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Quality Optimization of TC4 Alloy Fabrication via Selective Laser Melting
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Materials, Beijing 100095, China

Abstract By changing the forming parameters and heat treatment temperature, the forming quality of selective laser
melting (SLM) TC4 titanium alloy was optimized. The results indicated that the relative density of the TC4 sample could
exceed 99.90% under the given process parameters. In particular, the highest relative density, 99.993% , was obtained
with a layer thickness, laser power, scan speed, and hatch spacing of 40 pum, 200 W, 1500 mm/s, and 0. 065 mm,
respectively. Furthermore, the corresponding tensile strength reached 1149 MPa and 1111 MPa and the relative plasticity
was as low as 8.1% and 5.1% for X/Y and Z directions, respectively, owing to the existence of a large amount of
martensite o' phase inside. Moreover, the martensite o' phase gradually decomposed to the (a4 B) phase through heat
treatment. Therefore, the tensile strength gradually decreased as the plasticity increased when the heat treatment
temperature increased from 650 °C to 950 “C. After heat treatment at 950 “C, the tensile strength of the SLM TC4
samples decreased to 78.9% and 80.5% of that before heat treatment, while the elongation increased by 103.7% and
152. 9% for the X/Y and Z directions, respectively.

Key words laser optics; selective laser melting; process parameters; heat treatment; forming quality

ol . TCAA 4R T — R o+ B AL EL & 4, 8 L

H i % e aﬁ%aﬁbnr_mﬂm@ 2 FURT B

WO TE X L (SLM) 3R B T —Fh L8 s bF - 32 Bk A4 (B, 454 B & S0 35 4% T 9 i

I AR AR i R BOCRARE SR RO R L XA TCA 5k & T 1F 10 B W 2 Jef %

IR B2 2 v Bt o A 4 RO K L B R ARy . AT I R R A% G it 7 e M DL R R

R AL BE AR 2L v SRR, BT RIS R R L O KL AR T AE A A
O e X LB AR B L TS I e B R R RS B TCASK A 4 BB AR 1 i 3 07 1

B IF kB A E WA BB R Bz N UL ILAE O 1E XM Ak TCA Bk & 4 1 1 3 224
TRUZ AR FE A S T4 4 rﬁﬁﬁﬁéﬁﬁ%@ﬁiiﬂﬁﬁZ@iﬁﬁﬁE%)ﬁgfﬁF% PE g 25K

Wi BHE. 2021-08-20; f&EIHEA. 2021-09-05; KA BH. 2021-09-13
BIS1E#E . hwikjcbql984@163. com

1716006-1


https://dx.doi.org/10.3788/LOP202259.1716006
mailto:E-mail:hwtkjcbq1984@163.com

B BT LA ORI IO A TC4 BR A 4 i N
R AL R B AR 4 B B A B 1 LB 2 2
PP AR D o AR i BT 2 RO )R
S T 2SR A, X HIE 1R Y A AR 5T 476
B B Y i AR B B MR SRR AE (A0 3% - 8¢ LR
A5 At T BOE TES B G . Zadd it
A [ R A B S BF T 1R 20 1 BE - Ak B R Y
XN o A A U T2 e ok BT 2 g SR A A
Fie 263K B AR O 1 X AL TC4 BR 5 & 1 1 BUE i
L IDRERib)S

$£59%5 F17H/2022 F 9 A/ ESBFFHE

VL v S RS

50 I T 6 T C4 8R4 46 B A 3 2o i i w12 7l
7, PSR R R RN A IR R AL . R R fh 2 R
RN 1R, Hd O Br it 70 R %2 0. 069 % . ¥y KIE
AN 1 7R, R ER 43 By A URL 52 000 BROE | 3R WD
HEARTORFEIRS , W N A EEE] TR Ky, 2,
Kt 24.3s/50 go By R H 15~53 pm, ki iz
434 R D(10) =26. 4 pm, D(50) =40. 4 pm,D(90) =
52.2 pm.,

#1 TCARREG BB AR W
Table 1  Chemical composition of TC4 alloy powder

Element Ti Al O H N
Mass fraction /% balance 6.02 0. 069 0.0042 0.0038

Element Fe C Cu Mn Mo
Mass fraction /% 0.062 0.0035 <<0. 005 <20. 005 <20. 005 <20. 005

K1 TC4BkA &K AIES . (a) X100;(b) X500
Fig. 1 Morphology of TC4 alloy powder. (a) X 100; (b) X500
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Fig. 2 Renishaw RenAM 500M selective laser melting equipment
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Fig. 3 Diagram of laser scanning strategy
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Table 2 Process parameters of selective laser melting

Parameter types Layer thickness /pm Laser power /W Scanning speed /(mm-s ') Hatch spacing /mm
200
30 1500 0.065
Value 240
40 1875 0. 085
280
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Table 3 Heat treatment parameters of SLM TC4 alloy

