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Fundamental features of the behavior of granular materials in 3D printing technologies and consolidation of fine

powders under spark plasma sintering and conventional isothermal sintering

Pedepat yKpaiHCBKOIO:

Basyrounch Ha ysBJIEHHSIX TEODIi YIiJIbHEHHS IPaHYJ/IbOBAHNX CEPENOBUIL, i3 3aCTOCYBAaHHSAM METOLY OJUCKPETHUX
€JIeMeHTiB cHOPMYJIbOBAHO IIPUHLUIIM KEPYBAHHS PO3IIOJiJIOM I'yCTUHU Ta KiHIIEBOIO KOH(Iirypatiemo BUpooy,
OTPMMAHOTO i3 3acTOCyBaHHAM 3-D TexHoJ0ri. ONTHMI30BaHO IIPOLECH CEJIEKTUBHOTO JIA3€PHOrO CIiKaHHA Ta
IIJIaBJIEHHS y MaTPUYHUX KOMIIO3UTaX HepykaBitouoi crasi SS316L 3 BKItoueHHsIMU Kap6iny Bobdpamy.
BcraHOBIIE€HO, 10 6€3110pUCTHI BUPiO6 MOXE OYTH OTPUMAHUM TiJIbKM 32 YMOBU JOCTaTHLOTO Yacy iCHyBaHHS
pimKoro MeTamny AJ1s 3allOBHEHHS HaNb6inbIMX rnop B Hacumni. lle yac 36inbi1yeThcs i3 36i/bII€HHSIM KOHLIEHTpaLlii
KepaMiYHUX BKpAIUIeHb SIK 32 PaXyHOK 301/IbII€HHS e(PEKTUBHOI B'SI3KOCTi MeTajly TaK i 3a paXyHOK 30i/1bIIE€HHS
MaKCHUMAaJILHOTO PO3Mipy Iop. MeTogamMu KOMIT'IOTEPHOTO MOZEJIIOBAHHS [TPOaHaIi30BaHO IIPOLEC iHKEKLiHHOTrO
IIpecyBaHHsl. 30KpeMa, IIPOaHaIi30BaHO 3alI0BHEHHS IIJIIKEPOM IOPO>KHUHU Npec-(OPM [1J1s1 BUTOTOBJIEHHSI
BUPOGiIB y POpMi CyLi/IbHOI Ky, KyJli 3 0CbOBUM LIAJIIHAPUYHUM OTBOPOM, COILIA T2 BOPOHKH, [JIs1
TEPMOIIJIACTUYHOI MaCU Ha OCHOBI [TIOPOMIKY HITPUAY aJIIOMiHiI0 BCTAHOBJIEHI KOPEJALiHI 3a/1€XKHOCTI: BusHayeHo
yac 3aM0BHEHHs Ipec-(QOPMH Y 3aJI€5KHOCTI Bif] XapakTEPHOTO JliaMeTpy BUpOOy Ta JOBXUHMU JIiHIil CIalo Ta
e(eKTUBHOI B'SI3KOCTi TEPMOIIJIAaCTUYHOI Macu. [IpoBeieHO aHasli3 MPOLECiB ycaaKy i €BoJIoLLil OpOBOi i 3epeHHOI
MIKPOCTPYKTYpPH IIpY CHiKaHHI 'PaHy/1bOBaHUX ITOPOUIKiB BOJIb(pamMy. BUBYEHO BIIMB BUXiJHUX KOMIIOHEHTIB Ta

I0OATKOBOTI'O JIeryBaHHS HiobGieM Ha KOHCOJIiAallilo, CTPYKTYPY Ta MexaHiuHi BJ1acTUBOCTI CIJIaBiB Ha ocHOBI 0-TiAl

Pedepar aHIJ1iHCBKOIO:

Based on the ideas of the theory of compaction of granular media and using the method of discrete elements, the
principles of controlling the density distribution and the final configuration of the product obtained using 3-D
technologies were formulated. The processes of selective laser sintering and melting in SS316L stainless steel
matrix composites with inclusions of tungsten carbide were optimized. It has been established that a non-porous
product can be obtained only if the liquid metal exists for a sufficient time to fill the largest pores in the bulk. This
time increases with an increase in the concentration of ceramic inclusions both due to an increase in the effective
viscosity of the metal and the maximum pore size. The injection molding process was analyzed using computer
modeling methods. In particular, the filling of the cavity of the molds for the production of products in the form of
a solid ball, a ball with an axial cylindrical hole, an orifice and a funnel was analyzed, and correlation dependences
were established for a thermoplastic mass based on aluminum nitride powder. The time of filling the mold was
determined depending on the characteristic diameter of the product and the length of the weld lines and the
effective viscosity of the thermoplastic mass. An analysis of shrinkage processes and evolution of pore and grain
microstructure during sintering of granulated tungsten powders was carried out. The influence of the original
components and additional niobium doping on the consolidation, structure and mechanical properties of alloys
based on o-TiAl was studied.
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