triticem aestivinm), mvegrass (Loftum prerenne), maize {(Zea mavs), bacley
{ Hordlemm velgare), banana { Musa sp. ) and some cyperacecus plants were believed o take

up and deposit more silica through active transport [122], Active transport 15 tended 1o




allow more transmembrane movement of =ilica due to the presence of 51 transporter
proteins such as poly-Z-viny pymdine- 1 -oxide located at the plasma membrane. Figure 1
tHustrate the uptake mechamsm of silica and their impact toward agriculiural plants. Silica
served as insnluble crystaliine aluminosilicates in soil which could not be mken up by root
plants [ 122]. Nevertheless, this primary silicate mineral could be weathered and desilicated
o Iiberate dissolved silicon in the form of silicie acid. Silicic acid was taken up from the
external solution and releazed imo the apoplast of aevenchyma, and then transported into
the stele [123]. It was then translocated 1o the shoot by transpiration stream through the
sylem. Due o large portion of less water, silicie acid was further concentrated and then
polymerized imo amorphous phase of silica without any energy a1 higher than 2 mal L
of concentration [ 23], Proporfions and lacations of amorphous silica varied with plant
species and age of plants, In some cases, amorphous silica could be found in epidermis of
lzaves, seeds and frust of trees and herbs and the tissues of leaf blades and infloreseence
bracts i grass plams [124]. Mature plants were belioved to own largest portion of
deposited amorphous silica due 1o irreversible process of silica deposition in older cell

walls,

Figure 1. Accumulation of silica and their impoct on agricultural plants, sdapted from Luyeks et
al, [125] ond Khon et al, [ 126],




Durning harvesting process, crop residues in form of husk/hull, straw/stalk, leaf, and
hagasse sne removed from croplands. To determine the silica content of those residues, the
proximate analysis and chemical composition of esh can be considered. 1n this study. 21
crop residues from 13 agrcultural plants have been discussed. As shown in Figure 2, crop
residues generally possess 60-86 wi% of volatile matter, $-31 wt.% of fixed carbon, and
2-24 wir.% ofash [66, 63-70, 74, T6-T9, 83, 127-138]. Rice husk, nce straw, and sugarcanc
leaf are op three sn term of ash content, which are reasomably producing more zilica

particle.
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Fhgare 2. Proximate analysis of various crop residues,

Silica exsts on ash residues of agricultural plants, sccompanied by vanous oxide
fiorms of metal and alkali such as Ak, FexOn, Mn0. Znid, Culd, S, Tice, KO, Cal,
MgCr, NaO, ete. [74, 77, 79, 130, 132, 135-151]. As shown in Figare 3, crop residues
frodan monocots such as barley, com, cat, rice, sorghium, and wheat tend to comprize high

concentration of silice ramging up o 94 wi % due o their active silica uptake. Meanwhile,




for some dicots classified as intermediate Si-accumulating plants such as groundnut,
mustand, and mmpeseed, lower silica content up to 50 wit.% can be obtained from their
residues with higher concentration of metal alkal impunties. In addition, silica will be
more concentrated on pericarp cells rather than stem cells, since the beneficial impact of
sifica on providing & physical defense by creating morne firmseff structure on seeds, grain,
beans, or kernel. Thus, silica content is even doubled in husks of barley. cat. sorghum. and

wheat compared with their straws oF stalks,
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Fhpure 3. Ternary phase diagram of the content of silica, meal, and alkabi in various wpes of crop

reaidues.

2.2 Classified prospect crop residies as silfoa source

Determining the prospect silica precursors can be camed out by considering both of
yield and productivity of silica which can be derived from crop residues as seen in Table
1. The productivity wall be associated with exiractable silica and harvested arca whereas

silica vield of each crop residue is determined by considering residue rane and silica ratic




Tahle 1. Gilobal generation and yield of extractable silica from several crop residues
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As shown in Table 1, rice straw and rice husk possess the highest silica yield as much
as Th g silicakg crop and 40 g silica'kg crop, respectively. By comsidering those values
and the global production of rice, it can be obtained the value of extractable silica for rice
amraw and rice husk in thie range of H0.000-55, (800 million kilograms per year. Although
sugarcane leal has lower silica vield than rice straw and rice husk. high productivity of
sugarcane can promoe adequate extractzble silica a1 approximately 37,000 millien
kilograms per year. Once the harvested area is considerad. sugarcane leaf will be the hest
agriculiural residue for generating silica with 1411 Kilogeam per bectare, Tollowed by rice

straw, sugarcane lagasse, oil palin busk, and rice husk, The other crop residues onginsted




from barley, coconut, com, cat, rapeseed. sorghum, and wheat have relatively lower silica
yield. Figure 4 presents data plotting of yield and productivity to classify the prospect of
warious types of crop residucs as silica source. Rice straw, rice husk, sugarcane leaf, and
oil palm husk are sdentified as Class | of crop ressdues with high prospect for silica
recovery. Class [ with imtermedinte priovity of silica recovery encompasses mustard stalk,
wheat straw, wheat husk, barley husk, oat husk, corn stalk and coconut husk. Crop residucs
with low productivity and sifica vield are grouped inte Class 111, including groundnu shefl,
sorghum husk, rapeseed husk, barley straw, sorghum bagasse, at siraw, mustard busk,

coconul husk, and corn cob,
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Firure 4. Prospecting crop residues based on their sihica vield and globel sihica productivity {data

plottmg from Tobkle 1)

2.3, Effects of silicon feriilizer
Silicon was known as a beneficial plant mutrient which served a protective system
from biotic (pests and diseases) and abiotic stresses. The tolerance against pests and

disgases could be available due e the interaction between the host and the pathogen




associated with the presence of =ilicon along with a certain defensive response of plants.
Silicon deposition in plants also improved the abrasiveness of the plant tissues which could
prevent herbivores and arthropods digesting the plant bodies nch i silicon [165]. Abiotic
stress resistance could be detined as an ability being resistance for unexpected conditions
mainly due to extreme climate changes. It was provided by mechanical and/or physical
protection of deposited silica or biochemical response with ditferent metsbolic pathwiy.
The adeguate amount of silics could alzo improve water balance, plant growth and yield,

raies of photosynthesis, reproduction and reduce grain chaffness [124],
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Fignre 5. Enhancement of crop residues peneration by field ferilization of blnst fumace skag and
peetassiwm silecate [122]

The productivity of crop plants is strived tor providing global food security. Because
of that, it i insufficient to only rely on the naure of plant growth for producing food
commodity. Instead of additional macronutrients for plant growth, silicate femilizer can
alse be applied to boost-up the productivity of many agrcoltural plants, Once the

productivity of agricultueal plants increases, the generaton of residues also rises-up by




meens enhancing extractable sifica enhancement. Figure 5 ines to illustmte the effect of
two Si fertilizer on different crop plants. Enhancement of crop production quantity is
ranged from 6 o L4%, 10 to 5054 for blast fumace slag and potassium silicate, respectively.
These positive response 15 related to the fact that manmy crop plants such as rice, wheat, and
sugarcance ¢lassified as highly Si-responsive plant with large demand of 51 [122]. As
generation of extractable silica is assumed as much as the crop plants production, it will
be conziderable to obtain larger amount of silica from crop residues, For instance, Sun et
al, [ 166] reporied that application of silicon fertilizer with maximum dosage in the silicon-
enriched soil increased the eice phytolith content by 32.83% in the stem, 27.01% in the

sheath and 32.06% in the leaf

3. Preparation methods for silica particles devived from crop residues

The development of technological process for extracting silica from crop residues can be
classificd mto three levels regardmg therr conception and advancement as shown in Figure 6.
The modest concept of silica recovery from crop residues should be obtaining high punty of
amorphous particles by combining acid pre-treatment with thermal process. Acid pre-treatment
will remove the metal alkall wmpuntics whereas organic frections will be decomposed by
thermal treatment. The next levels of technologics are focusing on tailoring particle size,
morphological, and texiural properies of silica particles derived from crop residues. Those
invalve sol gel method, hydrothermalsolvorthermal, sonochemical method, and bio-digestion.
The latest technologies will be existed 1o answer the challenges for employing high energy
efficiency and environmental-friendly method o produce silica. In this case, laser ablation and
microwave sinfering are emploved as efficient heat source o decompose organic compounds

and control textural and morphological properties of silica particles,
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Figure 6. Advanecment on technolegical methods of silica extraction from crop residues.

A0 orbwaining high purity of amorphonus sifica

100, Removing organic sulstences of crop residues

The destruction of combiusnble portion in crop residues via thermal process will be
the simplest method to obiain silica. Numercus studies applied incineration, gasilication,
pyvrelysis, or even modest combustion to generate amorphous silica froam crop residues, In
this method, aperating temperature will be major factor to generate targeted silica particle.
Many studics employed thermal process in temperature ranges of 5O0-900°C to cenerate
silica rich-ash. Instead of the effort to achieve high energy efficiency, lower operating
temperature is applied to avoid the structural shifting of =ilica from amomphous to
cryatallineg. In some case however, high alkall impurities in ash will react with silica then
fiorm ternary oxides which promote silica crystallization even at lower temperature. For
imstance, crystalline phase of silica was obtained by thermal process at #30°C for 3 hours
[66]. That was because of the high metal alkali impurities up to 80wt % in coconut husk

ash which had high possibility to form temary oxides promoting crstalline structure,




Therefore, thermal method will be more suitable for extracting amorphous silica from crop
residues such as rice husk, rice straw, sugarcane leaf, teff sraw, and wheat straw which

have low content of metal alkali impuritics.

Table 2. Thermal process for silich extraction denved from crop residues

Haw muderial Ml bl Operation Silica purity, Mujor Rel
condition wiL% structmre
Barley haisk Pyrolysis BSOC, 8 hours KA. A hisis [
Cocomut husk Combasion  G50°C, 3 hours 165 Crystalline [t
Cam cob Cambustiiin G507, 2 hours 14,30 Amuorphiss 179
Corn stalk Pyrialy=iz B2 LR . 74
Ul stmw Combuste L350°C 3.0 . %3]
Rice husk Combustoon 6507, 3 hors C Amorphous [&0]
Rice ek Combustiin B00°C, 2 hoars bsT Amorphius {72]
Rice husk Combustoon < &30°0 148 Amorphions [L14]
Rice sk Combustion < TR B8 Amorphins 152}
Rice husk Combustean BKIPC, 2 hearrs 7230 Amorphous 1751
Rice husk Combustion BHFC, o hours G560 Amuorphiss 169}
Rice straw Combasion  300°C, 8 hoars T2 Amorphis [&4]
Sarghum bagasse Combastion 8007 4 b Apnoaphiois [76]
Sarghum sk Combastion  B005C TE 9 - "7
Saijrancane b Pyruslysis LML, & s 5300 - &)
Sagancane leal Combastion 65050 g, 14 - [127
Teff straw Combagtion  ®HC, 2 heurs .81 Amorphoe 7]
Wl strany Combastion 300, 8 hoars LRI Arnorphiis 3]

F 1.2 Remondng metal alkali fvparitios

Since the existence of numerpus meial alkali impunies in ash of crop ressdues
dunng extraction process, many studies tried to modity thermal process by employing acid
or alkall pre-treatment to enhance the obtamed sillica concentration. Hydrolysis and
chelation are two common mechanisms which can be employed in this acid treatment.
Hydrolysis is frequently applied by utilizing concentrated acid [66, 69, Ti, 72, 73, 78, 110,
120, 167] or alkali [6&] 10 remove metal and alkali impuritics m ash. On other hand,
chelation can eliminate metal alkali impunties by relying on the ahility of carboxylic

groups in milder acid [69, 104, [68] to chelate metal and alkali ion dissolved in sedution,




Hydrolysis reaction

2Ks + ZHC Ligy = 2K gy + Ha
2Ny + 2HC gy =2 INaCl s + Hagy
203000 + THChags = 2CaC s + Has
IMiiq + ZTHC Yy =2 2MeCliug + Ha
20 + IHChay 2 280 g + Hags
Fejoy + 2ZHC g =2* FeClyuy + Hag,

2Ry * Hr S5O0 =2 KaS0h + Hag
M + HeS 0y = MaaS 0wy + Ha
I + HaS0uug 2 CasSOuag + Haggs
Mg + HiS0uug ¥ MEzS0uag + Haig)
2+ HaSOurag = E25 gy + Hagy
Frpy+ HaS 0 = FeSOgp+ Hayg

Chelation reaction

2K+ 20aHa 05 = 2B CH Dy + Hy il
2Mags = 20 HE g = 2NaCuHO 5 g + g
2Cas + 2CiHsDnaqy 2 ICACH D 70q) + Hagy
M+ 2CeHa0mnay = IMeCeHOmag + Hayg
2+ IC’,.HHUT...‘. > li-int'..H{}r..,,. + Haay
Feysy + 204H0 4101 2 FeCaHaDaag + Hag

Figure 7 shows the highest silica purity and metal alkali removal efficiency which
can be achieved by acid/alkali pre-treatment. The purity of silica particles derived from
crop residues are mnged from 88% up to nearly [00% [66, 69, 70, T2, 78, 167, 165
whereas the metal removal efficiencies are in the range of 70-%6%. Higher concentration
of aeid and Ionger reaction time will be preferable to extract silica from crop residues with
relatively low silica content such a5 barley straw, coconut hiisk, and wheat straw [66, TO,
73] 1o will be beneficial o strongly reduce the bigher metal alkali content in those crop

residues.
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Figure 7. Silica purity and removal efficiency of metal afkali impurities obtained by acid pre-

Ireatmedl

Chelation reactions by using citric acid also exhibit relatively high removal
efficiency for metal and alkali impunties, especially for crop residues with high silica
content like rice husk. Umeda and Kondoh [ 168] obtained %9.77% of punty of silica and
removal efficiency of metal alkali impunties up to 92% by chelation process using 5 wi.%
of citric acid at 80°C for 3 hours. On other hand, Azat et al. [6%] applied facile chelation
method by dry mixing of rice husk with 10 wi.% citric acid to obtain 9867 of silica purity

with 91.51% of metal alkali removal efficicncy.

