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A Study on the Evaluation of Mechanical Properties for STS430J1L
According to Changes in the Mixed Gas Ratio of MAG Welding
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Abstract In this study, the optimal welding conditions for the metal active gas (MAG) welding process
of boiler heat exchangers were derived, and the mechanical properties were compared with the tungsten
inert gas (TIG) welding process. Using the STS430J1L test piece and applying STS316L as the filler metal,
the optimal welding conditions were derived using MAG and TIG welding processes, and the mechanical
properties were evaluated. The tensile test showed that in the case of the TIG (Ar 100%) welding process,
the average yield and tensile strengths were 334 MPa and 494 MPa, respectively. Under the MAG (Ar
50%+ 50%) welding conditions, the average yield and tensile strengths were highest at 447 MPa and 593
MPa, respectively. The microhardness test showed that in the case of the TIG MAG (Ar 50% + 50%)
welding processes, the maximum microhardnesses were Hv 222.8 and Hv 243.1, respectively, in the
deposited metal parts. Observations of the microstructure showed that in the case of the TIG welding
process, the boundary between the deposited metal part and the base metal was clearly distinguished,
but in the case of the MAG welding process using Ar 50% + 50% gas, a resin formed when the molten
metal solidified at high temperatures.
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Table 1. Mechanical characteristics of base metal and filler metal
Material Yield strength Tensile strength Elongation Hardness
arera (MPa) (MPa) ) (Hv)
STS430J1L =205 =390 =22 =200
STS316L =175 =480 =40 =200
Table 2. Chemical compositions of base metal and filler metal [wt%]
Material C Si Mn P S Ni Cr 7€k
Base metal < < < < < B lé;O Cu 0.3~0.8
(STS430J1L) 0.025 1.0 1.0 0.04 0.03 20.0 N < 0.025
Filler metal < < <
(STS316L) 0.03 04 1.2 0.045 0.03 128 185 Mo 23
Table 3. Optimal welding parameters
Process TIG MAG
Welding position Flat Flat
Welding current(A) 80 120
Welding voltage(V) 18 15
Feeding speed(mm/min) 400 380
Heat input(k]/cm) 2.16 2.84
Arc length(mm) 10 10
Flow(L/min) 20 20
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Fig. 1. Dimension of the test specimen
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Fig. 2. Strain-stress curves of TIG specimen for Ar
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Fig. 3. Strain-stress curves of MAG specimen for
Ar 50% + CO, 50%
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Table 4. Comparison of results for each process and mechanical properties of filler metal

MAG MAG MAG
Process o ?OGO “ (Ar 75 % (Ar 50 % (Ar 25 %
+ COy 25%) + COy 50%) + COy 75%)
Yield strength (MPa) 334 430 447 421
Tensile strength (MPa) 494 586 593 568
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Fig. 4. Fractured specimen configuration after tensile test

ool %I[/Xr%o 3.2 OMEEAE
N 4 W0 7F2 20mm x A2 10mm(EFg4)e 2712 F=
B AEEE AlF SEAAL Mitutoyo ko] Tkgd HIAA 4
=l ZAW7I(Model : HK-54)% AH83SiTh  dHe
g oof 0.5kgf, FYRAAZEE 10sec 2EIIA 3ol
! FJo2rE HO2 Tmw ImmiAoE 24T
oo | Zi= Fig. 5 o el & 34 5 9Tt
FRIERAN] DAL BAR wr} £ Sl
L T . PR ATH3]. AHFH 08 STS430J1LF} STS316L AG A

-2 2

Distance from welding center(mm)

Fig. 5. Micro hardness with distance from welding
center

ol Fgigh FEo] sl gloieh. G-
£ A% Aol B4 27] 419 o] FysiAw

St HPE W 0.2% FAE A& FASIL o] FA

N oft

A27}e] v A= g2 Hy 200 |5tz E1Eo] Q)
ok TIG 83339 A% 2 niAE 32 8244
FollAl Hv 222.82 ERIFUrE. MAG &85 4%
HS7EA Ar 75% + CO, 25% 279 A nAA4x
Zre 22 F&Ho A Hy 240.42 ERIEIY Ar 50%
+ CO, 50%9] | nNAE g2 82454 Hy

I 3Y-HUYE FA9] wAEo] FEgYor Yoty 243.12 FA=ACH Ar 25% + CO, 75%2] Hd 7]
oH2I. ABE g2 &2EFolA Hy 23852 SRIE I
Table 5. Result of vickers hardness on weld zone
Process
Test Area TIG MAG
Ar 100% Ar 75% + COy 25% Ar 50% + COy 50% Ar 25% + COy 75%
217.1 238.1 234.1 235.1
Weld zone 222.8 240.4 243.1 238.5
208.7 2389 232.1 236.4
Avg. 216.2 239.1 236.4 236.7
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(a) TIG using Ar gas 100% (X100)

(c) TIG using Ar gas 100% (X500)

Fig. 6. Micro structure in heat affected zone
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(d) MAG using Ar 50% + C'Oy 50% (X500)
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