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Microstructure and Impact Properties of K-TIG and A-TIG Welded Joints in
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Abstract: Welding experiments on TAS titanium alloy plates with thickness of 22 mm were conducted using keyhole

tungsten inert gas (K-TIG) and activating flux tungsten inert gas (A-TIG) processes. The results show that the weld

microstructures of K-TIG and A-TIG joints primarily consist of basket-weave acicular a phase, and the columnar

grains in the A-TIG weld are coarser. The heat-affected zone (HAZ) of both welded joints is mainly composed of

blocky a phase with a small amount of acicular a phase, resulting in impact toughness comparable to that of the base

metal. The TAS titanium alloy weld exhibits sensitivity to multiple thermal cycles, whereby repeated heating leads to

toughness reduction in the weld zone. Compared with A-TIG, the K-TIG process not only achieves higher welding

efficiency but also produces welds with better impact toughness, making it more suitable for thick-plate welding of

TAS titanium alloy.
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Table 1

T L S S
1 5 G

JEREREM N 22 mm JEH) TAS K& EWM, 1Ee
K TA28 J 22, RERFRVIR 22 0040 "2 iy 3R 1 o
K-TIG #2425 H 1 B3 11, A-TIG #2428 H X AU,
R L ZZHCR AR R R S8, Wk 2
TN

B MELHNLERT (W%)

Chemical composition of base metal and welding wire

Alloying elements

Impurity elements(<)

Grade

Other elements

Ti Al B Fe C N H o
Each Total
TAS Bal. 3.3-4.7 0.005 0.30 0.08 0.05 0.015 0.16 0.10 0.40
TA28 Bal. 2.0-3.0 — 0.30 0.08 0.05 0.015 0.15 0.10 0.40
xk2 BREIZS¥
Table 2 Welding process parameters
K-TIG A-TIG
Weld pass Welding current/A  Arc voltage/V \y(erlfélnijﬁiid Welding current/A Arc voltage/V “/lglri;n%n?gﬁi;}d
Root pass 600 12-32 280 149 14-15 102
Cap pass 230 15 90 149 14-15 102
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Fig.1 Sampling diagrams of weld bead and HAZ impact

specimens in K-TIG welding test plate
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Fig.2 Sampling diagrams of weld bead and HAZ impact

specimens in A-TIG welding test plate
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Fig.3 Curve and related parameters of oscillographic impact test
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Fig.4 Macrostructures of TAS titanium alloy welded joints:

(a) K-TIG; (b) A-TIG
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Fig.5 Microstructure of TAS titanium alloy base material
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Fig.6 Microstructures of TAS titanium alloy welded joints by K-TIG and A-TIG: (a) root pass weld metal by K-TIG; (b) root pass HAZ

by K-TIG; (c) cover pass weld metal by K-TIG; (d) cover pass HAZ by K-TIG; (e) weld metal by A-TIG; (f) HAZ by A-TIG
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Fig.8 Oscillographic impact load-displacement curves of welded joints: (a) K-TIG; (b) A-TIG
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Table 3 Key parameters of oscillographic impact tests

*3 FEATREXESHK

Welding Notch Specimen Fuy/kN AT W Wi W
process location number
1-1 13.69 13.25 22.70 20.83 8.27 12.56
Weld face 1-2 13.04 12.75 21.30 19.30 7.47 11.83
1-3 14.22 13.83 23.30 21.82 8.86 12.96
2-1 13.12 12.85 18.30 18.20 7.22 10.98
Weld root 2-2 13.43 13.10 17.20 18.20 7.23 10.97
2-3 12.91 12.60 17.50 18.72 7.11 11.61
K-TIG
3-1 20.09 17.09 85.20 84.49 30.34 54.15
Upper region of
3-2 19.81 17.27 82.10 80.66 26.27 54.39
HAZ
3-3 19.93 17.41 84.70 83.84 25.18 58.66
4-1 20.06 17.18 86.00 85.75 26.78 58.97
Lower region of
4-2 19.93 16.50 102.00 101.40 30.92 70.46
HAZ
4-3 19.70 16.66 94.50 91.09 30.52 60.57
5-1 8.94 8.70 13.70 12.64 427 8.37
Weld metal 5-2 7.53 7.26 12.40 11.18 3.62 7.56
5-3 9.04 8.80 14.20 12.89 4.60 8.29
A-TIG
6-1 19.35 15.95 89.00 87.33 30.75 56.58
HAZ 6-2 18.97 15.79 93.90 91.62 26.53 65.09
6-3 19.78 16.14 99.40 97.91 30.39 67.52
7-1 19.68 16.09 93.20 86.22 28.46 57.76
Base metal 7-2 19.75 16.27 95.50 95.61 27.77 67.84
7-3 19.72 15.89 94.20 95.37 29.77 65.60
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Fig.9 Impact properties comparison between K-TIG and A-TIG welding processes: (a) WM; (b) HAZ