1.2 Taifoving textural propertics of nono-sized silica pariicle derived feam crope residpes
321 Hvdrothermoalsolvothermal

Silica nanoparticles with wnable texmiral properties can be generated from crop
residues by using hydrothermal [LOE, 109, 120, 169, | 70] and solvothermal progess [102,

[ 7] In general, solvothermal must be identical with hydrothermal, except that organic




solvents instead of water are employed to camy out reaction. These methods are being shle
to speed up reaction among the reactants which is hydrolysis between reaction media and
metal alkali impuniies n crop residues. Moreover, self-assembly of nanomatenals in the
solution wall also be obtained as further stage in these methods [172]. As seenin Table 3,
hydrothermal process is ecarmed out by emploving organic acids such as citric acid, acetic
acid, phosphoric acid, or hydrochione acid to react with crop residues in a Teflon-lined
autoclave under [20-1307°C of temperature and 0L01-001 MPa of pressure. Meanwhile,
solvidhermal used absolute ethanod as reaction media 1o synthesize silica at F80=199°C of
temperatuee and 0.1 MPa of peessure, By increasing temperatufe and pressure 10 its eritical
point, expected substaness can be completely dissolved in the solvems [ 173]. In the final
stage, the treated crop resadues are dried and caloined at set temperature w relesse water

and salvents and remove organic compounds.,

Table 3. Hydrothermal process on silica extraction

Feaw material Frocess condition Final proghuct Rl
Rice husk CallsCx 10%, 150°C, 0.01 MPa,  Zibica manoparincles 11649
I {249-250 n)
Rice huesk CHyCOET 10 15070, 0.0 Eilica manopanncles 1169
WPa, 3 {274-293 nm)
Rice hisk (L2 M HaPOh 150, 0000 MPa,  Silics nonopanticles [ 154
B (239-247 nm)
Rice husk 1 HCT B207C, €01 MPa, 2 h Silica nonopanicles |1,
{ 10300 ey 1]
Rice hisk Ethnmal FROEC, €11 MPa, 24 Arnorphais silica (R
1] g of specific surface arei
Rice husk Ethamal [90°C, (L1 MPa 1t h Parcas silica 1171
Sarghem busk 12090, 00F MPa. 2k Amprphoes sthea |12

(spherczl, saddbe, and dumbbell
shagp)




122 Sof gel method

S0l gel method has been widely applied to generate silica pamicle from crop
residucs as scenm in Table 4. 1t can be camed out through hydrolysis and
polyeondensation toobtan sol/gel form of sitlica [ 174], Fresh crop residues are otten pre-
treated by using thermal [67, 71, 749, B8, 849, 95, 96|, acadralkali treatment [¥1, 175). ar
combination of scid treatment and calcination [69, Th, 90, $2-94 97, G&, 107, [76, 177)
1o eliminate unexpected impurnities before subjected inm 2ol gel method, Once the pre-

treated crop residue is obtamed, sol gel process may begin as following reactions:

MadH + & = Ma:5ihy

KOH + 5i0: = Ka5i0: in
IMaz&ith + 2H:Mk 2 35102 + INaPOs + 3H20

NazSi0h = H:500y = Si0: + Na:S0y + Ha0

MarSith + 2HCL = 510 + ZNalCl + Ha0 2]

Firstly, silica powder is subjected inte alkali oxide solution like NaOH [67, 69, 71, Ta,
T4, BE, D0-ta, 98, 175-177] or KOH [B9, 107] to obtain transparent silicate solution. Then,
concentrated acid such as HiPOs [175, 177], HeS50k [91.92, 94, 95], or HCL [67, 6%, 71,
Th, 79, BR-90, 96-98, 107, 174] is added dropwise o begin the hydrolysis process, Those
acids cowse the formation dnd condensation of =Si-0H which can form ditmers dimimers
of trimers followed by their growth into pamicles [175]. Formation of silica particle is
frequentdy assisted by aging process al room temperatune for & set time [67, T T, 79
R, 92 04 107, 177]. In the final stage, the sol/gel is dried and ground o obtain silica

powider,




% Hllca aerogel

Figure #. Schematie process of silica synthesis vea sol gel method denved from crop residues.

As seen im Table 4, sol gel method successfully generates amorphous silica
nanoparticle, silica xerogel, and silica zeroge! from vanous crop residucs. The key tactors
for those silica properties involve pH value, aging time, aging temperature, and
dispersing agent [175, 178]. The pH value will be responsible to promote particle growth
and formation of spherical shape. Many studies used pH value at the range of 7-9 to
ensure silica parficle formation (zee Table 4). Zulfikar et al. [173] reparted that silica
suspension becomes very dilute at pH lower than 7 while agglomeeation of silica particle
will be carned out at pH larger than 9, Instead of pH adjustment, aging nms and
temperature must be concerned o achieve high stability of colloads which can promote
the formation of nanosized and uniform size distnbation of particles. Le et al, [178] have
proved the effect of aging remperature and time on the stability of silica nanoparticles
with the presence of dispersing agent. As temperature increases from 30°C 10 60°, the
interaction between hydroxyl oroup on silica surfece with dispersing agent will be
increase which leads to generate better uniform distribution. At temperature higher than

BO*C however, adsorbed dispersing agent molecules at hydrosxyl group of silice will be




desorbed, exposing reverse effect on particle size distribution. The incregse of aging time
may affect to narrow particle size distnbution, but it must be noted that the set time st
be able to achieve dissolution equilibrium ensuring better dispersion of silica particle in

the salvents.
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Figure ¥, Textum! properfics of silica xerogel and neropel denved from crop residues

Metopel and aerogel are two state of silica resulting in sol gel method which can be
affected by drving process. Xerogels refier 1o a solid formed by evaporative dryving of gel
with an unhindered shrinkage [I72]. Onee superciitical drving is applied o remave
solvents, that solid called as serogel. In case of silica-based crop residues, a few studies
clearly stated their targeted particle as silica xerogel or aerogel. Guzel Eaya et al. [40]
studicd the synthesis of silica xerogel trom corn stalk ash in ambient pressure drving by
gol gel method, That silica xerogel retain 0048 o cm™ of bulk density, 252 m° o' of
surface area, 0.900 cm® g of pore volume, 4 nm of pore diameter, and 0.040 W m™ K'

of thermal conductivity. Previously, Affandi and co-workers [111] had successtully




synthesized high-purity silica xerogels from sugarcane bagasse ash. The specific surface
area, pore volume, and pore diameter of that silica xerogel mnged from 69 0 1532 m° g,
(h05% o 0,137 em’ g, and 3.2-3.4 nm, respectively. Silica serogel generally possess
higher surface area, larger pore volume amd pore diameter. Rajanna et al. [113] reported
that granular silica acrogel from rice husks poses 637.6 m* g of specific surface area,

2 om® g! of porc volume, and 6.6 nm of pore diameter. Abbas ot al. [88] also
invesigated the properties of silica aerogel derived from rice husk which are slightly
different, That silica aerogel exhibits 76% m® g of specific surface area, 281 cm® g of
pobe volume, and 13,2 mn of pore diameter, Other silica xerogels demved from rice husk
bad been successfully obtained by Feng e al. [112], showing 9458 m® g of specific

surfice area, 0899 cm’ g of pore volume, and 3.80 nm of pore diameter
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223 Bamockemical method

Further processing methods are being required during silica synthesis to obtain
microstmuctural  size and  surface-to-volume mtio of the silica nanoparticles.
HSonochemical method presents as an emerged technique to penerate those reguired
properties. It wtilizes high intensity ultrasound to create acoustic cavitation which can
generate high temperature and high pressure at the cenmter of exposed arca [172]. Those
corditions will produce hydrogen and hyvdroxyl madicals in aguecus sodution which are
then diffused nto liquad, increasing nucleation and growth eate with better size
distribution. [n sol gel process, those radicals are produced in hydrolysis stage which
entunce condensation and decrease overall reaction time

In ease of silica synthesis from crop residues, sonochemical method vsed o assist
acid leaching amd combustion process [86] and sol-gel methed [B7), producing size-
controllable nanoparticles. Salavan-Miasan and Javidi [347] utlzed high-intensity
ultrasound (G040 W at 200 kHz) to synthesize sihica nanoparticle from riee lusk. Their
study implies that controllable particle size of silica can be schieved at 10-30 min of
somication. Longer sonication tme will promote aggregation of nanoparticle caused by
shock wave with high pressure, micro-cmission floid and “Brown phenomenon”™ of
nanpparticle itself. Sankar et al. [86] mvestigated further effect of sonication time on
textural properties of sihica mmoparticle derived from rice husk, They used lower power
(240 W and higher frequency (35 kHzp dunng sonochemical reaction. Regarding their
stusdy, longer soanication time beyoasd S00min will be capable 1o enhance porosity of silica
manoparticle, Specifically, the synthesized silica nanoparticles possess 27122 m® g of

spocific surface area, 0,306 cm® ¢ of pore volume, and 4.11 nm of average pore size.




124 Rio-digestion method

The employment of hio-digestion process for extracting silica from crop residues
i identical with sonochemical method in term of controlling nanosized particle of silica:
Bio-digestion relies on the abilsy of organism [99, 100] or even microorzamsm |84 to
degrade the organic matter via enzymatic hydrolysis and generate silica nanoparticle
through mechanical works produced by their digestion organs. Further processes such as
calcination and acid leaching are required afier bio-digestion o remove orpanic malters
and metal alkali impurnities of resulted humuos, respectively. Tomes et al. [100] angeed
that vermicomposting technigues are preferable to achieve specified crvstal aragement
of silica particle, It is related o the different size and shape of phytolith as the result of
diverse chemical structure that present in plants such as proteins, lignin and
polvsaccharides, Red wigeler worms are preferable in vermicomposting 1o obtain silica
particle from crop residue due o therr unique charactenstics: cat their weight dasly,
excrete PG of the ingest as humus, show prolific profile, poses longer ife ome up o 16
vedrs. resist aggressive environments. and can digest crop residues that contain high
concentration of silica [94% 1(4]. Esteves et al, [99] use 2 wood comtamer (45 = 3 = 22
cm) with 3000 red worms to produce humus from mee husk by digestion process for 1
month. That process can achieve 88% production efficiency with 35-250 nm of particle
size of silica, Other study conducted by Torres et al. [100] employ a small-scale system
made of hemlock wood {50 = 35 = 25 cmp with 1000 red worms 1o generate silica
patoparicle from nixtamalized corn for two month processing. This experimental setip
can achieve 902 1% of production efficiency which means higher than previous study.
Maoreover, the resulied silica particle exhibits hemispherical shape with size of 100 nm.

Further analvsis reported that it can defined as mesoporous silica with 9.1 cm® g of




specific surface area, 0L.027 em’ g of pore volume, 18.4 % of pomsity, and 11.99 of

average pore daameter.

3.3, Pursued method for achieving hish energy efficiency and lvw environmental impact
231 Laser ablation
Pulsed-laser ablation is expected to replace the conventional method to synthesize
silica particle with controllable textural properties. In principle, radiation by conducting
pulse energy can be utilized to damage Gbrous structure of biomass ar even unexpectad
metal alkali impurities w obiain silisa, The destruction of unexpected compounds will be
chigined by adjusting several parameters such as wavelength, pulse duration, and pulse
repetition rate 10 generate approprate pulse energy, Thus, by understanding the required
energy (o break down certain impurities in crop residues, it will be possible 10 prodice

high purity of silica.

nuilmthmri Kﬂnimmm
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Figure D Schenmtee process of laser ablation for silica extrction from crop residues, sdapted
from Rawat ct al, | 17],

San et al. [35) unlize this method to synthesize silica nanoparticle from sugar beet
bagasse. The generation of silica nanoparticle have achieved by employing 16 ml of

pulse energy Lo remove ongamic compounds in sugar beet bagasse, That energy has




achieved by conducting & commercial nanosecond ulstd Mendymium-doped ¥ tiiom
Lithium Fluonide {WNd:¥ LF} laser operating at 527 nm with a pulse duration of |0 ns
end an average output power of 16 W oat & pulse repetition rate of 1 kHz. The silica
particles produced by that laser ablation method are 10 a size range 1:1'}!—]'?0 nim with

an average size of ~74 nm.

J.3.2, Micrawave sinfering

Microwave sintering 15 well known s the most popular enengy source to heat
diclectric materials in industrial application with high etficiency on processing time and
cnergy consumption [180]. Microwave is basically electromagnetic energy with
frequency in the range of 300 MHz to 300 GHzx [172]. In case of silica synthesis from
crop residues, that heat energy will be useful for transforming amorphous silica into s
crystalling phase [ [50] or assisting sol gel method 1o promote nucleation and nanoparticle

growth [181].
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Figure 11. Microwsve sintering for silics extraction from crop residues, adapted from Makul et

al. [ 180},




Makul et al. | 180 investigated the properties of silica particle prepared from rice husk
ash using rapid 2.45 GHz microwave sintering af temperature range 800- 120000, The
resulted silica particles are observed as 5i0:-cristobalite and some of 0-5i0:. Increasing
temperature up to 110 will completely remove amorphous phase of silica. Other study
by Pijam et al. [181] used microwave radiation at 300 W for 60 min to assist sol gel
method producing silica gel from rce husk. Silica gel produced by this method exhibits
F0-T0nm of particle size, 10-30nm of pore size diameter, 0.7-1.0em® g of pore volume,
and 400-700 m* o', These texmral properies are not significantly different with

cofiiercial silica gel tested in that study,

4,  Recent progress on application of silica material derived from crop residues
The typical properties of =ilica particle will determing its compatibality o0 certain
application field. Figure 5 shows the correlation between synthesis method. achieved properiies,

and the application of silica particle derived from crop residuss,
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Flgure 12. Various applications of silica derived from crop residwes based on their preparation methods

and charactenstics




Amomphous silica particles prepared by thermal method is frequently applied on
fabrication of concrete and ceramics. By enhancing their purity, it will be possible to apply
them on preparation valuable materials such as hgh-guality concrete, adsorbent, composite,
membrane, ER fluids., and mesoporous material precursor.  Addimonally, pure silics
nanoparticle will be requined on hiomedical application, thermal insulation purposes, catalyst

fabrication, and chromatography stationary phascs.

