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Use of Vanadium Microalloyed Forging Steels in China

Vanadium microalloyed forging steels have been widely
used in automotive components with ultimate tensile
strength up to 1100 MPa as a replacement for traditional
quenched and tempered (QT) steels, particularly in
Western Europe, USA and Japan since the introduction of
the first grade (49MnVS3) in Germany in the mid-1970’s.
The advantages of significant cost saving due to elimination
of post forging heat treatment, straightening and stress
relieving, reduced distortion, improved machinability, more
consistent properties and lower material cost compared to
QT alloy grades, as well as higher productivity are the
driving forces for the application of these steels. The
majority of these non-QT steels are produced from medium
carbon steels with small additions of vanadium, which
provides substantial precipitation strengthening to achieve
the desired high strength.

In China, development of non-QT steels started in the early
1980s, however it is only recently that non-QT steels used
in the automobile industry have received much attention.
There have been increasing research and development
projects since 2011. The Central Iron and Steel Research
Institute (CISRI) has played a leading role in those
activities, working with steel works, forging companies and
automotive manufacturers, to develop domestic non-QT
steels replacing QT steels and imported non-QT steels for
making automotive components, such as connecting rods,
crankshafts and steering knuckles. To promote use of non-
QT steels in China, Vanitec and CISRI have co-operated on
a three year research project since 2013. The following
paper presents the results of other work carried out by
CISRI and published in 2015.

Effect of Vanadium on the High-Cycle Fatigue Fracture Properties of Medium-Carbon
Microalloyed Steels for Fracture Splitting Connecting Rod

Weijun Hui (1), Silian Chen (2), Yongjian Zhang (1), Chengwei Shao (1), Han Dong (2)

(1) School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China
(2) Central Iron and Steel Research Institute, Beijing 100081, China

This paper was published in Materials & Design (Vol. 66,
2015, pages 227-234) and the authors gave details of the
effect of vanadium additions up to 0.45% on the fatigue
properties of new medium carbon microalloyed forging
steels for the fabrication of fracture splitting connecting
rods with excellent fatigue properties. 37MnSiV steel with
three levels of vanadium and a conventional medium
carbon microalloyed steel 38MnVS for comparison in the
as-forged condition were used (Table 1).

It is well known that fatigue strength is generally the
dominant engineering performance criterion in forged
automotive components because it has been estimated
that fatigue fracture contributes to approximately 90% of
the mechanical service failures. This paper demonstrated
that both fatigue strength and fatigue strength ratio
increased with increasing V content for the four
microalloyed steels (Fig. 1) and were also superior to those
of 40Cr-QT and C70S6 steels.
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Table 1 Chemical composition of the steels (wt.%)

V1 0.37 0.80 1.05 0.033  0.086 0.17 0.15 0.021 0.018
V1 0.38 0.77 1.07 0.032 0.085 0.18 0.28 0.017  0.017
V3 0.38 0.74 1.03 0.033  0.088 0.18 0.45 0.024  0.020

38MnVS 0.37 0.18 1.32 0.008  0.061 0.14 0.12 0.018  0.01
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Fig. 1 Effect of V on fatigue strength and
fatigue strength ratio

In addition, the S—N curve tended to shift to longer life and
higher stress with increasing V content (Fig. 2). TEM study
showed that 95% of the V(C,N) particles observed in the
ferrite-pearlite microstructure of the test steels after forging
were less 5 nm and these fine particles made a significant
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Fig. 2 S-N curves obtained from rotating bending
fatigue for the tested steels

contribution to precipitation strengthening. The authors
suggested that vanadium improves the fatigue properties of
the ferrite-pearlite forging steels mainly through its effect on
precipitation strengthening.