B TR RIS A R A, B2 TAS Sk& 4
R8I0 2 HAZ, HAQY REEES & T 2808 e
B, XU TAS 8A &%/ HAZ ¥ HA RIF 5T
WOy a1 AR, Lk K-TIG 186 &
A-TIG 154z, AR 4E 35 & A1 3k Hh W e 22 1O
HAZ 5B\ PPl B EAE 2, b i MR I e B 3 4 RETE
B K. 5 A-TIG JEHEAH L, K-TIG EEANMHEA
A SRR, Honpad 2808 he R
gy R R, A N R RS T,
FIEA T TAS k& &R IR .

3 4 i

(1) it K-TIG 182 A-TIG 1282, TAS (k&
SR AR IR S R I R E AL B s HAZ 5 BEM
IR .

(2) TAS 4k &4 BT, HAZ M 48 1 b R4y
B ETROOE AR, WEA R ay

(3) TAS £k &4 K-TIG 1 A-TIG #5744 3k HAZ 141
U8 T B RHUIR o MR BE R o AR RL, KR
HOREE o M MBI B I R B R A

(4) TAS BK& S IR 48X 2 om #od 78 bR Uk, Jp
ZURMAL SRR .5 A-TIG HEM L,
K-TIG A EA E S R, @ nT LIRS 3
NRAFHR AP, HIES T TAS SK& & ER
R %2

SEEK References

[1] FLUbUh. TAS BK-& 420 3CHEMURE 5 35 4 B P 450 e ML B8 %
HERHZUERERT A [D]. MR W /RIE Tl K%, 2023.

[2] T/, XU, 488, 25 TAS 2k& & 77 LA oL EE T
CWARI]. WA &R RS T, 2024, 53(2): 417-423.

[3] HEEE, Z=itoc, (TobsR, 5. Wt ROB KR FEN TAS 5k& 4
BWMALMOEERWEZWT]. BEA O0E8E, 2021,
37(1): 50-52.

[4] B, BEAHE, RE, 5. T TAS SA &R0t R Rk
HAUFIVERRRT AL [I]. MRHIT R 5 R H, 2021, 36(6): 60-66.

[5] EER, TR, 268, % TAS (&4 % M TIG #5483k 4l
UM RE BT T[], N T T2, 2024, 53(21): 158-161.

[6] ZHIR. TAS EK& Sk BRI BRI H 2% Ty - M fg
WEFL[D]. AR MG RIEE Tolk K2, 2021.

[7] Ak, TRF, B5E. K-TIG BEEMADIRD]. HER¥
R, 2024, 45(11): 35-44.

[8] ¥R, AW, MER, & EEFIX A-TIG HkJE IR,
IR 30 & ALk e K S e D], BB R, 2025, 39(1):
254-258.

[9] WtyhyE, BAHE, TF, % &4 A-TIG (R L2 KN
FEI]. ILBHEE TR 2244, 2015, 34(5): 12-18.

[10] %52, TkME &, RRAI % &4 A-TIG & LZH ARG
3], HFH EEE, 2024(16): 17-19.

[11] Niagaj J. Use of A-TIG method for welding of titanium,
nickel, their alloys and austenitic steels[J]. Welding

International, 2006, 20(7): 516-520.


