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T ungsten inert gas shielded welding ( TIG welding) is one of the common methods for welding stainless steel, but it has some disadvantages

such as beveling requirement when welding medium-thick plate, shallow weld depth, low productivity and poor economy. This work adopted
a new efficient welding method—powder pool coupled active TIG welding ( PPCA-TIG welding) , taking 1Cr18Ni9Ti austenitic stainless steel as
the research object, through the active agent ratio test to obtain the maximum depth of fusion weld, and studied the effect of active agent on the
microstructure and mechanical properties of PPCA-TIG welding. The results show that, compared with the joints obtained from conventional TIG
welding, when using D2 active agent ratio welding, the post-weld depth of fusion is increased by nearly 2. 7 times, the arc shrinkage occurs signi-
ficantly, the weld organization is refined; joint hardness is increased by 9. 8%, tensile strength is increased by 53. 7%, and the fracture mode of
the joint is toughness fracture. In summary, D2 active agent is the optimal ratio for PPCA-TIG welding, this method not only improves the welding

quality, but also significantly improves the production efficiency.
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Table 1 Chemical composition( mass fraction,% ) of 1Cr18Ni9Ti austenitic stainless steel
C Si Mn S P Cr Ni Ti Fe
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Table 2 Welding process parameters
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Q/(L/min)  Q/(L/min) D/mm
220 1.33 12 10 3 3.2
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Fig.1 PPCA-TIG welding test platform: (a) schematic diagram, (b) physi-
cal map

JRAEI SR 5y i-SPEED3 14 e s 552 130O0T A 9T 41
PEAT U o AR5 2R T2 U0 BB 732 432 K v 2k 07 1] D7) B
SAERE, L RSF 2 10 mmx20 mmx 10 mm , I FIRVARHT S 22k
RERHP- O T W RR G BEAT O, f 5 R T K
IREEIEA T Ik o R A LSMB00 7Y 8t 1 3R 2 AR o) 422 Sk 7k
WLH A AT WS ; % ] SHIMADZU XRD-7000 %4 X 4§28 7 4
SOk M kR4 B AR AL R ; 5 AGS-X3000 J7 REIL S8 AL
BEAF AR GE DEAT AR U0, BORE (7 A0 R RS 4 1512 e

st

{m-d

(}’) 18

(\I

! 2 ‘

89

B2 wlHRER: (a) BERER . (b) KRS

Fig.2 Specimen schematic: (a)sampling schematic; (b) specimen size
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Fig.3 Schematic diagram of the location of the hardness point
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Table 3  Orthogonal test table for multi-component active agent formulations
(unit:g)

D1 1 1 1 1
D2 1 2 2 2
D3 1 3 3 3
D4 2 1 2 3
D5 2 2 3 1
D6 2 3 1 2
D7 3 1 3 2
D8 3 2 1 3
D9 3 3 2 1
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Fig.4 Weld depth and depth to width ratio for single component active flux
welds

SN IX 7> B HIE B Sk it e 2L < U IR R
PRI R0 S o it P % 3 A3 I ELAT B 22 1y SR
AFIE M AR IR SRS R . D1 A D7 356 4 50) AR 4 3% 1
AT B, AR A A 8 3 Wi X ph A R ORE A
Fesd e e 1) f A2 Bl F S LR ¥ 20375 4 7R ORI 1
JERE BRI Y . D3 (DS A1 D6 I 1 7R AR 4% 3 1 T A1
S RS BT 1007 AR R AR AR 1 0 R L IO
FEE , it e A D RS T 38

X 2 L A PR 12 e Sk o TR B TR O e A I
(ULIEL 6) o R A1k 6 235 SR S 7% Jo R RIS 8 114 8 D
— U o A, DS PR TR A DR BN, T AR Vi e K5 D2

Es Zéﬂfn‘iﬁﬁ?ﬂlﬁﬁ%ﬁ%im%%ﬂ

Fig.5 Macroscopic morphology of multicomponent active agent welded joints
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Fig. 6 Multi-component active ﬂux weld depth and aspect ratio
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Fig.7 Arc morphology: (a) TIG welding arc; (b) A-TIG welding arc!']
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Fig.8 Arc morphology: (a) TIG welding arc, (b) PPCA-TIG welding arc
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Fig.9  Microstructure of the weld: (a) TIG joint center; (b) TIG heat-af-
fected zone; (c¢) D2 active agent joint center; (d) D2 active agent heat-
affected zone; (e) D9 active agent joint center; (f) D9 active agent heat-af-
fected zone
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Fig. 10 XRD patterns of welds: (a) TIG weld; (h) D2 active agent weld
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Fig. 11 Microhardness distribution of different specimens
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Fig. 12 Macroscopic morphology of tensile fractures of different specimens
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Fig. 13 Tensile strength of different specimens
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Table 4 Results (mass fraction,%) of EDS analysis of P1 and P2
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Fig. 14  Tensile fracture morphology of different specimens: (a,b) TIG;

