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Tablel Mechanical propertiesof SLMed pure Ti compared to wrought Ti parts
Material P/W y/mm-s’ t/um h/pm HT o,/MPa ous/MPa Eracture/ Y0 Ref.
] 670+10(/BD)  780+10(/BD)  32+2(/BD)
TAL 90 500 25 20 670£10(_.BD)  810+10(_LBD) 18£2(LBD) |5
650 °C/1 h 550+10(// BD) 650+10(// BD) 34+2(// BD)
550+10(_LBD)  610+10(LBD)  31+2(_LBD)
TAl 120 1000 30 120 - 353.0 408.8 12.1 [16]
TA1 440 1000 30 120 - 432.6 509.0 7.5 [16]
TA1 350 1400 30 120 - 502.2+1.7 60042 34.3+0.5 [17]
TA1 136 400 30 120 - 533+3 714+4 17.84+0.82 [18]
TA1 340 1200 50 70 - 560+13 641+10 18+3 [19]
TA2 165 138 100 100 - 555+3 757£12.5 19.5£1.8 [20]
TA2 175 800 30 150 - 629.4 731.5+£5.7 20.3+1.1 [12]
TAS S0 . 55 %0 ) ) 680+30(/BD)  10+2(//BD) 1]
750+50(LBD)  20+3(_LBD)
TA2 Forging 363+1 397+2 2342 [22]
TAl ASTM B265-15 - 138~310 =240 =24 [12]
® 2 TALBERULERS 20
Table2 Chemical composition of TA1 powder (/%) 184
164
C Fe (6] N H Ti = 144
310
512
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Fig.2 Particles size distribution of TA1 powder
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Table3 Process parameters of SLM
Layer Spot Layer Scan Scan

Kl o1
Morphologies of TA1 powder

TA1 # RIESR
Fig. 1
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&, FrRH P SLM LEZHUNEK 3 Fros. FrllFe i fE
AR EATED AL, ATENE R b 2 e 67°, 2
PR R A X (B 32D, FTED R Btk

power/W size/um thickness/um spacing/pm speed/mm-s™

175 55 20 90 1250

FEM (10 mm x8 mmx6 mm) ¥ H T S 204 (i
Bl 3b), AT BRI A H IR A ol T fdikas, HR
STl 3¢ Fion . SEBSHRIT T 2 AN EE T 2ZER LR,
H—RLL 7 C/min MR INFAE] 450 CLRIE 45 min
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HAE N, (R AUR Pk AT, @& o8 HTL. 55— Fhfkkb 3
T 252 LLRIFE A 38 B2 n#4 2] 800 C R 60 min SR )5
AR, MEEAE RS T, BN
3x107° Pa, 44N HT2., LEMELWME 4 Fimx.
KDL RS (OM). X HHEEATH (XRD).
i RREE (SEMD ST ) REE (X (EDS) FilHL
T HUHTE (EBSD) XF SLM ANHALEE 5 FE i (1 5543
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Fig.3 SLM scanning strategy (a) and TAl samples used for

microstructure examination (b) and tensile testing (c)
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Fig.4 Heat treatment routes
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Fig.5 OM microstructures of samples under different conditions: (a) SLM, (b) HT1, and (c) HT2
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Fig.6 SEM microstructures of SLM samples
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Fig.7 SEM microstructures of HT1 (a) and HT2 (b) samples
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Fig.8 Distribution of printing defects in SLM (a), HT1 (b) and HT2 (c) samples
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Fig.9 EBSD-reconstructed OIM maps of SLM (a), HT1 (b) and HT2 (c) samples
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Fig. 10 EBSD-reconstructed phase distribution maps of SLM (a), HT1 (b) and HT2 (c) samples
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Table4 Grain boundary misorientation in terms of angle/axis pairs and coincidence site lattice frame for typical grain boundaries

in Fig.12
Number 1 2 3 4 5 6
O/<uvw> 85°<1120> 87°<0110>  7°<I014> 7°<1014>  57°<4131> 70°<0110>
Typical grain boundaries >11b >19¢ LAB LAB HAB HAB
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Table5 Tensile propertiesof TA1 under different conditions

Sample o,/MPa ous/MPa Efracture/ Y0
SLM 202 236 17
HT1 230 535 19
HT2 304 549 23
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Fig.14 SEM morphologies of fracture surface in the tensile samples of TAl under different conditions: (a) SLM, (b) HT1, and (c) HT2
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Effect of Heat Treatment on Mechanical Properties of Biological Pure Titanium
Prepared by Additive Manufacturing

Shen Falei', Xia Weilong®, Lou Dianjun®, Guo Nana', Li Haoqing', Liu Shuyu', Fang Xiaoying'
(1. School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)
(2. Shandong Xinhua Medical Devices Co., Ltd, Zibo 255086, China)

Abstract: Selective laser melting (SLM) can directly produce personalized medical implants with complex shapes based on CAD models.
This work presented an investigation on the evolution of microstructure and mechanical properties of biological pure titanium (TA1) from
SLM to subsequent heat treatment. The results show that the SLMed TA1 alloy has needle-like martensite a’ and retains prior-f columnar
morphology along the building direction. After heat treatment, recrystallized equiaxed o grains form. During the growth of a grains, the
porosity reduces due to pores volume decrease or pores closure. In addition, the precipitates of fine TiFe and TiO, are observed along grain
boundary or within grains in the samples treated by vacuum annealing at 800 ‘C. These precipitates possess selectivity along the grain
boundaries with different characters. The subsequent heat treatments, especially vacuum annealing, significantly improve the mechanical
properties of the SLMed TA1 samples, which is ascribed to combined effects of porosity decrease and the precipitation of TiFe/TiO, phase
upon annealing.
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