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Air pollution is one of the main environmental challenges of the 21st century, and volatile organic compounds
(VOCs) are among the most important contributors to this problem [1]. To control VOC emissions, various VOC
abatement technologies are employed: destruction methods (catalytic and thermal oxidation) and recovery methods
(adsorption, absorption, condensation, and membrane separation). According to the literature, catalytic oxidation is
one of the most effective and economical approaches, allowing VOCs to be oxidized to CO2 and H2O [2]. However,
this technology relies on noble metals (palladium, platinum) as catalysts, which increases its cost and reduces its
widespread use. Thus, the development of new environmentally friendly and cost-effective catalysts is in great
demand. Such catalysts can be calcium silicate hydrates with intercalated transition metal ions [3]. However, only
limited data are available in the scientific literature on the synthesis, properties, and catalytic applications of calcium
silicate hydrates with intercalated metal ions. Thus, this work aims to determine the formation sequence of calcium
silicate hydrates in a 0.66CaO-SiO2-Sn4+-H2O mixture under hydrothermal conditions.
In this work, calcium oxide (produced by calcining calcium carbonate at 950 °C for 2 h), amorphous silicon

dioxide (SiO2·nH2O), and tin nitrate [Sn(Cl)4·5H2O] were used as raw materials. Calcium oxide and silicon dioxide
were mixed to reach a molar ratio of calcium oxide to silicon dioxide (CaO/SiO2) equal to 0.66. Later, 2 g of the
solid mixture was mixed with 20 mL of a tin nitrate solution (cSn = 5 g/L) to achieve a water-to-solid ratio of 10. It
was calculated that 50 mg of Sn4+ ions were present per gram of the solid mixture in the resulting suspension. The
obtained suspension was hydrothermally treated in PTFE vessels placed in a Parr Instrument autoclave for 0–72
h at 200 °C. The obtained products were characterized by various instrumental analytical methods (XRD, STA,
FT-IR, AAS, etc.).
It was determined that Sn4+ ions strongly affected the formation of calcium silicate hydrates under hydrothermal

conditions. At the beginning of synthesis (up to 16 h), semicrystalline calcium silicate hydrate [C-S-H(I)] and
Z-phase [Ca9(Si16O34(OH)14)(H2O)8] were the dominant phases in the undoped system. Longer synthesis duration
(24 h) led to the formation of gyrolite [Ca8Si12O30(OH)4·7H2O], which remained stable up to 72 h. Meanwhile, Sn4+

ions prevented the formation of calcium silicate hydrates because burtite [CaSn(OH)6] was the dominant phase
under all investigated conditions. Traces of Z-phase were identified after 4 h of synthesis, while those of gyrolite
were observed after 16 h. The analysis of the liquid medium showed that all tin ions were intercalated or formed
new compounds after 72 h of synthesis.

[1] L. Massolo, M. Rehwagen, A. Porta, A. Ronco, O. Herbarth, and A. Mueller, “Indoor–outdoor distribution and risk assessment of volatile organic compounds
in the atmosphere of industrial and urban areas,” Environmental Toxicology, vol. 25, no. 4, pp. 339–349, May 2009, doi: 10.1002/tox.20504.

[2] X. Li, J. Ma, and X. Ling, “Design and dynamic behaviour investigation of a novel VOC recovery system based on a deep condensation process,” Cryogenics,
vol. 107, p. 103060, Feb. 2020, doi: 10.1016/j.cryogenics.2020.103060.

[3] T. Dambrauskas, D. Davidoviciene, A. Eisinas, and K. Baltakys, “Thermal stability, porosity, and catalytic activity of compound formed in a CaO-SiO2-
Cu(NO3)2-H2O system,” Surfaces and Interfaces, vol. 37, p. 102696, Jan. 2023, doi: 10.1016/j.surfin.2023.102696.


