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ABSTRACT: In the present study, amorphous silica was successfully extracted from wheat straw by
acid leaching technique using various acids including HCI, HNO,, H2SO, and H,PO, and was used in

the constituents, the crystallization state, the identification of the functional groups and the surface
morphology of the produced materials were investigated using XRF, XRD, FT-IR, VSM, BET, SEM
and zeta potential analyzes. Finally, the synthesized Fe,0,@SiO,@CS bionanocomposite was used for
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showed that pure and active silica with purity of 96.52% was extracted from wheat straw using acid
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leaching with HNO, acid. Also, the results of VSM analysis showed the superparamagnetic properties of
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CS bionanocomposite was 97% and adsorption capacity of it was 1700 mg g—1, which is much higher  Adsorption

and desirable than many other adsorbents.
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1- Introduction

Silica (SiO,) is a raw material that, due to its unique
physical and chemical properties, has many technological
applications such as thermal insulation, filler composite
materials, thixotropic agents and so on [1]. Examples of silica
usage include glass, ceramics, cement, pharmaceuticals,
cosmetics and silica-based materials in general [2, 3]. Silica
is the second most abundant element in the Earth’s crust,
accounting for about 32% of its weight [2]. The crystalline
silica is inactive and cannot be used in chemical reactions.
To convert crystalline silica to amorphous silica that can be
used in chemical reactions, very high temperatures (ca. 2000
°C), various chemicals and complex equipment are required.
Therefore, the process will be very costly and highly
contaminating for the environment. Plants rooted in the soil
adsorb the silica in the form of silicic acid during their growth
process [4]. Some plants, such as the Equisetum, Cyperaceae
and Poaceae families, are rich in amorphous silica that
accumulate the amorphous silica in a hydrated form (SiO,.
nH,0) in their tissues [5]. Plant species that accumulate large
amounts of silica in their aerial parts are called silica super
accumulator plants. In these plants, the accumulated silica
is in the range of 5 to 30% of the dry weight of the plant
[6]. Many studies have been performed on the distribution,
deposition, physiology and extraction of silica from plants

*Corresponding author’s email: a_shahbazi@sbu.ac.ir

such as rice, wheat, barley and bamboo [7, 8]. These plants
are largely produced by the waste in the agricultural sector.
According to FAO statistics, in developing countries, about
40% of agricultural products become waste. Since wheat is an
important crop and accounts for the largest production in the
world, most of the waste produced in the agricultural sector
is related to this crop. Around 54 million tons of wheat straw
is produced annually worldwide [9]. Wheat straw is often
burned in the fields after harvesting the wheat crop. Burning
wheat straw in the fields will reduce soil organic matter
and greatly reduce soil fertility in the long run. In addition,
it destroys soil microorganisms and disrupts the natural
process of agricultural ecosystems. Besides, it also affects
the environment and causes air and surface and groundwater
pollution [10]. Wheat straw is recognized as a valuable
agricultural waste from the harvesting and processing of
wheat from fields that is rich in amorphous silica, easy to
extract and require no complex chemicals and equipment.
Therefore, it can be used as a cheap, readily available raw
material for the production of silica-based materials. On the
other hand, iron oxide magnetic nanoparticles (Fe,O, MNPs)
coated with silica have recently received special attention
due to its many environmental applications. Silica coating
can also prevent the aggregation and agglomeration of Fe,O,
MNPs and improve their dispersion in aqueous solutions.
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2- Materials and methods

In this study, first, silica extraction from wheat straw was
optimized by different methods of simple combustion and
acid leaching using different hydrochloric, nitric, sulfuric and
phosphoric acids. Then, iron oxide magnetic nanoparticles
(Fe,O, MNPs) were synthesized by co-precipitation method
and using it and silica extracted from wheat straw the Fe,O,@
SiO, magnetic nanocomposite was synthesized. Finally,
the synthesized nanocomposite was functionalized using a
chitosan functional group to obtain Fe,0,@SiO,@CS bio-
nanocomposite and was used as an efficient adsorbent for
removal of Basic Red 46 dye from aqueous solutions.

3- Results and discussion

The results showed that pure and active silica with a
purity of 96.52% was extracted from wheat straw using acid
leaching with HNO, acid. Also, the results of VSM analysis
showed the superparamagnetic properties of Fe,O,@SiO,@
CS bio-nanocomposite with magnetic properties of 17.55
emu g'. In addition, the results of dye removal showed that
the Basic Red 46 dye removal efficiency using synthesized
Fe,0,@SiO,@CS bio-nanocomposite was 97% and its
adsorption capacity it was 1700 mg g !, which is much higher
and desirable than many other adsorbents.