Vanadium Microalloying Yields Significant Strength and
Formability Advantages in Ferritic Steels

In recent years, there has been an increasing demand in
the automobile industry for improving fuel efficiency,
therefore weight reduction by application of high strength
steel sheets for automobile components has become
increasingly important. Since most automobile members
made by steel sheets are formed by press forming, the
steel sheets are required to have high strength as well as
excellent formability. In addition, a key in-service
requirement of automobile parts is high fatigue resistance.
However, the challenge with many conventional high-
strength steels is that as they become stronger, they also
become less formable. Furthermore, high strength steels
strengthened using additional hard phases, such as
martensite and bainite, in a ferritic matrix exhibit poor
resistance to fatigue crack initiation and propagation.
Recently, a new type of hot rolled steel, which has a single-
phase ferrite microstructure with a nano-precipitate

reinforced matrix, has been developed by Tata Steel
ljmuiden Bv (for example patent US2015/0099139 A1) and
by JEF Steel Corporation (for example patent
US2015/0030880 A1). In comparison with conventional
high strength steels (HSLA and AHSS) with similar tensile
strength, the new steels provide superior stretch-flange
formability and better fatigue performance. In addition, the
new steels have similar weld performance characteristics to
HSLA steels and are easier to weld than AHSS grades.
According to Tata Steel, it is claimed that the new steel will
offer vehicle manufacturers the opportunity to make chassis
components that are 10% lighter than more conventional
products and reduce component manufacturing costs by up
to 50%. Brief introductions of these two recent patents are
given as below:

V-Technology No. 1 - Page 2



Automotive Chassis Part Made from High Strength
Formable Hot Rolled Steel Sheet

Rolf Arjan Rijkenberg and David Neal Hanlon

Tata Steel ljmuiden BV, Velsen-Noord, Netherlands

Tata Steel has recently developed a new high strength hot
rolled steel sheet with an excellent combination of tensile
strength and formability for chassis applications (for
example patent US2015/0099139 A1). The steel sheet has
a fine-grained and substantially single-phase ferritic
microstructure (a ferrite fraction not lower than 97%)
strengthened with a high density of fine precipitates
containing vanadium, molybdenum and optionally niobium.
Some examples of chemical composition of the new steel
are given in Table 2. To achieve a desired strength level,
the precipitation strengthening based on fine V-Mo-
(optional Nb) carbides in ferrite is crucial and it is mainly
influenced by vanadium content. Figure 3 shows that the

tensile strength (UTS) and precipitation strengthening (PS)
of the steel sheets increase with increasing vanadium
content. It is claimed that the precipitation strengthening
effect of vanadium, in the 0.06Nb-Mo-V compositions, can
be as high as ~1400 MPa/wt.%V, when used in
combination with a sufficient amount of molybdenum.
However, in the absence of molybdenum, the
strengthening effect of vanadium is reduced to ~890 MPa/
wt.%V. It is suggested that molybdenum is required to
prevent coarsening of the fine carbide precipitates in order
to achieve a high degree of precipitation strengthening.

Table 2 Chemical composition of the steels (1/1000 wt.%) and ferrite grain size (um)

25 19 1200 13 4 41 6 200 57 @ 32 2.98

26 19 1280 10 5 40 9 200 28 46 3.42

51 19 1590 13 5 39 6 200 28 76 3.22
02Mo-V1 43 100 1500 14 5 43 4 200 27 718 3.43

61 100 1570 14 4 44 5 200 57 98 %fﬁ 2o

45 190 1620 13 5 46 6 | 200 190 4.06

92 180 1600 14 5 41 6 510 57 180 2.02
0.5Mo-V| 8 190 1600 13 5 47 6 510 28 190 2.20