https://hffybed25da05eb474ce4hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/rmme/article/abstract/20230018?st=article_issue
https://hffybed25da05eb474ce4hkwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/rmme/article/abstract/20230018?st=article_issue
https://hffyb2b08d79e045e4fd4skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/kcms2/article/abstract?v=wUXT8w3WHHoPq-lPDpBd4DuE1WS5smb9Wxiia1gRE3V0-KPoXe48CHeYlIaBbDw6cb6i9hFxliYfAgtdFH4bH6JbrKd6o0OZiziC663rOe-Vc_K1c7txXMVox55yfmLTxzfzy8sU7_KI46_1IMQlTidtc85ZzNtzHv5GOJ4DEyd1TepMp_NGlR3wxgw1ARE6ywpsGGhbqVk=&unipl
https://hffyb2b08d79e045e4fd4skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/kcms2/article/abstract?v=wUXT8w3WHHoPq-lPDpBd4DuE1WS5smb9Wxiia1gRE3V0-KPoXe48CHeYlIaBbDw6cb6i9hFxliYfAgtdFH4bH6JbrKd6o0OZiziC663rOe-Vc_K1c7txXMVox55yfmLTxzfzy8sU7_KI46_1IMQlTidtc85ZzNtzHv5GOJ4DEyd1TepMp_NGlR3wxgw1ARE6ywpsGGhbqVk=&unipl
https://hffyb047f83d4b4544a20skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/doi/10.19515/j.cnki.1003-1545.2021.06.011
https://hffyb047f83d4b4544a20skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/doi/10.19515/j.cnki.1003-1545.2021.06.011
https://hffyb047f83d4b4544a20skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/doi/10.14158/j.cnki.1001-3814.20223034
https://hffyb047f83d4b4544a20skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/doi/10.14158/j.cnki.1001-3814.20223034
https://hffyb2b08d79e045e4fd4skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/kcms2/article/abstract?v=wUXT8w3WHHrvVTU1b0G0aGt2Eq5Ia0fLIKfLwwjxoAGj3_enS_h2S-gNlMr2sy3e-luZrNC2NclVqiPOllE_g4MNUQN0_443wzusbfLFZIjDanifxoJgLz0K7vXKybc9UqeOqExAH0K1SKMT5xehY17wSRyb13K0aUkCW4fZ2LUaTZLH3M76qFKcMpZ1SRB6J1FoGP2udTo=&unipl
https://hffyb047f83d4b4544a20skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/urlid/50.1078.TB.20240319.1840.018
https://hffyb047f83d4b4544a20skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/urlid/50.1078.TB.20240319.1840.018
https://hffyb2b08d79e045e4fd4skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/kcms2/article/abstract?v=wUXT8w3WHHpxFiaZSQVbJrt8culaCKEVirlisXxXg2xTo32AdL0aYUFWDOj7JinqgBisLjtzZfBKjzKN0PrV1ADD-f7TqmD1iZ-zPer7-0PVg2eKltJdc0EWv_P7iZlYdaIZsdPfEpgSLc26cvCdK6soJvgFSP7BghCyh0Arbx-nbnth_Ubv2OKjxDoliyK-XEHnMNA8Bqs=&unipl
https://hffyb2b08d79e045e4fd4skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/kcms2/article/abstract?v=wUXT8w3WHHpxFiaZSQVbJrt8culaCKEVirlisXxXg2xTo32AdL0aYUFWDOj7JinqgBisLjtzZfBKjzKN0PrV1ADD-f7TqmD1iZ-zPer7-0PVg2eKltJdc0EWv_P7iZlYdaIZsdPfEpgSLc26cvCdK6soJvgFSP7BghCyh0Arbx-nbnth_Ubv2OKjxDoliyK-XEHnMNA8Bqs=&unipl
https://hffyb2b08d79e045e4fd4skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/kcms2/article/abstract?v=wUXT8w3WHHogiIdu62e0-VMpyVdIjtiB14ohOlVgVOW9RwduJZW3mJmHzGGa2tEuDw56YG2nhXOANPXATrzf8bJopi80fl6JXbSaSnHbY94FLCF-az9JeRxsncyW7v3334AdEYutQf6N-3uM8rBAfcj3w3DrTyaizr7KwzsPN7Ug5g6fpyDvULjlnZK0nku_hevyDFNOGVU=&unipl
https://hffyb2b08d79e045e4fd4skwwkwqw0ppcq6qw9fffb.res.gxlib.org.cn/kcms2/article/abstract?v=wUXT8w3WHHogiIdu62e0-VMpyVdIjtiB14ohOlVgVOW9RwduJZW3mJmHzGGa2tEuDw56YG2nhXOANPXATrzf8bJopi80fl6JXbSaSnHbY94FLCF-az9JeRxsncyW7v3334AdEYutQf6N-3uM8rBAfcj3w3DrTyaizr7KwzsPN7Ug5g6fpyDvULjlnZK0nku_hevyDFNOGVU=&unipl
doi:10.1533/wint.2006.3621.
doi:10.1533/wint.2006.3621.

	90541X2025042006
	11_2025607


