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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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HERBEICRE U S MM R O EEERET> T\, 7 We have conducted research and development of high-performance steel
ey TR —TH B KEE R & LTETT 2R S e shE from the b.last furnace process, such as. hlgh—str-ength stee? for hydrogen

systems, infrastructure, or automobiles, which are friendly to the
(FCV) ¥ FCV LK REFHIRT BKRAT —> aY TREEDKR environment. High-pressure gaseous hydrogen, a clean energy carrier, is
HARAWSNZH. hS5DREKRIATLILELN MM IC used in fuel cell vehicles (FCVs) and hydrogen stations that supply
EEBEMDENIAERILFENERI NS, AFEETIE hydrogen to FCVs. Steel used for highly pressurized hydrogen systems
RO IEAETENEEERTLTWS, BEANETETILFUY should have both high strength and sufficient resistance to hydrogen

embrittlement (HE). In this study, the effects of the main alloying
TRBICBENT, BRTRICLOTERRRILHARE D 2 BETED elements in steel were investigated. Our work clarified that several
Z& (Fig. 1) ». &5icid C, Al, Si ldKEMIEANDEEITNTWN alloying elements decrease the hydrogen diffusion coefficient D in
ZEEESHIC Uz ThODEERIE. KEMILELET D600 water-quenched martensitic steels. Furthermore, we confirmed that C,

EEEM O R E AN OERICERTE2, Al, and. Si do not affect HE. These results le':d to the selection of
appropriate steel or development of new steel resistant to HE.

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

Molecular dynamics analysis on formation
mechanism of close-packed metallic polytypes

Molecular dynamics simulations are employed to investigate stress-

10 induced phase transitions in close-packed (CP) polytypes via Bain path
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Fig. 1 Hydrogen diffusion coefficient D as function of alloy concentration. Fig. 2 Formation of 4H and 6H polytypes due to twin boundary ordering

in La system simulations.
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DFEHFEHEZRW, Bain /NAZEREZBULISHFRICK
IREBEZHOMEEZMHMITL. BABRMBHNTENIRER
BZEOEBRBEER UlIce KI&FE (LLS: Large Lattice
Strains) DT RILF¥F—BEZFAL. HEBICHESBNTOER
EBNIRIET—BHNZHANICTFMUIL, ZOHR. EXREIC
KEFEVHEEEREODIENESAERD, BERETIEINREE
BEMESRABBEERE 4H, 6H) "ERESh,. SEEETIE
Burgers BN BN ERD I ENRENTIce TORBEDIKIFHK
FENZNAREUHEREELTHD. BREERET TOMBKRN
BRIFIF—EIMEENESHh LB, (Fig. 2).
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BAEKTHFE SN BRI ABRERN (REMO-tec) ICHEWT,
BefEE LB 130mm ICE W TR RMEREDXIEEIR (B&
4.1 = 2.9mass%) & L EHET Y (Fe203,SFCA )
Rz, 50kg FEMERBRE DR UTc, fEme LT, b RE (G
EBRTH) Zi#RUDDE CO 0BFMMEI RIS N iz (Fig.3).

BEEEtEIIv IR - EBEESMHORRE

TPV EIIyv I AMBORRSEEERER EZENELT,
FROELIIVIR - EREEMRHCEATIMERFKZIT o> TS,
REBILFZ > (Ti(C, N)) ERXFTV LA (SUS316L) DEEfEES
MHEHIZDOWT, SUS FHRMEY Ti (C, N) FOEREFE. BHRE
D HHEERBCERISEICEZ 2 EEHSNIC UTc, BEFERD
BEAH KO TI(C, N) ERROMMIICED, 1200 MPa ZiBx
ZaWHIFREMNES (Fig. 4).
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Fig. Process image of REMO-tec.

Table Effect of double ignition and decreasing
coke content on mineral formation.

| lgnition | Coke | Fe20a |Fe304| SFCA [ SFCAI
Single | 4.1 | 22.5 [ 395 | 27.0 4.5

Double | 2.9 | 345(n 33.78 1558 10.04

Fig. 3 Effect of holding temperature and CaO concentration
on sinter reducibility.

deformation, aiming to elucidate their formation mechanisms across
various material systems. Energy surfaces associated with large lattice
strains (LLS) are utilized to comprehensively assess the dynamical
processes and static energy relaxation involved in these transitions. The
results reveal a strain rate—dependent bifurcation in phase-transition
pathways: at low strain rates, long-period stacking ordered structures
(4H, 6H) form via localized twinning, whereas at high-strain rates, the
Burgers mechanism predominantly governs the transition. This
bifurcation is strongly correlated with lattice dynamical instabilities,
providing valuable insights into the microscopic energy-relaxation
processes under excessive strain conditions (Fig. 2).

Energy-saving technique in the iron ore
sintering process

Regarding the reignition sintering technique (REMO-tec), developed by
Nippon Steel Co., it has been confirmed that reducing the coke breeze
ratio (from 4.1 mass% to 2.9 mass%) and promoting highly reducible
minerals (Fe,O3,SFCA I) formation at the upper 130 mm in the sintering
packed bed have been confirmed from the 50-kg scale sintering test. In
conclusion, effective decreasing CO, emission with maintaining sinter
qualities (strength and reducibility) has been confirmed (Fig. 3).

Development of high-reliability
ceramic-metal composites

For the purpose of improving the mechanical properties and reliability
of fine ceramic materials, we studied novel ceramics and metal
composites. For the sintered Ti(C, N)-SUS316L composites, the effects
of the amount of SUS, the nitrogen content in Ti(C, N), and the sintering
conditions on the microstructure and mechanical properties have been
clarified. High bending strength exceeding 1,200 MPa could be
obtained with the densification of sintered bodies and grain refinement
of Ti(C, N) phase (Fig. 4).
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Fig. 4 Relationship between bending strength and sintering temperature
of Ti(Co7No3)-SUS316L composites.
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