4- Conclusions

In the present study, wheat straw agricultural waste was
selected to produce amorphous silica and it was used in the
synthesis ofFe,O,@SiO, magnetic nanocomposite and then the
nanocomposite was functionalized using chitosan functional
group to obtain Fe,0,@SiO,@CS bio-nanocomposite. For
the extraction of silica, wheat straw agricultural waste was
investigated by two methods of conventional combustion
and acid leaching using HCI, HNO,, H,SO, and H,PO, acids.
The results of XRF analysis showed that the active silica was
successfully extracted by acid leaching using HNO, with
96.52% purity. The results of XRD analysis showed that the
crystalline structure of Fe,O,@SiO, nanocomposite remained
stable after being chitosan functionalized. The results of
adsorption experiments showed that this bio-nanocomposite
had a removal efficiency of 97% and an adsorption capacity
of 1700 mg g ! which showed high potential for removal of
dye pollutants from aqueous solutions.

References

[1]T.-H. Liou, Preparation and characterization of nano-
structured silica from rice husk, Materials Science and
Engineering: A, 364(1) (2004) 313-323.

[2] S. Kamari, F. Ghorbani, A.M. Sanati, Adsorptive removal
of lead from aqueous solutions by amine—functionalized
magMCM-41 as a low—cost nanocomposite prepared from
rice husk: Modeling and optimization by response surface
methodology, Sustainable Chemistry and Pharmacy, 13
(2019) 100153.

[3]S. Kamari, F. Ghorbani, Synthesis of magMCM-41
with rice husk silica as cadmium sorbent from aqueous
solutions: parameters’ optimization by response surface
methodology, Environmental Technology, 38(12) (2017)
1562-1579.

[4] H. Motomura, T. Fujii, M. Suzuki, Distribution of silicified
cells in the leaf blades of pleioblastus chino (Franchet et
Savatier) Makino (Bambusoideae), Annals of Botany,
85(6) (2000) 751-757.

[5]1P.B. KAUFMAN, P. DAYANANDAN, C.I. FRANKLIN,
Y. TAKEOKA, Structure and function of silica bodies in
the epidermal system of grass shoots, Annals of Botany,
55(4) (1985) 487-507.

[6]S. Agarie, W. Agata, H. Uchida, F. Kubota, P.B. Kaufman,
Function of silica bodies in the epidermal system of rice
(Oryza sativa L.): testing the window hypothesis, Journal
of Experimental Botany, 47(5) (1996) 655-660.

[71D. An, Y. Guo, Y. Zhu, Z. Wang, A green route to
preparation of silica powders with rice husk ash and waste
gas, Chemical Engineering Journal, 162(2) (2010) 509-
514.

[8] M. Madani Hosseini, Y. Shao, J.K. Whalen, Biocement
production from silicon-rich plant residues: perspectives
and future potential in Canada, Biosystems Engineering,
110(4) (2011) 351-362.

[9] T. Robinson, B. Chandran, P. Nigam, Removal of dyes
from a synthetic textile dye effluent by biosorption on
apple pomace and wheat straw, Water Research, 36(11)
(2002) 2824-2830.

[10]F. Ghorbani, S. Kamari, Application of response
surface methodology for optimization of methyl orange
adsorption by Fe-grafting sugar beet bagasse, Adsorption
Science & Technology, 35(3-4) (2017) 317-338.

HOW TO CITE THIS ARTICLE

DOI: 10.22060/cee;j.2020.17391.6548

E. Najafi, A. Shahbazi, S. Kamari, Synthesis of Fe O,@SiO,@CS magnetic bio-
nanocomposite by silica extracted from wheat straw for removal of Basic Red 46
dye from aqueous solutions. Amirkabir J. Civil Eng., 53 (6) (2021) 525-526

526



785 310l (1308 (wkigen &g uli

VIV YYOY Clxio AF+ v Jlo & o)loud OF 093 ¢S puol (3 p0s (uditen &y
DOI: 10.22060/ceej.2020.17391.6548

5 o0 1 ytas! s 31 03Uiknst s Fe,0,@S10,@CS sunsblido 90015 giligny i
<! s Jekoo I FF 50,8 S5l ST ) Bdo Cyz pudS S

55 g (53l wladl o iz plol!

u‘)-" ‘U‘JQ) ‘M A..Q,..: oEisls “_‘IJGW l°51'° 0M5).:

