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Preface

At present, Steel is one of the most common material widely used in the world, both
for structural and functional applications. Steel has been the basic material for
weaponry, agriculture, construction, etc. in the human society since the beginning of
iron age, and now it is still playing very important roles in the world. It is generally
believed that steel is really a kind of advanced materials due to its advantages during
processing, fabrication, applications, and also recycling. People cannot image what
the world would be if there be no steel around us.

Steels have been widely using for construction, automobile, machinery, energy,
transportation, daily life, etc. in this special occasion that people take much more care
with the climate change and global warming. Will steels still play an important role to
our society in the future? Yes, it will be. More advanced steel products with the char-
acteristics of high performance, low cost, easy fabrication, low tolerance, and environ-
ment benign have been developed to meet the demands from both market and
environment protection. It seems there is no stop of this advancing trend.

The development of steel products is dependent on the steel knowledge we have.
Although there have been a good accumulation of steel knowledge since the massive
production of liquid steel, the new phenomena and roles in steels have still been
investigated in recent years. Now people involved in steel research, steel processing and
steel applications are concerned more and more with the progresses of steel science
and technology than ever before, and have made great contributions to steel knowledge.
This is one of the reasons why steel products change year by year. In order to illustrate
the current status of steels, the editors of this book decided to ask outstanding professors
and researchers all of the world to write a review on their research fields on the occasion
of ICAS 2010.

The First International Conference on Advanced Steels was held at Guilin, China,
November 8-11, 2010. The International Conference on Advanced Steels (ICAS) is
the merging of two international series conferences: “International Symposium on
Ultrafine Grained Structures (ISUGS)” and “International Conference on Advanced
Structural Steels (ICASS)”. Over 270 papers have been presented in the Conference.
It was really a platform for people all over the world to share their contributed
works in steels with their colleagues effectively. ICAS 2010 will cover almost every
aspect of steels: physical metallurgy, steel grades, processing and fabrication, simu-
lation, properties and applications, etc. It is a comprehensive conference on steel
products and technologies. Plenary and keynote speakers are very active in the rel-
ative steel fields, and are invited to illustrate their works in this specific proceedings
in detail.

The aim of this book is to introduce steel researchers and technologists to the
understanding of present status of different kinds of steels and relative technologies.
It covers general review on steel industry, physical metallurgy, HSLA steel, automobile
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steel, specialty steel, processing and fabrications. It is the summary of steels over past
decades and also the forecast of advanced steels into the future. I believe physically that
this specific book would help people to have the progresses of steels in hand.

Beijing, China Rang Cai



Contents

Part I General Review

Advanced Steel and Our Society: Better Steel, Better World . ............

Yong Gan

Innovative Steels for Low Carbon Economy. . .. ......................

Lejiang Xu

Development and Outlook of Advanced High Strength Steel in Ansteel. . . . ..

Xiaogang Zhang

Technical Progress and Product Development of TISCO Stainless Steel . . . . .

Xiao Bo Li

The State of Steel Industry in India and its Future Prospects . . . ..........

Sanak Mishra

On the Performance Improvement of Steels through M> Structure Control. . . .

Han Dong, Xingjun Sun, Wenquan Cao, Zhengdong Liu, Maogiu Wang,
and Yuqing Weng

High-Strength Steels: Control of Structure and Properties . . . ............

A. S. Oryshchenko and E. I. Khlusova
Ultra-high Strength Steel Treated by Using

Quenching-Partitioning-Tempering Process .........................

T. Y. Hsu (Zuyao Xu) and Xuejun Jin

Part Il Physical Metallurgy Frontier

Long-term Stabilization of Steel Availability under Limited Resources . . . . ..

