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➢ A FTIR spectra analysis confirmed the binding of the aminosilane molecules (APTMS) onto the surface of
the SiO2 nanoparticles – N-H (3363 cm-1) and Si-O-Si (1022 cm-1 and 1075 cm-1).

➢ The results showed high binding efficiency of Tb3+ ions (~94%) to amino (-NH2) functionalized SiO2 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 ΔG° illustrated the spontaneous adsorption properties. The enthalpy value (ΔH°) was

positive due to the endothermic properties of the adsorption process, while the negative entropy value
(ΔS°) suggested that there are no changes in the adsorbent internal structure in the adsorption system.
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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, Tb, 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 (SiO2) (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].

Surface functionalized SiO2 nanoparticles with amino
(-NH2) groups were prepared by the Stöber method. The
research was focused on synthesis process and
functionalization of SiO2 nanoparticles, using (3-
aminopropyl) trimethoxysilane (APTMS) as precursor.
Prepared and surface functionalized SiO2 nanoparticles
were characterized using variety of modern techniques.
The binding efficiency and capacity of terbium ions (Tb3 +)
by adsorbent material from model salt solution,
adsorption isotherms, kinetics and thermodynamics
behaviour of ions, were studied based on the analytics
results of fluorescence spectroscopy [4].
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Fig. 1: Scheme of synthesis silica nanoparticles

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

Fig. 2: TEM results

Table 1: Results of thermodynamic study 

Fig. 5:Langmuir adsorption model
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TEOS:APTMS/1:1 TEOS:APTMS/4:1

Sample 
TEOS:APTMS/1 : 1 

Prameter 

Langmuir 

qe (mg/g) 0,0825 

KL (l/mg) 5,2144 

RL 0,0899 

R2 0,9251 

Freundlich 

KF (mg/g) 0,1660 

n (g/l) 2,2499 

R2 0,4713 

Temkin 

AT (l/g) 0,1344 

bT (kJ/mol) 12,331 

R2 0,6265 

Halsey 

nH 2,2499 

KH 0,0176 

R2 0,4713 

 

ΔH (kJ/mol) ΔS (kJ/mol K) R2 

ΔG (kJ/mol) 

T (K) 

295 323 348 

1,67 -0,028 0,97 -6,83 -7,70 -8,26 

 

Table 2: Results of adsorption models

Fig. 6: Kinetic model of the pseudo-second order

http://www.mizs.gov.si/en
https://www.google.si/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjnn5G91Y3fAhXDKVAKHSo7DxkQjRx6BAgBEAU&url=https://www.clipartmax.com/middle/m2i8i8b1i8d3b1m2_clipart-recycle-symbol-recycling-symbol-png/&psig=AOvVaw3RnLTweV5TSNytZraxJixu&ust=1544269922209682