18)9ls Az U

AR IR VYRV VA § gt TR
VWAANY/Y 2 S5k
VAN Y0 bl
YWAANY/Y - o] il

e 3 o5 ol Jos g el anld sl ol 53] 65 (55,0l wiloy G (i piS IS NS
9 lerd Slge 4 5L g 039 ool ()] sl w13 a8 Wl (o JSE (9 b 1 5L pes 45T 090 o aiSls
Ok 2y 2 Slge adgi S o 53 9 o Gyl adsl esle G (lgre 4 Wl (o0 9 9l (gl ooz e
b ool (590 5 S (hg) 4 puiS QIS I JUd g S (o el 8l anlllan ;5355 13 ool 359
Ca55ealS 55U 3w 0 1 51 g 00,5zl seinl cussge L HPO, s H SO, ¢tHCIHNO, ol calises (glaowl

(guls wlls .
5,555 il s s ele (CS) QL.»}?: ol 05,5 Lawgs oot 1w Cu eS¢ anns .w sslizul @ SiO,@ Fe.O,
S S XRF. XRD¢ (sla 3 JUT 51 ool b oo adgs slge (5 i5be slo g ol cows 43 CS cajonalSgilign b
Fe304@ caspuds sy US ot oo ol 0Lt ol s ) 18 sy 990 U ol FTfIR‘. VSM« BET« SEM
Si02@CS (it ool s ]Sl pasS Al T HNOLL (ol (595 5 ot 3l onliil b Z3F/0Y ool L Jlad 4
s i bl Zouols L L@ SI0,@ Fe O, o 50alS gilies smblial )y yy9ms Snols VSM LTl Lol gl
£5 50 Soib oolatul b FF 36,8 SG3L 5 B e wls (lis S5, Bds 3l ol zulis codle a4y ols (Las VY/O0 V—emu g

s w3l plo b awslie o a5 ail o VYo e V—Z g o Gio cudybo g 009 AV ol 1w CujenelSgiliaw 3

iyl S 5l oslinad b 55, ol Jsbone 51 oo yies Ca 3osalS gilines (o5lloz il oo 5 sllas § 5YL Lo

..\..i';ﬁl;u"ﬁ}&
009 Jlad i g allins ;S JSo a0 ek ol IV w0 oo oSt FPRV-PR

308 CollB as Jlad o ' USs o peebew  0T hos Gl
Sl glos il asly 1) Glizee mlio § olboond glo 2iSTy
3l g 0g asles glanie, L u\,ﬂ)s eoplpls cwl 5L 050
A3l o Yo (T b gimro wl 3 Sy s asee Sy s
35290 el 93 00, gy b W)ls SB 0 ady; a5 SlalS

Lf] aiss o i " Secdow sl S5 a1, S o

Equisetum  slo colgils  ymen bS5l Sy

1 Amorphous silica
2 Silicic acid

G oaxg b oaS cwl adgl sl el SO (SIO,) ko

slaop )5 sl (ol 08 4 pamie lerd 5 (b Sluogas
g o il Gl mle Ol 4 e ) il (S3IeSS
DT a2l o050 5 Sigg590S5 (sl Jale 0aisS 2 gralS

slio jo ol sloslesl 4 lgy co (oo 31 oslaswl o )lge alox

My mlee Gl ads mlis (il Sl wsile aded
gl IS j5b @ s il s )T Slse sy glio )l
raie ragd Geskew [V 5 ¥ 087 0 )Ll Gl aily 2 0ls0 055

a_shahbazi@sbu.ac.ir :olslse lsoage oocmyss ™

(Creative Commons License) oo o (Sosis 31 Luilacd o allie () .ol 00 00ld 108 ol ol8ils ol )Ll s 126 3si> g B oian g5 0 (uilio (358>
Auileyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode .ol 5l uilucd cpl bz gl sl 48,5 )18 Loy o 2,0 BY NG

yyoy



YYV-=YYOY Olxaws MY - JL\A"; b)l.o.w INE 0)9.) 5)4.‘5)“:] u‘).o.c Ls'“"‘\“"e{a 44)&»

