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Study on microstructure and properties of pure tantalum TIG joints
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Abstract: A study on the microstructure, mechanical properties, and heat treatment process of pure tantalum TIG joints was
conducted. Industrial computed tomography (CT), OM, and SEM were used to characterize the microstructure of the joints, and a
microhardness tester and a universal testing machine were utilized to test the microhardness, tensile properties, and bending
properties of the joints. The results indicate that welding parameters play a decisive role in weld formation. An excessively small
welding current leads to incomplete penetration, while an excessively large welding current causes burn-through. An excessively
high welding speed results in incomplete penetration and undercutting, whereas an excessively low welding speed increases the
width of the heat-affected zone. A welding current of 280 ~ 320 A and a welding speed of 150 ~ 180 mm/min are optimized as the
process window. Under these parameters, the maximum tensile strength of the joints reaches 262 MPa, and the fracture surface

exhibits dimple characteristics. All fractures initiate in the heat-affected zone and propagate along the softened region near the
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fusion zone. Based on the optimized parameters, the effect of heat treatment temperature is studied. It is found that as the annealing
temperature increases, the residual stress of the weld significantly decreases from 142.17 MPa to 10.69 MPa at an annealing
temperature of 1 320 °C, and the tensile strength decreases to 194 MPa due to grain coarsening. By considering the comprehensive
effects of stress relief and property loss, 1 320 °C is determined as the optimal annealing temperature. Actual structures are welded
using the optimized process. Verified by non-destructive testing and metallographic examination, there are no internal defects in the

joints, demonstrating good quality.

Highlights: (1) The influence rule of the matching between welding current and welding speed on weld formation and internal

defects in pure tantalum TIG joints was revealed, and the process window for eliminating incomplete penetration and burn-through

was clarified.

(2) The microstructural evolution rule of pure tantalum TIG joints was elucidated, where hardened phases were formed

in the weld due to rapid cooling, and the heat-affected zone was softened by grain coarsening, resulting in tensile fractures occurring

exclusively in the heat-affected zone.

(3) The critical annealing temperature for effectively eliminating the residual stress of pure tantalum TIG joints and

preventing excessive grain growth was determined.

Key words: pure tantalum; tungsten inert-gas arc welding; microstructure evolution; softening of the heat-affected zone; residual

stress
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Table 1 Welding paraments

i i@?ﬁﬁ? 1 PR
v/(mm-min ') /A
Ay 120 200
A, 120 240
A 120 280
A, 120 300
As 120 320
Ag 120 360
B, 150 200
B, 150 240
B; 150 280
B, 150 300
B;s 150 320
Bg 150 360
C, 180 200
C, 180 240
C; 180 280
Cy 180 300
Cs 180 320
Ce 180 360
D, 200 200
D, 200 240
D; 200 280
D, 200 300
D; 200 320

D¢ 200 360
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Schematic diagram of pre-welding assembly and
welding seam. (a) pre-welding assembly; (b)
welding seam
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Fig.2 Schematic diagram of tensile specimen and
bending specimen
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Fig. 3 Schematic diagram of tensile specimen size
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Fig. 4 Joints macromorphology of different welding currents with welding speed v = 1
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Fig. 5 Joints nondestructive testing results and micro-
structure with welding current 7 =200 A
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Fig. 6 Joints nondestructive testing results and micro-
structure with welding current 7 =240 A
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Fig. 7 Joints nondestructive testing results and
microstructure with welding current 7 = 280 A
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Fig. 8 Joints nondestructive testing results and
microstructure with welding current 7 = 300 A
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Fig.9 Joints nondestructive testing results and
microstructure with welding current 7 = 320 A
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Fig. 10 Weld seam and heat affected zone size and

grain size
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Table 2 Mechanical properties of joints with different
welding currents
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Fig. 12 Joints fracture location under different welding currents. (a) 7 = 200 A; (b) 7 =240 A; (c) I =280 A; (d) 7= 300 A;
(e)I=320A
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Fig. 13 Joints fracture morphology of under different welding currents. (a) /=200 A; (b) 7=240 A; (c) I=280 A; (d) I =

