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Table 1 Chemical compositions of substrate and welding wire
R C Mn Si S P Cr Ni Mo Cu N Fe
Q345 0.14~0.20 =<1.70 <0.50 <0.035 =0.05 — — _ _ Srim
ER2594 0.022 1.95 0.54 0.011 0.023 24.17 8.09 2.55 0.03 0.21 N3
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Table 2 Process parameters of MIG welding

Wiegms  AAREO(L-min ) RENREETCC  BHEEEIA O EIHE UV BHEEIE v(mms ) BEAE/( mm ')
1 15 150 160 22.6 8.3 435.6
2 15 150 190 22.6 8.3 517.3
3 15 150 220 22.6 8.3 599.0

FL I A ] 15 SRS 55 4 58 U, WHARE A T
A U)E B L DL A G 5 AL B, JF T 20% 1Y
NaOH ¥ W17 B @4 )% F Axio Imager M2m %Y
e B X A SUE AT S s i FH Talos F200X 7Y
Yk S H T B85 (scanning electron microscope,
SEM) K¢ H: Bfh a7 iy L 1 B A3 54X (electron
backscattered diffraction, EBSD) X 18 A4 i 1A 1) o ¢
HAHIT 0T, K~ 0.8 um; FH Spectro M10
OES 7 ICP YG i A ASAS I 3 20 3 44 4 i AL &
;5 ] OIM #k 4t EBSD $di AT AL B R , nl 15
FINPRF /B LAR LA o3 A5 18] L SOb B P35 B )
7 (kernel average misorientation, KAM). & f#{ i &
72 2k 1 WILSON VH1202 #U4E [CAg FE 1T, XT3 41
BEA A B TR0 L rhS L AR A T 4 DA B
A X3k Bl AL & /D 20 A s, B BE T 2R A
2.94 N, INZREF[E] A 15 s, InZE A 20 um/s, I
SRIBCPYE. Prfhls v, 3 44 W] #dm A 1) hir
(GERAW =) NG VA NG (1 3 B W TN VA BT 2 S
1 mm/min, IR 99 45 )5 53 B Hepe ook B2, JF 1l

SEM WLESARE AW LHEBURAIE.

| =

70 3,

12
6

15
| N SN h—
| S Y

B AEEEREE (mm)

Fig. 1 Schematic diagram of stretch sampling
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Fig. 2 Macroscopic morphologies of the wall under the different heat inputs. (a) group 1; (b) group 2; (c) group 3
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Fig. 3 Organization of group 1 additive specimen. (a) metallographic structure of group 1 additive specimen; (b)

enlarged of Fig.3a; (c) enlarged of Fig.3b
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Fig. 4 Organization of group 2 additive specimen. (a) metallographic structure of group 2 additive specimen; (b)

enlarged of Fig.4a; (c) enlarged of Fig.4b



%10 #

ZRE, S A N L AR A R R R XA R AR G Mk v 97

v
(|

¥

(a) 3 LSBT

(b) [£] Sa R EEH

5 3HEMHRAR

Fig. 5 Organization of group 3 additive specimen. (a) metallographic structure of group 3 additive specimen; (b)

enlarged of Fig.5a; (c) enlarged of Fig.5b
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Fig. 6 Ferrite/austenite distribution of samples. (a) group 1; (b) group 2; (c) group 3
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Fig. 8 Comparison of the volume fraction of austenite
and ferrite of different specimens
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Table 3 N element content in duplex stainless steel

additive wall
RIS P AEAT-mm ) B (%)
1 435.6 0.204
2 517.3 0.208
3 599.0 0.187
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Fig. 9 KAM diagram of additive parts. (a) group 1; (b) group 2; (c) group 3
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Table 4 EBSD data

KBS BRI E Hwy(%)

WA w, (%) KAMIEAC)

141 69 31 0.55
24 57 43 0.61
34 59 41 0.61

23 WERBLER

XF 3 2 HEAE PRI TO0ER | rhS GRS T 4 [T A
JE I, I 5E S B (E T H 25 SR 10 R, 14
JIE X L A4V v TS A S S8 A TR A 4 ) R
287 HV0.3 + 7 HV0.3, 299 HVO0.3 + 8 HVO0.3, 290
HV0.3 + 6 HV0.3. 2 2R B | ., T0HS -
9 4k G 5 {1 43 51> 289 HV0.3 + 8 HVO. 3, 286
HVO0.3 £ 10 HV0.3, 276 HV0.3 + 7 HV0.3.3 41 fif
Xof o A L TS F - 347 A4 TG A 820 5301y 288
HV0.3 + 7 HVO0.3, 294 HV0.3 + 6 HVO0.3, 283
HV0.3 + 6 HVO0. 3.

2 A

1 ———

305

300

295

290

285

i H/HV0.3

280

275

270

JEEHR s T
ks

10 IXEAREEPAERE

Fig. 10 Hardness of different parts in samples
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Fig. 11 Tensile properties of samples
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Fig. 12 Tensile fracture morphologies of the specimes. (a) group 1 (high magnification); (b)group 1 (low magnification);
(c) group 2 (high magnification); (d)group 2 (low magnification); (e) group 3 (high magnification); (f) group 3
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