3 b E3)5 3 s 090 (S SN0 0 Bl b,
s 5 009 sl gl baylps po T gy b lge b anylie
Ol 4 gy cnl 5l aBbios polie 35 LAalaST la STy 2l 5
S oo Jos Slge plos 5l cblis gl conlin iiigy osle
a3 lns b ooy o0l gy cmbline o35 ¢ Sy0 03,k
ogdle W3 )5 )18 059 a8 3590 Cennj danzme 0 Vb (215 o
ol 0ol 0uiligy JawS 9,000 (g0b 5 Hlade b Geodiws oo ol 5
Jsle yo 1, H O b v (o b JuSg o (ol 5l S
odds it 4L (6 ke sl)1s el law ams 10 g oo S ol3T
odls Lilg (swablioe &lydsil o Sloe cdgpw csly ol ol g
g 5l lg oo ki (b (izmen D9 oo i b oo
STy 5 63,5 S pSslr pmablite SIS $U 05 0505051
WBYo cpla DY g Y] s e 1) o sl Jglome o Loy
P 3 paiS ST (65)5leS Wl ) ead glpFl eelew
ooliiul 8,90 FEe O.@S10,@CS icbliae o jgualS g
3 eS el asl ol O oole 4 sliwl b opuizmen 28,5 18
S5y sl a1 sl b Sl o s,5 il da T o)l
SBilas 5 Qi ol 4 a4l (e b O 4 Al Cy>
LSis olaS 5 soys asb o Vo Mg LT o)L 5 (55,0la8
5 shle loogS plulid (gmlillivn )57 Cundy ouind
Gl 6l 5T 51 sslicil b onds algi slge o (55505590
«(X-ray fluorescence) oSGl g5, (wilo)sls iw il
b (X-ray diffraction) ! gg blp v b
Fourier transform infrared) , ;48 50,3 oyg0lo (5 g0 Zow
Vibrating) s o aiges xiw usbliae (SpECtroscopy
gy 9,5 LSy S gLt (Sample magnetometer
58 Gidxly 3 wi> (Scanning electron microscopy)
i8S 8 ot g a5 g (o 990 U Jemeily 5 (3595
9 2l l5 Qe S lsie 4 ead s CojenalS gl 1ol
s oolil (2T sle Jslomo 51 P 508 Sl K5y Bdo gz e
4370 g oy 390 0¥l lile o Jloe PH sla sl )y il

RE N

a5 sitwd S o e I ¢ Poaceae 5 Cyperaceae
&z 055 slo cél o (Si0,.nH,0) Slhoe Sigo a1y ol
3 omdews g0l s polie a5 alS sla 4565 [6] was s
0uS o olS Mol wies R BT g uﬁ"?’“ sle plail
Ol (nl )0 Wigh (go 0l el slo LI pgar b el
a5l oo ol S 59 AT b0 odgaste ,0 dibly ged ukins
(el & o398 09208 b adayly 1o g0y Sldlas 4wy ol jo 1#]
5 57 S @y Oyzed Sl o ek gliRiel 5 s55)s 5
e 4 alS pl Koo Bk 1Y g Al casl a8 5 & g0 guel
Wgd (oo i (65)laS Gitu 50 wlews Sjge 4 g3b5 b
arwy b 50 sloysas 0 FAO Sl glojle Ll Lelul 5
g (oo Jad dilewy 45 (55 ,5liS isn OV gass AR Sgd>
SLAGR 5 005 pde Jpame Sy paS Jpame sl 4 axgi b
wad (oo platsl 093 & olpl )3 egaz 4 s Dl 0 ) adg
dyame b & bgipe 5 00l adgh Silows (n e nlple
ToauS S (65,5LaS Wlowny (5 yaubeo OF dga> AVl ail o
5 g gl e puss S 4] 058 o g ez el 50
OlS il g el g0 0dljg £ 150 j0 paiS Jgame Clls
Goe il j0 500l S S olge rals 4 e gl 40 pasS
3l coge odle 4 ars o oS ol 4 |, S 555 Sl
b gy 5 00 S50 9250 slo ey S 58,
Gl ooles S 0 aled (oo Je 1) (65)0lST sl S|
g Sogl cxga g ools )13 30 g 1 1) G ) Lass ol o
IS el [V ] 008 oo 5 i) 2 5 (xbam o T
a Lo yuliw 0 a5 cul (65,5liS sdns sladilony 1 (SO pusS
orthe 5l 2Yb gobaw s pasS 1S 09d (o0 2L Syl 0
SUPPSS Bjlae S Kb (o e w5 sl Ced )]
Slowy S5 Glgie a5 paiS S Gols dslllas jo il Jeio
oS Sl S o e o Cum G55 05 s3peleS
sl aul 5l solatul b g5l solel g (g5le solel g calisee
L g 90 ¢ cand (HPO, ; HSO, HNO, HCl) bz

1 Silica accumulator plants
2 Wheat Straw

YYo¥



]

v
Sl )L°-‘-‘ ]

| o ¢
t bl Lo g 1 [(H3P04 (H:S04 <HNO: <HCl)
J

(e 1)
-
&l !
(a0 7+ clod)

S S (63,9l ilowany 31 b 15l (55l dlnr i T5 01 Shosld ) S
Fig. 1. Flow diagram of optimization process of silica extraction from wheat straw agricultural waste

