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Recycling and reuse of valuable materials (e.g. rare earth metals, REEs) is a growing trend since REEs (e.g. Nd, Y, Eu, Tbh, Dy) are not used to
their full extent as part of the circular economy 1. In order to minimize the potential environmental impact, efficient recovery and reuse
approaches are needed for the recovery of those elements from wastewater. Adsorption process with the use of natural and synthesised
(nano)adsorbents is currently one of the most selective and economically and energetically appropriate methods for removing metal ions from
water 2. In the last period, silica dioxide (SiO,) (nano)materials as adsorbent material are being developed in particular due to the non-
toxicity, the high specific surface area, the distribution in controlled pore sizes, and the possibility of their surface functionalization with the
corresponding organic substituents 3,
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Surface functionalized SiO, nanoparticles with amino
(-NH,) groups were prepared by the Stober method. The
research was focused on synthesis process and
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Table 1: Results of thermodynamic study Omm SiocH, ]
AG (kJ/mol) | | ' sosi o
AH (kJ/mol) AS (kJ/mol K) R? T (K) 4000 3500 3000 2500 2000 1500 1000 500 0 S L B
205 323 348 0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4.5

Wavenumber (cm™) Time (h)

1,67 -0,028 0,97 -6,83 -7,/0 -8,26

Fig. 3: FT-IR spectroscopy spectra Fig. 4: Adsorption efficiency of Tb3* ions (%)

Table 2: Results of adsorption models

Sample 18- - _ Pseudo-first order Pseudo-second order
TEOS:APTMS/1 : 1 16 ge(Mmg/g) ki(L/min) R2  ge(mglg) k2 (L/min) ™ R?
Prameter _ 12970,1226 2,10  0,1666 0,3259 231,86 0,9809
ge (MQg/Q) 0,0825 14 - 1
. Ky (I/mg) 5,2144 1 . 2
Langmuir R 0.0899 . R? = 0 9251 = . R? = 0,9809
R? 0,9251 g S
Kr (mg/g) 0,1660 Shee S 6-
Freundlich  n (g/l) 2,2499 N g
R? 0,4713 4 P
At (1/9) 0,1344 7o >
Temkin bt (kJ/mol) 12,331 o] = ln
H ’ C. (mg/l) t (h)
Halsey KH 0,0176 t
R? 0,4713 Fig. 5:Langmuir adsorption model Fig. 6: Kinetic model of the pseudo-second order

> A FTIR spectra analysis confirmed the binding of the aminosilane molecules (APTMS) onto the surface of

the SiO, nanoparticles — N-H (3363 cm™) and Si-O-Si (1022 cm™ and 1075 cm™).

» The results showed high binding efficiency of Th3*ions (¥94%) to amino (-NH,) functionalized SiO, particles.
The equilibrium concentration was achieved with 120 mg of adsorbent material after two hours of
adsorption at room temperature (25 °C).

» The adsorption process was best described by the Langmuir adsorption model.

» Adsorption followed the kinetics of pseudo-second order, therefore promoting a chemical process involving

valence forces by dividing or exchanging electrons.

» The negative values of AG° illustrated the spontaneous adsorption properties. The enthalpy value (AH®) was
positive due to the endothermic properties of the adsorption process, while the negative entropy value
(AS°) suggested that there are no changes in the adsorbent internal structure in the adsorption system.
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