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ABSTRACT

Research subject: In this study, Fe;O, nanoparticles were synthesized using the co-precipitation method. Subsequently, core-shell Fe;0,@SiO,
nanoparticles were prepared via the Stéber method using tetraethoxysilane as the silica source. In the next step, the core—shell nanoparticles were
functionalized with theophylline molecules. Finally, these nanoparticles were employed as an adsorbent for the removal of nickel ions from aqueous
solutions using the solid-phase extraction method.

Research approach: The structural, crystalline, thermal, magnetic, morphological, and size-related properties of the nanoparticles were investigated
using X-ray diffraction, Fourier transform infrared spectroscopy, thermogravimetric analysis, vibrating sample magnetometry, transmission electron
microscopy, and scanning electron microscopy. The key parameters affecting solid-phase extraction were then optimized following confirmation of the
successful synthesis of the proposed nanostructure. For this purpose, the effects of adsorbent dosage, contact time, pH, and initial nickel ion concentration
on adsorption capacity were systematically studied.

Main results: The results showed that using 27 mg of adsorbent in 75 mL of nickel ion solution with an initial concentration of 0.45 mmol/L achieved
a maximum adsorption capacity of 94% at pH 7 within 28 minutes at ambient temperature. Furthermore, the recyclability and reusability of the
nanoadsorbent were examined through sequential adsorption—desorption cycles using an external magnet. The results demonstrated excellent
performance in removing divalent nickel ions from aqueous solutions. Moreover, the synthetic nanoadsorbent could be recovered and reused across
successive adsorption—desorption cycles without any loss of functional activity.
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Figure 1 Synthesis process of FesOs@SiOz nanoparticles
functionalized with theophylline molecules
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Figure 4 TEM images of nanoparticles a) Fe3Oa, b) Fes0s@SiOz,
c) Fes04@SiO2-TCT-Theophylline and FE-SEM images of
nanoparticles d) FesOas, €) FesO4@SiOz, f) Fes0s@SiO2-TCT-
Theophylline and DLS analysis of nanoparticles g) FesO4, h)
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Table 1 Characteristics and properties of Fe3O4, Fes04@SiO2 and
Fe304@SiO2-TCT-Theophyline nanoparticles

Sample Crystal Structure Specific surface  Particle diameter
of FesOs area nm
(m2/g)? XRD?  TEM®
Fes0q Cubic spinel 480.0 11.33 12
Fe304@Si02 Cubic spinel 430.3 12.64 20
Fe304@Si02-TCT- Cubic spinel 392.6 14.82 30
Theophylline

a) Calculated by BJH
b) Calculated by Scherer equation based on XRD
c) Average particle size by using TEM image

9 o (O5eST 039505 (1S pelis sede (WSSl 95 55 Bl
a5 s o lis Fes0s@SiO2-TCT-Theophyline |LsLs ;o |, ol

(BA JS5) oo il gl Sralifitgs i s
sghte & aids p ol S ile az e Ve ce e b Sl a8 9]
TGA slajlogei 08,5 planil (g5 5 96U (5,12 a2 )18 (o) 2
(¢ Fes0s@SiO2-TCT (b Fes0a@SiO2-NH2 @ (gjyww I3 b
Fes04@SiO2-TCT-Theophylline (d 5 FesOs@SiO2-TCT-(CHz)sBr


mailto:Fe3O4@SiO2-TCT-Theophyline.(لطفا

sanline L olse Gl 5 6yl (alds YY) Gl loj i
(A JSs) s
100

Removal (%)

O3l gl jgam 50 NiZ¥ Cis oliae » Jsloe PH 56 A St
Fes04@SiO2-TCT-Theophyline
Figure 8 Effect of solution pH on the rate of Ni?* adsorption in the
presence of Fes0s@SiO2-TCT-Theophyline nanosorbent
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Figure 10 Adsorption isotherms of divalent nickel ions by the
Fe304@SiO2-TCT-Theophyline nanoadsorbent
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Table 3 Comparison of the maximum adsorption capacity
performance of Fes04@SiO2-TCT-Theophyline adsorbent with
various adsorbents in nickel ion removal

Adsorbent Adsorption Capacity, gm Ref.
(mg/g)

MWCNT 3.7 [35]
Silica gel functionalized with EDTA 21.6 [36]
Amino functionalized magnetic graphenes 22.1 [37]
Multicarboxyl-functionalized silica gel 30.8 [38]
Magnetic Fe@graphite 22.1 [37]
Fe30, onto tea waste (Fez04-TW) 38.3 [39]
Fe304/Cyclodextrinnanocomposite 132 [40]
iron oxide-coated sand 1.0 [41]
Fe30,@SiO,-TCT-Theophyline 7 Presented
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Sy ams ¥
5 diad i FE304@Si02 arwg-aiwse ol b ol jo pol> |15 50
65 DSl s nselV slodsSse b it o
bial) 5o g wad o ele (alides g ol byg pgn i o3l 6 598
D gl ad )58 eolitul 3550 (dibes S Glapn ©ie
Slaigeil b s Jolre 9 )l (b)) g (o) sokaie 4 (55
5,30 VSM 4 BET .TGA EDX DLS FE-SEM .TEM XRD FT-IR

A

e 99 b ()25 sbosls Qi gl (b)) 5 (o SLiwly 40
3o yl} c;Lu 9 RERWAPRI) M‘DUQA G'J-\-‘BP 9 )49&31 JALM: ud}
Ll 00l o0lo uul.o.; AR Ji.u

0.05
0.04 Langmuir - Ni .
0.03
0.02 t y =0.7713x + 0.0032
o R2=0.9974
0.01 K J
o
@
0 1 1 1 1 1
0 0.01 0.02 0.03 0.04 0.05 0.06
ce

0.5

o | Freundlich - Ni o °
-05 t

& y=0.3991x + 1577
a R2=0.933
-1t
°
_15 1 1 1 1 1
-8 -7 -6 -5 -4 -3 -2
Ln C,
Gloyg iz )0 mdaig 8 5 eV sl Joo b Lops sl cwa 1) S0
Ni(11)

Figure 11 Isotherm curves with Langmuir and Freundlich models
in the adsorption of Ni(ll) ions
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Table 2 Langmuir and Freundlich isotherm model parameters

lon Longmuir Model Freundlich Model
Om KL R? n Kr R?
(mmol/g)  (L/mmol) (mmol/g)
Ni(11) 1.296 241.0 0.9974 251 4.84 0.933
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