Sl by, -V Y-V
Wi G D G eSS D g e lal g, ol o
b o0ls 98 g St Hhate Ol L AS e S g (Jgero ol b as
Csled b (S0 yisUloyss jo ealed 5o
FeS1 lade g ad eols Gl (Ve "C mInT) wdle oles

s bfhowa s

205 (59 oxile S

Gl g5yl by, —V-V-Y
Wz e D (g e IS 0 8 lade Tl (B, cnl )
A 00ld 98 g e Hlalle T L a0 S g (Jgome Ol b iy
Al (S0 5000 ) VN gl gla Jsloo o caslol o
U R OV PR (6 VE* W SRVOR JPIE VPV PONIR VORI V3%
o Gl sounl Jolowe Yo ml) ot ools ¢ g cens ¥ h o
55 5 S Jyars T L adpe iz alsl o (puiS 1S )8
shie Ol L as e SO Coles 0 9 wo )8 (s oI pH b s ool
ool 18 s slos ;o YF D o a0 o 0 00ld gbgnns

20 e S LY h cos s aslsl o il zels T cogb, b o

LSO iSlo,sS 50 ol jo 0,8 Sis o9l o Ve °C sloo

Yoo

b gy 9 dlgo Y
oolitul 850 oliosd Slge —+1-¥

bl piE £ l5e 5l anlllas ol o eolinul 550 oS IS
ilord Slge (ooled (rizmen ol i Sob) Gl ped (OIS
(HCL 7Y SIS jg0um ol Lol by iolesT o ool 5,50
sl (HPO,) ZAD S i ool (HNOL) 750 S s o]
(NaOH) 729 wluSy 0 mow (H,SO,) %3N S 9ilgu
o ez ol als (FeCl/PH,0) ol id oal wls
ol (NH,OH) Z¥0 wluSg,0un possel (FeCl/¥H,0)
Jobl «C,H,0,) 7Yd asuilgls «CH,COOH) Sl
Merck) S o o5 5 51 (C,H | NO,) luss 3 (C,H,OH)
args e O 5l ooliiul b o isles] abes ainds g loy 5 el
Dy S elsl Raymand Jos 6,5 hie O olKws b osd

poiS IS 51 b il (g5l atnge V-V
@liee gl by, 4 pasS S 5l szl g5l e

Iv] s plel 15 &y 4 ¥ gl S F09lmdd g ‘51).';_'>|

1 Combustion
2 Acid treatment



YYV-=YYOY Olxaws MY - JL\A"; b)l.o.w INE 0)9.) 5)4.‘5)“:] u‘).o.c Ls'“"‘\“"e{a 44)&»

olsie 4 oliSen Jolo b digas agd 5l ey ' Fiism Ob9)
sebie ol e [¥] as plonil 5 & 90 0 S, 013 b >
wFhowa L8 as w0 eus 3w Fe O,@S10, ool lol
s 4,5 SelS ] s, b s K S5 oyl o Ve v °C sloo
¥ Sl agnsl Joloee Yo o ML o oyluginS sole 51T g aslsl o
aslsl o1 4 Fe O.@S10, oole 51\ g Jloke e g 0 J>
4 g oo a8lal T 4 oW bglS Jolowe 51 Y ML s 0005
odal Cawd 4 dul> oole o WM, £+ °C sles ;o Y h G
0 0ol 5 5 o e o 5 ol ecSeual o 51 oolizl U
Fe O, @S10,@ ools cols 10 auw, ¥ 090> 4 I pH U
390 g ool Sis O+ °C sles ;o VY h e @ o0 1w CS

DVF gr0] cé,5 15 oolaxul

osliil 550 g zi-O-Y
gl Gl oaias LS4 GlaS 5 )8 e jslaie 4

S (XRE) oSol 5550 uibojgld (o9, 5l pasS G205 5l s
omizmed 3,8 oslazwl Philips PWYFA L o, olKiis oo
g oad glpdl dew Gorlillivn S Sundy (o)
oSl g Ml Ghey Sl et pw CojealSel LSl (o)
oolizwl Philips X'pert Jos olfiws b oo 43,5 (XRD)
159V ADY zge Jsb b il 5l oolizsl kb XRD (gs3I! s
o3l ags g a5 sl Cawo 4 ¥ MA o by T KV 5Ly
e S 5920l 6 g o gl Sl s (gl el S Condg
opdle 03,5 Sl VO B ) 50T uliie o 3l aggly cond
L FTIR) y)58 508 ogole 38 i el 5IUT cnl
aiels o BRUKER VECTOR YY o ofSiss 3l eslitul
20,5 ol KBr o8 59, 00 S 4L foocom™ b Fe -
S350l $U g oud gliinl ol LSl (il Gl (S
3l oolaiwl b conds i CujemelS 9l (g paie oS 5 g ol i
olis b ouds agd SEM) (g, (55280 58 Soo sl
ey S i3 S 13wy 0,00 TESCAN MIRAY o
oo 48,5 VSM 3JUT 5l onds jies dlge 5l ounblise ols>
omablize 0,5 o Daneshpajouh MDKB  Jus oKiws L