4.4, Corcrete miterialy

Many studies investigated the improverment on mechanical performances of concrete
by the presence of amorphous silica particle derived crop residues as partial replacement for
ordinary cancrete materials, Carreno et al. [B0] reporied that compressive strength values of
755,06 kg (em™ can be obained ar 28 days by replacing 40% of cement with micro-milled
EHA matenal reated at 6507, (Other study conducted by Amin et al. [68] also reported that
significant improvement of strength, stitfness, toughness, and ductility can be observed in
concrete containing 15 wit.% wheat straw ash at 91 days. The ash of crop residue can also
he mixed with other matenials to partislly replace cement in concrete fabrication. Pandey
and Kumar [145] mixed rice straw silica along with commercial micro-silica as partial
replacement for Ordinary Portland Cement (OPC) to improve mechanical strength of
Pavement Quality Conerete (POC ), Maximum compressive, flexural and tensile strength are
found when OPC wies partiolly eplaced by 3%-7 3% of rice straw silica and micro-silica
codmpasite. Sorghum busk ash also mixed with Latente 1o partially replace Ordinary
Portland Cement (OPC) up o 2% in concrete construction [182]. Unfortunately, the
compressive strengtly is insufficiently improved at ey cunng time.

The distinet role taken by silica particle denved from crop residees in concrefe

development. Sinvoung et al, [$6] utilized silica nanoparticles derved from ash of rice husk




to synthesize belite cement by firing with two different calcium sources {caleium carbonate
and caleium nitrate). That silica nanoparticle is sufficiently reactive to form the principal
phase in belite cement (lamite or b-C:5) at temperatures 800°C, especially with caleium
nitrate 3= the caleum source. On o other hand, Junmdi et al. [14] was successtully
synthesized superhydrophobic coating  from rice husk ash wvia  mechanochemical
modification and spray coating. Although the coated concrete shows high contact angle up
1o 157.77°C, it iz considerable for further improvement 1o enhance i3 practical use in

construction and buillding application,

4.2 Refractory coranvic maleriols

Silica partic le derived from crop residues is certainly chserved as ammphous siruciure
The crystallization process at tempeeature higher than its melting point can generate crysial
phase of silica like quanz, cristobalite, mdymite, etc. Fernandes ct al. [ 183] reported that
thermal treatment at 10007C wall be affordable to obtain mainly sitlica with the crvstalline
phases cristobalite and tridymite. These silica crystals will be beneficial components for
prepanng refractory ceramics. Furthermaore, that silica particle can also be incorporated with
other ceramic reinforcement matenals in the different form of aluminum matrx o schieve
good combination of strength and ductlity [ 1G5].

Several studies have been carried oot o investigate the possibility of silica derived
from crop residue fabncating refractory ceramics by replacing kaolin clay, Sobrosa en al,
[51] developed refractory ceramic materials by replacing kaolin ¢lay with rice husk silica at
different volume percentages. The use of 10%% silica resulted in increase the mechanical
strength without decreasing the thermal shock strength. The effect of rice husk silica on the
inechanical and thermal properties of refractory ceramic materials i3 also investigated by

Stochero et al. [82], Refractory ceramics are fabricated by replacing kaolin clay with 20%




mce husk silica and different volume percentages of steel fibers. The resulis mply that
significent improvement on the mechanical and thermal propemies of refractory ceramics
van be obiained by replacing kaolin clay with nce husk silica and steel fibers. Other studies
have been conducted to fabnoate glass-ceramac tiles by using rice husk as silica precursors.
Glass-ceramic nles are successfully developed by Andreola et al. [184] by a sinter-
crystallization process ot W0°C using a glassy frit formulated i the MgO-AL8-5000
composition system, Those ceramic imaterials exhibit higher bending strength and Mohs

Tardness compared with commercial glass-ceramics,

4.3 Thevmuol insulation paeposes

The extacted silica particles from crop residue can be derived into refractory
imaterials which have enhanced thermal and acoustic insulation performance, Amophous
moe husk silica has been investigated to prepare forstenite refractory and refractory cordienic
which are have bensficial characteristics as thermal msulator. Hossain et al. [185]
imvestigated the effect of amorphous rice husk sifica on the phase formation and the physical
charactenstics of forsterite refractory prepared from quartz and Mg powder at 1100°PC of
sintering temperature. Better reaction between amorphous silica and penclase which
promotes formation of forsterie phase wall be increased at higher loading of rice husk silica.
The presence of forsterte phase results in the decrease density, porosity, and thermal
conductivity which are affordable for thermal insulation purposes, hher study by Sembinng
et al, [107] prepared refractory cordienite from rice husk silica, AlOs, and MgO powders at
sintering temperature range of 1080-1035%C, Ar that emperaiure range, the spinel and
cristobalite of raw materials will transform into cordierite Tollowed by decrease in density,

porosity., and thermal expansion coefficient.




In addition, 8 new thermal and acoustic insulation material is successfully prepared
from cornstalk silica [90]. Silica xerogel is firstly synthesized from com stalk ash in ambient
pressure drying by sol gel method. This silica xerogel 15 then used w fabricate silica
werogel epoxy nanocomposites. Higher amount of sthica xerogel in the neat epoxy resin not
only enhances thermal stability, but also reduces thermal conductivity of the epoxy
nanocomposites. The presence of 1.5 wi silica xerogel will decrcase acoustic velocity
frorn 2341 m's o 2373 s, A slight increase on water sorption of the epoxy nanocomposiies
will be chiained with addition of silica xerogel. Those mentioned characieristics of the

epoxy mamocomposites will be suitable for thermal and acoustic insulation purposes,

44, Adsortent for podltonl removal i agueous solidions

Cadolinaum (Gd (11T, mercury (Hg (10, lead (P {11}, and ciprofoxacin drug are
kind of pollutants in agueous solutions which can be handle by silica materials derived from
crop residues. Silica powder and silica gel derived from rice husk ash are successfully
utilized 10 prepare polymer and grafied copolymers for sdsorption of gudolinium [39]. The
result indicates that silica gel grafted copolymer possess maximum Gd (1) adsorption
capacity of 22936 mg'g which is higher than the other adsorbent used n adsorption of Gd
{1k} im other works. Heilly adsorption process can be camied on by using Mad zeolie
derived froom barley husk ash [70], That zeolite material will be promising adsorbent Hg™
ions rermeval from the aquecus selutions indicated by high adsorption efficiency as great as
OB, Chler study by Hassan et al, [186] prepared low=cost fibrows silica KOC-1 derived
from rice husk ash for PO removal, The adsorption-desorption analyais implies that KCC-
| iRHA) is affordable as a good adsorbent for eliminating Pb (11) from the agquecus solution
It is indicated by good sdsorption-desorption for five cycles with reduction in percentage of

P (111 remaoval from 75% to 43%. and 65% to 27%. In addition, the nanostructure of silica




demived from rice sk has a good adsorption capacity for the removal of ciprotloxacin drug
from agquecus media [92]. That silica nanoparticle shows a maximum ciprofloxacin
adsorption capacity at 190 mg'g which is much higher than that of commercial silica gel

{110 mg'ey, under the same optimum conditions.

A5 Hiemedical applicarion

Application of gilica particles derived from crop residues on biomedical is strongly
dependent to their companbility with human mesenchymal stem cells [108, 1089, 120].
Biocompatibility sssessment have been conducted by Alshatwi et al. [108] and
Athinarayanan 1 al. [ 109] o determine the potential of biogenic sillica manoparticle derived
from rice husk on biomedical application. Those studies reported that biogenic silica
manoparticles prepared froam fice husk are applicable on bone fissue engineering due to their
excellent compatibility 1oward human mesenchymal stem cells. Penasamy et al. [ 120] tried
to myestigate the biocompatibility of silica nanoparticle denved from other crop residue that
i sorghum husk. The harvested silica particle from sorghum husk is ohserved as amorphows
solid with sphencal, dumbbell, saddle. and sinucus shapes 10 - 200 pm. [t is alse claimed
0s nontoxic material with excellemt biocompatibility with human mesenchymal stem cells
which has high potential not only for issue engineering in biomedical fields.

Other biomedical applhicanons of silica derived from crop residues are studied by
Eajanna et al, [113] and Prabha et al. [93]. Hollow silics aerogel microzphenes derved from
rice lsk are considerable & good drug delivery vehicles, indicated by a fast release of
ibuprofen from losded that silica particle compared to pure crystalline shuprofen and other
leaded forms [113], On other hand, an UV-Vis spectroscopy analvsis indicated that silica
naneparticle derived from rice hisk is considerable for bioimaging application indicated by

the photoluminescence emission at visible region, Hence, it 15 possible to utilize that




muterial for theranostic applications by good armangement of drug conjugation on the surface

of nanoparicle [43].

4.6, Cutalvst applicarions

The application of crop residues-denved silica particle on catalyst synthesis for
generating valuable compounds have been widely investigated. Salakhum ct al. [T9]
prepared hierarchical faujasite nanoshests wing corn cob ash-derived nanosilica in the
presence of @ hierarchical porogen, The obtained materials show outstanding catalyiic
properties Tor the hvdrogenation of lignin-derived alkylphenels, Oiler study by Davarpanah
et al, [101] has been conducted o synthesize nano acid catalyst derived from rice sk silica
for the synthesis of 34=-DihydropyrimidinonesThiones compounds. This mano catalyst
shows several advantages which are related o excellent vields of targeted product in & shorn
period of time and its flexibility in recovery process. In sddinon, rce husk silics can also be
applicd on the preparation of homemade biocatalyse viz physical adsorption of lipase for
optimizing enzymatic synthesis of 2 cosmetic ester [171]. That homemade biocatalyst
exposes high catabytic activity in solvent and solvent-free systems and operational stability
which are potential for further application in industrial scale of cosmetic ¢ster synthesis.

Rice husk silica can also be employed as supporting materials for fron catalysts to
conduct heterogenows fenton degradanon for oxalic acid [ 103] and organic dyes [98], Great
cotalyiic activity of those materials will be related to the nature of mesoporous structure of
silica which can provide sufficiently cavities and surface area, creating more active sites for
targeted compounds. Dhistinet mechanism of dye degradation has been carnied out by using
carbon-contamning Sik-based photocatalyvsis prepared from husks-denved biogenic silica
by solvothermal method, Rice husk silica-derived catalvst exhibic higher adsorption

capacity, indicating that RhB adsomption 15 camied out through basic mechanism via




imterictions between hyvdroxyl groups in the surface of 5i0; with the cationic species on dye
compounds [102]. Similar ad=orption mechanism is also obtained by Velmurugan et al. [67]
when amorphous silica from com cobs utilize o adsorb methylene blue. In that process,
extracted silica acts as an electron transter medistor between silica particles and methylens

blue by acang as a redox catalyst.

4.7, Cther valuable gpplicalions

Shahmani et al. [121] utilized silica derived from rice husk for stationary phase of
chivmatography, Microsphene silics is prepared by sol gel method with the presence of
monionic surfactant, P123, The prepared silica microsphere is then packed with an analyvtical
column 1o evaluate the separation of |-deacetyibaceatin [ amd rutin from taxel and
hesperiding respectively, HPLC chromatograms of those two mixtires exhibit acceprable
resolutions among the analvies. This advantageous result implics that sphencal and porous
silica particles from nee husk are promising for development of liquid chromatography
stationary phase. Rice husk-based silica nanoparticle have also been applied in fabrication
of electro-responsive electrocheological (ER) fluids. Kwon et al. [11)] investgated ER
propertics of the nce husk-based nano-silica suspension using a rotation cheometer under
various electric field strengths. The nano silica particles exhibit excellent ER performance
indicated by higher storage moduli and shear relaxation modulus property. Therefore. those

silica nanopariicles can be considered as a promising component of ER uid,

Challenges on developing silica materials from crop residies
F0 Sitica deplerion in soil due fo crop residwes anfization
Phytolith is & typical term to specify deposited amorphous silica in intracel lular or

extracellular comparments of plant. It is known as major component of biogenic silica




along with zoogenic, protistic, and microbial ilica components in soil [187]. Asshown in
Figure 13, phytolith is involved in hingeochemical silica cycle in croplands and
considered as the most important source of soluble silica on a biological tme scale due to
its higher solubility and cvoling process. However, crop ressdues contaming high
concentration of phytolith will be removed from crop lands duning harvesting process. The
removal of phytolith from crop lands will interfere biogeochemical silicon eyele in
croplands by intermupting e replenighiment of zilicic acid in soil. This condition provekes
routing application of silicate fertilizer o heal up the availability of silica in seil, [t ooy

iticrease the production cost bul sometimes retait the soil pollution by chemical fertilizer.

e ol
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Figure 13, Bogeochemical sihca evele i croplands,

Silica depletion on croplands becomes a entical 1ssuc for synthesizing silica from
crop nesidues imto various siliceous products. Development of Si fertilizer from other
sustainghle sources become a decent opticn o overcome this dilenwmatic condition, Many
studies have been investigated 1o ufilize various ndusirial wastes as 5i fertilizer for crop

plants, Haynes et al. [188] evalvared four kinds of industrial wastes (blast furmace slag,




steel slag, processing mud, fly ash) as sources of fertilizer silicon for paddy rice plant. The
results reported that all materials except fly ash enhanced the amount of extractable silica
in soil. 1t was furthermaore comfirmed that blast furnece slags were the most effective waste
materials & fertilizer-5i sources smong the tested waste matenials, Other industrial wastes
with highly silica content such as sewage sludge [189), waste silicon sludge [ 1940], silicon
kert waste [191], waste products of the phosphate fertilizer industry [192] may also be

considered as ferilizer-5i sources.