(c,d) D2 active agent; (e,f) D9 active agent
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Fig.15 Schematic diagram of the second phase particles in the D2 active
agent fracture

3 #e

(1)4E 1Cr18Ni9Ti B & & K 45 4% PPCA-TIG %5432 5 2
R T D2 36 PEFRIBC LU B SR TR R KR 7. 25 mm, L%
4t TIG RARAEIA VRIS 5 T3 2. 7 A% I R3S iy 32 22 e [
S LA

(2) 1Cr21INi9Ti B[R ARG A2 T A9 A5 4% E 2 gk %
R AR DA, 5155 TIG &40 L, R PPCA-TIG
SR T AR Sk AR A /N B A3 A ¥ 5, i A B n, gk R Ak
TR G X W] AR A

(3) 5155 TIG JEHEAE L, D2 5 P 7 AR e S Bl B 4 v
9. 8% ,PLhrsm I = 53. 7%, £5 LTk, D2 & PE7 2l PPCA-
TIG SRR o A AR & 1 2 TIG K7 BAT B oK
KRR TN A=, N EREF R RME &% A
HE R AR RBIRAIRE

24080142-5



H r PPCA-TIG 45 KI5 iR (20 LM A 2 ) 52 b 4 49 3 v/ T IE R

S Sk

1

An L C, Cao J, Zhang T, et al. Materials and Corrosion, 2017, 68
(10), 1116.

Soltani H M, Tayebi M. Journal of Alloys and Compounds, 2018, 767,
112.

Qian L X, Zhao W J. Coal Mine Machinery, 2006, 27(4) , 637.
SR, TR e P, 2006, 27(4), 637.

Liu Z G, Zhou X J, Zhu T T, et al. Materials Reporis, 2021, 35(S2) ,
353(in Chinese).

XUA N, e, RiE, 5. MR, 2021, 35(S2), 353.
Huang Y, Zhao W Q, Zhang L Y. Materials Reports, 2017, 31(22), 70
(iin Chinese).

WH, RO, SKFISE. AMERAR, 2017, 31(22), 70.

Zeng T, Chao Y J, Zou L ], et al. Ordnance Material Science and Engi-
neering, 2018, 41(4), 82(in Chinese).

WV, SRS, ARJRIL, S5 SSARAPEIFIE S TR, 2018, 41(4), 82.
Fujii H, Sato T, Lu S, et al. Materials Science and Engineering A,
2008, 495(1-2), 296.

A TERD, 22N BT R AA AR B 2 5 TR 27 e
BROPMENE (N E a0/ € A ibE R i h)
WHoE. H AT = BRSO S O T 1

10
11

12
13
14

15

16

Tseng K H, Chen K L. Journal of Nanoscience and Nanotechnology,
2012, 12(8), 6359.
Huang Y, Liu R L, Fan D, et al. Journal of Welding, 2012, 33(9), 13
(in Chinese).
WO, XEHk, BT, G R, 2012, 33(9), 13
Huang Y, Wang B, Guo J, et al. Metals, 2023, 13(5), 830.
Liu Y H, Ren CJ, Xiang Y J, et al. Materials Reports, 2025, 39(1),
254 (iin Chinese).
XIes, B, mER, 5. HEFMK, 2025, 39(1), 254.
Simonik A G. Welding Production, 1976, 3, 49.
Simonik A G. Svarochnoye Proizvodsivo, 1974, 3, 52.
Paton B E, Zamkov V N, Prilutsky V P, et al. Paton Welding Journal
C/C of Avtomaticheskaia Svarka, 2000, 2000(1), 5.
Zhu W, Wu J X, Shen S H. Metallurgy and Materials, 2020, 40(2),
63 (in Chinese).
KE, REAE, R RS GHE, 2020, 40(2), 63.
Dahotre N B, McCay M H, McCay T D, et al. Journal of Materials Re-
search, 1991, 6(3), 514.

(% fHA4)

B EEIEE W, R, BB A R,
RN ARy i B S R Y S
R, IHRER R 327 T MO BIE B UR A ITTE

24080142-6



	05_材料导报2025年24期
	材料导报2025年24期-2


