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Abstract

Here in this research, a novel FesOs@SiO/Schiff base nanoparticles was Received: 27 August 2022
developed, aiming to remove Cd(ll) ions from aqueous media. At first, iron oxide Accepted: 20 September 2023
nanoparticles were synthesized by co-precipitation method, then FesOs@SiOz Page Number: 8-20

core-shell structure was formed from iron oxide nanoparticles by Stéber method
with coating silica and using tetraethoxysilane as a silica source. Afterwards,
the core-shell nanoparticles were functionalized with 3-chloropropyl
(triethoxy)silane,  the  synthetic  molecule  para-bis[(3,4-salicylicimino)
benzophenimine] was supported on these nanoparticles and the final composition
of FesO4@SiO2/Schiff base was synthesized. The properties of surface functional
groups, crystal structure, magnetism and surface morphology of magnetic
nanoparticles were characterized by X-ray diffraction (XRD), fourier transform
infrared spectroscopy (FT-IR), field emission scanning electron microscopy
(FE-SEM), transmission electron microscopy (TEM), vibrating sample
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magnetometer (VSM) and energy dispersive X-ray analysis (EDX). Then, KeywordS'

the adsorption kinetics and the effects of synthetic nanoadsorbents dosage on o

the removal of divalent cadmium ions were investigated that the results show Fes04@SiOz NPs,

the maximum absorption value of 92% at the ambient temperature. Also, the effect Bis-Salophen Schiff Base
of pH on the amount of absorption in the range of 3-8 shows that the absorption Ligand,

of cadmium(ll) increases with increasing pH and the maximum adsorption
performance was observed at pH=7. Furthermore, the desorption of Cd(Il) ions
was done effectively using HCI solution, thereby proving that FesO4@SiO2-Schiff
base can be regenerated and reused effectively for further process of removal. Magnetic Separation

Adsorption Kinetics,
Cadmium lons,
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Figure 1. Schematic representation of Fe;0,@SiO,/Schiff base nanosorbent synthesis.
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Figure 2. Fourier transform infrared spectra of (a) Fe;Os, (b) Fes0,@SiO,, (c) Fe;0,@SiO,-Cl, (d) PSBP and
(e) Fe304@SiO/Schiff base nanoparticles.

Iranian Chemical Engineering Journal — Vol. 24 - No. 138 (2025)



9 (FE-SEM) (gilamso pili — (hlg)y (9,51 098y S Y)Y

(TEM) $r92¢ (539 7SI 095w g ySo
5 Fes04@Si02 Fes0s (s 5ins 353 830l 5 owliiicsny,
=98l oSy S (6 5,54 Ly Fes04@SiO2/Schiff base
Gillas . (@-C-(F) JS&) 0l ow, 2 (FE-SEM) Slaws yid oivg,
L ol o (SasSTy oSy FesOs o356 (a-(F)) S b
L e o moe st |y f2apl 10 oy > Sile 5 a3
IS5 55,5 Loy b iy b FesOa 2l )33 «(b-(¥)) Jss
Gl ool ol il Yo sgar> 3 85l s
551001 8l 4 omie (ydgllas b cinds b Fes0u@Si0z ol ,34il
=y s5baeds (C(F) USKD) 098 s0 yagil YO sgam a4 &l)3
P59 S prgbal )3 bilal y owlididy ) Smdly 5 5Ed
5 Fe304@Si02 FesOs =l )35 5l (TEM) (5 )5ms g xSl
ools Lol —es (d-f-(F)) JS—& o FesOs@SiOa/Schiff base
s SO saes i FesOa &l )39 TEM ol .Ccwlonds
Sl (69,5 4o S0 (owlidiidn,; b yegls 10 090> (:S0le
b lisesy, TEM slas uloul,y .(d-(F)) JS_s)
5l eolanss abas IS Fes0s@SiO2/Schiff base g Fes0:@SiOz
35l 13 sla Sy darsil 48 ams oo lii |, 36l
sl az g JB gl e 2Sem 5 Ol pom @3 s o)
5V L plr e ia st hdgl cnl Lawgie JlaS 92500l

(e-T-(F) USK8) el gl YO

(EDX) ! 95 2 55! ol -
Fes04@SiO2/Schiff base ol 36l Sl 95, 65,50 Uil 5L
2 aS ol ol 51 Sl bl .casloas eols (jlas (8) S o
Ot b 5 08T e 5T (039558 1) polie (3l i

] C;Dl.e(.m.u o> )L.’>Lw L k.S"P dsly 5 saoolo

(VSM) (jix3 po digas g pumsbliio H-V-Y
FesO4@SiO2/Schiff  &ivgy —aiwn l,35iL cupblise ols>
So 0 (VSM) il s dsiged i bl jloslaslly base

da e slws ;o Y KOE Ls -V auls Ly —wobline floe

ldgils gl Gublse Jlobe ((F) JS—2) 0 oy

(XRD) w51 g5 g ol Y-V-Y
2 ok slaylsle olulil jshieds WSOl 65, bl slagS]]
L, 54, FesO4@Si02/Schiff base o FesOs@SiOz ¢FesOs &l 345l

XOIFO FYNO DY/FO BV 5 £YIF0 o il slacs .y .o,
(F ) V) (TY ) Shoo slomnil & ool 5y a5 Y 0=+ /10
Ol 3l 9> dhe tariws bad o (FFe) 5 (OV)) (FYY)
oy IVAlaSIs sl (S Jimal (sla Lo L FesOs
Sl 39l 6l oml wasi Ly g FesOs ol ,deils Lialiv
(b-c-(Y) JS—o ;o FesOs@SiO2/Schiff  base 4 FesOs@SiO:
o Ol sy 4 S el
b ey Y Aog e 56 i e 2otiSe 530
L ol Jole o Kdw L S bl o360

—
IR K YPIFIL S NE WRCIRERET AR o
So-b s odaliive ol o S8~ Bk Llas o VY40
S o= Fes0a@SiOa/Schiff base &l )34L ,o .(b-(Y) JS&)
Bl 5 Bl 5L i slasSge (s ST Jdoa e

(e (F) JS8) sl oo JB! 5ol slaassly 4 S0 o

B31)

(440)

(220)

(a)

*

Intensity (a.u.)

*

10 20 30 40 5 60 70 80
2 Theta (degree)

Fe;0,@Si0,/Schiff base (c)

Figure 3. X-ray diffraction of (a) Fe;O,, (b) Fe;0,@SiO, (¢)
Fe;04@Si0,/Schiff base nanoparticles.
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