5.2 Sepregated apprsich on recovery of valuable componeiis v crop residies

Various silica materials with compatible properties have been synthesized from crop
residues by considerable methods, Those methods are mostly applied segregated approach
o recover valuable compounds of crop residues, Duning silica extraction, organic
compounds and metal alkali impurities as unexpected matters are removed thrown away
without further proccssing. Theretore, i will be preferable to conduct an intcgrated
technological method to completely recover valuable components in crop residoes. Several
studics have been carried out 1o synthesize silica along with conversion process toward
organic compounds of crop residues. Zhang et al. [ 193] consecutively preparation of d-
wylose and pure superfine silica from fce husk. Similarly, Barana etal. [28] and Knshania
el al. [26] have employed same idea to prepare silica along with lignocellulosic material
fromm rice husk and nee straw, respectively, Further investigation by Zhang et al. [194]
improves their previous study o obtain d-xylose, organosely lignin, ethancl and
amorphous superfine silica, simultaneously. Other studied by An etal. [195] and Liu et al.
[196] can synthesize activated carbon from rice husk ash along with silica extraction. In
addition, aursthermal Nuidized bed gasification of fce hosk have been conducted by

Thakkar et al. [176] to extract silice and energy, consecutively.
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FA High energy consumption and chemival reagents in silica syntheris

Most of mentioned methods in this study utilize high temperature process to remaove
major constituent of crop residues. Morcover, concentrated acids such as HCL, HxS0.,
HaPOy used i silica extraction process to remove metal alkali impunibies through modest
acitd hydrodvais or hyvdrothermal. Alkal oxides such as NatdH and KOH also used to obtain
silicate component as silica precursors in sol gel method. The wtilization of chemical
remgents may generate hazardous liquid residues which are harmful for biotic components,
This problem can be solved by emploving infegrated process using green reagents and
nowel heat sources with high efficiency. In case of metal alkali removal, milder acids such
as citrie acid [69, 104, 168, |69] and acetic acid [ 169] can be applied via chelation process
to aveid dangercus residues. Om ather hand, laser ablastion [B5] and microwave irradiation
[180, 18]1] are rwo echnigues which can generate hest energy o decompose organic

compoumnds of crop residues in silica extraction process with high efficiency.




6. Conclusion

The following summary and conclusion can be stated from this review:

I.

There are three advantageous factors to determine crop residucs as sustainable
precursors for siliceops matenals: large poriion of sithica in ash of crop residues, huge
abundant of crop residues confirmed by global generation data of extractable =silica,
and high utilization of silicon fertilizer enhancing yicld of production of crop residucs.
Extraction method of sillica from crop residues can be clazsified into four part based on
their goals: (1) generating ash containing high concentration of silica (2) removing
metal alkali impunties on ash (3) @iloring textural properiies of silica particle. and {4)
utilizang loaw energy processing method,

Crop residues-derived silica particle are widely developad on concrete materials,
ceramic materials, thermal insulation purposes, adsorption of pollutants in agquecus
solutions. baomedical application, catalyst for synthesizing valuable compounds,
chromatography stationary phase, and ER fluid componcnts,

Thee challenges on developing siliceous materials from crop residues are maindy related
to =ilica depletion in soil, segregation approach on energy recovery and silica
extraction, and utilization of high energy processing and chemicals.

Crop residues are considerable as promising silica precursors for wide applications
through integrated fechnological process which can recover energy, lignocellulosic

materials, carbonaceous materials, and of course silica, simultaneously,




References

[1]

12]

131

[4]

151

(6]

[7]

AL L. Josephson, 1, Bicker-Galbert, and R. J. G. M. Flomx, "How docs population
density influence agricultural intensification and productivity? Evidence from
Ethioma,” Food Policy. vol. 43, pp- 142-152, 2044, doa: ll'.I'_]L'I]I.‘h':i.fmd{'hnl_lﬂl#.liﬂ.ﬂ[l-'l-_
X.Xue Y. Lo, L. W, X, Pan, J. Liang, and ¥, Sun, "Catalvtic fast pyrolysis of maize
siraw with & core-shell ZSM-5SBA-15 catalyst for producing phenols and
hydmocarbons."  Sioresowr  Technof, wol. 289, po 121691, Oc 2009, doi:
10100 &5 kortech, 20191 2 1691,

Al AL P, Susastriawan, H, Saptoadi, and Purnomoe, "Comparisen of the gasification
performance in the downdrafi fixed-bed gasifier fed by different feedsiocks: Rice husk,
sawdust, and their misture,” Swsfafnabfe Eaergy Technologies and Assessmenis, vol,
34, pp. 27234, 2009, don: 10, 100655008, 201904043,

5. Zhac, Y. Zhang, and Y. Su, "Experimental investigation of rice steaw oxidative
pyrolysis process ina hot-rod reactor.” Jownal of Analviical and Applied Pyralvsis,
vol. 142, 2014, dox T 1016/ jaap M9 | (6,

L George, P. Amn, and ©. Muomleedharan, "Experimental investipation on co-
gasification of coffee sk and sawdost in a bubbling fluidised bed gasifier.” Jowrmal
of thie Enevgy dnaritwte, 2018, doi: L0160 joer ZHEE.10.014.

H. Wang, I¥ Wu, and 1. £hou, "Gasified rice husk based RHACNIC0254 composite
fior high performance ssymmetric supercapacitor,” Jowrmal of Affovs and Compainds,
val, BL1, 2019, doi: 110165 jalleom 2019, 152073,

). Hu er af , "Integrated gasification and catalyviic reforming syngas production from
corn sieaw with mitigated greenhouse gas emission patential,” Bioresonr Techmol, vol,

2B, pp. 371377, May 2019, doi: 100101605 biortech 2005902064,




(%]

%]

[10]

[11]

[13]

&, Fam and M. K. Mondal, "Investigation on fuel gas production from pulp and paper
waste water impregnated coconut husk in fluidized bed gasitier via humidified air and
CO2  gasification,” Ewergy,  wol. 17H pp. 322529, 2019, dok
10O &) energy 2014904, 165,

B. Rmasckhar Reddy and B, Ving, "Microwave-assisted co-pyrolysis of high ash Indian
coal and noe husk: Product characterization and evidence of interactions.”  Fuel
Privcescing Technalory, vol, 178, pp, 4132, 20018, doi; 10,1016/, fuproc, 201 8.04,0( 8,
S Xueral, "Stdy on co-payrelysis synergistic mechanism of seaweed and rice husk
by investigation of the characteristics of char/coke,”" Remewalle Enerer, vol, 132, pp.
27542, 2019, doit 10,1016/ renene 200 3,08.025,

C. Caa, Y. Zhang, L. Li, W, Wei. G, Wang, and C. Bian, "Supercrifical water
gasification of black liquor with wheat steaw as the supplementary energy resource,”
International Joimal of Hvdvogen Energy, vol, 44, no, 30, pp. 15737-15745, 20104, do:
LD G ghydene 2018, TO.HM.

D. Garg, 5. Kumer, K. Sharma, and C. B. Majumder, "Application of waste peanut
shells te form activated carbon and sts utlization for the removal of Acid Yellow 36
from wastewater,” Groundwater for Sustainable Development, vol, 8, pp. 312-519,
2019, doi: TG00 6. gad. 2001901010

5. Mishra, 5. 5. Yadav, S. Rawat, ). Singh, and ), B, Kodum, "Com husk derived
magnetized activated carbon for the removal of phenal and para-nitrophenal from
aqueots solution: Imeraction mechanism, nsights an adsorben characteristics. and
isothermal, kinetic and thermodynamic properties.” J Enviros Moarage, vol, 246, pp

362-3T3, Sep 152019, doi: 100016 jenviman 200 %601 3,




[14]

[16]

[17]

[18]

[19]

[20]

D Liv. W. Zhang, and W. Huang, "Effect of removing silica in rice husk for the
preparation of activated carbon for supercapacitor applications,” Chinese Chemical
Lewters, vol. 30, no. &, pp. 1315-1319, 2009, doi: 101016/ .colet. 201902 031.

M, Talat, 5, Mohan, ¥, Dixit, D, K. Singh, 5. H, Hasan, and O, N, Snivastava, "Effective
removal of fluonide from water by coconut husk activated carbon in fixed bed column:
Experimental and breakthrough curves analysis" Growedwater for Sustafnable
Development, vol, 7, pp. 48-55, 2018, dod: 10,1016/, g=d. 2018.03.041,

[, K. Shamsudin, A. Abdullah, 1. Idris. 5.0 Gobi, and M. R, Othman, "Hydrogen
puri feation from bineey svnigas by PSA with pressure equalization using microporous
palm  kernel shell actvated carbon” Feel, wvol. 253, pp. 722-730, 2019, doi:
101016, fuel 2019.05,029,

K. B. AL Saravanan, N, Prabu, M. Sazidharan, and G, Maduraiveeran, "Nitrogen-self
doped activated carbon nanosheets derived from peanut shells for enhanced hydrosen
cvolution reaction,” Appdied Surface Science, vol. 48%, pp. T23-733. Z01Y, doi:
TOUL0 &y apsusc 20 e 440,

i, Liand B. Xino, "Preparation of a dual Pore Structune Activeted Carbon from Rice
Husk Char as an Adsorbent for 02 Capture,” Fuel Processing Techaology, vol. 186,
pp. 3339, 2019, doi- 10016 fuproc. 2008 12015,

M. Plaza-Recobert, G. Travtwein, M. Pérez-Cadenas, amd I Alcatiz-Monge,
"Preparation of binderless sctivated carbon moncliths from cocoa bean huosk.”
Microporous ard  Mesoporons  Materigls, wol. 243, pp. 28-38, 2017, doi:
10101 &) micromeso. 201 T.02.01 5,

5 Rov, P, Das, and S, Sesgupta, "Treatability study using novel activaed carbon

prepared from rice husk: Column stady, optimization using respoise surface




[21]

[22]

[23]

[24]

[25]

[26]

methodology and mathematical modeling,” Process Safery and  Environmental
Provection, vol. 105, pp. 184-193, 2007, doi: 101016 psep. 2016, [ 1007,

(). D, 1. Cheng, Y. Liu, N, Li, and X. Wang, "The use of natural hierarchical pomous
carbon from Aremia cyst shells alleviates power decay in o activaied carbon sir-
cathode,”  Electrochimica Ao, wol. 3150 pp. 4147, 2009, doi:
1101 &.eloctacta 201 RO0509E,

P, Udomkun, B, Invawong, and N, Jumrisjumroendee, "Cellulose acetae and
adsorbents supparted on cellulose fber extracied from waxy corn husks for improving
shelf life of fryving val," Lwi, vol, 97, pp. 45-52, 2018, doi: 10, 10165, 1w1, 201 8.06,035,
1P de Ofiveira, G, P Bruni, 5. L. M, E]l Halal, F. C. Bemoldi, A, R G, Dias, and E. [
R. Zavareze, "Cellulose nanocrvsials from rice and cat husks snd their application in
aerozels for food packaging,” forJ Bad Macromad, vol, 124, pp 175184, Mar | 2019,
dos: 101016 djbiomec. 2018, 11,205,

). Zhao et al.. "Ensiling as pretreatment of nee straw: The effect of hemicellulase and
Lactobacillus plantarum on hemicellulose degradation and celluiose conversion,”
Bigresaur  Technal, vol. 266, pp [58-165, Oct 2018 doi:
10101 6. biortech 201 8.06.055.

5. Collazo-Bigliardi, B. Ortega-Toro, and A. Chimlt, “Improving propertics of
thermaoplastic starch Nilms by incorporating active extriscts and cellulose fibres ssolzied
froam rice. or coffee busk" Fowd Packoming omd Sheli Life, wol, 22, 20019, doi:
10106 fpsl. 2019, 100383

M. Krishania, V. Kumar, and R. 5. Sangwan, "Integrated appraach for exteaction of
svlose, cellulose, lignin and silica from rice straw." Biovesource Technology Repors,

val, 1, pp. 8993, 2008, doi: 1001016 bineb 20 18.01.001.




