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Ultra-refinement of ferrite grain size &
In low C steels

China: Mill Products
400MPa grade PLC steel rebar

BEE PN, T TV

-Improvements
in low-grade steels

-Direct application
at mills

Huaiyin Iron and Steel Corporation

YS:
280MPa to 410MPa
(20 um to 7 um)




Korea: POSCO Attempts
600MPa grade plate steel

-Exploratory research Deformation da
of innovative tech Supercooledy | 2 pm
-National project first Duplex o + 1 um
(Lab scale) o 0.6 um
Conventional Rigid Type Damper-installed High Strength Txpe

New Structural System

Ultra Steel: NIMS Attempts
800MPa grade plate steel

-Exploratory research of innovative tech
-National project (Lab scale)




Ultra Steel: NIMS Attempts
Application for Mills

Wire Hot coil
1.3¢-3000m 2mmt

e
2 um
Osaka Seiko Nakayama Steel Works

Basis of Ultra-Refinement
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Trans-Route : NIMS Basic Understanding

In-situ observation by Confocal Laser Scanning Microscopy
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Globular ferrite formed at
grain boundary appeared
at highest temperature,
nevertheless finally

smallest.
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Trans ROUte NIMS BaS|c Understandlng

Predlctlon on |sothermal holdlng
10 \ \ [ ﬂ
f | 0.15C-0.3Si-1.5Mn |

£
= g

2 1s 92§K//
o 6 |

= 93K —
° 4 _— — 7 1023K

U) /

(D]

g 2 /

(&)

=

- 0 v

Trans Route NII\/IS BaS|c Understandmg

/Strain- Strain- \

'E Dependent = Independent

*|Austenite|— Further heavy
1 flgrain size strain larger

N than 2 brought

about a
plateau again.

»

[EY
TTTT

1

©

N

w

A

0 L1 ’ L1l r\ L1 ‘ | ‘ L1 ‘ Ll 873K
0 1 2 3 4 5 6
\\ Plastic Strain /




Properties of Ultrafine-grained Steel
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Properties of UFG Steel: toughness
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Properties of UFG Steel: fatigue
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Properties of UFG Steel: ductility
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Chemical composition (mass%)
C Si Mn P S
0.1%C/| 010/ 0.31] 1.49| 0.012| 0.001
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Compressive Deformation of
Ferrite-Pearlite in Ferrite Region
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923K, 10 st
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973K, 10st 873K, 10st 823K, 10s*
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For Application: NIMS ideas

Joint Fatigue Weathering High Strength
Strength Steel (>800MPa)
(Doubled) (>100years) High Toughness

N - (DBTT<230K)
. J."lr
/!
ol
High Strength ==
Bolts
(>1800MPa)
L

Stainless Steel
for Marine Use
(>100years)

Infrastructure -Bridge-

Plate - Bolt - Welding

How can “High-Strength” be materialized?

NO enough fatigue
strength
Joint Fatigue

NO enough toughness
Joint Toughness

Unfavorable anti-corrosive
elements
Recyclability

Plating Zn Sn
Alloying Cu Ni

Less on-site welding
and more efficient joining
Cost
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ﬂ Targets ﬂ

Al-Si bearing | |
ik Ultra-fine Grained
: Weathering Steel

Over 25mm Lhick

1800MPa Bolts
No Delayed Fracture

Weldments
New methods

Toughness Fatigue a

ed &

Proto-typing together with End-user side

ﬂ Materials Preparation |

200 |1 W 2004

Plate

Bar Plate
18mmt 18mmt 35mmt
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0.8AIl-0.8Si -> Brittle -> Grain refinement

Bulk properties
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- No delayed
fracture with
1800MPa

- Shaping of bolt

Laser

i

LTT welding
No porosity  wire free from
1mm penetration  Jow temperature
for Al steel cracking

_I s

pecial Skills of Small-size Enterprise
Wire Maker Screw Maker

UFG Wire M1.6 Micro-screws

SRC Concepts lead the activities
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| New Products by Ultra Steels |