Kotobu Nagai
Grain Boundary Carbon Segregation Estimated by McLean and

SCHORIIOS MOGRIS ~2 Vs 2 0 1 Sl s s gt o o dorr e ST 3%

Setsuo Takaki, Nobuo Nakada and Toshihiro Tsuchiyama
Nano-Preciptates Design with Hydrogen Trapping Character

T O T ] N e o T i R, ¢ e T

Fu-Gao Wei, Toru Hara and Kaneaki Tsuzaki

Micro-Mechanical Behavior of Inclusions in Advanced Steels . . .. .........

Xishan Xie, Yanpin Zeng, Miaomiao Wang, and Hongmei Fan

Dislocation Assisted Phase Transformation Observed in Iron Alloys. . ... ...

Yoon-UK Heo, Masaki Takeuchi, Kazuo Furuya, and Hu-Chul Lee

15

27

35

59

67

77

81

87

vii



viii

Contents

Solution and Precipitation of Secondary Phase in Steels: Phenomenon,
ThdorysianadtBraptice o4t 5% advanded stouix ot che Nty S100Tse Sy s’y
Qilong Yong, Xinjun Sun, Gengwei Yang, and Zhengyan Zhang

Ways to Manage Both Strength and Ductility in Nanostructured Steels. . .....
Nobuhiro Tsuji

Steels: Data Exploration for Discovery and Data-Sharing . . . . .............
Guoquan Liu

Long Life High Strength Steels to Resist Fatigue Failure
a0 Delayed Eracthire — oo S0 hd o 50 v e s by e e N
Weijun Hui, Han Dong, Yuqing Weng, Jie Shi, and Maogiu Wang

Part II Auto Sheet Steels

Metallurgical Perspectives on Advanced Sheet Steels
for Automotive Application . . .. .. .. .. . wgpeosion il e d st sbosbes waks
Debanshu Bhattacharya

Recent Development of Nb-Containing DP590, DP780 and DP980 Steels
for Production on Continuous Galvanizing Lines . . . . ...................
K. Cho, K. V. Redkin, M. Hua, C. I. Garcia, and A. J. DeArdo

Lightweight Car Body and Application of High Strength Steels . ... ... .. ...
Mingtu Ma and Hongliang Yi

Design of Lean Maraging TRIP Steels . . . ... ................0........
Dirk Ponge, Julio Milldn, and Dierk Raabe

The 3rd Generation Automobile Sheet Steels Presentmg with Ultrahigh
Strength and High Dmetilby. . . 0 0 o . i e e s s b s el desin
Wenquan Cao, Jie Shi, Chang Wang, Cunyu Wang, Le Xu, Maoqiu Wang,

Yuqing Weng, and Han Dong

Challenges Toward the Further Strengthening of Sheet Steel . .. ... ........
K. Ushioda, J. Takahashi, S. Takebayashi, D. Maeda, K. Hayashi and Y. R. Abe

Developments in High Strength Steels with Duplex Microstructures

of Bainite or Martensite with Retained Austenite: Progress with Quenching
and Partitioning Heat Treatment. . . . . . ... ..........................
David Edmonds, David Matlock and John Speer

Development and Application of Q&P Sheet Steels. . . ... ................
Li Wang and Weijun Feng

Microstructure and Mechanical Properties of Al-Added High Mn
ABstenitic Steel . . . i STl s e e s e R
Jae-Eun jin and Young-Kook Lee

Microstructure and Property Control of Advanced High Strength

Aptomotive Steels . . ... Lo Sil e LD A S S s S e e
Lin Li

Microstructure and Mechanical Properties of a TRIP Steel Containing
TVERSST0 IVINY . . oo ool s ST PR e it oced e A g DI (LS S BN S SRS
Seong-Jun Park, Chang-Seok Oh, and Sung-Joon Kim




Contents

Part IV Advanced High Strength Low Alloy Steels

Development of High Strength and High Performance Linepipe-

and SIIRNUHREEISTBIS o8 oL (L c s e e bre e s B BRC T ARy rads 281
Ki Kang Bong, Ju Seok Kang, Jang Yong Yoo, Dong Han Seo,