[27]

[25]

[29]

[30]

[31]

[32]

[33]

£ Wang, X. Qisno, and K. Sun, "Rice straw cellulose nanofibrils reinforced poly(vinyl
alcoholy composite films," Carbodyvdy Podvm, vol. 197, pp. 442-450, Ot 1 2018, doi:
10101 6y.carbpol 201 806,025,

D. Barana, M. Orlandi, A. Salanti, L. Castellani, T. Hanel, and L. Zoia, "Simultancous
svnthesis of cellulose nanocrystals and & ligmin-silica biofiller from rice husk:
Application for clastomenc compounds,” fadwsteial Crops and Produces, wvol. 141,
2009, doi: 1L10TAG inderop 2009111822,

LA Andrade Alves ef @l, "Sorghum straw: Pulping and bleaching process
optimization and synthesis of cellulose acetate,” Ine S B il Macromed, vol, 135, pp. 877-
BEG, Aug 15 2009, doi: 101006/ jbiomac, 20005014,

5. Shahira Sved Putra, D. Noraind Timat, W, Mohd Fazhi, 5. Sulaiman, P, Jamal, and Y.
Ahmad Nor, "Surface functionalisation of microfibrillated cellulose (MFC) of cocoa
pod sk with ¥Y-Methacrvloxypropyvirimethoxysilane (MPS)." Marerfals Taday:
Privceedings, vol. 5_no. 10, pp. 22000-22008, 2018, doi: 101016/ .matpr. 201807 0K 1.
P. Dhar. B. Pratto, A. 1. Gongalves Crnuz, and 5. Bankar, "Valonzation of sugarcane
straw 1o produce highly conductive hacterial cellulose / graphene nanocomposite films
throwugh in situ fermentation;: Kinetic analysis and property evaluation,” Jowrnal af
Cleaner Production, vol. 238, 2009, doi: 110164, jelepro. 2019.1 17854,

AL E. Femnandes and A. M. Jonas, "Design and engineering of multifunctional silica-
supporied cooperative catalysts," Cafalvses Today, vol, 334, pp. 73186, 2009, doi:
1010 e cattod 201811040,

M. Gong, X, Wang, Y. Zhang, and Z. Zhao, "Mesoporous silica nanosphere with open-
mauth stellate pore architeciure as a promisme carrier for highly sctive solid acid
catalysts,"  Materigls  Cheowsery ond FPhowics,  wol. 236, 2019, doi

10 E0T 6. matchemphys. 2009121821,




[34]

[35]

[36]

[37]

[38]

[39]

[40]

5. L Barbosa, P C, Lima, W, T, P. dos Santos, 5. L Klein, G. C, Clososks, and F_ ).
Caires, "Uneygenated biofuels: Synthesis of faty acid solketal esters with a mixture of
sulfomated silica and (BN WBF4) catalyst," Canalysis Communications, vol. 120, pp.
T6-T, 20049, doa: LL1OL 6/ catcom. 2018 12.(H5,

). Wang et al, "Preparatiom of silica as catalyst supports with controlled surface
property using continuous fow reactor,” Applied Catalvsis A: General, vol. 585, 2009,
doi: 1L1016 . apcata, 2019117212,

K. M. Al Soubaihi, K. M, Sacud, F. Ye, M, T. Zar Myint, 5, Saeed, and ). Duta,
"Synthesis of hiesrehically porous silich aerogel supported Palladivn catalyst for low-
temperatine OO oxidation under ignition/extineion conditions,” Microparons and
Mesoporous Materiols, vol, 292, 2020, dei: [ 10165 micromeso 2019, 1 09758

Q. Dong, C. Huang, G. Duan, F, Zhang. and I, &, Yang, "Facile synthesis and electrical
pertormamce of silica-coated copper powder for copper clectronic pastes on low
temperature co-fired ceramic” Materiafy Letters, vol. 186, pp. 263-266, 2017, do:
10,101 &) matlet. 200606 L 16,

5. Guo of al, "Dual-component LixTiO@silica functional costing in one layer for
performance enhanced LiNi6Col 2Mnd). 202 cathode,” Nawe Erergy. vol, 58, pp
673-679, 2009, doi: 1010 &/ nanoen. 201902004,

H. 5 Jang, 5. H. Kwon, 1. H. Lee, and H. 1. Chod, "Facile fabrication of core-shell typed
silica’paly(diphenylamingd composite  microparticles and their electro-responze,”
FPolverer, vol. 182, 2019, doi: 1010165 polymer, 201912 1851,

C. Shen, H. Wang. T. Zhang, and Y. Zeng, "Silica coating onte geaphene for improving
thermal conductivity and  elecirical msulation of graphene/polyvdimethyisiloxane
fanocomposites,” Soweal of Mateeials Soience & Technology, vol, 35, no, |, pp. 36-

43, 2019, doi: 10, 1016, mst. 201809016,




[41]

[42]

[43]

[44]

[45]

[46]

[47]

E. Vahamian, A Yavnan, B Gilberl, and T. Galstian, "Enhancement of the electrical
response in high concentrating photovoltaic systems by antirefl setive coatngs based on
silica manoparticles,”  Sofor  Erergy,  wol. 137, pp. 273-280, 26, do:
101 &y solener. 201608 (22,

.-l Bae, D, Kim, and 1. W, Halloran, "Mechanical and kinetic studies on the refractory
fused silica of integrally coned ceramic mold fabricated by additive manufacturng.”
Jomerrad of the Ewropegn Ceramic Sociery, vol, 39, no, 2-3, pp, 618-623, 2019, doi:
101D g jeurceramso, 200 809,01 3,

A ML Mavana and P Rakesh, "Strength and durability study on cement mortar with
ceramic waste and micro-silica,” Matertols Today: Proceedings, vol, 5, oo, 1], pp
2478024791, 2018, don: 10, LM &5 maipr. 201 8.10.276,

K. XKueral, "Fabrication and casting simulation of composite ceramic cores with silica
nanopowders,” Ceramics furernational, vol. 45, no. 15, pp. 19283-19258, 20149, do:
T L0 Gy coramint 201 e, L TR

£ XMu, I. fhong, M. 5w, ). Xu, and B. Liu, "Experimental study on mechanical
properties of silica-based ceramic core for directional solidificetion of single crystal
superalloy.”  Ceramics futernarional, vol, 44, no. 1, pp. 394400, 2018, doi
1010 ). ceramint 2 (0 7040, | 549,

£ Yang, £, Zhao, 1, Yo and Z. Ren, "Preparation of silica ceramic cores by the
preceramic pyrolysis technology using silicone resin as precursor and  binder”
Muterials: Chemistry  and  Physics,  wol. 223, pp. 676682, 200%,  doi:
1010165 matchemphys. 200 8,1 1.039.

E. M. Godafshani and A, Behnood, "Estimating the optimal mix design of silica fume
conerete wsing bicgeography-based prograrmiming,” Cement and Concrete Comprosiies,

vol. 96 pp. 95-103, 2019, doi: 101016 cemeoncomp 2018, 11005,




48]

[49]

[50]

[51]

52]

[53]

[54]

A, Mehin and D. K. Ashish, "Silica fume and waste glass in cement concrete production:
A review,” Jorrnal of Building Engineering, 20019, doi: 10100645 johe. 2019, [ (KBRS,
E. Mora, G. Gonzalez, P. Romero, and E. Castelion, "Control of water absorption in
concrete materials by modification with hyvbrid hydrophobic silica  pariicles,”
Construction  and  Bwilding  Maverials, wol. 221, pp. 210-218, 2Z(M9, doi:
10,101 &y conbuildnmat. 200 5060846,

H. Sgsanmipour, F. Aslani, and J, Taherinezhad, "Effect of silica fume on dursbality of
self=compacting concrete made with waste recyveled concrete aggregates.” Constraction
areed Buileling Materials, vol, 227, 2009, dods 1O 6. conbiildmar. 200 207,324,

5 A fareei, Fo Ameri, N, Bahrami, P Shosei, H. B Moosaer, and N, Salemi,
"Performance of sustainable high strength comerete with basic oxygen steel-making
(BOS) slag and sanc-silica." Jowrmad of Building Engroecrimg, vol, 25, 2019, doi:
10O G ovbe. 20 14 LM

G Di0rmazio, C. Fanali, Ao Genuili, F. Tagharo, and 5. Fanali, "Mano-liquid
chromatography for enantiomers separation of baclofen by using vancomyein silica
stationary  phase,” J Chromatoge 4, p. 360358, Jol 17 20019 doi:
10101 6. chroma, 2019.07.012,

¥. Huet o, "Two copolymer-grafted silica stationary phases prepared by surface thiol-
ene  chick reaction i deep  ewtectic. solvents. for  hydrophilic  interaction
chromatography.”  J  Chromgloper A, po 4060446, Auwg 9 N9, doi:
10101 6. chroma, 2019 4604446,

M. Bun, 5. Ruiz Barbero, M. Jolainsen, I Smimova, and P, Gurikoy, "Retention
characteristics of silich materials in carbon dioxide’'methanol mixtures studied by
inverse supercritical fluid chromatography," J Chromatopr A, vol. 1588, pp. 127-136,

Mar 15 2019, doi: 10,1016 chroma. 2018, 12,053,




[55]

|56

[57]

[58]

|59]

[640]

[61]

Y. Wang e af.. "High efficiency and simple preparation of polvacrylamide coated silica
stationary phase for hydrophilic interaction liquid chromatography,” Jf Chromarage 4,
o 300357, Jul 16 200%, dod: 101006 .chroma. 2009.07.011,

-0 Zhang, 1 Li, Lo L, X, Yuan; L. Xu, and Z.-g. Shi, "Fast sepamtion of water-
soluble vitamins by hydrophibic mteraction hquid  chromatography - based  on
submicrometer  fow-through silica microspheres.”  Food  Chemisery, 20019, doi:
1010165, foodchem, 2019, [ 25331

M., Conradi, A Kocijan, M, Zorke, and [ Verpoest, "Damage resistance and
anticorrasion properies of nanosilice-Glled epoxy-resin composite coatings,” Progress
i Evgamic Coatings, vol, 30, pp. 30-26, 2015, doi: 1101675 porgeoat. 20041 1011,
LML, Faledn, L. 8. Cruba, and LY. Acki, "Highly ardered mesoporous silica loaded
with dodecylamine for sman anficorrosion coatings,” Swdface and Comings Technolopy,
vol, 303, pp. 3192329, 2006, doi: 101016/ surfcoat. 201 5. 11029,

AL Ghanbart and M. M. Attar, "A study on the anticorrosion performance of epoxy
nanocomposiie coatings containing epoxy-silane treated nanc-silica on mild steel
substrate,” fowrmal of indusirial and Exgincering Chemismy, vol. 23, pp. 145-153, 2015,
doiz FOLIOTE. jice. 2001408, D0,

5. Sh, £ Fhang, and L. Yu, "Hydrophobic polyvaniline'modified 5103 2 coatings for
anbcomosion  prodection,” Swtheric Metals, vol. 233, pp. 94=100, 2017, doi:
10,101 &5, sventhmet, 2007, | 0002,

G, Fang er ol, "Diaphragm-fiee fiber-optic Fabey-Perot interferometer based on
tapered hollow silica be” Opdics Comminications, vol, 371, pp. 201-205, 2016, doi:

1010 . oprcom, 2016.03 026,




[62]

63]

[64]

[65]

|66]

[67]

[68]

[69]

5. lslam er af, "CR incorporation in mesoporous silica matrx for fiber optic pH
sensing,” Sensors and Acmuarors A0 Physical, vol. 280, pp. 429-436, 2018, do:
TOCLOT g sma . 20 TH.08. 0] 6.

5. Islam e af., "Influence of organme pH dyes on the structursl snd optical characteristics
of silica nanostructured matrix for fiber optic sensing.” Sensors and Aciuators A:
Plvsical, vol. 282, pp. 28-38, 2008, doi: 1001006/ sna 1809 01 3,

5. Islam er gf., "BPE dve confined growth of surfactant-assisted megostructured ilica
matrix fiber oplic sensing tracers,” Joermad of Sl Chemical Society, vol, 23, no. 4,
pp. 427-438, 2009, doi; 10 10167 jscs 2018070035,

5. Islam e al, "Surtace Tunctionmality and optical properties impact of phenol red dye
on mesaparous silica matrix for fiber optic pH sensing,” Sevsors oand Actmsors A
Fleystead, vol, 276, pp. 267-277, 2008, doi; 10.10016/].500. 201804027,

M. F. Anuar, ¥, W. Fen, M. H. M. Zaid, K. A Matari, and R. E. M. Khasdir, "Synthesis
and structural propertics of coconut husk as potential silica source,” Resudrs fin Plhsics,
vol. 1L, pp. 1-4, 2018, doi: 101006/ rinp. 201808005,

P. Welmurugan e af, “Extraction, characterization, ond catalytic potemtial of
wmorphous silica from com cobs by sol-gel method.” Jowrnal of lndistrial and
Enginecring Chemistey, vol. 29, pp. 298-303, 2015, doi: 101016 jiec. 2015 04,009,
M, Amin, T, Murtaea, K. Shahzada, K. Khan, and M. Adil. "Pozzolanic Potential and
Mechanical Performmnce of Wheat Straw Ash Incorporated Sustainable Concrere.”
Sustainobulity, val. TLono, 20 2009, doid 10339000 ] 1020519,

S Azat, ALY, Korobeinyk, K. Moustakas, and V. 1. Inglezakis, "Sustainable production
of pure silica from nee busk waste in Kazakhstan," Jowwad of Cleaner Produciion, vol,

217, pp, 352-359, 2009, doi: 10100 67 jelepro, 2009.01. 142,




[70]

[71]

[72]

[73]

[74]

(75

[76]

5. N, Aziz, AL B, Dehnavi, and A, Joorabdoozha, "Synthesis and chamctenzation of
LTA nanozeclite using barley husk silica: Mercury removal from standard and real
solutions.” Materials Research Sulletin, vol. 48, no. 5, pp. 1753-1759%, 2013, doi
1010 &y materresbull 2000 2,12 068,

A B. Bagern and V. C. Saivastava, "Biosilica preparation from abundantly avaiiable
Afncan blomass Telt (Ermagrostis tefl straw ash by sol-gel method and its
characterization,” Simmays Comversion gnd Biorefinery, vol, §, o, 4, pp. 971-975, 2018,
dod: 10,1007 /51339901 803355,

R. A, Bakar, B, Yahya, and S, N, Gan, "Production of High Purity Amorphous Silica
fromm  Rice Husk," Procedic Chemisiny, vol. 19 pp. 1B%=195, 2006, doi:
10,101 6. proche 20 16,03 092,