1 Post synthesis

(- "Cmin™) e ol ces L h e v #- °C slos
09 ol b S Jlade ol 0w 5l e g 0l cols 3l i
33318 Wlowy 3l Gk gliinl 3l aige wnl® 0,8

el 00 00l QLM..: \ JS.JL)O éul.o...q O ygo ‘a..\.»f JJS

Fe,0,@Si0, sblize o jxalS gl i Y-Y
e Obgy & FeO)) pal ast oubline o)d 4l
(D) ol 0I5V /F g psbane opl o VY] was s Sleess
IV ML s 59,55 55 henssl cow (D) ol 0,15 F g 5
Do &y (s 9 00D J> (S b9, 4 0 (150 5enS T ke
Jeloee VY ML aslsl o .abas coSig 0+ °C sles 0V h
Qs SSle LIS 5 )59, 5 yaes! cos Y0 NH,OH
Yoo min Soe d g o 03938 Yb Jglone a4y o,had o had &g 4
Cawd &y cmblize 13 6 aww, A & o] pH b cél LM
A0 d g o (g3l laz () byl Sl eolinl L ool
Shd gl Colys jo o 0old ghglanss Hhaie ol 0 mL L
S 9l ;0 YE h Goe a Ve °C les o oads jiw (ol
o o yhie OTFee ML Jlade @) B,L o lal caslol o s
mL e L
ool Cuws 4 FeLO; ;05 ¥ 8 Jlade oy 0l (2100505
TC los po 5 0 039381 Y Jslome & (139555 55 yai]
FIN g Jlade (B) B,k 10 o o EuSiga el V o s A
mL o NaOH Y g 5 p0sS 25 5l oo 2l 50l ki j09
oSM, YF h Goe 4 °CA sles yo g oais Jo e O F-
olad &y &y ayd SlSie LSS o (D) B Jslons
§oolital b ol Jgkona PH ot 4Ll @) <5, Jglwo 4 o lad
oM, el O e 4 °CAe los o g 0as oudas #,0 HCI

4B O Gae A g 55 5 eolal L O -

Sz (=5 byl 5l solaiul b sdwel Caws 45 gy 00,5
s FLOL,@S10, 0 00ls 95 g oy yhaie ST L ad e aw g

b S YE h was 4 °CY- sles ;o oais

Fe,0,@Si0, (sarblise i jomelS b 30,5 o lole a3 ~F-Y
SlegS oole 5l eslaiul L Fe O, @S10, oole (0,5 ls fale

Ol a9y 2 9970 NHY) (ool (Jole 09,5 51 oolical ez

yYos



. (C—C WV
q. (mg g7*) = === AR

D3l b F7 503 Soib ) Qe cdibq ol o oS

C amg L) F% 508 il 5, gl clile C, umg g7)

Jole a> V umg L) £ 503 SO3L K, Jols cdale
23k o0 (@) 23 59 W5 (mL)

o g mbs Y
ods ddgi olge (5 Ll Slaogas s V-
XRF) Sl ¢5 0 il gl8 5JBT =V

Sl 4 S sladiges 4 by e XRF 6T ol ) Jgan
Das o plas 1) gilweslel alizee slaybg, b pasS 25 ouile
3 Ca0 K O sloonsS! pgas 4 g 558 slo Al Bi>
S el S a8 Gk o5l5 w0 iizmen 2l PLO,
LS)"i“"“’ ol (sl lo onds (o5l oobe! sl diges o ail P R
b oas (g5l oolel digas ¢y ol 5o el oonis (g5l oolel Aiges b
3ol oo AAFIOY imy ek sogls 5 i slyls HNO,
g a>gus J 0lge Jlade caxms lis a5 'LOT jal )b Koo Bk
0dds (55w oole] iges 10wl ool Cawd Ay ki 4o onils 3L
Slasdlas ol jo copl plo .l Jlade o 2eS lls SO s anul b
S dge gy Hlgie 4 HNOL 5leslinl b 5l sole] g,
) J,Jo)f solazul PJuf u~15 6))5L"‘5 JJL«.M.: )l u.w.L.w C‘).?L».u:‘
At sl Ghgy @) Jovxr slo gl jo Dolds o (g gome
‘m.\j JJS u..u).)l.o » Gl LSLDM‘ u‘).;‘ 9 4.;5.@.» LS)L...J OQLA]

A3k oo b e

NS
$359LaS Wilowsy 5l oud sl Gl (235L (30 ¥ IS5
olas 1) gile eolal alies sla by, 5l eolawl b pusS 2l
PG O9h (oo osalin loged (nl ;0 a5 yeb ples amo
pS S 4 bgrye (3l 5l  oaile sl 4 ST Gl