In Shik Suh, and Gyu Baek An

MoNb-based Alloying Concepts for Low-Carbon Bainitic Steels . . . ......... 289
Hardy Mohrbacher, Xinjun Sun, Qilong Yong, and Han Dong

Vanadium in Bainitic Steels: A Review of Recent Developments. . . ... ... ... 303
Yu Li and David Milbourn :

Nanostructural Engineering of TMCP Steels . . . ... .................... 309
Peter D. Hodgson, Ilana B. Timokhina, Hossein Beladi, and Subrata Mukherjee

Research of Low Carbon Nb-Ti-B Microalloyed High Strength Hot Strip
Steels with Yield Strength 2700 MPa—.. . . ... .. 05000 O 0ES0R0 s sl 317
Hongtao Zhang, Chengbin Liu, and Ganyun Pang

Mechanical Properties and Microstructure of X80 Hot-Rolled Steel Strip
for the Second West-East Gas Pipeline. . . . ... ......................... 333
Junhua Kong, Lin Zheng, Lixin Wu, Xiaoguo-Liu, and Liwei Li

Refinement of Prior Austenite Grain in Advanced Pipeline Steel. . . . .. ... ... 341
Chengjia Shang and Chengliang Miao

Part V Specialty Steels

Grain Boundary Hardening and Single Crystal Plasticity in High Nitrogen
Austenitic SIainessISIeelS 2. oo ' e\ s B e S G il 359
Markus O. Speidel

Unexplored Possibilities of Nitrogen Alloying of Steel. . . . ................ 363
Jacques Foct

High-Nitrogen Steels: The Current State and Development Trends. . .. ... ... 367
Anatoly G. Svyazhin, Jerzy Siwka, and Ludmila M. Kaputkina

Development of Stainless Steels with Superior Mechanical Properties:

A Correlation Between Structure and Properties in Nanoscale/Sub-micron :
Grained Austenitic Stainless Steel . . ... ......... ... ..... ... ... ..... 371
S. Rajasekhara, L. P. Karjalainen, A. Kyr6ldinen, and P. J. Ferreira

Advanced Heat Resistant Austenitic Stainless Steels . . . ... ............... 385
Guocai Chai, Jan-Olof Nilsson, Magnus Bostrom, Jan Hogberg,
and Urban Forsberg

Research and Development of Advanced Boiler Steel Tubes and Pipes

Used for 600°C USC Power Plants in China. . . ... ..................... 399
Z. D. Liu, S. C. Cheng, H. S. Bao, G. Yang, Y. Gan, S. Q. Xu,

Q. J. Wang, Y. R. Guo, and S. P. Tan

Strengthening Mechanisms in Creep of Advanced Ferritic Power Plant Steels

Based on Creep Deformation Analysis . . . ............................ 409
Fujio Abe
New Products and Techniques of Mould Steels. . . . .. ................... 423

Xiaochun Wu and Luoping Xu



Contents

Research on Large-size Pre-hardened Mould Blocks of Plastic

MOESRRISTREIon . o R o s s ek b R 443
Dangshen Ma, Lin Wang, Aijun Kang, Qiang Guo, Yongwei Wang, Zaizhi Chen,

Lihong Cao, Weiji Zhou and Nailu Chen

Developments and Challenges of China High-Speed Steel Industry
over LastDecade. . Do U e T S e T S e R et s e 453
Lizhi Wu

Part VI Advanced Steel Processing and Fabrication

Study of Weldability of High Nitrogen Stainless Steel. . . . ... ............. 465
Zhiling Tian, Yun Peng, Lin Zhao, Hongjun Xiao, and Chengyong Ma

Thermomechanical Processing and Role of Microalloying
in:Entectoid:Steels il drsisns folsl hnnalinDaiih sl 49wt i vreJ %o s 475
J. M. Rodriguez-Ibabe and B. Lépez

