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Microstructure and mechanical properties of
TB10 titanium alloy after welding
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Abstract: The microstructure and mechanical properties of electron beam welding of TBI10 titanium alloy were

investigated. The results show that, after solution treatment and twice aging treatment, the weld zone of TB10 plate

obtains the best combinations of strengths, and showing excellent microstructure and mechanical properties. The

processing of weld and post weld heat treatment decreases the tensile strength, yield strength and ductility of weld zone.

After (725 , 1 h, FC) solution treatment and twice aging treatment, the weld zone impact toughness is 31.3—45.6 J/cm®.

After solid solution treatment and twice aging treatment, the microstructures of the base metal and weld consist of

toughness S phase, coarsening primary o phase, short and minimum needle-shape secondary o phase. After heat treatment,

alloy elements redistributions in different phases of alloy become more stable than before.
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JEM—2000FX
1 R3 ( 1) 1
Table 1 Chemical composition of ingot (mass fraction, %) p a
Position Al Mo \% Cr 0 R3 2
Upper 3.0 4.9 5.10 2.00 0.080 2 B
Middle 3.0 5.0 5.10 2.10 0.080 o o
Down 3.0 4.9 5.10 2.10 0.080
Position H C N Fe Si
Upper 0.001  0.02 0.027 0.040  0.020
Middle 0.001  0.02 0.030 0.040  0.030
Down 0.001  0.01 0.031 0.040  0.020
2
Table 2 Solution treatment of TB10 weld plate billet
Plate Solution treatment
D 785 , 1 h,FC
E 765 ,1h,FC
F 745 ,1h,FC
G 725 ,1hFC
1.2
ELA-30 TBI10
33 mm><55 mm><120 mm
33 mm><70 mm><120 mm
15 mm 3
3)
JEM 2000FX
3
Table 3 Heat treatment of specimens
Code Heat treatment
R1 (785 ,1h,FC)+(520 ,8h,AC)+(620 , 30 min, AC)
R2 (765 ,1h,FC)H520 ,8h,AC)+(620 30 min, AC)
R3 (745 ,1h,FC)H(520 ,8h,AC)+(620 30 min, AC)
2 R3 TEM
R4 725  +(520 ,8h, AC)*(620 30 min, AC)

RS

725

, 1 h,FC

Fig.2 EM images of TB10 alloy after R3 treatment: (a) Bright
field image; (b) Dark field image
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Table 4 Mechanical properties of alloy

Heat Direction Rm/ Rp0.2/ Al Z/
treatment MPa MPa % %

Vertical 920 905 20.0 65.0

Rl Lateral 915 890 20.0 59.0
- Vertical 930 920 17.5 61.5
Lateral 945 920 17.5 54.0
R3 Vertical 950 935 17.0 58.0
Lateral 955 925 19.5 58.0
R4 Vertical 985 965 11.0 435
Lateral 985 965 18.5 57.0
222
35 mm><70 mm><120 mm TB10
33
mm><70 mm><120 mm 15 mm
3 3
Fig.3  Macrostructures of weld zone: (a) Begin weld;
(b) Finish weld
5
5
R4
R3
(

) 6 6 R4

35 mm><57 mm><120 mm TB10
33 mm><55
4 R4 TEM mm><120 mm

Fig.4 TEM images of weld zone after R4 treatment:
(a) Bright field image; (b) Dark field image 7
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Table 5 Mechanical properties of alloy weld zone at vertical
direction R4
Pl HEA L R/ Rpo A Z/ R3
¢ treatment pectme MPa MPa % %
Weld zone 845 830 11.5 31.0
D R1
Base 920 905 20.0  65.0 8 8 R4
Weld zone 860 845 10,0 175
E R2
Base 930 920 17.5 615 8
Weld zone 895 885 115 215 Table 8 Welding coefficient of joint of alloy at lateral
F R3 direction
Base 950 935 17.0 58.0 q
eat
er R' A 7'
Weld zone 905 885 10.5 225 treatment P02
G R4
R5 0.98 0.96 0.34 0.4
Base 985 965 11.0 435 ? ? ?
R4 0.96 0.96 0.55 0.63
6 R3 0.96 0.96 0.42 0.33
. . o . R2 0.94 0.93 0.46 0.51
Table 6 Welding coefficient of joint of alloy at vertical
L R1 0.94 0.94 0.47 0.37
direction
Heat , , , ,
treatment " Rz 4 z 243
R4 0.92 0.91 0.53 0.91
R3 0.92 0.93 0.36 0.68
R2 0.91 0.92 0.42 0.57
R1 0.91 0.92 0.42 0.57 9
5

R'y=Rp, 1/Rm, 05 R'po.zz Rpo.z, 1/Rpo.2,o; A'=A\/Ay; Z' =2,/ Zy;

1

0

7
Table 7 Mechanical properties of weld zone of plate at lateral
direction
Heat . Rm/ RpO,Q/ Al Z/
Plate treatment Specimen MPa  MPa % %

Weld zone 965 920 9.0 18.5

R5
Base 985 965 185 57.0

G

Weld zone 945 925 10.0 24.5

R4
Base 985 965 185 57.0
Weld zone 920 890 8 18.5

F R3
Base 955 925 19.5 58.0
Weld zone 910 885 16.0 51.0

E R2
Base 945 920 17.5 54.0
Weld zone 865 840 8.5 36.0

D R1
Base 925 895 20.0 58.5

axy  34.8~85.4 J/em?
axy  86.7~104.4 J/em®

( )
30%~50%

Rm—a KU 10
10 R4 Rm axu

9
Table 9 Postweld heat treatment of plate

Plate Heat treatment

D (785 ,1h FC)+(520 ,8h,AC)H(620 ,30min, AC)
E (765 ,1hFC)+(520 ,8h,AC)+(620 30 min, AC)
F (745 ,1h FC)+(520 ,8h,AC)+620 30 min, AC)

Gl 725 ,1h FC

G2 725 +(520 ,8h,AC)+(620 ,30min, AC)
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