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Abstract The present work aims to develop and display a novel activating welding method, i. e. powder pool coupled
activating TIG (PPCA-TIG) welding. Amongst the PPCA-TIG welding, tungsten was protected by inner layer argon or other inert
gas, meanwhile the activated flux powder mixing protective gas was transported into the outer layer of arc-molten pool area by the
automatic powder feeding device to realize the aim of increasing the depth of penetration, improving the welding efficiency and
welding mechanization and automatization. Based on the SUS304 stainless steel, the conventional DC TIG welding and SiO. activated
flux of DC PPCA-TIG welding were performed, and then the effect of SiO; flux on the arc morphology, weld appearance of welding
process, microstructure and the mechanical properties were studied. The results show that SiO; can constrict the arc plasma, change
the weld pool fluid flow mode and augment the depth of weld penetration to 3 times more than that of the conventional TIG welding,
and the welding efficiency is obviously improved. The microstructure of the weld is mainly consist of austenite and ferrite, the ferrite
morphology is mainly skeleton. Weld tensile strength is slightly lower than that of the base metal, while compared with the
conventional TIG welding, it improves the yield strength slightly, and the lower temperature impact toughness of the weld is 96. 8%
of TIG weld, which shows favorable mechanical properties. At the same time, the PPCA-TIG method can effectively avoid the
pollution on the tungsten electrode from the activated flux powder.

Si0, , powder pool coupled activating T1G welding, arc, appearance of weld, microstructure, mechanical property
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Table 1 PPCA-TIG welding specifications
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1 PPCA-TIG i rEnmBER
Schematic diagram of PPCA-TIG welding method
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Fig. 2 Arc morphologies of (a) conventional
TIG welding and (b) PPCA-TIG welding
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Fig. 3 The morphology of silicon dioxide activated flux

(a) before welding and (b) after welding
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Fig. 4 Weld appearances of (a) TIG welding and
(b) PPCA-TIG welding
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Fig.5 Weld microstructure of (a,b) TIG welding and
(c. &) PPCA-TIG welding, among which (a) and (c)
correspond to the center of weld, (b) and (d)

correspond to the heating area of weld
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Table 2 Elernental compositions obtained by EDS
analysis for positions A.B.C in Fig. 6

g TE Fe Cr Ni C 0 Si
wt%  65.8 23.1 3.8 6.5 0.4 0.4

A at% 5.9 19.6 2.9 23.8 1.1 0.7
wt%  65.7 23.4 3.7 6.8 0.0 0.4

b at% 51.8 19.8 2.8 24.9 0.0 0.7
. wt% 65,9 17.4 8.3 7.6 0.4 0.4
¢ at¥  50.7 14.4 6.1 27.1 1.1 0.6
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Fig. 6 SEM morphology of the welded surface
by PPCA-TIG welding

2.4 HEEgE

BER 58 TIG Kt 5 PPCA-TIG A5 A5 4% Bz il #f R~
mE 7 s, g s sk 3 s, nl BLUF ) PPCA-TIG
K55 48 TIG ALK A% DL P00 12 B AR T BE b, 95 25 10 RE 38
W 24 K A AL R BT PR AR TS & . il PPCA-TIG
R A% T M ) 5 B M S A MR [R), OF LS TIG K0 48 AH L
PREFT 29 12 MPa, PPCA-TIG #5405 5% 2 B0 45 do i) 8 kA2

JERETT .

J— I . ]
<a!

200

7 R R

Schematic of the tensile specimen

Fig. 7
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Table 3 Results of weld tensile test
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Table 4 The results of weld impact test
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Fig. 8 Morphology of the fractured surfaces after
low-temperature impact test of (a) base metal, (b) conventional
TIG welding and (¢) PPCA-TIG welding
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Morphology of tungsten electrode (a) before welding,
(b) after conventional TIG welding, (¢) after GTFA-TIG
welding and (d) after PPCA-TIG welding
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