300 A; (e) /=320 A
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B 14 FEEEEETELEUER

Fig. 14 Joints macroscopic morphology with different
welding speeds. (a) v = 120 mm/min; (b) v = 150
mm/min; (c) v = 200 mm/min
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Fig. 15 Joints nondestructive testing results and micro-
structure with welding speed v = 120 mm/min
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Fig. 16 Joints nondestructive testing results and micro-
structure with welding speed v = 150 mm/min
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Fig. 17 Joints nondestructive testing results and micro-
structure with welding speed v = 200 mm/min

1.28 4% 120 mm/min A A 4% Az RG2Sk R SF
& 200 mm/min A 1,67 5501 2.5 5. SoRRLKORE
B K R R R R W, MR R e, A
AL DUBEACEE R 22, B0 4% AR AR

8.0
120
75t
5 11.8 - é
70+
g E {16 £
EQ st R
Q' {14+
B4R 6.0 - =gt
= q124&E
Y a =
FL sof v Es
: - B I IX 5 108 =
Y S o 7.5 21 W AN )
o fRAE R 10.6
1 1 1 1 1 1 1 1 1

4.0
110 120 130 140 150 160 170 180 190 200 210
JEEEHY v/(mm-min-!)
E 18 AEEEEE TIRERAFMEX R~ R RRR

Fig. 18 Weld seam and heat affected zone size and
grain size at different welding speeds

T JRIEAS B, P2 E R M e Sk iR

RS HCF 3 0R I 3 Fis. A5
A 120 mm/min B}, 323k & FAIK, S 227 MPa.
LIS BRI K RN 24%. 32 Sk B hir ik B A ) 32 3
Ji PR A i) DX OB R, 423k & AR k. X AR
T EE A 180 mm/min B, 42 3k B b7 0% B e, N
262 MPa, Wi )5 i R &, 39, 1%. seAf#k
SRR 3 e 114) B D R R Sk IR TG BH B, (DR AR
B R ARFZ A XN Stk R I &R B LA, AR
FH BE R 200 mm/min B, $2Sk HU PR /N, R
258 MPa. ILHT, Wi R FEAIR 35, 08%. X &
M Tk R R, i AR R AR, A
A JE LB ACRE AT AR 22, FBURSE 1 AR SRS
R BIEAS R, Bk iR

*3 FREEEESETELNEELE

Table 3 Mechanical properties of joints under different
welding speeds

miEdEE O BWEE  BRSRE R
v/(mm/min) R, /MPa R, /MPa A(%)
120 174 227 24.0
150 186 245 38.5
180 185 262 39.1
200 155 258 35.1
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Fig. 19 Joints microhardness under different welding
speeds
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Fig. 20 Joint fracture locations with different welding speeds. (a) v = 120 mm/min; (b) v = 150 mm/min; (c) v =

200 mm/min
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Joints fracture morphology with different welding speeds. (a) v = 120 mm/min; (b) v = 150 mm/min; (c) v =
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Fig. 22 Welding process window
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Fig. 23 Joints at different annealing temperatures. (a)
T=1120C; (b) T=1220 C; (c) T=1320C
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Fig. 24 Schematic diagram of residual stress measu-
rement point
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Table 4 Joints mechanical properties with different heat
treatment conditions
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7°C  Ry/MPa R /MPa A(%) o,/MPa o,/MPa
— 186 245 38.5 142.17 84.60
1120 164 228 19.3 50.12 60.21
1220 152 226 11.6 18.16 21.05
1320 131 194 9.4 10.69 20.95
115
-=- 1120 C
1o —o- 1220 C
—A-1320C
105
=
SRS
i
m 95r
=
= 90
85
80
1 1 1 1 1 1 1 1 1 1 1 1

-35-30-25-20-15-10-5 0 5 10 15 20 25 30
MEERaE O RE R d/mm

B 25 AEFRGEEGTELBMEES S
Fig. 25 Joints microhardness distribution with different
heat treatment conditions
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Fig. 26  Fracture position of joint with different annealing temperatures. (a) 7=1120 C;(b) T=1220 C;(c) T=1320C
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Fig. 27 Joint fracture with different annealing temperatures. (a) 7= 1120 C; (b) T=1220 C; (c) T=1320 C
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Fig. 28 Actual welded structure joints and non-destru-
ctive testing results
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Fig. 29 Microstructure and hardness distribution of actual welded structure joints. (a) actual welded structure C;; (b)

actual welded structure C,; (c) hardness distribution
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