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Formation and analysis of pore defects in TC4 alloy by SLM printed
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Abstract: This study investigates the characteristics and formation mechanisms of pore defects in TC4
titanium alloy fabricated via selective laser melting (SLLM) through numerical simulation and industrial
computed tomography (CT) analysis. Numerical simulations find that the temperature at the laser beam
spot is high, while the temperature away from the laser beam spot is low. After printing, microstructural
characterization reveals well-overlapped melt tracks; however, both spherical and irregularly shaped pores
are observed within the consolidated material. Using the same parameters as the simulation, the TC4 alloy
prepared by SL.M has a density of 97.7%. Microstructural analysis shows that the grains along the scanning
direction and building direction are equiaxed and columnar crystals, respectively, and the microstructure is
composed of primary B-Ti and o'/« -Ti. Metallographic structure, SEM images, and industrial CT
reconstruction images demonstrate the presence of spherical and irregular pores in the material that are
similar to the numerical simulation results. The appearance of spherical pore defects is due to the vapor
pressure difference between the molten pool and the solid metal surface, which causes the gas at the
interface to be carried into the molten pool without overflowing, ultimately remaining inside the material;
the appearance of irregular pores is due to the uneven temperature distribution that makes it difficult for the
pores enclosed inside the material to be completely filled by the liquid phase when the melt track passes
over each other.
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Fig.1 Strategy of laser scanning(a) and printed sample(b)
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Fig.3 Schematic diagrams of volumetric heat source(a) and powder bed(b) models
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Table 1 Physical properties of TC4 alloy'*¢17!

Solidus temperature/C Liquidus temperature/C

Boilling temperature/°C

Surface tension/ Thermal conductivity/
(N-m™) (W-m K™

1877 1923 3313

1.4 33.4

Dynamic viscosity/(Pa+s)  Latent heat of fusion/(J-kg ')

Density (1923 °C)/(kg-m *)

Density(25°C)/(kg*m ™) Boltzmann constant

0.005 286000 3682

4420 5.67x10°%

x2 SLMIZSH
Table 2 Process parameters of SLM

Scanning speed/  Diameter of .
Power/W Radiance
(m+s ) laser/pm

280 1.4 100 0.2
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Fig.4 Melt track morphologies at different moments during simulated SLM fabrication of TC4 alloy
()0 ps;(b)10 ps; ()20 ps; (d)30 ps; (€)150 ps; (1360 ps; (g)560 ps; (h)700 ps
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Fig.5 Temperature field distributions of XZ cross-section at different moments during simulated SLLM fabrication of TC4 alloy
(a)73 ps; ()89 ps; ()95 ps; (d) 176 ps; (e)183 ps; (1)251 ps
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Fig.6 Temperature field distributions of YZ cross-section at different moments during simulated SLM fabrication of TC4 alloy
(a)150 ps; (b)360 ps; (¢)480 ps; (d)700 ps
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Fig.7 Pore distributions with molten pool at different moments and within final melt track during simulated SI.M fabrication of TC4 alloy
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Fig.8 XRD patterns of TC4 alloy prepared by SLM
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Fig.10 SEM images of SLLM prepared TC4 alloy in different directions

(a), (b)scanning direction; (¢), (d)building direction
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Fig.11 Industrial CT reconstruction images of SLM prepared TC4 alloy

(a)3D morphology and defect reconstruction; (b)distribution of pore defects within melt track; (¢)-(e)isolated defect reconstruction
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