1 Loss on Ignition
2 Yield

yyoy

5 o e pyignl 6 pS ojlaslab eolaxwl e+ - Oe -2+«
BEL BELSOrp— Jae oKws 3l oolatul b ()59 5 55 wdzlg
D95 5 eoliiwl b o%g prlaw crlins dules .ol plsl mini 11
el BIH g 5l eolaiwl b &y o5l & 595 duslxe s BET
Josliral LA LY Glisee glo pH o b5 by 5007 s

A8 pll Malvern ZENY? « + o olSiws

g i 50 iz slo alejl-#-Y
iyl catigl ptacs ;0 iz slo (alejl pll jslaie &
8 5008 o3k S5,V e mE L cale Lo lasid Joloe S
@l Jsloro 5l oolizul L e Jolmo asl PH .l gy jlais O 5o
BEL Jow i pH ol&ws 3l osliw! L NaOH g HCI -n M
5lolaie 00,8 wlal b wds sla Liolesl o plas WYB
4 (/-0 gL Fe O,@Si0@CS il onis cross i
Uiy sl cdale Voo ML ggixe YO ML ol o)) SO
sl pH L E-A- mg L) £8 503 S5 5, o0 s
i 5l 03lil L by sdgase s lonil (B-Y) 60 pesd i
Sl Sl 45 oud L5155 polie 5 oud el gla Ligles
VYo mMIN Soe a4 Yoo TPM e b Lo Joloma ¢ puw 230
o byl 5l esliiul L e Jsloes alsl s aczsly Ldls|
5 osliial b Jslo 4o ouile 3l 55, clale polie g onds yild
o) €90 Jsb 55 UVCON XS oo jtagissy Sl olSins
solie 5 oas 1S5 L aw b isles] aled .aias 5JUT OY+ nm
L ¥ 508 Sl 5, R(%)) Bio IS wias ()15 5aSilee

V] sl caws @ (V) oo 5l oolazul

R [%)=“";—["’fx 100 M)

clale € o(4) £8 50,8 o3k S5, B QLW R T s a8

o Sosl S5y wale C g £7 MG L) o8 Soil K 4l
Cdo cud b piomed il o (MiN) t oLy 40 FF (Mg LT
a5 (V) Wolaa 5l oslinal b (g, (Mg g7)) ¥ 508 S5k K,

Y] sl s



YY’V’_YYIQYI ub&o ‘\\G’ M JL» ¢ ; O)Lo.w AYI 0)9.) c)A{S)»A‘ u]).o& ‘-;\A,W 4J)~u)

&lw oobol Caliso gy b pusS Gils 3l oo !yl uadaw XRF )..JLJ =) Joos
Table 1. XRF analysis results of silica extracted from wheat straw by different preparation methods
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Fig. 2. Silica extraction yield according to different preparation methods

S 3o el (o0 XRF JIUT 51 ol b b JelS” 8155 5o
5 00t (g3l 0olol Wigad a4y bgyye uplons (o9l S0 p (525505
Lo g3l oolol aigai & bgyye (o (osls o) (o i

R Pt HNO. ; colaza!

o gl ) b 50l S5 Y)Y
oolel 1yg diges @aS S 4 by ye g,0ll SO Y S 5o
oaly las calizes slo aunl b oas (g3l oole! e digad g g5l

Sgga uyS Slge paiS S g5le oolel pae o 4y .l sus

aS ol JJo opl a4 Bilgs o yel ol ol o (g3l oolel (g
Jol5 job s )8 Slge g Lo allBb sats (jle eolel g, 4o
SIS Gl onlpl ailoaiss )15 diged (i ile l g i gus
4SS (o eS (izpes el aile lr 4 ] I gt
Sl oolel pasS 2lS 4y bogs e diged Gl 5l ey snile sl
WSl e alaly ol je sl o HNOL i solaal b sus
Ol (i 5 bl diged G ile 2 1y 3l e HNO,
god Bl 51 gy ol el 00,5 Bds digad I, Lallbl
s ol el bl sl saile gl 4 (6550 S 50

YYOA



YY‘V'_YY‘AY‘ C)b{.&.ﬁé c\f" Jl.w ﬂF O)Lm.;.’ AYI 0)5.5 c).:.fs).:.‘ol O‘)A.C ‘_;“"A‘:'e(“ 4.&).»3.‘!