91 190 1560 15 5 48 4 500 54 240  2.49,2.63

At similar tensile strength level, the new steel sheets
provide superior stretch-flange formability compared to
conventional hot rolled high strength low alloy (HSLA)
steels and hot or cold rolled advanced high strength
(AHSS) steels, including ferrite-bainite (FB), complex
phase (CP), and dual phase (DP) steel sheets, as shown
in figure 4. It is suggested that the single phase ferritic
microstructure has little internal stresses and is free of
carbon-rich phase constituents, which may act as potential
nucleation sites for premature edge cracking during
stretch-flanging of a high-strength steel with a tensile

strength higher than 550 MPa. In addition, the new steel
sheets show enhanced fatigue performance, as a result of
single-ferrite phase microstructure, compared to advanced
high strength steels with multi-phases. The new steel
sheets could offer a distinct benefit over current HSLA or
AHSS steel sheets for applications, such as chassis and
suspension parts, where an excellent combination of high
strength, high stretch flange formability and good fatigue
performance is required.
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Fig. 3 Effect of vanadium on UTS and precipitation
strengthening (PS)

Vanadium also contributes to grain refinement, achieved by
recrystallisation controlled rolling. In addition, it is claimed
that the benefit of using a composition containing vanadium
and molybdenum, that is free of niobium, is that it will lead
to lower rolling loads in the hot strip mill, which will widen
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Fig. 4 The new single-phase vanadium microalloyed
steel sheets show significantly higher hole expansivity
than HSLA and AHS steel sheets

the dimensional window. It is further claimed that the use of
this niobium free composition will not only allow production
of this steel grade on a conventional Hot Strip Mill (HSM),
but also on a Compact Strip Production (CSP) line, leading
to reduced energy input and lower processing costs.

High Strength Hot Rolled Steel Sheet for Automobile Members

Noriaki Kosaka, Yoshimasa Funakawa, Masato Shigemi, Hidekazu Ookubo and Tokunori Kanemura

JEF Steel Corporation, Chiyoda-ku, Tokyo, Japan

JEF Steel Corporation, Japan, has developed a new grade
of V-Ti microalloyed high strength (UTS=980MPa) hot
rolled steel sheet having excellent bending workability for
automobile structural members (for example patent US
2015/0030880 A1), ensuring both reduction in weight and
improvement in formability of automobile members. This

development is based on a single-phase ferrite (area ratio
of ferrite 295%) microstructure with high strength and good
workability containing fine (<10nm) carbides of vanadium
and titanium precipitated during/after austenite to ferrite
transformation. Some examples of the steel compositions
used in this patent are given in Table 3.

Table 3 Chemical compisition of the hot rolled steel sheets, wt.%

A 0.081 0.01 1.05 0.01
B 0.079 0.02 0.85 0.02

0.0056 0.041 0.0038 0.158 0.10

0.0051 0.041 0.0029 0.186 0.12

The inventors have found that in order to obtain a tensile
strength as high as 980 MPa, or more, in a single-phase
ferrite, hot rolled steel sheet, it was extremely helpful to
have a fine particle distribution of carbides in the ferrite
phase. They indicated that to obtain the desired high
tensile strength, additions of vanadium (~0.10%) and
titanium (~0.15) in combination were necessary to form a
high dispersion of fine (<10 nm) Ti-V carbides in the ferrite

matrix. It was difficult to produce a single-phase ferrite, hot
rolled steel sheet with the desired high tensile strength by
using only Ti carbides or V carbides.

The patent shows that vanadium is effective for enhancing
the strength of the steel sheet by forming fine Ti-V
composite carbides in ferrite, and titanium promotes the
precipitation of vanadium.
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To produce a high strength hot rolled steel sheet having
excellent bendability, a ferrite single-phase microstructure
is preferable. The inventors suggested that when a
secondary phase, such as bainite, martensite, cementite or
pearlite, is incorporated into the ferrite microstructure, voids
are generated at interfaces between the ferrite phase and
the secondary phase having different hardness from each
other during punching, which deteriorates the bending
workability of the steel sheet. Therefore, the second phase
should be less than 5% to ensure good workability. In
addition, the patent showed that an average ferrite grain
size exceeding 8 ym more likely results in mixed grain size

microstructures. Then, in such mixed grain size
microstructures, coarse ferrite grains are more susceptible
to stress concentration during bending working, which
leads to a significant reduction in the bending workability of
the steel sheet. Accordingly, the upper limit of the average
grain size of the ferrite phase is to be <8 ym.

