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PAW Welding Procedure and Joint Property of S22053
Duplex-stainless Steel

Du Yongqin Wang Shuhua Wang Heng Zhang Jianxiang
( Nanjing Baose Co. Ltd. Nanjing 211178 Jiangsu China)

Abstract: The welding procedure test of S22053 duplex-stainless steel is performed by the keyhole PAW
the keyhole PAW+ auto-GTAW with filler metal for cover pass and the keyhole PAW+ auto-GTAW with
filler metal for cover pass+auto-GTAW without filler metal for root pass in order to study service and weld—
ing characteristic of duplex-stainless steel as well as PAW suitability. The quality properties and structure
of these joints are analyzed by nondestructive examination tension bend low-temperature impact as well
as metallographic tests. These joints made by three welding procedures show higher tension strength than
522053 base metal and excellent ductility toughness and corrosion resistance which meets the require—
ment of service characteristic for duplex-stainless steel. Compared with the PAW joint the toughness and
corrosion resistance of the joint welded by auto-GTAW with the filler metal after PAW weld decrease to a
certain degree.
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Table 1 Chemical compositions of base metal and welding rod %0
C Si Mn P S Cr Ni N Mo Cu Fe
<0.03 <1.0 <2.0 <0.03 <0.02 22.0~23.0 4.5~6.5 0.14~0.2 3.0~3.5
0.022 0.55 1.23 0.029 0.001 22.58 5.16 0.17 3.11
<0.03 <0.9 0.5~2.0 <0.03 <0.03 21.5~23.5 7.5~9.5 0.08~0.2 2.5~3.5 <0.75
0.016 0.54 1.77 0.02 0.003 22.5 8.7 0.19 2.82 0.08
2 I
Table 2 Mechanical properties of base metal 0.5 mm 1 i
(HB) R,/MPa Ry,,/MPa A/%
< = = = & . E
o w  w  me s I
1.2 1
1) : LPT Fig. 1  Coupon groove type and fit-up
x38 Tetrix 500 DC plasma comfort
408 1.3.2
500 A, 20 mm
2) N °
D=3.2 mm PAW ., PAW+ GTAW
WCe. 20 ?4.0 mm . PAW + GTAW +
?3.0 mm, GTAW
1.3 1~3;

1.3.1
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Table 3 Welding procedure and variables
/A UIv o/ (L - min™)
(cm * min7!)
1 1 PAW 210 ~230 24 ~27 18 ~20 4.5~5.5 =25 =25 =25
) 1 PAW 210 ~230 24 ~27 18 ~20 4.5~5.5 =25 =25 =25
2 GTAW 220 ~240 14 ~18 20 ~24 =25 =25 =25
1 PAW 210 ~230 24 ~27 18 ~20 4.5~5.5 =25 =25 =25
3 2 GTAW 200 ~220 14 ~18 20 ~24 =25 =25 =25
3 GTAW 180 ~200 14 ~18 20 ~32 =25 =25 =25
2 1.0~1.5 mm
2.1 ; 2(c) PAW
2.1.1 GTAW
2 PAW GTAW
o 2( a) NiO 3
PAW 2 PAW
(a)PAW IF T 45 4 35 1 (b)AW 7 IHi X7 4% 3 1Hi (¢)TAW 35 1 ¢ A5 38 3% 1
2 S22053 PAW/GTAW
Fig.2 Weld surface profile of PAW/GTAW joint for S22053 duplex stainless steel
2.1.2 \
NB/T47013.2 1~3
100% PAW PAW

o

GTAW
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() 1F THT -5 32 1T S0 R4 (b)) 5 T 4 2 1T R 2 AN R
3 522053
Fig.3 Surface flaw for PAW joint of S22053 duplex stainless steel

2.2 4,

1) 2)

1~3 N 1-~3

/ GB/T228. 1.GB/ ( HV10)

T2653 \ASTM A923 B N -40 CV Rp
4 822053

Table 4 Mechanical properties of S22053 welding joint

D=40 mm a=180°

R, /MPa
| 1-1 839 / 1-1-1/-2
1-2 834 / 1-2-1/-2
5 2-1 833 / 2-1-1/-2
2-2 834 / 2-2-1/-2
; 3-1 832 / 3-1-1/-2
3-2 846 / 3-2-1/-2
5 =833 MPa
Table 5 HV10 hardness results
( HV10) .
260 266 278 259 271
258 260 277 258 262
271 269 278 263 276 o
3) o
5 mmx10 6
mmx55 mm V -40 C Table 6 Charpy V-Notch impact test results
6, of weld and HAZ

522053

620 MPa R, =782 MPa

/] /mm /) /mm

1 78/94/84 1.56/1.70/1.14  88/88/96 1.82/1.60/1.64
2 88/86/76 1.84/1.74/1.32 44/48/44 1.02/0.92/0.98
3 86/94/98 1.68/1.52/1.68 46/44/44 0.98/0.88/0.90
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6 1~3 PAW
(5 mmx10 mmx55 mm) -40 C GTAW
83.3 ) °
76 ] (10 mmx10 mmx 2.3
55 mm) 182 ) 152 ]; 1 ASTM A
90 ] 2 3 923 C GB/T4334-E
-40 °C 45) 44 °
1 90 ] 1) ASTM A 923 C
88 J ASTM A923 B 120 22
54'] 0. 38 mm, C  6%FeCl, 24 h
GTAW PAW 7o
7
Table 7 Ferric Chloride Corrosion test results
( x x )/mm /cm? /g /g /g /(mg* dm™2 «d7!)
| 29.78x19.77x3.79 15.53 17.376 3 17.376 2 0.000 1 0.64
29.65x19.85x%3. 81 15.54 17.481 8 17.481 7 0.000 1 0.64
) 29.90x19.89x3.87 15.75 19.056 2 19.056 1 0.000 1 0.64
29.99x19.93%3.99 15.94 18.965 4 18.965 2 0.000 2 1.25
29.57x19.84x3.72 15.41 17.879 9 17.879 7 0.000 2 1.30
3 29.47x19.86x3. 80 15.45 18.130 9 18.129 4 0.001 5 9.71
2)
GB/T4334-E 1-~3 GTAW N
H,S0,-CuSO, 16 h o
10
10 mg/( dm® - d)
PAW GTAW
GTAW
4
° 4
2.4 Fig.4 Microstructure of base metal
S22053
5 PAW N
4 1~3 N
5~17
ASTM E562 ;
8,

PAW
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(a) Bk ZEWM A x10 (h)FFEMIX x100 (c) 4%

5 PAW
Fig.5 Macro-structure and micro-structure of PAW weld joint

(a) L WMAH <10 (h)FFEMW X x100 () F4E x100

6 PAW+ GTAW
Fig.6 Macro-structure and micro-structure of PAW+auto-GTAW cover pass weld joint

N\

(a) R E WA <10 (b)FFEM X %100 (c)fR4E x100

7 PAW+ GTAW + GTAW

Fig.7 Macro-structure and micro-structure of PAW+auto-GTAW cover and root pass weld joint

8
Table 8 Volume fraction ferrite of weld and HAZ for
different welding processes

1% 7 GTAW
o
1 55 ~65 50 ~60
50 ~60 35 ~45
3 40 ~55 35 ~50

6 GTAW Fe-Cr-Ni 522053
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