Ciliseo graw! 3 0oliiwl b T 31 o gl yiiuw] rlows g oS LS 4 bgs yo pglai ¥ JSCi
Fig. 3. Images of wheat straw and silica extracted from it using various acids

Slge sdg Caz w5 5 Hige adsl eole (lgie 4 Wlgi e g 005
ol Cwd 4 ull e 0,5 )8 colaiul 050 (ko 4L 5
Oy Ol ) odel Caws a4 @l b @8l 0 isu opl o
30 il 65 @ bge jloges o JSs o [Pl wsl
Fe.0.@ 5 Fe,O.@Si10, Fe O, slo 4i5es XRD) 5!
can Fe O, @346 XRD el ;o .00 0 saalin SIO,@CS
U7 g A YA e B Fe YO Gllg) oogame jo atuiv Sy
Y- AN Olxas 4 by e a5 005 oo alax>de OY ulids o
SESLe caisS anl as sl oo T 5 01 (FYY P Y
oy yo a8 b lea il o Fe O il caSo Jls S
Fe,O0,@ isla igei @ bgs o sloylogai 10 oSy oo w04 oo
iy oS col ail els Fe O.@Si10,@CS 4 Si0,
IS o s 5 GlY b Lo ] s o sociigy oims L
3 Sgzge 00, mS S NIV il o lognS Jele 09,5 4
IS b 40 355 4 0Y ol Yo F " (sllg) 0500ns
bl CojapalS il St g gy plyie 4 Fe, O, GBIl s
ol 5 aline Gy D959 uizmen L0l o Ll Fe, O, @S10,
Fe, O, Jiw s Jtsls Lis 5 ouile Sl 5l S b ylsges

97y DAL wibion o oy e (bign 5385 158 5l amy

YYoa

0y Ky 4 ol jlosd 0y el 5 g b5 j5b 4 T 5o
Gl 5l U8 ol (g5l ool g, 5l eolatul § 05d o sayd
SPX VOV IS VRS DY I [VERPIS ( WPIRE TN SV R L WY IR % S
oS K55 led g aalsE L i) & Sl o adgs ek
SG i Sl Sl oolainl b ool gl 5ei] pudiws 093 o0 cdalin
rlonl &5 a3l (oo 5 pBy) Ky hls b gy ple a4 Cus
ool 20,0 (09 Vb g (LalBl (e (092 ol eams i

XRD) Sl g5, oly 5JUT-F-)-Y
o g 5l ks 4 bogy o XRD 5JUT Jlsgas Gll-F IS0
HNO, 5l ooliul b (gasl (555 5 o (39, a1 piS (1S ]
s sl e Jfoged 51 45 6sS lad amo o bt
©blsy oogame jo aile ad 5 o Sy SO lyls ouls 2l el
b Sy o Shol a5 wil e OY wlide 3 FT LY
Al 55 355 oo el S 09 IS o [0] el S8
Skl g oog Jlad s Al S il 15 ol (oo oo L

O‘ gs’.‘)ls 5 oS }‘ 9 asls ‘) L:;AL*M.. o sla oS ‘5 2O LS

JSan‘sdd.'Juaﬁ U"‘ ) ol "\“Jﬁ:“g}”"‘l“*"‘u")’t" QBM‘SAM‘S



YYV-=YYOY Olxaws MY - JL\A"; b)l.o.w INE 0)9.) 5)4.‘5)“:] u‘).o.c Ls'“"‘\“"e{a 44)&»

31 C
Fe,O,
Fe,0,@sio,
Fe,0,@Si0,@CS
e
g
g
w
=
2
=
=
20 40 60 80
20 (degree)
700 N
600
500
2400 -
&
.‘? 300
w
5
2
= 200
=
100 -
0] o
3 20 40 60 80
26 (degree)

3SIOY@FeYOY (FeYOY uublio 315056 XRD (o5l (0) g oo SidS 31 oud ! o] s XRD 56T 15905 (1) F S
CS@SiOY@Fe¥O¥
Fig. 4. (a) XRD analysis graph of silica extracted from wheat straw and (b) XRD pattern of Fe304, Fe304@SiO2
and Fe304@SiO2@CS magnetic nanomaterials
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Fig. 5. (a) FT-IR analysis graph of silica extracted from wheat straw and (b) FT-IR spectra of Fe304, Fe304@SiO2
and Fe304@SiO2@CS magnetic nanoparticles
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Fig. 6. (a) and (b) SEM images of silica extracted from wheat straw with two magnifications of 2 and 1 pm and (c)
and (d) SEM images of Fe304@SiO2 nanocomposite with two magnifications of 500 and 200 nm
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.Table 2. Textural characteristics of produced nanomaterials
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Fig. 8. Zeta potential analysis of Fe304@SiO2@CS at different pHs
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Fig. 9. Comparison of Basic Red 46 dye removal amount using two unfunctionalized Fe304@SiO2 and
functionalized Fe304@SiO2@CS adsorbents
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.Table 3. Effect of pH on removal amount of Basic Red 46 dye
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Table 4. Comparison of Basic Red 46 dye adsorption capacity by Fe304@SiO2@CS adsorbent and other adsorbents
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