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WE: RAHAEPFER CS IHMEFEAT IR SRR YR (activating flux tungsten inert gas, A-TIG) i858, 57 1% M
FIX; A-TIG HREE MUY | RLITOGTE A HLITOE S A2, [R]I, FH A3 7~ 3488 (scanning electron microscope, SEM) M%< %
IR B YIIEA, JEXT A-TIG 155 i SR 6 5% B W o3 #EA T 40 07, 1 PR BR B IR iU S ). S5 R R WY, T MR A B T4
HLOIGR B F0 2535 (R e, 8, oA i e g o E R ol 8l 5 1), AT R IR BRI TR . SR SR L, O JER L Cr ot
M Ti JTRTEFR A Y 7040 O AR, HABTTRURBUM 75k B . (SR e O A SURIPEREI & B0, JR48 hOoAR 2
PSR AR ZR ARy 32 L SR A3l IR XER S B AR . R 5Bk B a4 hn 3 B2 675.36 MPa,
S RERF SR EEAH HE AR R T 2%. SRR AIRIS A RE L I AR AC R, 2 TR LR B WXk iU RE RS AR, 25l 180° /5 4TI kER
AR AL, SR A-TIG T 2R AR HAT AT A AE PR FIRI M. oAb, AR 255k B i PR g R AP E M B 42, B
PREETE L), FREE U R BN 1,97, SRANZ T 0T ASRAS A Bl (Y J7 48 S5 Al IR 20/ N FR AR 20 21, B A S o e
(tungsten inert gas, TIG) I E/NHATE.
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FESES: TG 444 XHERFRIRED: A doi: 10. 12073/. hjxb. 20240524001

A-TIG weld shaping and joint mechanical properties of
austenitic stainless steel

LIU Wei, REN Zeliang, WANG Gang, XIU Yanfei, LI Yanqing, DOU Cunyin, GONG Limiao
(Shandong Nuclear Power Equipment Manufacturing Co., Ltd, Yantai, 265118, China)

Abstract: Activating flux tungsten inert gas (A-TIG) tests were conducted using a self-developed C5 active agent to study the
effects of the active agent on the A-TIG weld formation, arc spectrum and arc morphology. At the same time, scanning electron
microscope (SEM) was used to observe the morphology of the black residue, and the composition of the black residue after A-TIG
welding was analyzed to determine the reasons for the formation of the black residue. The results showed that the active agent
helped to increase the arc temperature and penetrative capacity, promote arc ionization, and change the surface tension gradient and
the direction of melt pool flow, thus increasing the welding depth. Compared with the weld matrix, oxygen, chromium and titanium
elements were more densely distributed in the residue, while other elements were diffusely distributed inside the residue. When
observing the microstructure and properties of the welds, it was found that the weld centers were all equiaxial crystals with austenite
and ferrite as the main tissues, while the fusion zones of the joints all showed columnar crystals. The average tensile strength of the
specimen without residue removal was 675.36 MPa. Compared with the strength of the base metal, the strength was increased by
2%. The hardness curves of the weld and the base metal were staggered, and whether or not the residue was removed had little

effect on the hardness of the joint. There was no crack on the surface of the two groups of specimens after bending 180°. The welds
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welded by A-TIG had good ductility and toughness. In addition, the weld surface of the specimen without residue removal had a

concave phenomenon, but the weld width was uniform, and the weld shaping coefficient was 1. 97, which could obtain a wide range

of weld equiaxial crystals and relatively fine weld microstructure, and had smaller deformation than that of tungsten inert gas (TIG).

Highlights: (1) The presentation introduced an effective composite active agent enhancing weld mechanical properties.

(2) The arc temperature was increased and the arc ionization was promoted, while the surface tension gradient and

molten pool flow direction were changed.

(3) The welding depth of fusion was significantly increased, welding costs were reduced, welding speed was improved,

and welding defects were reduced
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%1 1Cr18Ni9 Ti REKEREHN TIG B4
Table 1 TIG parameters of 1Cr18Ni9 Ti austenitic stainless steel
19 /é /= fope s = JE 52 = ELE e i
g5 KN R B4 PR _\/H?Ol?i s iR CEGENES kse?%l_g 1
D/mm O/(L'min ) /A unv v/(mm-min )
1 2 3.2 15 180 14 80
2 2 3.2 15 180 14 80
3 1 3.2 15 180 14 80
% 2 1Cr18Ni9 Ti BRGERFWHUZR S (RESE, %)
Table 2 Chemical composition of 1Cr18Ni9 Ti austenitic stainless steel
C Si Mn S P Cr Ni Ti Fe
<0.12 <1.00 <2.00 <0.030 <0.035 17.00 ~ 19.00 8.00~11.00 0. 80 A

