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Abstract: o’ martensite is the major phase in selective laser melted TC4 alloy, and the controlling of its decomposition is
very important for the optimization of the formed components. Laser scanning was applied to the SLM-TC4 samples with
full o’ martensite microstructure, the thermal history curves at different locations of the samples were derived with the aid
of numerical simulations, and the phase transformation sequence of o' martensite under thermal cycling conditions was
analysed. Two transformation pathways are identified: o' =B —(a+B) and o' —(at+p), with different thermal histories. In
the former pathway, the a phase no longer maintains the hierarchical structure of a’, which typically exhibits a mixed
morphology of Widmanstitten colonies and basketweave structures. In the latter pathway, the o phase retains the
crystallographic orientation and hierarchical structure of the martensite. It has also been shown that in the second
transformation pathway, when the temperature of thermal cycling approaches 3, and the temperature difference between the
peak and valley is significant, the decomposition of o’ martensite and the globalization of the o phase are accelerated, with
{3 precipitating at the twin boundaries, which can further contribute to the enhancement of the properties of the SLM TC4
components.
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Tab.1 Chemical composition of the TC4 powder
(mass fraction/%)

Element Al \% Fe C N H (0] Ti
Content 5.5~6.75 3.5~4.5 <0.3 <0.08 <0.05 <0.015 <0.18 Bal.

R2TC4 HKERERBARBULIZSH
Tab.2 Selective laser melting parameters adopted for the
TC4 titanium alloy

Processing parameter Value
Laser power/W 250
Scanning speed/(mm-s™) 1 000
Hatch spacing/mm 0.09
Layer thickness/mm 0.030
Spot size/mm 0.1
Scanning strategy Zigzag
Hatch rotation angle/(°) 67
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Fig.1 Laser scanning and temperature measurement platform: (a) experimental setup; (b) sample and substrate
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Tab.3 Parameters for the laser scanning experiments

Laser power Scanning speed Hatch spacing ~ Preheat temperature ~ Scanning time )
Sample 3 Scanning strategy
/W /(mm-s™) /m /C /s
#1 200 10 2 25 23 . :
#2 150 5 1 25 92 =
M
#3 150 10 0.5 200 72 “
A A v A
#4 125 5 0.25 200 288 T .I
30
| cHi CH2 CH3
<+ [0 o----{ Sample
I 15 15
40
(=]
o
Substrate
100

Unit: mm

Pl 2 R e i 00 £

Fig.2 Monitoring locations of the thermocouples

Bl 3 ORI T2 ZHCT B 5250 I A i 485 50 < (a) #1 10RE ; (b) #2 ke

Fig.3 Thermal history of simulated and experimental measurements at different process parameters: (a) sample #1; (b) sample #2
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Fig.4 Microstructural images of the as-built sample: (a) OM image; (b) SEM image (unetched); (¢, d) SEM images (etched)
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Fig.5 TKD results of the as-built sample: (a) IPF of the a phase; (b~d) {1120}, pole figures of the o and internal twinning deformation

zones in regions 1~3 ; (e) {0001}, pole figures of the a and internal twinning deformation zones in regions 1~3;
(f~h) IPF of the reconstructed parent prior-@ grains and {111},,{110}, pole figures

6 #3 AR il T 0 41 BURRAE 5 A BRI 28 < (a) SEM 1R 75 (b) FAAE PR £k
Fig.6 Microstructural characteristics and thermal cycling curve of sample #3 at the laser scanning surface: (a) SEM image; (b) thermal
cycling curve
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K7 #3 R FEREEOCH R IR 0.5 mm VR B2 AL A9 20 SLRRAE S PR IR T 48 < (a, b) SEM U 5 (0) PV 34 1 48
Fig.7 Microstructural characteristics and thermal cycling curve of the sample #3 at depth of 0.5 mm from the laser scanning surface:
(a, b) SEM images; (c) thermal cycling curve
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Tab.4 Special misorientations between two adjacent (3
grains, by which «g is able to maintain BOR with both

B grains?!
Type Misorientation Equivalent Misorientation
1 10.52°/<110>
2 10.52°/<110> 63.26°/<211>
3 60°/<110> 60.8°/<0.568 0.392 0.392>
4 60°/<111>

8 #4 IXAEFEOCH T A 3 mm PR B2 Ab 9 41 SURIE 5 A PRI 26 < (a, b) SEM IR T 5 (c) AV 26 il £¢
Fig.8 Microstructural characteristics and thermal cycling curve of the sample #4 at a depth of 3 mm from the laser scanning surface:
(a, b) SEM images; (c) thermal cycling curve
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{111},

Fig.9 EBSD results of sample #3 in the region 0 mm away from the laser scanning surface: (a, b) IPF maps of the o phase and
reconstructed parent prior- grains; (c, d) pole figures of {0001}, and {1120}, for the a phase in zone 1; (e, f) pole figures of {110},
and {111} for the B phase in zone 1; (g, h) pole figures of {0001}, and {1120}, for the a phase in zone 3; (i, j) pole figures of {110},
and {111}, for the B phase in zone 3
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P10 #3 BUREBR OGN 0.5 mm Xk EBSD 4521 : (a) o A0 IPF 43411 5] 5 (b) EBSD 47 %) LE B 181 5 (c) TA9 B BEAR Y IPF
S35 (d) 6 Fh BA R <0001>, Gl o 284K 5 (e~g) {001}, 5 {110}, 1%
Fig.10 EBSD results of the sample #3 in the region 0.5 mm away from the laser scanning surface: (a) IPF of the a phase; (b) band
contrast map from EBSD; (c) IPF of the reconstructed parent prior-@ grains; (d) six a variants with different <0001>, axes;
(e~g) {001}z and {110}, pole figures
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