H. Chen, F. Wang, C. Zhang, ¥, Shi, G Jin, and 5, Yuan, "Preparation of nanc-silica
materials: The concept from wheat straw.,” Jowmal of Nor-Crystaiiine Solids, vol. 356,
no. 50-51, pp. 278 1-2T85, 2000, doi: 1001006/ jnonerysol 200 (LIKLDS T

M. Cuo and 1. Bi. "Pyrolvsis characteristics of comn stalk with beat solid carrier.”
Hioftesource, vol. 10, no, 3, pp. 3839-3851, 2015, doi: 10153 76/biores, 10.3. 38393851,
5. K. Hubadillah er gl "Fabrication of low cost, green silica based ceramic hollow fibre
membrane prepanzd from waste noe husk for water filtration application,” Ceramics
International, v, 44, noee 9. pp 10498-10500, 2018, doi:
10,1 01 & ceramint. 200 8.03 067,

M. Mupa, C. B, Hungwe, 5. Witzieben, C. Mahamsadi, ad ™, Muchanverew,
"Extraction of silica gel from Serghum bicolour (L. moench bagasse ash." African
Jowrngl of Pure and Applied Chemisire, vol, 9, no, 2, ppe [2-17, 2015 doi:

105897 ajpac20] 5,06403,




[77]

[78]

[79]

[B0]

[81]

[52]

[83]

E. Mdububa amd %. &, "Effect of (Guinca com husk ash as partial replacement for
cement in concrete,” JOSR Sornad of Mechanical and Civil Engineeving, vol. 12, no.
2, pp. 40-45, 2005, doi: TISTHY 16E4-122 14045,

5. Norsuraya, H. Fazlens, snd R. Morhssyvim, "Sugarcane Bagasse ss s Rencweble
Bource of Silicn to Synthesize Santa Barbara Amorphous-15 (SHBA-15)" Procedia
Engineering, vol. 148, pp. 8359-846, 2006, doi: 101016/ proeng. 201606627,

5. Salakhum, T, Yurthalekba, M. Chareonpanich, J. Limirakul, and C, Wartanakit,
"Synithesis of hierarchical faujasite nanosheets from corn cob ash-derived nanosilica as
efficient catalvsts for hvdrogenation of lignin-denved alkylphenols." MWicropormes and
Mesoporans Meierials, virl, 258, . 141=150, 2015, i
10101 6 micromeso. 2001 700004,

D, Salazar-Cameno, R, O, Gargia-Chceres, and O O, Oriz-Rodnguez, "Laboratory
processing of Colombian rice hosk for obtaining amomphous silica as conerete
supplementary cementing matenial.” Constenction and Seilding Materials, vol. o, pp.
65-T5, 2005, doi: 11016/ . conbuildmat 201507178,

F. £. Sobrosa, W. P. Stochero, E. Marengon, and M. D. Tier, "Development of
refractary ceramics from residual silica derived from nce husk ash," Ceramicy
Iniernational, vol, 43, no. 9, pp. T142-7 146, 2007, do: 10010106/ .coramint. 201 7 02147,
M. P Swchera, E. Marangon, A. 5. Nunes, and M. D. Tier, "Develogment of refractory
ceramics Trom residual silica derived from rce husk ash and steel fibres,” Cergmicy
Itermational,  wol 43, no 6, pp. [3B75-13880, 2017, dow
1010165 ceramint. 200 T.07. 111

M. Thess, B.-). Skrifvars, M. Hupa, and H. Trean, "Fouling tendency of ash resuling
from buming mixtires of biofuels, Part 1 Deposition rates,” Fueld, vol, 83, mo. 7-B, pp.

1125-1130, 2004, doi: 10101 6. fucl 2005 10,010,




[84]

[85]

[56]

[87]

[88]

[89]

[30]

5. Wattanasirwech, [ Wattanasinwech, and 1, Svast, "Production of amomphous silica
nanoparticles from rice straw with microbial hydrolysis pretreatment,” Sowrnal of Man-
Crystallime  Sofids,  wol. 356, no. 2527 pp. 1228-1232, 2000, doi
10,1016 noncrysol 2000.04,032,

M. 0. San, C. Kursungdez, Y. Tiimtag, O, Yasa, B, Ortag, and T, Tekinay, "Movel one-
step synthesis of silica nonoparticles from sugarbeet bagasse by laser ablation and their
effects on the growth of freshwater algae coltire,” Pamicpaloey, vol, 17, pp, 29-35,
2004, don: 110165 partic, 2013110403,

5. Sankar, N, Kaur, S, Lee, and DU Y. Kim, "Rapid sonochemical synthesis of spherical
silica natopaicles derived from brivwn rice husk,” Coramicy Intersationa!, vol, 44, no.,
T, pp. 8720-R724, 2008, dod: 10, 10 & .ceramint. 200 8,02 090,

M. Salavati-Niazan and 1. Javidi, "Sonochemical synthesis of silica and silica sulfunc
acid nanoparticles from rice husk ssh: a new and recyclable catalyst for the acetvlaton
of aleohols and phenols under heterogeneous conditions,” Combinatorial Chemister &
High Througihpur Screening, vol. 15, no. 9, pp. 705-712, 2012

M. Abbas, H. B. Khalid, G. Ban, H. T. Kim, and H. K. Lee, "Silica acrogel denved from
rice husk: an aggregate replacer for lightweight and thermally insulating cement-hased
composites,” Constriction and Suilding Materials, vol. 195, pp. 312-322, 2019, doi:
10,101 6. conbuildmar. 200 8. 10,227,

H. M. H. Gad. M. M. Hamed, H M. M. Abo Eldahab, M. E. Meustafa, and 5. AL El-
Reefy, "Radiation-induced grafting copolvmerization of resin onto the surface of silica
extracted from rice husk ash for sdsorption of gadolinivm," Jewena! of Molecular
Liguicls, vol. 231, pp, 4555, 2007, doi: 1010165 molliq. 200 7.01.088,

G, Guzel Kaya, E. Yilmaz, and H, Deveci, "Sustainable nanocomposites of epoxy and

silica xerogel synthesized from corn stalk ssh: Enhanced thermal and acoustic




[91]

[92]

[93]

[94]

[95]

[96]

[97]

insulation performance,” Compasites Part B2 Ergineering, vol_ 150, pp. -6, 2018, doi:
]L'I-lI'Jlfh'rq.mmpmit::ih.IUlH.[FS.HJ‘J.

B. 5. Kauldhar and 5. K. Yadev, "Tuming wastc to wealth: A direct process for
recovery of nano-silica and lignin from paddy straw agro-waste,” Jowrmal of Cleaner
Procuction, vol. 194, pp. 138-1466, 2018, do: L1006 Jelepro. 201 805,126

M. Y. Massar, 1. 5. Ahmed, and M. A. Raya, "A facile and tunable approach for
synthesis of pure silics nanostructures from nce husk for the removal of ciprofioxacin
drug froam polluted squeous solutions,” Jowrmal of Modeoular Ligoeds, vol, 282, pp. 251-
263, 2009, doi: 101006 mollig 201903017,

5. Prabha, D, Durgalakshing, P. Aruna, and 5, Ganesan, "Influesce of the parameters in
the preparation of silica nanoparticles from biomass and chemical silica precursors
wwards  bioimaging application.” Faowem, vol, 160, pp. [BI-I8E 2019, doi:
10O G povacuum 2018, L300,

). A Santanz Costa and C. M. Paranhos, "Systematic evaluation of amorphous silica
production from rice husk eshes." Jdownal of Cleaner Production, vol. 192, pp. 688-
6497, 2008, doi; 1. ]Ulﬂ.fi.ji:ll:p:l‘n.fﬂ] BAO5.028,

1. Shim, P. Velmumgan, and B.-T. Oh, "Extrection and physical characterization of
amorphous silica made from corn cob ash at variable pH conditions via sol gel
processing," Jowrnal of Iedustviad e Engineering Chemivtrr, wod. 30, pp. 249-253,
2005, don: 1010167, jies. 201505029,

5. Sinvoung, K. Kuncharivakun, 5. Asavapisit, and K. 1. D, MacKenzie, "Synthesis of
belite cement from nanc-silica extracted from two rice husk ashes," S Eaviron Manage,
val, 190, pp. 53-60, Apr | 2007, doi: 1010067 jenvman. 2016, 1 2,01 6,

5. Song, H.-B, Clw, and H, T. Kim, "Surfactant-free synthesis of high surface area silica

nanoparticles derved from rice husks by employing the Taguchi approach,” Josenal af




|98]

[99]

[100]

[101]

[102]

[103]

Indusivied  and Engiveerving  Chemistry, vol. 61, pp. I81-287, 2004, doi:
100 6. jiee 01T, E2.025.

AT, Wu, T. M. Xuoan, and C.-H. Lee, "Preparation of mesoporous Fe2(3-5i02
composite trom nee husk ss sn efficient heterogencous Fenton-like catalyst for
degradation of organic dyes,” fournal of Warer Frocesy Engineering, vol. 28, pp. 165-
1RO, 2009, doi: W 1006! jwpe 20150100 %

M, EBstever, 5, Vargas, V, M. Castatio, and B, Rodripuez, "Silica nano-particles
prodduced by womms through a bio-digestion process of rice husk,” Jowrnal of Non-
Crvatalfine  Sofils,  wvol, 335, nmo. 14-15  ppo B44-B50, 2009,  doi:
10101 & gnoncrysel 2009,04,01 1,

M. G. Tomes ¢f ., "Marphology-controlled silicon oxide particles produced by red
wiggler woems"  Powder  Techmoloey,  wol, 310, pp. 205212, 27, doi:
10,016y provetec. 201701 0L L.

1 Davarpanah, M. H. Sayahli, M. Ghahreman, and 5. Karkhoe, "Synthesis and
characterization of nano acid catalyst derived from rice husk silica and its application
for the synthesis of 3 4-dihvdropyrimidinonesthiones compounds,”  Sfomal aof
Molecular  Structure, vol. 1181, pp.  546-555, 2004, doi:
10,10 6] molstroc 2018.12.113.

M. C. F. de Cordoba ef of, "Sunlight photoactivity of rice husks-derived biogenic
silica," Carglysis Today, vol. 328, pp. 123135, 2019, doi: L1016 5.camod 20181 2008
[, Ghime and P. Ghosh, "Heterogeneows Fenton degradation of oxalic acid by vsing
silica supported iron catalysts prepare] from raw nee husk," Jowreal of Water Process

Engrincering, vol. 19, pp. [56-163, 2017, doa: 10 10165 jwpe 200707025,




[104]

[105]

[106]

[107]

[10%]

[10%]

[110]

&1L UL ML Junaidi e af, "Superhydrophobic coating of silica with photoluminescence
properties synthesized from rice husk ash,” Progress in Crganic Coarirgs, vol_ 111, pp.
249-37, 20T, doi: 1101 6/ porgeoat. 201 705008,

A Patnayak, M. Madho, A, 5. Panda, M. K. Szhoo, and K, Mohanta, "A Comparative
study on mechanical properties of Al-5102 composites fabricared using nce husk silica
in crystalling and amorphous form as reinforcement.” Materfals Todae Procecdings,
val. 5, no. 2, pp. BIB-R192, 2008, doid 10010165, matpr, 2007.11.507,

S Sembiring, W, Simanjuntak. R Situmeang. A. Rivanto, and P. Karo-Earo, "Effect
of aluming addition on the phase trmansformation and ceystallisation properties of
reftactary cordierite prepanad from amarphous fce husk silica,” JSeawwral o Asfon
Ceramic Socieffes, vol. 5, no. 2, pp. 186=192, 2008, don: 10U1016 jascer. 200 704,005,
5 Sembinng, W, Simanjuntak, B, Siwmeang, A, Rivamo, and K. Sebavang,
"Preparation of refractory cordiente using amorphous nice husk silica for thermal
msulation purposes.” Ceramics Internationa!, vol. 42, no. 7, pp. 84218437, 2014, doi:
1010 &) ceramine. 201 602062,

Al AL Alsharad, . Athinarayanan, and V. 5. Periasamy, "Biocompatibility pssessment
of rice husk-derived biogenic silica nanoparticles for biomedical applications,” Maier
Scf Eng O Mater 8ol Appl wol. 47, pp. B-I6, Feb 2015, doi
101016 msee. 2014, 11,0035,

) Athinarayanan, V. S, Periasamy, M. Alhazmi. K. A Alatiab, and A, AL Alshatwa,
"Svntlesis of biocgenic silica nanoparticles  from rice  hsks  for  biomedical
applications," Ceramics [mternational, vol. 41, mo. 1, pp. 275-281, 20035, doi:
10101 &5, ceraming. 201 4.08.069,

5 H Kwon, 1 H Pask, C, M, Vu, and H. ), Choi, "Fabrication and eleciro-responsive

electrotheological characteristics of riee husk-hased nanosilica suspension,” Jonenal af




[111]

[112]

[113]

[114]

[115]

[116]

the Taiwan festiute of Chemical Engineers, vol. 95, pp. 432437, 2019, doi:
1010 6y prace. 2018 04.0 18,

5. Aftandi, H. Sctvawan, 5. Winardi, A. Purwanto, and R. Balgis, "A facile methed for
production of high-punty silica xerogels from bagasse ash," Advanced Powder
Techmology, vol. 20, no. 5, pp. 468472, 2004, doa: W 1016/ apt. 2005, (3. (05,

(). Feng et al., "Synthesis of high specific surface area silica acrogel from rice husk ash
via ambiem pressure drving" Collodds gnd Swurfices A Physivochemical  and
Engincering Aspects, val, 339, pp. 399406, 2008, doa: 101016 .calzurfa, 2017, 1 2.025.
5. Kumar Rajanns, M, Vinjamur, and M. Mukbopsdhyay, "Mechanism for formation
of Hollow and Granular Silica Aerogel Micraspheres from nce husk ash for diig
delivery," Jouwrnad of Non=Crysialline Solids, wvol, 429, pp. 226-231, 2015 doi:
[0 LD &G gnonceysel, 200 5,090,015,

