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1 Cr21Ni5Ti stainless steel of 10 mm thick was selected as the research object, and the weld with the maximum penetration depth was ob-

tained by optimizing the activator ratio and process parameters. The effect of activator on the arc morphology, microstructure and properties

of A-TIG joints was studied. Compared to the joints obtained by traditional TIG, the joints obtained by A-TIG had a 122% increase in penetration

depth, the arc undergoed significant contraction, the microstructure of the weld was refined, the content of austenite increased, and the width of

heat affected zone significantly narrowed. The tensile strength of the joint obtained by A-TIG was as high as 702 MPa, which was 53. 9% higher

than the strength of the TIG joint, which was equivalent to 96. 8% of the base metal. The joint failed in the center of the weld, which was caused
by the addition of oxide activator, formed slag inclusions, and the fracture mode was ductile fracture.
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Table 1  Chemical composition (mass fraction, %) of 1Cr21Ni5Ti duplex
stainless steel
C Si Mn P S Cr Ni Ti Fe
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Fig.1 Tensile test specimen ( unit: mm)

2 ERE5SH

2.1 BRI AN
T 40 AT A R Ak R4 ST P R R B, NiO

Si0, \TiO, ,Cr, 0, (A1, O, T 4 1k 49 T 11 75 0T 38 i 7 4 425 0%
MR BOAWIR . 1 Si0, \Ti0, K Cr, O, {& PRI S48 %
T SR (O A 22, T R 2, NiO I AL O T Rl 7% 4 571 47
JE PRI S R ZS o UL, B LA B ORI PR R R FH AN ) Y
B FEHEA TR, e R UM, (127) #5800 AT L )ik 5, 4
R ATBOH R E 12 A, AR I 6 ALACR MR B 2R AT
XFEE T, AZRAS L JE 1 C2 INISTi BUSHAS 85 5 ) S 010 15 1 571
BELE , RS MR BC b n sk 2 i

22 SHARILRS (TR %)

Table 2 The proportion and component (mass fraction, %) of the activators
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Fig.2 Cross section of the joints: (a) CI,(b) C2,(c) C3,(d) C4,
(e) C5,(f) C6
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Fig.3 The joint penetration depth under different activator
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Fig. 4 Statistics of the penetration depth under different parameters: (a) re-

sponse surface, (b) contour line
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Fig.5 Penetration depth of the joints: (a) TIG, (b) A-TIG
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Fig. 6 Microstructure of the joint: (a) weld of TIG, (b) weld of A-TIG,
(¢) heat affected zone of TIG, (d) heat affected zone of A-TIG
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Fig.7 Arc morphology: (a) TIG, (b) A-TIG
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Fig. 8 Relationship between surface tension gradient and penetration depth ;

(a) convective motion, (b) surface tension
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Fig.9 Tensile properties of the joints
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Table 3 EDS test results ( mass fraction,% ) of the P1 and P2

JLE (0] Fe Cr Ti Ni Si
P1 4.1 68.3 21.4 2.1 3.2 0.9
P2 30.7 46.6 17.8 1.3 2.9 0.7
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Fig. 10  Fracture morphology of the joints: (a—c) TIG, (d—f) A-TIG
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