& 1
Fig. 1

1Cr18Ni9 Ti BERAEREFE N BB BRALR
Microstructure of 1Cr18Ni9 Ti austenitic stainless
steel parent material
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1100 nm, AU HE] 1 ms, BHRE]EIRE N 1 s, 70T
T rpn] SEAH OGP BE Y Bk AR FR R T AR
mh, FEMLEE S I BT R T ], AR R 10000
Wit/s, BESGITIE] K 20 ps, SGIEIE K 22(/122).
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Fig. 2 Schematic diagram of A-TIG welding and blen-
ding process
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B3 EEELREER
Surface morphology of welded joints. (a) resi-
dues not removed; (b) residue removed; (c) not
coated with active agent

Fig. 3

(M C5 IEPEF

4 IREELEEEREIR (mm)
Fig. 4 Cross-sectional morphology of welded joints.(a)
residues not removed; (b) residue removed; (c)
not coated with active agent; (d) C5 active agent
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Fig. 5 Arc morphology. (a) TIG; (b) A-TIG
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Fig. 6 Spectral frequency domain distribution in the 400 to 600 nm band. (a) TIG; (b) A-TIG
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7 1Cr18Ni9 Ti BERAERER A-TIG /R4EF AR
Fig. 7 A-TIG weld center microstructure of 1Cr18Ni9 Ti

austenitic stainless steel. (a) residue removed;
(b) residues not removed

X U B PR S i 4 Sk AT RS o . A
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Table 3 Elemental content of joints before and after
coating with active agent

TLE & (T %)

o RIS PERI AT WS G
BK — 5.34
CK 4.76 5.56
SiK 0.58 0.63
OK — 1.21
TiK — 0.20
CrK 17.12 17.26
MnK 1.28 1.44
FeK 68.08 60.07
NiK 8.18 8.29

Z A, BAAE— R, R o SR IRIT 240
FERIEN Cr on 1l ek fifk, o BB MRS
EHRITE 3% ~ 15%. T% PEFE R B, RE41
TIGM 48 Kk A-TIGIR T S 2R EKE &
(ferrite content, FN) & R G, AR
S e A, A 0.1% ~ 80%Fe. i it
BRI 423k FN ) JCIs PRI Y 3. 6% 34
F) 9. 8%, TERLE T I, Pl AT P50 i 7
FRREAN S X Sk 7 A AR TR
25 EBEakBUWRS o
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H—EBor ik Bk A BIREE IR &R L 59
A3 S XF % 3 4y E AT EDS 23 Hr A5 2 11 F13 4.
Kl 10(a) "1 1S4 R LA YIT R SRR 4
AL HE AR 40, SR B LAY N s
CrJ &, O JuE, Fe JLE M Ni oK, Hri 0 TE i
& @ B S B AR BT R 23.75%. BT C5 1%
PEF B LAY A kL, TR ME T T 53
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(a) TIG #3k SEM

AHXT 3 1 (cps)
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fielt Ele V
(o) TIG ##3k EDS 4 #r

AHXT R 1 (cps)

01 23 456 78 90
fitht Elk V
@ A-TIG #%:k EDS 43 #r

E 8 ®REFEMFAIGEEL SEM 1 EDS 447
Fig. 8 SEM and EDS analysis of joints before and after
coating with active agents. (a) TIG joint SEM; (b)
A-TIG joint SEM; (c) TIG joint EDS analysis;
(d) A-TIG joints EDS analysis

M Cr TR F Ni JTCR TR/ TE 17. 00% ~
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s At
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(b KSR E

B9 1Cr18Ni9 Ti BEKMAREEN A-TIG AR

Fig. 9 A-TIG microstructure of 1Cr18Ni9 Ti austenitic
stainless steel. (a) residue removed; (b) residues
not removed
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R4 KBREEXBWEEPESEEILEYTERE
Table 4 Elemental content of intermetallic compounds
in welds with residues not removal

PIVES ot 7 How (%) B Ha(%)
oK 23.75 51.81
CrK 21.13 14.18
FeK 40.82 25.51
NiK 14.30 8.50

B12 £RELEUHETEST
Fig. 12 Distribution of elements in intermetallic compo-
unds

[S]

PR g R /MPa
a

o]

©#% 24 B

AR KREREY A
E10 BemERS

Fig. 10 Black substance morphology. (a) A-TIG joint
SEM; (b) first point; (c) second point

E 13 ERFHTEEEINERE
Fig. 13 Room temperature tensile strength of welded
joints

KIHLRIHEIE A 675.36 MPa, & Hr i F45 Wi e

10
g BB & B 22 58 B 0 Sk 4 9 A T
E 2. 16%, — 7 T TR 1 2 0 o 3 S A
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N I -1 7 (0 R 53— 7 T, e R R
Dieey B S B 71— e B A IR, — I
o S AR, IS5 T A, (e
A1 EERLANE EDS i TRARPEREVEIEG, R0 1S OIS o H B %

Fig. 11 EDS analysis of the intermetallic compounds
region

14 g [l Ak 59, BT AL 88 5 080 T 2. 16%.
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