AL Tadjarodi, M, Haghverdi, and V. Mohammadi, "Preparation and characterization of
nano-porous silica acrogel from mee husk ash by drying at atmosphenic pressure.”
Muatevials Researcli  Bulletin. wol. 47, mo. 9, pp. 2584-2589. 2012, doi:
10k I.‘h'l;.nwlrrrcﬁhull.EUlI.U#_lfl-l

M. Bhagivalakshmi, L. I Yun, R. Anuradha, and H. T. Jang, "Utilization of rice husk
wsh as =ilica source for the synthesis of mesoporous silicas and their application to CO2
adsorption through TRENTEPA grafting," J Huzird Mater, vol. 175, no. [=3, pp. 928-
3B, Mar 15 20000 deds 10106 ghazmat. 2009, 1 (L0487,

O Jullephan, T, Witeon, and M. Chareanpanich, "Synthesis of mixed-phase uniformly
infilteated SBA=3-like in SBA-1% bimodal mesoporous silica from rice husk ash,”
Muaterials Lemers. wolo 63, ne. 15 pp 13031306, 2009,  doi:

LO.L0T 6. marlen 2 09, 03,001




[117]

[118]

[119]

[120]

[121]

[122

[123]

M. A, Rahman. | Widhiana, 5. R. Juliastuti. and H. Setvawan, "Synthesis of
mesoporous =ilica with controlled pore structure from bagasse ash as a silica sounce,”
Colfoids and Surfaces A; Physicochemical and Engineering Aspecis, vol. 476, pp. 1-7,
2015, dos: 110160 colsurfa. 201 503,015,

1 Cui, H. Sun, £ Luo, ). Sun, and £. Wen, "Preparation of low surfice area 5102
microsphere from whest husk ash with a facile precipitation process,” Materials Letfers,
vol, 156, pp. 4245, 2015, doa: 10L10 160, matler, 201 5.04,134,

L. Lin eraf, "Cooperative effect of polyethylene glveal and lignin on Si02 microsphere
production from rice husks" Bloresow Teckaol, vol, 125, pp, 1724, Dec 2012, daoi:
10,101 &5 biorech. 201208, 119,

V. 5. Periasamy, J. Athimarsyanan, and A, A, Alshatwi, "Extraction and
biocompatibility analyais of silica phytoliths from sorghum husk for three-dimensional
cell  cullure”  Priscess Biockemizew, wvol. 70, pp. 153-1549, 201K, do:
10106 prochio 2008 04017,

8. Shahnani. M. Mohebbi, A. Mehdi, A. Ghassempour, and H. Y. Aboul-Enein, "Silica
microspheres from rice husk: A good opportunity for chromatography stationary
phase,”  fodwseefal Crops aed Prodeces, vel, 121, pp. 236-240, 2018 doi
10 L0H . indorop 200805023,

G=c. Yan, M. Nikolic, M.<j. Ye, Z.-x. Xiao, and Y .-c. Liang, "Silicon acquisition and
accurmulation in plant and ms significance for agriculture,” Joemad of folegraiiee
Agriculture, val, 17, na, 10, pp 213E-2150, 2008, doi: 10, 10]6/520935-3] 9 18)62037-
4,

L F. Ma and X, Yamaji, "A cooperative system of silicon transpodt in plants,” Treads

Flant Sci, vol, 20, no, 7, pp, 43542, Jul 2015, doi: 10, [016Gplants, 201504007,




[124]

[125]

[12a]

[127]

[128]

[129]

[130

[131]

5. Shakoor, B, Bhat, and 5. Mir, "Phytoliths in plants: A review,” Sesearch and
Feviews: Jowrnal of Botanical Sciences, vol. 3, no. 3, pp. 10-24, 2014,

M. Luyckx, J. F. Housman, 5. Lutts, and (7. Guerriero, "Silicon and Plants: Cument
Knowledpe and Technological Perspectives,” Frant Plane Sei, vol. ¥, p. 411, 2017, doe:
T033EWIp= 2017 00411,

A Khan, A L. Khan, 5. Muncer, ¥ H. Kim, AL Al-Rawshi, and A, Al-Harresi, "Silicon
and Salinity: Crosstalk in Crop-Mediated Strezs Tolerance Mechanisms," Froor Plani
Sci, wol, 10, p, 1429, 2019, doi: 10.3389pls.2019.01429,

AL Amurugam and Y, Ponnusami, "Modified SBA- 15 synthesized using sugarcane leaf
ash for nickel adsorption.” Iedfies Jowenal of Chemical Technology, vol, 20, pp. 101-
105, 2013,

8. Charala, H. Parel, 8. Chandna, and S, Maiti, "Optimization o peepare poress carbon
from mustard husk using response surface methodology adopred with central composite
design," Jouwrnal of Cleaner Production, wvol. 2210 pp. 960979, 2019 do:
10101 & jolepro 201 9.03. 169,

L. I. Gurevich Messina, P. K. Bonelli, and A. L. Cukierman, "Copyrolysis of peanut
shells and cassava starch mixtures: Effect of the components proportion,” Jowema!l af
Analvticad  and  Applied  Pveodvsiz, wvol. 113, pp. 508-317. 2015, doi:
10,1016 jasp. 200 5.03.0017

[, Navak, N, Dash, M, Ray, and 5. 5, Rath, "Unlzation of waste coconut shells in the
reduction roasting of overburden from iron ore mines,” Powder Techmology, vol, 353,
pp. 450=458, 2009, doi: 101016/ powtec, 2001905053,

M. T. Maog Lan Thao, K=Y, Chiang, H.-P. Wan, W.-C, Hung. and C.-F. Liu, "Enhanced

trace pollutants removal efficiency and hydiogen production in fce straw gasification




[132]

[133]

[134]

[135]

[136]

[137]

[135]

using hot gas cleaning system," Ieternationa! Josmal of Hydrogen Erergy. vol. 44, no.
f, pp. 3363-3372, 2009, doi: 10,1016/ jhydene. 2018071335,

). Pallares, A, Gonzalez-Cencermado, and 1. Arauze, "Production end charactenzation
of activated carbon from barley straw by physical activation with carbon dioxide and
steam,”  Hivewass  and Bisenergy,  wolo 115, pp. 64-75, 2018, doi:
10,101 6. biombioe 201804015,

X. Shi, K. Zhang, 0, Cheng, G. Song, G. Fan, and 1. Li, "Promoting hyvdrogen-rich
syngas production through catalvtic cracking of rape straw using Ni-FePACyA1203
catalyst,"  Rewewable  Ewergr, vol 140, pp. 3238, 2009 dei:
10,101 &5 renene 200 %.03.060,

5. Sinmgh. L, C. Ram, R. E. Masto, and 5. K. Yerma, "A comparative evaluation of
minerals and frace elements in the ashes from lignite, coal refuse, and biomass fired
power plants.” fvermational Souwrmal of Coal Geology, vol. 37, noc 2, pp. 112-1240. 2011,
dod: T I0T6 . coal 200 LOSMIG.

P. Termoglu, 5. Yicel, and . Kus, "Review on a novel hiosilica source for production
of advanced silica-based marerials: Wheat husk," Asig-Pacific Jowrmal of Chemical

Engineering, vol. 14, no, 1, 2008, dod: 10,1002/ apd. 2262,

Au B Wassie and V., O, Snvastava, "Syiithesis and Characterization of Mano-Silica
from Tefl Straw," Jowrnal of Nano Research vol. 46, pp. 64-72, 2017, doi:
104028 www scientific net T Nanol 46,64

). Wernther, M. Saenger, U, Hartge, T, Ogada, and 5. Z, "Combustion of agricultural
residues,” Progress in Encrey amd Combustion Science, vol. 26, pp. 1=27, 2006, daoi:
hitps=/dot.ore/ 10,101 5803601 285{90100005-2.

L. A, Zemnukhova, E. A, Skiba, V. V. Budaeva, A_E. Panasenko, and N. V. Polyakova,

"Composition of Inorganic Components of Oat Husks and Products of Their Chemical




(139

[140]

[141]

[142]

[143]

[144]

and Enrymatic Transformation,” Russian Sowrnal of Applied Chemister, vol. 91, no. 2,
pp. 230234, 2004, doi: 1001134/ 10704272 ] S020106.

AL Agsha, M. M. Tyani, B. Moghtaden, and N. Mahinpey, "Catalytic pyrolysis of straw
biomasses {whest, flee, oat and barley) and the companson of their product yields ™
Jovirnal af Amalytical and Applied Fyealysis, vol. 125, ppo 200-206, 2007, doi:
100 6 Jaap. 200 T.03.022.

. Bharath, V. Raghavan, B, V. 5. 5. 5 Prasad. and 5. R, Chakravarthy, "Co-
gasification of Indian fce sk and Indian coal with high=ash in bubbling fuidized bed
gasifieation reactor,” Apelicd Thevmin! Erploeering, vol. 137, pp, 60B-615, 2018, daoi:
10101 & applthermaleng 201804035,

W, Charusin and T, Vitidsant, "Biofuel production via the pyrolysis of sugarcane
(Sacchamim efficinarum L) leaves: Charactenzation of the optimal conditions.”
Sustirable  Clemistry and Pharmacy,  vol. 10, pp. T1-78. 20018, do:
T L0 Gy scp 20T 00 (K5,

N. R. Galina, C. M. Romero Luna, G. L. A. F. Arce, and |. Avila, "Comparative study
on combastion and oxy-fuel combustion environments using mixtures of coal with
sugarcane bagasse and biomass sorghum bagasse by the thermogravimetnc anafysis.”
Jowrmal of the Emergy fusditse, vol 92, no. 3, pp. T4L-73, 2019, doi:
10,101 6. joed. 2018, 02008,

K. Gargia, O, Pizamro, A G Lavin, and ). L. Bueno, "Claractenzation of Spanish
biomass wastes for energy use," Biowesowr Technol, vol, 103, so, |, pp. 249-38, Jan
2002, doi: 1010160 biomech. 200 1. 10.004

M. Leredo-Cancine, E. Soto-Regaladoe, F. 1 Cerine-Cordowa, B, B, Garcia-Reves, A
M, Garcig-Leon, and M, T, Garza-Gonzalez, "Determining optimal conditions to

produce activated carbon from barley husks using smgle or dual optimization,” J




Environ  Mongge, wol. 125, pp. 11725, Awg 15 2013, doi
1010 ey penvmian. 201 3 .00, 02K,

[145] A. Pandey end B. Kumar. "Effects of rice straw ash and micro silica on mechanical
properties of pavement quality conerete,” Jownal of Building Engineering, vol. 26,
20149, dos: FL 1016 jobe, 2019, LOOEES.

[146] A. Raheem, M. £hao, W. Dastyar, A. Q. Channa, G. Ji. and ¥. Zhang. "Parametnc
gasification process of sugarcane bagasse for syngas production,” Ieternationas! Jogrnal
af  HMwivogen  Enevgy, vol, 44, no. 3, pp. 1623416247, 2019, doi:
10,1 0 & phydene. 200904127

[147] M. Ram and M. K. Mondal, "Camparative study of sative and impregnated coconut
husk with pulp and paper industry waste water for fuel gas production,” Ererge. vol,
| 56, ppe 122131, 2018, doi: 10101 & energy 201805, 102,

[148] T. Rizn, P. Xing. M. Poarkashanian, L, 1. Darvell, ). M. Jones, and W, Nimmo,
"Prediction of biomass ash fusion behaviour by the use of detaled charactensation
methods coupled with thermodynamic analysis" Fueel. vol. 141, pp. 275-284_ 2015, doi:
10RO 6. fued 2004, 10,021,

[149] 5. Smgh, L. C. Ram, and A. K. Sarkar, "The Mincralogical Charscteristics of the Ashies
Derved from the Combustion of Lignite, Coal Washery Rejects, and Mustard Stalk,”
Envrgy Sentrces, Part A Recovery, Usilizatfon, and Emvirommremtal Effecty, vol. 35, no
21, pp. 20722085, 2013, doi: 1010801 55670036, 200 0,53333],

[150] A. A, Tonosa Masid, B, 1. P. Buhre, K. P. Gupta, and T. F. Wall, "Characterising ash
of biomass and waste,” Fuel Processing Technology, vol 88, no. [1=12, pp. 1071=1081,
2007, doi: 1010165, fuproc, 20070601 1

[151] R T. Avinla, ). O Deanis, H. M. Zaid, ¥, K, Sanusi, F. Usman, and L. L. Adebayo, "A

review of technical advances of recent palm bio-waste conversion to activated carbon




[152]

[153]

[154]

[155]

[156]

[157]

[158]

for energy storage, " Jowwnad of Cleansy Production, vol. 229, pp. 1427-1442, 2019, doi:
1006 jelepro 200 %.04. 1 16

M. A lslam, M. 1 Ahmed, W, A Khanday, M. Asif] and B. H. Hameed, "Mesopomous
activaied coconut shell-derived hydrochar prepared via hvdrothermal carbomzation-
MelOH activation for methylens blue adsorption,” J Environ Manage, vol. 203, no. Pt
1, pp. 237-244, Drec 1 2007, dos: 10UI0 &) jemvman 200707029,

M, T. Miranda, F. J. Sepulveda, 1. L Arranz, 1. Momero, and C. V., Rojaz, "Analyzis of
pellenzing from com cob waste.” J Environ Manage, vol, 228, pp. 303-311, Dec 15
2008, doi: 110165 jemviman. 201 508,105,

Y. Zhang, A Ghaly, and B, Li, "Physical properties of com residues.” dmericon
Jewirnal of Blochemisiey and Bimechrolopy, vol, 8, no, 20 pp. 4453, 2012, doi:
10.38447bb. 20 2.44.53,