Study of Non-metallic Inclusions in High Strength Alloy Steel Refined
by Using High Basicity and High AlLO; Content Slag. . . ................. 485
Xinhua Wang, Min Jiang, Bing Chen, and Wanjun Wang

Formation of Ultrafine Grained Ferrite + Cementite Duplex Structure
by: Warm Deformation o). iou s ih Barete e, s shoete s shiantomn s - woretl 5 fnss 495
Tadashi Furuhara and Behrang Poorganji

Pangang Rail Production System Innovation and
NEWProducts DevelODIIOnL . . Siaiam < o 0\ H i voaiorts o iocs i o tnis e irs ein e o 28 501
Dongsheng Mei

The Influence of Strong Magnetic Field on Alloy Carbide
Precipitation in Fe-C-Mo Alloy . . . ......... ... .. 509
Tingping Hou and Kaiming Wu



Part |
General Review



SR




Advanced Steel and Our Society: Better Steel,
Better World (Opening Address and the
Introduction of the Specific Proceedings)

Yong Gan

/

It has been generally believed that steel is a kind of advanced materials, presenting

characteristics to meet a variety of requirements. They could be applied to the circumstances
subject to the elevated temperature up to 650°C and cryogenic temperature down to —196°C, to
the applied stresses from 100 up to 5,000 MPa, to the corrosion of atmosphere, acid,
alkali, salt, etc. Steels has been widely used for construction, automobile, rails, shipbuilding,
petrochemistry, machinery, weaponry, daily life, etc.

1 The Importance of Steels

It has been generally believed that steel is a kind of
advanced materials, presenting characteristics to meet a
variety of requirements. They could be applied to the
circumstances subject to the elevated temperature up to
650°C and cryogenic temperature down to —196°C, to the
applied stresses from 100 up to 5,000 MPa, to the corrosion
of atmosphere, acid, alkali, salt, etc. Steels has been
widely used for construction, automobile, rails, ship-
building, petrochemistry, machinery, weaponry, daily life,
etc. (Fig. 1). Thanks to the heaven that there have existed a
vast resources of iron ores and human beings have accu-
mulated the experiences to produce and to use steels, which
have changed our world remarkably.

Steel industry is the basic link in the economic chain. It
provides raw materials to the downstream sectors, such as
machinery, automotive, shipbuilding, appliance, and
construction (Fig. 2). And it also draws upstream sectors,

Y. Gan (X)

Chinese Academy of Engineering, Central Iron and Steel
Research Institute, Beijing, China

e-mail: gany@cisri.com.cn

Steels °Low alloy steels ¢ Iron bridge

such as coal mine, electricity, transportation, mineral ores,
ferro-alloys, machinery, etc., through the consumption of
their products. Steel industry is actually an index to evaluate
the industrialization of a country and the comprehensive
national power. Generally speaking, the major developed
countries are almost stronger at steel industry. Thanks to the
advantages of steel, they play very important roles in
economy, sustainable society, public finance and tax,
defense, and employment.

2 Historic Review of Steels

In the year of 1333 BC, Tutabkhamun’s sarcophagus had
both a gold and a steel dagger upon it (Fig. 3), signifying
the importance of both metals. It was believed to be made
from meteorites in Hittite, now Syria. In 1867, the essayist
Thomas Carlyle declared: “the nation that gains control of
iron soon gains control of gold.” At least, it was really true
from the beginning of iron age to the end of World War II.

It is obliging to illustrate the two sites of UNESCO
World’s Heritage to you for the evidence of steels for
Industrial Revolution.

Volklingen Ironworks in Germany was an integrated
ironworks that was built and equipped in the nineteenth
and twentieth centuries and has remained intact (Fig. 4).

