H51E e
2022 4F 8 H

mBEERMPETLRER Vol51, No.8
RARE METAL MATERIALS AND ENGINEERING August 2022

RIFSIEFHE R A B INF - BRI E S IF B R

(A M RE 2N

A, ERE? kAL AR EWmAL KM, AR B!
(L. MR RIE AR LR FU B A PR A R, FREIT WR /K 150028)
(2. HALARRIK K% 3R 44 8 R F S R R IR B A 56 0%, T K 450045)
(3. B BUBRTE FE BT 4 IR 2 1 57 B PP 5 HOR K 4S50 %, TR 46 450000)

8 OFE: HIRR O R S AN 5 A AR 12 B Sk RO AL VR 2 P RE (K SE M HLAL 70 R 92%Ar+8%N;
55 95%Ar+5%CO, 2 FftJié £ L Bl 1 - 57 A0 QN1803 1R 5 &L L IRIR A BRANHEAT T HOL-MAG IR &5 . 4 R K]«
BB FEAR IR KT 2 B A I TR R ol e B R, R B IR I ARG R, IR AL 22, JR 4R
B RS RN 200%, TERR AR, KB E AR REART R o MR A 4 A ST

B2 B R SR RO 2 B BRI T O/ e 4 S A8 S8 R A A 1k E WS 9 B2
KEEIE: N &R MESERRENHEN; BOORIE AR, HRAMkERE

FEESES: TG442 XEkFRIRAD: A

XEHES: 1002-185X(2022)08-3089-06

RS B RANEN (RRIRESN) , 2Z2—F
R N TR RA G B Ni TR FER R K
AT 2R B s VR L B R T £ B B RN R
M, BT EEEA R N R A B R Z e,
ARACABHIOR A ZL . KR md Rl gr & veRe, 14
R B T2 48 S R HUAR A AT I FR B2 50T .

FE] P A/ R O 25 38 O AR 3 AU IR AR AN R 0 7R
G MHLE CHET T ADIESE . Zhao 25 ANBER IO
FEBAT AR I 1 B2, RILBEE R SR P R A & &=
B, HEAE RS ARG G BN, Bonnefois 25 A
R 2 MR TIG T MR BARER N A I, ] PLLA—
52 A i AR SR S 4R R R s AT . o
5 NS FH XU [R] 4l TIG [ 1 8 4 A A A B o B
PR R B T AT DL R Sl 4 B 5 4
CIRE, IR RAR T 20% . H AR No-Ar-0,
VERGRAT SR HAT TR = ZUN IR 3, K ILBE & IR
PR N, &7 EE RN, RS 0 S B H B
Ja BEAR a3 O M T OB IR R TIG 18, BOE-MAG
HEEBTHMERRERHZE, FBRBOLDRFE.
38 IR E P, (RIS T DA o 4 e Vi e e P P
ARG R . AR AN A 8 R, ot
-MAG HIE A28 T2 TSR EA T i

YFs HEA: 2021-09-25

R B Ty gy s s N PSR 100%AT |
98%Ar+2%N,. 92%Ar+8%N, & 85%Ar+15%N, 4 Fiik
HAMSHREAN B WIATHOE-MAG IR 515848,
RO SR RS B R4 R AL SR . R4k
ISR G T8 BINEA . MMALR LSRR A& &G
EORFE M, FF i it A5 N A B it 8%,
A SRR I A P e

AW R BEOE-MAG BINE B T E M T
B2, X 92%Ar+8%N, 55 B IK 1k A 45 49 i
JH 1) 95%Ar+5%C0, 2 F {7 47 < 44 & 23K 43 1) L 9
&, BEmkasimtae. RS ES T
W50 M, LA A 30 R G AN 5 4 1) P 40 3 24
SE BIF 58 il

1%L %

SEHG FARAR AN 5 QN1803, AR K % i 43 il
N 350 mm <175 mm <13 mm, A O MAE N 309
HRFAIAI R 9 1 mmo 2 22 315 5 E308L, H AT N 1.2 mm,
P B2 By AR 1. E-MAG BB RS0
Bl 1 Frw, SRR LA E Th3 30 kW ) IPG YLS-30000
] R 88 %Gy, FEBC /NS AL 3 A F1 TPS4000
Bk Rl OB N 3.8 kKW, Je2[aFE AN 5 mm,

