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Abstract : Steel makers are bubbling with argon to improve the quality of materials. However, low-cost

nitrogen bubbles are being tried in order to save manufacturing cost. This study investigated the effect of

nitrogen bubbling on the microstructure and mechanical properties of SD500 steel with different nitrogen

concentrations. As the residual nitrogen concentration increased, not only the amount of inclusions and

pin-holes increased, but also the size increased. The amount of ferrite decreased, and the amount of

pearlite increased whereas but the ferrite and pearlite grain sizes were reduced. The hardness, strength and

yield ratio increased, but the elongation decreased. Vickers hardness could be explained by a 2-parameter

Weibull statistical analysis.
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Table 1 Chemical compositions of SD500 rolled
steel with nitrogen bubbling, (wt.%)

Comp.

) C|Si|Mn| P S | Cr|Ni|Cu|Mo
Specime

RN140 |0.280.25(0.37(0.038|0.035| - | - | - | -

RN290 [0.28{0.25(0.89{0.033(0.031| - | - | - | -

RN340 [0.30{0.24(1.36(0.044({0.007 - | - | - | -

Ar-SD500 | 0.30]0.16]0.730.032|0.0440.23]0.10{0.20{0.029|

Table 2 Mechanical of SD500 rolled
steel with nitrogen bubbling

properties

Comp. TS YS EL
Specimen i (MPa) | (MPa) (%) TS/YS
RN140 612 382 28.7 1.60
RN290 722 458 21.0 1.57
RN340 745 480 7.2 1.55

Table 3 Chemical
properties of SD500 rolled steel with argon
bubbling (KSD3504)

compositions and mechanical

C Si Mn P S
028032 | 02-03 | 13-14 | 0.05< | 0.05<
TS YS EL
(MPa) (MPa) (%) TS/YS
<710 <500 | 12~14 1.24
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Fig. 1 Microstructure observation to investigate the
effect of different residual nitrogen concentration
in nitrogen bubble SD500 rolled steel (a)

RN140, (b) RN290, (c) RN340
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Fig. 2 Grain size distribution of ferrite according to
different residual nitrogen concentration in
SD500 rolled steel. (a) RN140, (b) RN290,

(c) RN340
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Fig. 3 Volume fraction of ferrite according to
different residual nitrogen concentration in

SD500 rolled steel
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Fig. 4 Yield and tensile strength of SD500 rolled

steel ~with  different residual nitrogen

concentration
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Fig. 5 Elongation of SD500 rolled

different residual nitrogen concentration
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Fig. 6 Strength ratio of SD500 rolled steel with

different residual nitrogen concentration

3.3 HIFAZ | 20|15 iy

Fig. 72 A4 HE SD500 U7 RNI140,
RN290, RN340)] B|A2HEE et} ol2 X

EFARITE 425 SD5009) A=
Yz, A4 HEF) melx Eiko] e AS
F Ut} ojgo] Hiko] @

s 71435k, golES o
gdetvlg 54 S Akt

HE Ar-SD500 FA7e mlaE st A
= of
Q

F(z) =1—exp|—|=

AZIA, av AEY E4E UEHE 34 I
2}U] El(shape parameter)ZA], o7} 42 A &
.‘l

gko] Zolxlm @ FUg EXE Yepju A
o] F7Ft. 3+ AXE IEbv]El(scale parameter)
ZA 632%014 2folE Exol EAH4HS el
WE Aot} xE FEwso|th

Fig. 82 SD500 73 2 a7e] niA~7A
£ ofolE FEZ YeR Aotk SD5009 7
= SM45Colu ~EIQIF A7V Azl 2
2-gtgtE oolE BA AR MY VHeEe
HojE Axo &4 AdE Table 40 Jehd
t}. Table 49 = 4At=FAY H+, FEHA 2
FATE YEAS-

ol2& HE Ar-SD500 ¢aAZ4L RNI40
RN240 A5 &XEY A Jebdth oA

bt

2

£t

flo &

34 SANAHZTEYX] HM253 M3, 2021 6¥

260
® RNI40 & Ar-SD500
240 W RN290
N @ RN340
= 2201
2
22001
=
T 180 ‘
]
=
4 160 I
P
S 140} .
>
120
100

Specimen types

Fig. 7 Vickers hardness according to specimen types

Probability (%)
.
2

—+— RN140
—=a— RN290
—+— RN340
—&— Ar-8D500

120 130 140 150 160 170 180 190 200
Vickers hardness (HV)
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to specimen types

Table 4 The estimated Weibull parameters by 1.96

N of indentation load

Specirnré1 e pa?gr?llz:eter parsaclillgter STD/Mean/COV
RN140 48.4 135.2 [3.56/133.8/0.027
RN290 32.8 160.9 [5.78/158.3/0.037
RN340 30.8 188.5 |[7.07/185.3/0.038

Ar-SD500 273 176.0 |7.80/172.7/0.045
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