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Silica nanoparticles extracted from rice husk and
functionalized with dendrimer as an effective
recyclable adsorbent to remove divalent cadmium
from aqueous solutions

Mohsen Esmaeilpour*, Afsanehsadat Larimi, Aliakbar Asgharinezhad,
Majid Ghahraman Afshar, Morteza Faghihi

Assistant Professor, Chemistry and Process Research Department, Niroo Re-

search Institute, Tehran, Iran

Research subject: This study demonstrates a synthetic strategy for the
preparation of porous SiO, for adsorption applications using natural
and waste materials from rice husks which are functionalized with poly-
mer dendrimer molecules and surface amino groups as the source of
biosilica and were investigated to remove divalent cadmium ions from
aqueous solutions.

Research approach: Porous silica nanoparticles with a mean diameter
of 45 nm were successfully fabricated from rice husk (RH) biomass via
a multistep method. During the first step, sodium silicate is extracted
from rice husks. Then, cetyltrimethylammonium bromide, HCI, and ace-
tic acid were added to the sodium silicate solution, and the resulting
mixture was sonicated. After the hydrothermal reaction, the collect-
ed samples were calcinated to obtain silica nanoparticles. These syn-
thetic nanoparticles were identified using various techniques such as
Fourier-transform infrared spectroscopy, thermogravimetric analysis,
transmission electron microscopy, field emission scanning electron mi-
croscopy, nitrogen adsorption-desorption analysis and dynamic light
scattering analysis. Then, the adsorption kinetics and the effects of syn-
thetic nanoadsorbents dosage on the removal of divalent cadmium ions
were investigated. The effect of contact time on cadmium adsorption
and recyclability of adsorbent was also investigated.

Main results: The results show that there is no significant reduction
in the performance and activity of this nanosorbent in the adsorption
of metal ions after 6 times of recycling and reuse. The excellent perfor-
mance of this nanosorbent in the removal of metal ions is due to its high
porosity, active surface amine groups and high surface-to-volume ratio.
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Figure 3: (A) FT-IR spectra of nanoparticles (a) nSiO, (b) nSiO,-NH;, (c) MA1-nSiO,, (d) NH; (A) -MA1-nSiO, and (e)
nSiO,-Dendrimer, ( B) Monitoring the conversion of MA2-nSiO, nanoparticles to nSiO,-Dendrimer by FT-IR spectros-
copy after a) 1 hour, b) 2 hour, ¢) 3 hour and d) 4 hour and (C) Thermal analysis of nanoparticles a) nSiO,-NH,, b)
MA1-nSiO,, c) NH; (1) -MA1-nSiO; and d ) nSiO,-Dendrimer.
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Table 1: Results of thermal analysis (TGA) of synthetic nanoparticles.
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Figure 4 (a) TEM, (c) FE-SEM and (e) DLS images of nanosilica and (b) TEM, (d) FE-SEM and (f) DLS images for
nSiO,-Dendrimer
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Table 2: BET results for nSiO,, NH2(1)-MA1-nSiO, and nSiO,-Dendrimer nanoparticles.a,b
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nSio, 430.5 0.77 1.81
NH2(1)-MA1-nSiO, 380.1 0.71 1.85
nSi0,-Dendrimer 350.2 0.65 1.82

a calculated by the BJH method
b Catalyst BET results after recycling
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Figure 5: Effect of the solution pH on the adsorption rate of dual capacity cadmium ions, condition: adsorbent
amount, 16 mg; contact time, 20 min; temperature, 45 °C.
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Figure 6: a) Effect of nSiO-,Dendrimer adsorbent amount on the adsorption rate of dual capacity cadmium ions, b)
Effect of adsorbent contact time on dual capacity cadmium adsorption, c) Effect of temperature on the adsorption
efficiency, condition: the pH of solution, 7.
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Figure 7: Effect of temperature on the adsorption rate of dual capacity cadmium ions, condition: the pH of
solution, 7; adsorbent amount, 16 mg; contact time, 20 min.
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Table 3. Comparison of the maximum adsorption capacities of nSiO,-Dendrimer with those of some the other adsor-
bents reported in literature and synthetic nanoparticles in the present work
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Magnetic Fe,0, baker’s yeast biomass Ccd* 89.2 [33]
CD poly-MNPs cd* 27.7 [34]
Iron oxide NPs Cd# 18.6 [35]
MWCNTSs grown on AlO, Cd#* 8.9 [36]
Alumina/MWCNTSs Cd* 27.2 [37]
Multi-amine-grafted mesoporous silicas | Cd* 11 [38]
MWCNTs-IDA Cd* 6.6 [39]
nSi0,-NH, Cd* 21.3 Lol S
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Figure 8: Ability to recycle and reuse the adsorbent in successive adsorption-desorption cycles, condition: the pH of
solution, 7.0; adsorbent amount, 16 mg; contact time, 18 min; temperature, 45 °C.
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