Y. Weng et al. (eds.), Advanced Steels, DOI: 10.1007/978-3-642-17665-4_1, 3
© Springer-Verlag Berlin Heidelberg and Metallurgical Industry Press 2011
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Fig. 1 Steels accompany with
us in every aspects
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Fig. 2 The roles of steel industry in the economy

The ironworks, which cover some 6 ha, dominate the city of
Volklingen. Although it has recently gone out of produc-
tion, it is the only intact example, in the whole of western
Europe and North America, of an integrated ironworks that
was built and equipped in the nineteenth and twentieth
centuries and has remained intact. And due to the produc-
tion of steel in the history, it was listed as the site of
UNESCO World’s Heritage (http://whc.unesco.org/en/list/
687/gallery/).

The world’s first cast iron bridge was built over the River
Severn at Coalbrookdale in 1779 (Fig. 5). Ironbridge Gorge
in UK, the site of the world’s first cast iron bridge, is known
throughout the world as the symbol of the Industrial Rev-
olution. Not only iron founders and industrial spies flocked
to see this wondrous bridge, but also artists and travelers.
The bridge had a far reaching impact: on local society and
the economy, on bridge design and on the use of cast iron in
building. The story of the bridge’s conservation begins in
1784 with reports of cracks in the southern abutments, and

~50% steels is used in construction.

Steels are in our daily life

is brought up to date with the English Heritage sponsored
work of 1999 (http://www.ironbridge.org.uk/about_us/the_
iron_bridge/index.asp).

Ironbridge is known throughout the world as the symbol
of the Industrial Revolution. It contains all the elements of
progress that contributed to the rapid development of this
industrial region in the eighteenth century, from the mines
themselves to the railway lines. Nearby, the blast furnace
of Coalbrookdale, built in 1708, is a reminder of the dis-
covery of coke. The bridge at Ironbridge, the world’s first
bridge constructed of iron, had a considerable influence on
developments in the fields of technology and architecture
(http://whc.unesco.org/en/list/371).

And a modern integrated steel plant, Caofeidian, has been
constructed as one of the example of steel technology inno-
vation in China (Fig. 6). Steels play a very important role in
the urbanization and industrialization. There are strong
demands for steel products not only in quantity but also
quality, even for environment benign. For Caofeidian, the
steel plant has been established to possess three fundamental
roles, steel production, energy conversion, and waste treat-
ment. It may as the model for newly constructed steel plants.

Low alloy steels are as approximately 30% of total steel
products. The efforts on the increase of both strength and
toughness (ductility) have not stopped over past 50 years.
Although Q345 steel is widely produced and applied, higher
strength steels are now preferred to construct high rise and
large span building, long span bridges, high pressure
large diameter pipelines, light weight vehicles, large ships,
e.g. Q420 and Q460 steel plates used to construct of
“Bird Nest”, “Water Cube” and CCTV Station Building
for Beijing Olympic Games (Fig. 7); Q420 steel plates for
the construction of Dashengguan Bridge over Yangtze
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Fig. 3 Tutabkhamun’s steel
dagger in ancient Egypt over
3000 years

Fig. 5 Ironbridge Gorge in UK, the site of the world’s first cast iron
bridge, is known throughout the world as the symbol of the Industrial
Revolution

River of high speed railway from Beijing to Shanghai, X80
steel plates for west to east oil pipeline construction,
590 MPa steel plate to reduce the weight of vehicles, FH40,
DH40 and EH40 steel plates for large ship building, etc.

e

Fig. 6 Caifeidian, a newly constructed steel plant in China, possesses
three fundamental roles: steel production, energy conversion, and
waste treatment

3 Future Perspective of Steels

Steel is the basic material for almost every sector such as
construction, machinery, transportation, energy, utensil, etc.
From ancient time to now, steel has been playing a very
important role in the civilization of human beings. Our
world has been changed significantly since the application
of steel. Steel will lead us to be higher, faster, and stronger.
The main topic of the first International Conference on
Advanced Steel is: Better Steel, Better World.

