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Development of manufacturing technology for safe and secure
high performance steels contributing to sustainable society
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High-performance steels are made primarily from iron ore. At the end of steel products’ lives, they are scrapped and recycled as raw iron resources. Iron is
therefore a reusable and environmentally friendly material. The steel manufacturing process, however, requires large amounts of resources and energy and
affects the environment worldwide. It is therefore necessary to reduce its environmental impact at all stages of production. Additionally, demand for high-
strength steels are increasing for weight reduction of infrastructure or automobiles. We aim to establish a sustainable society and industry, so we are studying
safe, secure, environmentally adaptable materials and their production processes, as well as related social systems. We undertake education and research via
a fundamental study that applies computational science and application research to large-scale experiments owing to resources of the company.
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etk KRARPEE BHEASBEHLEDLSIC,
MIKEIEICREEBU eSO EREEZ{To TWD, ¥ We have conducted research on and development of high-performance
YV TR E—THIZKEEMRE S LTEFT M EhE s = steel from the blast furnace process, such as high-strength steel for
B _ . o hydrogen systems, infrastructure, or automobiles that are friendly to the

(FCV)  FCV [ ARZHET SKRAT —> 3 Y TEREDKSR environment. High-pressure gaseous hydrogen, a clean-energy carrier,
HRABRBEWSNhZIH, INSOBEKZEVATAIEDLNZHIC is used in fuel cell vehicles (FCVs) and hydrogen stations that supply
FEBREMENLMKZR{LEENEREND, AFEXETIE hydrogen to FCVs. Steel used for highly pressurized hydrogen systems
HROEBASTEDZEEARNLTND, BANETETILTUY should have both high strength and sufficient resistance to hydrogen
S MBICB AT, ASTE kTl KRR D & E T2 embrlttlen.lent (HE). In .thls s.tudy, the effects of t}.1e. main alloying
elements in steel were investigated. Our work clarified that several

Z& (Fig. 1) ¥, E5ici& Co, W IEKRIEANDRZER/NENZ & alloying elements decrease the hydrogen diffusion coefficient D in
ZASHICUTze TNEDIERIE. KEMILEHILETDEHODERE water-quenched martensitic steels. Furthermore, we confirmed that Co
B OEEOFEEMOERICERTE2, and W do not affect HE. These results led to the selection of appropriate

Adapting structural steels to the environment
for a safe and secure society

steel or development of new steel resistant to HE.
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Fig. 1 Hydrogen diffusion coefficient D as function of alloy concentration.

Fig. 2 Effect of reignition on promoting acicular calcium ferrite (CF)
formation in sintered ore.
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REMO-tec (&, BASRBKEMNERE UK T MRXKE ER
FRBRICBRATDRIEETH S, JOFEFEWVETEZHE
UL SiEanSBED 2R LS EDH. BIFSLUBRIC
&35 CO: PRHBIRICEM T 2 KM TH B, KARTIE. 2O
REeBMTBIc). FEHELOIBYEBELOTILEBICER2HE
EXZPEMRS SOCEGLEZBWTREL

ZD#ER. REMO-tec 3. EI—JXEE (3.3%H LV 2.9%)
TIREWTH, 1200CHU LOEERFRKELEFRZN LT RET
HOBWERAVILT 541 MDA (Fig. 2). SLTERE 200
MM U TOSKAFERZRET B EZEOMICUIc, BIET. 2D
FREBELO T, BEREIBOBRETTIEE 200 um U TOK[ILFEEIE
HEZE IR BB NI,

SEREEEII VIR - EBESMROME

TPV ESIV AR OBBISES SOEEEOALEE
HELT FHIROEIIVvIR-EEBESMHICETIMEREE
ToTW3, KEAR T REUKFF> (TI(CN) EXTVLZR
fiil (SUS316L) 52 EH‘EEEMRIZMRIC. SUS DRME.
Ti(CN) FOEREEE. BLUBERSFED HBER CEMRFEIC
5z 28 B8RPASMC U, ERREER LI EIoicid, Bk
HOBEL. Ti(CN) EERAOHMLICINZ T, MlEHKDE—t
NEETHDIEN DM olc. FREGEZRBELTIIET. K
DESIv AR ERE LES, BIEHE 20 MPa - m"2, B
|38 E 1300 MPa EWSEN RS EEERR U (Fig. 3).
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Fig. 3 Relationship between bending strength and sintering temperature
of Ti(CosNos)-SUS316L composites.

Energy saving technique in the iron ore
sintering process

REMO-tec is a technology developed by Nippon Steel, which is a
reignition method after a certain period following the initial ignition.
This method helps reduce CO, emissions in blast furnaces and sintering
by improving the yield of sintered ore while maintaining high
reducibility. In this study, to support this effect, the impact on the
mineral and pore structures of sintered ore was investigated using
optical microscopy and image processing. As a result, it was revealed
that REMO-tec promotes the formation of highly reducible needle-like
calcium ferrite (Fig.2) and pores with a less than 200-um diameter
through the extension of high-temperature retention above 1200°C, even
under low-coke blends (3.3%,2.9%). Additionally, it was confirmed that
the reducibility of sintered ore positively correlates with the volume of
pores smaller than 200 um.

Development of high-reliability
ceramic-metal composites

To improve the mechanical properties and reliability of fine ceramic
materials, we have been conducting research on novel ceramic—metal
composite materials. In this study, we investigated sintered composites
composed of titanium carbonitride (Ti(C,N)) and stainless steel
(SUS316L), focusing on the effects of the SUS content, the nitrogen
content in Ti(C, N), and the sintering conditions on the microstructure
and mechanical properties. Our findings clarified that, in addition to
densification of the sintered body and refinement of Ti(C, N) grains,
achieving a uniform microstructure is crucial for enhancing mechanical
strength. By optimizing the fabrication conditions, we achieved
excellent mechanical properties, including a fracture toughness of 20
MPa-m'? and a bending strength of 1300 MPa, which significantly
exceed those of conventional ceramic materials (Fig. 3).

1350 1450 1550 1650

K& &8RS

(=)
(1]
o
o
=
=l
e
(1]
=]
3
]
e
M
.‘
o
=]
=
(1]
2
(72
9,
(1]
=}
(2]
(1]
»
2
o
.
>
Q
<
o
=]
(2]
(1]
Qo
m
=]
s
E
(=]
=]
3
@
=]
2

69