No. Temperature /°C Time /h
1 650 2
2 750 2
3 850 2
4 950 2
5 Untreated
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Fig. 4 Metallography and relative densities of SLM TC4 alloy under 30 pm layer thickness. (a) Hatch spacing is 0.065 mm;
(b) hatch spacing is 0.085 mm
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Table 4 Process parameters and corresponding relative densities of SLM TC4 alloy under 30 um layer thickness

Laser Scanning speed / Hatch Relative Laser Scanning speed / Hatch Relative
No. B . ) No. N . .
power /W (mm-s™") spacing /mm  density /% power /W (mm-s™") spacing /mm  density /%

1 200 1875 0.065 99.973 200 1875 0. 085 99.970
2 200 1500 0.065 99. 987 8 200 1500 0. 085 99.991
3 240 1875 0.065 99.990 240 1875 0. 085 99. 981
4 240 1500 0.065 99.935 10 240 1500 0. 085 99. 982
5 280 1875 0.065 99.961 11 280 1875 0.085 99.990
6 280 1500 0.065 99.920 12 280 1500 0. 085 99.969
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Fig. 5 Metallography and relative densities of SLM TC4 alloy under 40 pm layer thickness. (a) Hatch spacing is 0.065 mm;
(b) hatch spacing is 0.085 mm

1716006-4



$£59%5 £ 17H/2022 F9 A/HAEBFFHE

540 um R T Bk A HUE B I T2 2 BRI B

Table 5 Process parameters and corresponding relative densities of SLM TC4 alloy under 40 pm layer thickness

Laser Scanning speed Hatch Relative Laser Scanning speed Hatch Relative
No. - . . No. - . .
power /W /(mm-s ") spacing /mm  density /% power /W /(mm-s") spacing /mm  density /%

1 200 1875 0.065 99.992 200 1875 0.085 99.985
2 200 1500 0.065 99.993 200 1500 0. 085 99. 980
3 240 1875 0.065 99.990 9 240 1875 0. 085 99. 980
4 240 1500 0.065 99. 988 10 240 1500 0. 085 99.979
5 280 1875 0.065 99.979 11 280 1875 0.085 99.991
6 280 1500 0.065 99.970 12 280 1500 0. 085 99. 983
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Fig. 6 Microstructure of SLM TC4 alloy. (a) X/ Y direction; (b) Z direction
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7 ATl HAk B R R G AR IR o (a) 650 °C/2 h, X/ Y U5l 5 (b) 650 °C/2 h, ZJr 5 (¢) 750 °C/2 h, X/ Y Il 5 (d) 750 °C/2 h,
ZJ7m 5 (e) 850 °C/ 2h, X/ Y J5 ) 5 (f) 850 °C/2 h, ZJ5 1) 5 (g) 950 °C/2 h, X/ Y J5 [ ; (h)950 °C/2 h, Z Ji [
Fig. 7 Metallographic photos of samples with different heat treatment parameters. (a) 650 °C/2 h, X/Y direction; (b) 650 ‘C/2 h,
7 direction; (¢) 750 °‘C/2 h, X/Y direction; (d) 750 ‘C/2 h, Z direction; (e) 850 °C/2 h, X/Y direction; (f) 850 °C/2 h,
Z direction; (g) 950 °C/2 h, X/Y direction; (h) 950 “C/2 h, Z direction
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Table 6 Tensile properties of TC4 alloy under different heat treatment parameters

X/Y direction Z direction
Heat treatment parameter
0, /MPa 6,02 /MPa 0 /% 0, /MPa 6,0, /MPa . /%
SLM 1149 1064 8.1 1111 1003 5.1
650 ‘C/2 h 1031 960 9.5 1004 904 7.6
750 °C/2 h 999 926 10.7 978 872 11.2
850 °C/2 h 982 901 15.5 958 845 12.6
950°C/2 h 906 819 16.5 894 755 12.9
Ref. [16] =895 =825 =10 =895 =825 =10
1400 () tensile strength 120 1400 () tensile strength 720
i y}elcl s!l:lg‘ength
—=— elongation

g 1200 15 %i 1200 15

e E3 g
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= 5] E &

g 5 : 5

= & 600
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Temperature /°C Temperature /°C

B8 AR AE LR TC4BKG S iERE. (a) X/ Y I s (b) ZJ5
Fig. 8 Tensile properties of TC4 alloy under different heat treatment parameters. (a) X/ Y direction; (b) Z direction

B9 AR AL 2T FE S (a) X/ Y J7 i 5 (b) Z 5 1)
Fig. 9 Macroscopic tensile fracture morphology of samples. (a) X/ Y direction; (b) Z direction

BI10 AR R OWLIBT CE A . (a) X/ Y D51 5 (b) Z 7 T
Fig. 10 Microscopic tensile fracture morphology of samples. (a) X/ Y direction; (b) Z direction
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