There is no doubt that steel will still be the dominant
material in the foreseeable future. Steel is really a type of
advanced materials that changes day by day. This change is
mainly due to the contribution of physical and chemical
metallurgy, steel processing and facilities, market require-
ments, etc. The new constraints of environment protection
and resource saving should be borne in mind in the devel-
opment of steels in the future. It is noticeable that the
requirements for steel products to be of high performance,
low cost, easy fabrication, low tolerance, and environmentally
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benign have become stronger and stronger since the turn of
the new century (Fig. 8).

Concerning with high performance, the properties related
with load (strength, ductility, toughness), environment
(corrosion), time (duration), fabrication (welding, drawing),
etc. will be taken into considerations to improve the safety
and reliability of components made of steels.

The performance of steel products is closely related to
the constitutes and morphology of microstructures. The
characterization and effective control of microstructure are
now from micron scale to nano scale steadily (to be in nano
order). The properties have been raised from the order of
10° to 10° unit (to be in Giga order). The strength of hot

Fig. 7 The “Bird Nest” for 2008 Olympic Game was made of HSLA
steels, Q420 and Q460

rolled HSLA steel and auto sheet steel has been raised from
MPa order to GPa order. The fatigue strength limit of
ultrahigh strength steel has been also improved from MPa
order to GPa order. The fatigue cycles for steels to under-
take have been demanded from Mega cycles to Giga cycles.
The rupture time for steel at elevated temperature has been
extended from Mega seconds to Giga seconds. The per-
formances of steels in Giga scale are related to precisely
controlling of microstructure in nano scale, and closely
associated with microstructure characterized with Multi-
phase, Meta-stability, and Multi-scale (so-called as M3
microstructure) (Fig. 9).

Steel makes up approximately 70% of an automobile’s
overall mass. Advanced steels are no doubt the basis
for automobiles to be of high performance, light weight

M3 microstructure

Fig. 9 The performances of steels are associated with microstructure
characterized by Multi-phase, Meta-stability, and Multi-scale

Fig. 8 Advanced steels to be of
high performance, low cost, easy
fabrication, low tolerance, and
environmentally benign
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Fig. 10 High strength with high ductility and low cost will be
demanded for auto sheet steel

and safety. There are about 30 categories of steel grades
produced and used in automobiles or in fabrication today:
Al-killed steel, IF steel, BH steel, IS steel, CMn steel,
HSLA steel, DP steel, CP steel, martensitic steel, TRIP
steel, TWIP steel, austenitic stainless steel, hot stamping
martensitic steel, engineering steel, ferritic stainless steel,
heat resistance alloy, etc. They are used to manufacture car
body and enclosure, engine, transmission system, chassis,
suspension parts. Almost every kind of steels could find its
way in the manufacture of automobiles, which means that
the automobile steels are also very important to the devel-
opment of all steel products in steel industry.

Nowadays, there are increasing demands for cold sheet
steel and coated sheet steel to be in high strength to reduce
weight, better ductility to improve formability and safety,
low alloy addition and easy fabrication to reduce cost.

Fig. 11 Luxemburg Pavilion made of weathering steel in Expo 2010,
Shanghai '

The development of automobile steels is so fast that nobody
could image the future progress precisely. In the last 1990s,
people focused their efforts in IF steel and BH steel. And
now, DP steel, TRIP steel and hot stamping martensitic
steel are being widely used in automobiles, and even to
begin with the research of the third-generation sheet steel
(Fig. 10).

One of the main disadvantages of steels with low
alloying elements is easy to be corrosive in the atmosphere.
Stainless steel is one of the ways to overcome this problem,
but cost a lot. Another way is to adapt weathering steels for
infrastructures and buildings to be of longer duration
(Fig. 11). Longer duration will need to pay more attention,
not only to resist corrosion, but also to resist heat, cycling
load, hydrogen embrittlement, wearing, etc. As a result, the
components made of steel will be more effective, and the
steel consumption will be reduced.

It is confidently believed that steel will become much
better, and eventually leads to a much better world for
human beings in the future.
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