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: Carbon dioxide (CO,), mainly produced
1 Introduction by fossil fuel combustion and other

anthropogenic activities, has increased In
atmospheric concentration and is a major contributor to global warming.
Therefore, developing new CO, capture technologies is essential to mitigate
emissions and meet environmental regulations.
Sodium orthosilicate (Na,SiO,) has emerged as a promising adsorbent for high-
temperature CO, capture. Its synthesis requires SiO,, which can be obtained
from industrial wastes such as geothermal silica residues. Utilizing this waste not
only addresses disposal issues but also enables the production of value-added Figure 1. Obtention of geothermal silica waste
adsorbents, supporting sustainable practices and circular-economy principles.
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Analytical-grade reagents (Sigma Aldrich NaOH with a purity of >98% and IntensiLab Na,SiO;)
were used for the synthesis of the silicates.

The synthesis of sodium silicates was carried out using the wet mixing method and quenching.

Based on the stoichiometry (Eq. 1 and

Eq. 2), the amounts of analytical- 2NaOH + NCleiOg N Na45i04 + HZO Eq. 1
grade reagents and geothermal silica

waste required to obtain sodium

orthosilicate were calculated (NaSi- ANaOH + SiOz — Na4Si04 + ZHZO Eq. 2
AG and NaSi-GW, respectively).

Stirring
at 90°C.

Calcination at 600°C
for 1 hour, followed by
quenching.

» Geothermal silica waste was characterized by X-ray fluorescence (XRF) to determine its chemical composition.

* The synthesized materials were characterized by X-ray diffraction (XRD) and nitrogen physisorption.

* CO, capture performance was evaluated by thermogravimetric analysis (TGA), dynamic and isothermal
experiments, using a CO, concentration of 15 vol.%.

Figure 2. Wet mixing method and quenching

3 R lts & Di . Table 1. Chemical composition of geothermal silica waste (wt%) by XRF.
esutts 1SCUSS1011 XRF analysis confirmed the
| Si0, | TiO, | A0, | Fe,0,| MnO | MgO | Ca0 | Na.0 | K0 PO, | Lor I IR upantsprevetytyms

95.163 0.059 0.329 0.078 0.003 0083 0174 0273 0152 0.017 3.67 iIndustrial waste.
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Naz(sj_o(?’) Figure 4. Dynamic thermograms of NaSi-AG and
_ NagS1,07 NaSi-GW sodium orthosilicates with 15 vol.% CO.,,.
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i:j The theoretical CO, capture of Na,SiO, is 23.91 wt%.
T NaSi-AG exhibited a CO, capture of 19.99 wt%,
§ while NaSi-GW achieved 16.25 wt%.
' udul Kinetic evaluation -
VI VLY W) W d LAl LT L The results obtained during the isothermal 60 80 100 120 140 160 180
15 20 25 30 35 40 45 50 55 60 65 70 75 80 experiments were analyzed using the Avrami- Time (min)
70 Erofeev model to explain the reaction mechanism

between the solid materials and CO.,. Figure 5. Isothermal thermograms of:. (a) NaSi-AG and (b)
NaSi-GW at different temperatures and 15 vol.% CO.,.

Figure 3. XRD patterns of: (a) NaSi-GA (b) NaSi-SH.

; . Table 2. Kinetic parameters of NaSi-AG Table 3. Kinetic parameters of NaSi-GW
XRD patterns confirm the formation of the Stage 2 s s
desired crystalline phase (Na,SiO,) in both s age
S nthesizeg materials (2504 TCC) 4 K(s™) R® T(C) 4 K(s™) R® N K(s™) R®
y ' 300 0.8658 3 01E-02 0.9855 300 0.9923 | 1.61E-02 | 0.9972
400 0.935 1.90E-02 0.9962 400 0.9738 | 1.91E-02 | 0.9845
g - . 500 0.9567 1.51E-02 0.9958 500 0.9996 | 1.52E-02 | 0.9995
U Spelc'f'lc tS L:jrfac.e artf]aSBoéTNas' dAIG af'nlg.NaS' IGW 600 0.9663 | 2.05E-02 | 0.9916 600 0.8902 | 3.92E-02 | 0.9595
LASUS (e UL LA LD 2e neeisl, yisielng) velbEs 700 0.8984 | 3.19E-02 | 0.9895 700 | 3.2797 | 5.66E-04 | 0.9897 | 0.9908 | 1.36E-01| 0.9446
of 1.3 and less than 1 m?/g, respectively. 750 09835 | 2.15E-02 | 0.9845 750 2076 |5.38E-04| 0.9945 | 0.8727 | 1.52E-01| 0.9235
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. Material characterization allowed for the identification of the Na,SiO,
5 Conclusions phase and other phases involved in CO, capture. Thermogravimetric
analysis determined the temperature range of interest (300-750°C)

and the mass gain of both materials (NaSi-AG and NaSi-GW) during the CO,, capture process.

The kinetic evaluation demonstrated that the first stage is controlled by crystal growth and formation, while
the second stage corresponds to CO, diffusion.

"herefore, it is possible to synthesize sodium silicates from geothermal silica waste, which are used in CO,
capture.
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