In addition, it is claimed that the hot rolling process used in
manufacturing the high strength ferrite single-phase hot
rolled steel sheet is virtually similar to the ordinary process
for manufacturing general steel grades.

Stress—Strain Behavior of Ferrite and Bainite with
Nano-Precipitation in Low Carbon Steels

Naoya Kamikawa (1), Kensuke Sato (1), Goro Miyamoto (1), Mitsuhiro Murayama (2), Nobuaki Sekido (3), Kaneaki
Tsuzaki (4) and Tadashi Furuhara (1)

(1) Tohoku University, Japan; (2) Virginia Tech, Blacksburg, USA; (3) National Institute for Materials
Science, Ibaraki, Japan; (4) Kyushu University, Japan.

This research work was published in Acta Materialia (Vol.
83, 2015, pages 383-396). Naoya Kamikawa and the co-
authors systematically investigated stress—strain behavior
of ferrite and bainite containing nano-sized vanadium
carbides in a low carbon steel with a chemical
composition of Fe-0.10%C-0.22%Si—-0.83%Mn—
0.014%P—-0.014%S-0.003%N-0.001%Ti—0.288%V. A
cast ingot of the steel prepared by vacuum melting was
hot-rolled at the finish rolling temperature of ~940°C. Hot-
rolled samples were homogenized in Ar atmosphere at
1180°C for 24h, and were used as starting materials.

Fig. 5 (a) Bright field TEM image of the sample
isothermally transformed at 690 C for 300s, showing
periodic sheets on which vanadium carbides are
dispersed. (b) 3D Reconstructed Image: VC (dark
contrast), ferrite (transparent)

The starting materials were heat-treated in a vacuum
furnace at 1200°C for 600s for austenitization and solution
treatment, and immediately isothermally transformed at
690°C or 600°C in a salt bath for different holding periods
in the range from 20s to 172.8 ks (48 h), followed by water
quenching.

The isothermal treatment temperature of 690°C was
chosen to obtain ferrite structure with interphase
precipitation of nano-sized VC particles, while the
temperature of 600°C was chosen to obtain bainite
structure with precipitation of VC particles by aging.

For isothermal transformation at 690°C, the ferrite
transformation was almost completed after the holding for
300s with an average ferrite size of ~29um. There was no
significant grain growth of ferrite during long time holding
until 48h. TEM observation revealed interphase
precipitation of VC in the ferrite matrix with an average
sheet spacing of ~20-30 nm and particle size of 4.5 nm
for holding time of 300s. Fig. 5a shows a TEM image of
VC particles precipitated in the ferrite matrix. Figure 5b is
a 3-D reconstructed image using the FIB/FE-SEM
technique showing the interphase precipitation of VC. The
average particle size increases with increasing the
holding period at 690°C.

For isothermal transformation at 600°C, the bainitic
transformation was almost completed after holding for 3h.
The average width of bainitic lathes was measured to be
~1 uym, and the dislocation density inside the bainitic
ferrite was measured to be 1.2—1.6 x 10" m=2 in all cases.

TEM study revealed that there were no precipitates after
300s holding at 600°C, indicating that carbon and
vanadium atoms were still supersaturated in the bainitic
ferrite matrix. However, prolonged holding for 3h, or a
longer period, led to precipitation of nano-sized VC
particles, indicating that the nano-sized VC particles were
precipitated by aging during long-time holding after
bainite transformation. TEM observation showed that the
VC particles were precipitated on dislocations, lath
boundaries and within the bainitic ferrite matrix. The
average VC particle size was 3.2 nm after holding for 3h
and was slightly coarsened to 5.0 nm by the 48h holding.
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Fig. 6 Nominal stress—strain curves of the samples isothermally transformed at 690 °C and 600 °C
for different holding periods. The average diameter of vanadium carbides is indicated in the figure.

