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Abstract The effect of stress relief heat treatment temperature and duration time on the microstructure, residual stress and
Vickers hardness of additively manufactured Ti-6Al-4V alloy using laser powder bed fusion process was clarified. As a
result of stress relief heat treatment for 240 minutes at 823 K and 60 minutes or more at 873 K, residual stress was decreased
less than 30 MPa without grain growth and phase transformation which causes dimensional distortion and deterioration of
mechanical properties. In addition, hardness was increased with increasing heat treatment temperature and duration time. It was
deduced that the refinement of acicular martensitic o’ phase due to the increasing duration time of isothermal heat treatment at
773~873 K, which was not detected by XRD and phase map analysis using SEM-EBSD, probably increases the hardness.
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Table 2

Table 1
Stress relief heat treatment test conditions

No. Temperature (K) Duration (minutes)
1 723 10, 60, 120, 240
2 773 10, 60, 120, 240
3 823 10, 60, 120, 240
4 873 10, 60, 120, 240

Lasertec30)S A8-31] Laser power 2 Scan speed ¥
SIAIZIHA Ti-6A1-4V &S IO E ASAEE -+ 3
= 3RXAE HES oM, AHAT]= 10(W) x 10(L)
10(H)mm’e2 FdaA Ak, Az M) 4
s 2PAY dds ZHdnt g & 24 29
g Gt RIS AREste] AT S AIA
dA HAst RS 98 APE L-PBF g8x7C=E
ER FxE AFsoH, SEAA A4 A =
7 Table 13} 7o) 723~873 K& =9 9ollA 50K
Ao 2 747} 10, 60, 120 2 240% FASITE As-
built ¥ EA7} 45¥ oFE AL HIF HwE
E AEXE FES ddel $ ojZdne] ¥y s

Yol A2z SA45 7F 24004 Ak A&
H|A 242 SEM-EBSD(FEI company, Quanta 250)%

Relative density of L-PBFed Ti-6Al-4V alloys with different process parameters

No Laser power Scanning speed Hatching distance Layer thickness Laser energy density Relative density
W) (mm/s) (mm) (mm) (J/mm’) (%)
1 250 900 0.11 30 842 99.81
2 250 1000 0.11 30 75.8 99.95
3 250 1100 0.11 30 68.9 99.99
4 250 1200 0.11 30 63.1 99.97
5 250 1300 0.11 30 58.3 99.87
6 265 900 0.11 30 89.2 99.81
7 265 1000 0.11 30 80.3 99.94
8 265 1100 0.11 30 73.0 99.98
9 265 1200 0.11 30 66.9 99.98
10 265 1300 0.11 30 61.8 99.80
11 280 900 0.11 30 94.3 99.78
12 280 1000 0.11 30 84.8 99.96
13 280 1100 0.11 30 77.1 99.98
14 280 1200 0.11 30 70.7 99.99
15 280 1300 0.11 30 65.3 99.83
16 295 900 0.11 30 99.3 99.69
17 295 1000 0.11 30 894 99.94
18 295 1100 0.11 30 81.3 99.95
19 295 1200 0.11 30 74.5 99.99
20 295 1300 0.11 30 68.8 99.97
21 310 900 0.11 30 104.4 99.73
22 310 1000 0.11 30 93.9 99.93
23 310 1100 0.11 30 85.4 99.97
24 310 1200 0.11 30 78.3 99.97
25 310 1300 0.11 30 72.3 99.98
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Fig. 1. Cross section images of L-PBFed Ti-6Al-4V alloy with
different laser power and scanning speed.
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Fig. 2. (a) SEM images of microstructure of as-built Ti-6A1-4V alloy and matched (b) EBSD - phase map.
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Fig. 3. Deformation of cantilever after 240 minutes of duration
time at different heat treatment temperatures: (a) real specimen
images, (b) measured data.
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Fig. 4. XRD patterns of as-built and heat-treated specimens at
different stress relief heat treatment conditions.

Fig. 5. SEM images of microstructures as-built and heat-treated
specimens: (a) as-built, (b) 240 minutes at 723 K, (c)
240 minutes at 773 K, (d) 240 minutes at 823 K, (e)
240 minutes at 873 K.
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Fig. 6. EBSD - KAM images (a~d) and phase map images

(f~1) of heat-treated specimens: (a and f) 240 minutes at 723 K,

(b and g) 240 minutes at 773 K, (¢ and h) 240 minutes at 823 K,
(e and 1) 240 minutes at 873 K.
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Fig. 7. Changes of (a) residual stress and (b) Vickers hardness
of heat-treated specimens as a function of temperature and
duration time.
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