EE&WME: BRTAALTETMIHE (GX18A007) ; BT LIEITENTHRI-REIR S & e bR HH R BB A ¥ B (201916120)
e ®AY: 9, B, 1987 4, fld, W TR, M/REEEMABRARAR, BT B/RIE 150028, HiE: 0451-86312374,

E-mail: naiwen20@163.com



+ 3090 * G E A e 5 51 %
£ 1 4R QN1803 F1iE£2 E308L LZE K 5
Table1 Chemical composition of steel plate QN1803 and welding wire E308L (/%)
Material C Si Mn P Cr Ni Mo Cu N \% Nb
QN1803 0.072 0.39 6.58 0.038 0.001 18.15 2.89 0.10 1.79 0.235 0.115 0.01
E308L 0.016 054 192 0017 0010 19.89 999 001 001  0.008
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Table 2 Welding parameters

Shielding aas Flow rate, Current, Arc voltage, Welding speed, Wire extension,  Torch angle, Incidence angle of
99 QIL min* 1A urv Vimm s l/mm (9 laser, 6/(9
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18 180 28 6.7 18 40 6
95%Ar+5%CO0,
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Fig.2 Arc shape under two kinds of shielding gases: (a) 92%Ar+8%N, and (b) 95%Ar+5%CO,



EEE

J7 9305 R SRR AN O - T A AR VR S 2 A RERE I

= 3001 -

25.mm

K3 2 Fp R S R AR R I 3
Fig.3 Macro shape of welded joint under two kinds of shielding gases: (a) 92%Ar+8%N, and (b) 95%Ar+5%CO,
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Fig.4 Microstructures of welded joint under 92%Ar+8%N,: (a) the weld zone and (b, c) the fusion zone
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Fig.5 Microstructures of welded joint under 95%Ar+5%CO,: (a) the weld zone and (b, c) the fusion zone
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Fig.6 Ferrite content (FE) of different positions for welded joints

under two kinds of shielding gases
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Fig.7 Micro-hardness of different zones for welded joints under

two kinds of shielding gases

(111) y —— 95%Ar+5%CO,
—— 9206Ar+8%N,
(200) «
. J (220) ¥
= I .
§ (111) y/
3
S (200) «
E
J (220) y
r"#u A

10 20 30 40 50 60 70 80 90
261(9

8 2 FhRI AT LR 5% XRD &3
Fig.8 XRD patterns in weld zones of welded joints under two

kinds of shielding gases
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Fig.9 Austenite grain sizes of weld zones of welded joints under

two Kkinds of shielding gases
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Table 3 Mechanical properties of welded joints under two kinds of shielding gases

Shielding gas Tensile strength, Rn/MPa Fracture position Elongation, A/% —60 C, ayy,
92%Ar+8%N, 673 Weld metal 22:5 90, 98, 93, 92, 96,94
685 24.0
95%Ar+5%CO, ;% Weld metal ;gg 107, 110, 114, 105, 107, 109
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Fig.10 Impact fracture morphologies of welded joints under two kinds of shielding gases: (a, b) 92%Ar+8%N, and (c, d) 95%Ar+5%CO,
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Effect of Shielding Gas on Arc Characteristics and Microstructure and Properties of
Laser-Arc Hybrid Welding of Low Nickel Stainless Steel

Fang Naiwen®, Wang Xingxing?, Xu Kai®, Long Weimin®, Huang Ruisheng®, Xu Yinan®, Yang Yicheng®, Ma Yiming*
(1. Harbin Welding Institute Limited Company, Harbin 150028, China)
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Power, Zhengzhou 450045, China)
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Abstract: In order to reveal the mechanism of the effect of shielding gas on the microstructure and mechanical properties of low nickel nitrogen

austenitic stainless steel welded joints, the laser-MAG arc hybrid welding of QN1803 with low nickel and nitrogen content was carried out using

92%Ar + 8%N, and 95%Ar + 5%CO; as shielding gases. The results show that the average microhardness of the welded joint decreases with the

addition of N,. The arc contraction is obvious, the spatter increases and the volume increases, and the arc stability becomes worse. The austenite

content in the weld increases by about 20%, and the ferrite dendrite becomes fine, the secondary dendrite arm becomes shorter. No ¢ phase and

nitride precipitates are found in the weld. The austenite grain size decreases with the addition of nitrogen, and the tensile property of the welded

joint decreases slightly.

Key words: N content; low nickel nitrogen austenitic stainless steel; laser arc hybrid welding; microstructure and mechanical properties
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