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The search for effective materials with special characteristics, including those suitable for 3D printing for modern dentistry is a relevant task. Both natural or synthetic polymers and inorganic calcium phosphate materials, as well as their hybrid compositions, are attracting considerable attention. In some cases, combining two components of different nature in one material allows not only to improve the properties that are characteristic for individual components but also to expand its functional capabilities. In this aspect, important issues include improving mechanical characteristics, imparting antibacterial properties while preserving the bioactivity of the composite, and ensuring the possibility of using materials in 3D-printing technologies.
The aim of the study was to optimize the conditions for 3D printing of resin, to synthesize apatite-related Na+,Mg2+,CO32--containing calcium phosphates, to create of the hybrid composite based on resin with phosphate and investigate its mechanical properties.
Apatite-related Na+,Mg2+,CO32--containing calcium phosphates were synthesized by co-precipitation method from an aqueous solution of Na+-Ca2+-Mg2+-NO3--CO32--PO43- system at fixed molar ratios: Ca2+/PO43- = 1.67 and CO32-/PO43- = 1.0 and different values of ratio Ca2+/Mg2+ = 100, 75 and 50. According to the X-ray powder diffraction data and elemental analysis, the formation of monophasic apatite-related calcium phosphates containing sodium cations (0.7-1.5 wt%) and magnesium (0.2-0.3 wt%) was confirmed. It has been established that increasing the amount of magnesium in the initial solution does not significantly affect its content in the obtained calcium phosphate, but leads to a decrease in the content of sodium cations in the obtained solid. The characteristic vibrations of carbonate groups at 870, 1425, and 1450 cm-1 in the IR spectra indicate the partial substitution of PO43- by CO32- (B-type) in the structure of modified calcium phosphates.
The composition of the polymer component was optimized by varying the ratio (wt%) of the initial components bis-GMA : bis-EMA : TEGDMA = (25-35) : (53-63) : (12-15). It was found that the composition of bis-GMA : bis-EMA : TEGDMA = 25 : 60 : 15 was the most suitable for 3D printing of the polymer material and provided the best visual metrics including dimensional ones. This composition was chosen for the production of the hybrid composite with the modified calcium phosphate. The investigation of the mechanical properties of the developed composite polymer- Na+,Mg2+,CO32-containing calcium phosphate (10 wt%)  showed a slight increase in its hardness. 
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Figure. Photo of the synthesized apatite-related Na+, Mg2+,CO32--containing calcium phosphate (a) and 3D-printed composite (b).
