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Mikroskopie oceli X3NiCoMoTi 18-9-5 zpracované 3D tiskem
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Abstrakt:

Mikrostruktura oceli zpracovanych aditivnimi technologiemi (3D tiskem) se vyrazné li§i od mikrostruktury oceli
se stejnym chemickym sloZenim pripravené konvenénim litim a tvafenim. Mikrostrukturni rozdily jsou
zpusobeny piedevSim velkymi gradienty rychlosti pi'i ohi‘evu laserem a nasledném ochlazeni, které vedou ke
vzniku silné nerovnovaznych struktur. Pro maraging ocel X3NiCoMoTi 18-9-5 je typicka bunééna
mikrostruktura tvofena smésni rovnoosych a protazenych bunék tuhého roztoku s vyskytem malého mnoZstvi
zbytkového austenitu na hranicich téchto bunék. Podil zbytkového austenitu se méni pfi nasledném tepelném
zpracovani vyti§téné oceli. Po Zihiani na sniZeni pnuti na 820 °C dojde Kk uplné austenitizaci ptavodni
mikrostruktury a jejimu pomalému ochlazovani, pii kterém zbytkovy austenit ze struktury zcela zmizi. Na
druhé strané, pri precipita¢nim vytvrzeni na niZsi teploté 490 °C dochazi k rozpadu pi‘esyceného tuhého roztoku
matrice za vzniku novych precipitati a dalSiho zbytkového austenitu (tzv. reverze austenitu). RovnéZz vady
mikrostruktury jsou pro materidly ziskané 3D tiskem odliSné od konvencnich materidli. Ve vét§i mire se
v tiSenych strukturiach objevuji pomérné hrubé, sferiodizované, oxidy Ti a Fe, kavity charakteristickych tvara
Vv mistech dotyku tifi zrn a nerozpu$téna zrnicka praskida, nebo jejich casti. Vzhledem k velkému vlivu
mikrostruktury a jejich vad na mechanické vlastnosti je velmi dilezita analyza vztahu mezi parametry tisku a
nasledného tepelného zpracovani, vznikajici mikrostrukturou a mechanickym i vlastnostmi.

Abstract:

Microstructure of steel processed by additive technologies (3D printing) is very different from microstructures of
steels with the same chemical compositions obtained by conventional casting and forming. Microstructure
differences are caused mainly by high thermal gradients produced by laser heating and subsequent cooling,
which result in development of non-equilibrium microstructures. For printed maraging steel X3NiCoMoTi 18-9-
5, the typical microstructure consist of cells of super-saturated solid solution with thin films of retained austenite
placed at cell boundaries. The amount of retained austenite changes with subsequent heat treatment of printed
parts. Solution annealing at the temperature of 820°C full austenitization of the original microstructure and its
slow cooling results in disappearance of the retained austenite. On the other hand, precipitation hardening at
lower temperature 490 °C creates not only new precipitates, but also growth of more retained austenite (so called
reversed austenite). The microstructure defects are also slightly different in steels obtained by additive
manufacturing than in cast and forged steel. Printed microstructure suffer by higher presence of rather coarse
and spherical Ti and Fe oxides, cavities of characteristic shapes placed at triple points and undissolved powder
particles or their parts. Due to the high effect of microstructure and its defects on mechanical behaviour of steel,
it is of the utmost importance to analyse the relationship between processing parameters of 3D printing and
subsequent heat treatment on the final microstructure and mechanical properties.

Klic¢ova slova: 3D tisk, maragingova ocel, mikroskopie, tepelné zpracovani

Key words: 3D printing, maraging steel, microscopy, heat treatment

20


mailto:skal@rti.zcu.cz