NIMS
Fundamental Research

UFG
Hot Coil

Kawasaki H.I [| Honda R&D

Nakayama

Drop
Weight
Test

==

2um-2mm thick Hydro-forming High Speed
UEG sheet of UEG Compression Test

Construction ana Start-up
of the NAKAYAMA Hot

Strip
and Plate Mill
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» Producing Hot coils and Plates

* 192m Compact Hot Strip Mill

[

Finishing Mill

Hydraulic AGC
Low inertia hydraulic Looper
Roller bearing for
High rigid Mill
technology
SRDD technology
Roll lubrication by Grease
Entry Edger

Curtain Wall Cooling
delivery Feed rollers B KAWASAKI

21



CVC(Continuously Variable Crown)

+ CROWN 0 CROWN - CROWN
= =

SRDD Technology

SRDD Single Roll Drive With Different Diameter

F4 F6 stands J"

-y Pinion
| | LI stand
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Rolling Force Reduction(20%)

=Small WR effect(15%)+Shearing effect(5%)

D1=490mm
Non Driven

Z
Roljin,

D2=640mm
Driven

CONCEPT OF SRDD ROLLING

(kg/mm)
120

110

100

90

80
Vertical 70
Stress  go
50

40

Va

FRICTION 208
/& Reduction
& /

;
:

%7

ERat Driven Roll Non Driven ///
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EFFECT OF SRDD ROLLING

KAWASAKI

HEAVY INDUSTRIES. LTD.

Curtain Wall Cooling A0 NARAYAMA

S, S, b L,

*Strong cooling. 60 80 /sec at 1200mm*mpm
*Prevent roll heat generation due to high reduction.
*Prevent grain growth after high reduction.

*Control amount of water and FM delivery temperature.

F6 Curtain Wall EDT

Water FDH FDW
Remover

% Oy o
Z] ;Vv

KAWASAKI

HEAVY INDUSTRIES. LTD.
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Conventional steel

Ferrite grain size :10 20pam

(e»
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& Steel A
Steel B
Exit thickness : 2.0 mm

Rolling speed(F6) : 300 600m/min
Reduction(F6) : 20% 50%

Ferrite grain size, ] m
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Exit temperature,

ULTRA FINE GRAIN STEEL
Ferrite grain size : 3pam

w A a o
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Ferrite grain size ,[ M m

N
o

@ KAWASAKI

HEAVY INDUSTRIES. LTD.

o Steel A
Steel B

Exit temper

650 850

Rolling speed(F6):

300 600 m/min

Reduction(F6): Exit thickness :
20% 50% 2.0mm

0.5 1.0
Accumulated strain

KAWASAKI

HEAVY INDUSTRIES. LTD.
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Fine grain
¢ Yield point

Tensile
strength

Tensile strength/Yield point , MPa
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0.20 0.30 0.40 050 0.60 0.70
1 (umA-1/2)

KAWASAKI

HEAVY INDUSTRIES. LTD.

T5:590 MPa TS: 600 MPa
YP: 540 MPa YP: 550 MPa

EL: 30 % EL: 28 %

Longitudinal direction Cross direction ~ 10Mm

KAWASAKI

HEAVY INDUSTRIES. LTD.
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Fig.Low temperature toughness Fig. Charpy impact test

| New Products by Ultra Steels ]

ex) Automobile Parts
by courtesy by Nakayama

| Instrument Panel Beam |

Parts
already
applied

Parts
testing
now

\ Center Pillar

| SeatRail | | Seat Belt Clamp |
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Future: Long-term Stability

ERES Initiatives

<Environment-Resources-Energy-Safety>

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

Steel Data Network
For Advanced Structural Steels

Creep _
Stress-Strain E Corrosion Evaluation Method
Chemical Comp. | :

Round-robin tests

Microstructure Delayed Fracture
Fatigue

New Topics for Future

High-Performance Hot Coil

NO-QT Special Steels
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