M.-A. Perea-Morene, F. Mareano-Agugliaro, (). Hemandez-Escobedo, and Al-J
Perea-Moreno, "Peanut Shell for Encrgy: Propertics and 1ts Potential to Respect the
Environment,” Susraimability, vol. 10, no, 9, 2018, doi: 10339 50l (KR3254,

5. Maiti, 5, Purakayastha, and B, Ghosh, "Thermal chamactenzation of mustard straw
und stalk in nitrogen at different heating rates.” Fuel, vol, §6, no. 10-11, pp. 1513-1518,
2007, doi: 100101 & Fuel 2006 11016,

K. Thomsan, A, Mustafa, ) McKinnon, D, Maenz, and B, Rossnagel, "CGenoypic
differences in chemical composition and ruminal degradability of oot hulls,” Canadions
Sowirmal of Arivral Science, vol, By no. 2, pp. 377-37%doi: 10,414 1299132 20600, doi:
doi: 10,4141 /99132

1 5. Lim, £, Abdul Manan, 5. R, Wan Alwi. and H. Hashim, "A review on utilisation

of Bomass from rice industry as a source of renewable energy,” Renewolde gnd




[15%]

[160]

[161]

[162]

[163]

[164]

Sustainable  Ewergy Reviews, wvol. 16, no. 5, pp 3084-3094. 2012, doi
1010 6eyrser. 201 2 02 051,

M. B. Appiah-Nkansah, J. Ly, W. Rooney, and 0. Wang, "A review of sweet sorghum
a5 a vizhle renewable bipenergy crop and its techno-economic anelysis" Remewable
Energy, vol, 143, pp. 1E21-1132, 200149, doo: 10016 renene, 2009, 05,0685,

4. Chandraju, B. Venkatesh, and ©. Chidan Kumar, "Estimation of sugars by acid
hydrolysis of sorghum sk by standard  methods,” Joremad of Chemioal aond
FPhormacentical Research, vol, 5, no, 12, pp. [272-1275, 2013,

AL Anukam, 5, Mamphweli, P, Reddy. E, Mever, and O, Okoly, "Pre-processing of
sugarcane bagasse for gasification in a downdraft biomass gasifier system: A
comprehensive review,” Renewable amd Swstainabie Enerpy Reviews, vol, 66, pp. 775-
801, 2006, doi: 100016/ .rser.20 1608046,

M. Kumar, 5. Sabbarwal, P. K. Mishra, and 5. M. Upadhyay, "Thermal degradation
kinetics of sugarcane leaves (Saccharum officinarum L) using thermo-gravimetric and
differential scanning calonmetric studies.” Sivresour Technol, vol. 279, pp. 262-270,
May 2014, doi; 1010064 blortech 201901 137,

ALK Bledeks, AL A Mamun, and J. Volk, "Physical, chemical and surface propertics
of wheat busk, rye husk and soft wood and their polypropylens composites,”
Crenmposites Parl A: Applicd Science aud Manwfacietog, vol. 41, na. 4, pp. 480-485,
20040, dor: 1010165 compositesa. 2009, 12,004,

L. Azdcar, N, Hermosilla, A, Gay, 5. Rocha, J. Diaz, and P, Jara, "Brown pelier
production using wheat straw from southern cities in Chile," Fuel, vol. 237, pp. 823-

BIZ, Z009, doi: D006, fuel 2008,09.039,




[165]

[166]

[1a7]

[168]

[169]

[170]

[171]

[172]

5. Snehal and P, Lohani, "Silica nanoparticles: ils green synthesis and imporance in
agriculure.” Jowrnal of Pharmacognosy and Plviochemizey, vol. 7, no. 5, pp, 3383-
33493, 2018,

X.5um, , Liu, T, Tang, X. Chen, and X, Luo, "Silicon Fertshizer Apphicanon Promaotes
Phytolith Accumulation in Rice Plants,” Fronr Plant Sci, vol: 10, p. 423, 2019, doi:
10338 fpd=.2019.00425.

E. Akhavere, D, Kavaz, and A, Vasesshta, "Synthesizing nano silica nanoparticles from
barley grain waste: effect of temperatre on mechanical properties.” Polish Sowrminl af
Ervvivemmentol Stilies, vol, 28, no. 4, pp, 25132520, 2009, dois 1015244 pjoesD | 7S,
). Uineda and K. Kondoh, "High-purification of amarphous silica enginated from rice
husks by combination of polysaceharide hydrolysis and metallic impurities removal.”
Indwsteied Crops ond Prodeers, wol, 32 no, 3, pp. 539544, 2000, doi:
OO Gy cerop. 20D CROKT ADCRE .

V. B. Carmona, B, 3. Oliveiea, W, T, L. Silva, L. H. C. Mattoso, and 1, M. Marconcini,
"Manosilica from rice husk: Extraction and chamctenzation,” fdwsoial Crops and
Produices, vol. 43, pp. 2901-296, 2003, doi: 101016/, indorop. 2001 206,050,

5. Mor, C. K. Manchanda, 5. K. Kansal, and K. Ravindra, "Nanosilica extraction from
processed agricultural residue using green technolagy,” dourmal of Cleaner Praduction,
vol, 143, pp. 1284=1290, 2007, doei: 10,1016/ jelepro.2016.11.142

1P Miguez of o, "Enzvmatic synthesis optitmzation of 2 cosmetic ester catalvzed by
# homemade biccatalyst prepared via physical adsomption of lipase on aming-
functionalized fice husk silica." Chemical Engineeriig Revearch an Besign, vol, 139,
. 296-308, 2018, doi: 101016 .chend 201 809037,

B. G. Rao, D, Mukherjee, and B. M. Reddy, "Navel approaches for preparation

of nanoparticles,” in Namostriectures jior Moved Therapy, 2007, pp, 1-36.




[173]

[174]

[175]

[176]

[177]

[17%]

[179]

H. Zhong and T. 5 Mirkovie, (I, “MNanocrystal synthesis” Comprefensive
Nanoscignce and Technology, pp. 153-200, 2011, doi: dosz 10,101 6/b97TE-0-1 2-374396-
LIS -4

K. Kajihara, "Recent sdvances in sob-gel synthesis of monobithic silics and silica-hased
plasses,” Jowrmal of Asian Cerawic Societies, vol. 1. no. 2, ppe 121-133, 2018, doi:
106 Jascer. 2013 04,002,

M. 5 C, Zulkifli, 1, Ak Rabmgn, D Mohamad, and A, Husein, "A green sol-pel route
for the synihesis of structurally controlled silica particles from rce husk for dental
compesite Gller,” Cermmice fotermationad, vol. 39, no, 4, pp. 43594567, 2013, daoi:
10,101 &g coramint. 201 2.1 1052,

M. Thakkar, J. P. Makwana, P. Mohanty, M. Shah, and V. Singh, "In bed catalytic tar
reduction in the awathermal fuidized bed gasification of rice hisk: Extraction of silica,
enerey ard cost analysis," Sadusrriad Crops and Produces, vol. 87, pp. 324-332, 2016,
dos: THI0T6] mderop. 20 16H.04.031,

L. Zulfigar, T. Subhani. and 5. Wilayat Huszin, "Towards inable size of silica particles
from mce husk." Jowrnal of Non-Cevsraliine Sofids, vol. 429, pp. 61-68, 2015, doi:
10101 &) jroncrysol. 200 508,037,

Le wH, C. Ha Thue, and H. Ha Thoc, "Synthesis of silica nanoparticles from
Yietmamese rice husk by sol-gel methad," Namascale Research Letters, vol, B, no, 58,
2013, don: 10118671 356-2T6HX-5-58,

K. Rawar, A. Tiwari, V. 5 Vendamani, A. P. Pathak, 5. V. Rao, and A. Tripathi,
"Synthesis of 55102 nanoparticles using nanosecond fxser ablation of silicate=rich
garnet an water,"  Oprical Materials,  vol, 75 pp. 350-336, 2018, doi:

101016, optmar 2017, 10,045,




[180]

[181]

[182]

[183]

[184]

[185]

[186]

M. Makul and I, K. Agrawal, "Microwave | 2.450GHz)-assisted rapid sintering of Si002-
rich rice husk ash Marerials Leters, wvol. 64, no. 3, pp. 367-370, 20100, doi:
TO L0ty maifec 20405, 1 1 A1 5.

M. Pijarn and P. Galajak, "New Insight Technigue tor Synthesis of Silica Gel from Rice
Husk Ash by Using Microwsve Radiation,” ddvareed Materials Reseaveh, vol T25-
10246, pp. 574-57%, 2014, dos: 104028 wwwescientific net/ AME. 1025-1026.574.

F. Williams, 1. Anum, R, Iz, and M. Alivu, "Properties of sorghum husk ash blended
cement laterized concrete,” Intermananal dowenal of Research in Marugement, Science
&k Technoloey, vol. 2o na, 2, pp. 73-79, 2014,

I 1. Femandes e af, "Phvsical, chemical and electnic characterization of thermally
ireated rice husk ash and its potential application as ceramic raw matenal.” dovarced
Powder  Technology,  wol. 28, no. 40 pp, 12281236, 2017, do:
TOCLCHT 'y e 2000 3002 NS

F. Andreola er al, "Technological propertics of glass-ceramic tiles obtamed using rice
husk ssh as silica precursor,” Ceramics fimternational. vol. 39, no. 5, pp. 3427-5435,
2013, don; 1010169 ceramint. 201212 050,

5. K. 5. Hossain, L. Mathur, P. Singh, and M. B Majhi, "Preparation of forstente
refractory using highly abundant amorphows rice husk silica for thermal msulation,”
Jowprmal  of Aslan Ceromic Societies, wvol. 5, no. 2, pp. 82-E7, 2018, doi:
10101 & jascer. 200700 M,

E. Hasan, C. C. Chong, 5 N, Bukhani, K, Jusoh, and H. D Setiabudi, "Effective
removal of PRI by low-cost fibrous silica KCC=1 synthesized from silica-rich rice
husk ash." Jowenal of indistrial and Engineering Chemistey, vol, 75, pp. 262-270, 2019,

daoi: 1010165 jiec. 201 903034




[187]

[158]

[159]

[190]

[191]

[192]

[193]

[194]

R. 1. Haynes, "The nature ofbiogenic Si and its potential role in 51 supply in agricultural
soils,” dgeicwinwe, Eeosvstems & Environmens, vol. 245, pp. 100-111, 2017, doi:
10100 6. agee 201704021,

R. I. Haynes, O, N. Belvaeva, and (. Kingston, "Evaluation of industrial westes as
sources of fertlizer silicon using chemical extractions and plant uptake,” Jouwrma of
Plant Nuwwition and  Soil Science, wol. 176, no. 2. pp. 238248, 2013, doix
101 0025p]n, 201 200372,

Y Zou er ol "Recovery of silicon from sewage sludge for production of high-purity
nano-SiCN 21" Chemosphere, wvol, 90, no. 8 pp. 23328, Feb 20013, doi:
10,101 &) chemosphere. 200 2, 10087,

H. Dhng er @l "Preparation of silica nancparticles from waste silicon sludge," Powder
Technolegy, vol, 284, pp. 231-236, 2005, doi: 10, 10164, powiee 201 5.06.063,

Y. Han, L. Zhow, ¥. Liang, Z. Li, and Y, Zhu, "Fabncation and propertics of
stlica/mullite: porous ceramic by foam-gelcasting process using silicon kerf waste as
raw matenal.," Marerials Chemizirv and  FPhesics,  wvol. 240, 2020, doi:
10 E01 6. matchemphys. 2019122248,

Gi. Elineema er ol "Ouantitative recovery of high purity nanoporous silica from waste
products of the phosphate fertilizer industry,™ Sournal of rdusivial and Engineering
Chemistry. vol. 19, no. 1, pp. 63-67. 2003, doi: 100100 65 jiec. 200 2.07.001,

H. Zhang et af., "A study o the consecutive preparation of d-xylose and pure superfine
silica from rice husk." Bioresowr Techaol, vol, 101, no, 4, pp. 12637, Feb 2000, doi:
1010165, biortech. 200909, 045,

H. Zhang, X, Ding. X. Chen, Y. Ma, £, Wang, and X. Zhao, "A new method of utilizing

rice sk consecutively preparing D=xylose, organosalv lignin, ethanal and amophous




[195]

[196]

[197]

superfine  silica,” o Hazord Mater, wvol. 291, pp. 65-73. Jun 30 2013, doi
1010 6y phazmat. 2015 .03 (W03

Do An Y. CGuo, Y. Zho, and Z. Wang, "A green route to preparation of silica powders
with rice husk ash and waste gas" Chemical Engineering Journal, vol. 162, no, 2, pp.
SO-5 14, 2000 doa: 101060 .ce) 20000 052,

¥. Lo, Y. Guo, W. Gao, £. Wang, Y. Ma, and Z. Wang, "Simultancous preparation of
silica and activated carbon From rice huzsk ash,"” Soured! of Clagner Prodyetion, vol, 32,
pp. 204209, 2082, doi; 10010168/, jclepro2012.03.021,

Yoo S0 ef af, "A green route for pyrolysis poly-generation of typical high ash bicamass,
rice husk: Effects on simultanesis production of carbonic oxide-rich syngas, phenol-

abundant bio=oil, high-adsarption porous carbon and amorphous sificon dioxide,

Bioresour Technod, vol, 295, p. 122243, Jan 2020, doi: 10, 10 G bartech, 2019, 122243




Crop residues as potential sustainable precursors for

developing silica materials: A review

ORIGINALITY REPORT

3. 3 Os

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS

O

STUDENT PAPERS

PRIMARY SOURCES

www.researchgate.net

Internet Source

3%

ED clude quotes On ED clude matches

ED clude bibliographO On

<3%