Tensile tests (Fig. 6) showed that for the ferrite sample
with the VC diameter of 4.5 nm, transformed at 690°C for
300s, the yield stress was high (640 MPa), but gradual
work hardening took place after yielding, leading to a UTS
of 830 MPa. For the samples dominated by bainite
structure, the yield stress was very high, even in a sample
with no precipitates, but work hardening was relatively
small in all cases. In addition, the change in strength with
increasing the holding period was not as significant as that
of the ferrite samples. In samples with an identical
diameter of VC particles, the yield stress of the ferrite
sample was lower than that of the bainite sample, but the

work hardening was larger in the ferrite than in the bainite
in the beginning of tensile deformation, leading to a similar
flow curve in the later stage of deformation. It is interesting
to note that the elongation in ferrite and bainite samples is
relatively large, as high as 10% in uniform elongation and
20% in total elongation, almost identical and constant,
independent of transformation temperature as well as
holding period. This work demonstrates that sufficient
ductility is maintained in both ferrite and bainite steels,
despite the high strength, due to increase of work
hardening and uniform distribution of dislocations
achieved with fine VC precipitation.

2. A Selection of Vanadium Related Technical Papers

Published in 2015

A Comparative LCF Study of S960QL High Strength Steel and S355J2 Mild Steel, Tomasz Slezak, and Lucjan

Sniezek, Procedia Engineering, Vol. 114, 2015, pp. 78-85.

Application of Different Vanadium Alloys in Steel, P. Tian, Z. Y. Zhong, R. G. Bai, X. L. Zhang, and H. Gao,

International Conference on Computer Information Systems and Industrial Applications (CISIA2015), Atlantis Press, 2015.

Characterisation of Microstructure and Mechanical Properties in Two Different Nanostructured Bainitic Steels, B.
Avishan, S. Yazdani, F. G. Caballero, T. S. Wang, and C. Garcia-Mateo, Materials Science and Technology, Vol. 31, No.
12, 2015, pp. 1058-1520.

Contributions of Vanadium to Properties of Heat Treated Medium Carbon Forging Steels, L.M. Rothleutner, C.J.
Van Tyne, R.J. Glodowski, J.G. Speer and D.K. Matlock, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering
Steels 2015 Conference Proceedings, 2015, pp. 419-425.

Corrosion Behaviour of Low-Alloyed Cast Steel in Diverse State, M. Kondracki, A. Studnicki, and J. Szajnar, Archives
of Foundry Engineering, Vol. 15, No. 1, 2015, pp. 25-28.

Crystal Plasticity Analysis of Mechanical Response and Size Effect in Two Phase Alloys with Dispersion of Fine
Particles, Yelm Okuyama and Tetsuya Ohashi, Key Engineering Materials, Vol. 626, 2015, pp. 264-268.

Development of Stretch Flangeable Ferrite-Bainite Grades Through Thin Slab Casting and Rolling, M. Mukherjee,
A. R. Chintha, S. Kundu, S. Misra, J. Singh, C. Bhanu, and T. Venugopalan, Materials Science and Technology, Advance
Articles, 2015.

Development of Ti-V-Mo Complex Microalloyed Hot-Rolled 900-MPa-Grade High-Strength Steel, Ke Zhang, Zhao-
Dong Li, Xin-Jun Sun, Qi-Long Yong, Jun-Wei Yang, Yuan-Mei Li and Pei-Lin Zhao, Acta Metallurgica Sinica (English
Letters), Vol. 28, No. 5, 2015, pp. 641-648.

Effect of Deformation Parameters on Ferrite and Pearlite Non-Quenched and Tempered Steel, He Yigui, Man
Tinghui, Tan Li, Liu Pan, Wei Yuansheng, Bao Yaozong, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering
Steels 2015 Conference Proceedings, 2015, pp. 1019-1025.
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Effect of Ni, Mn, V, and Al on Toughness of Blade Steels, Juha Perttula, ISIJ International, Vol. 55, No. 10, 2015, pp.
2225-2228.

Effect of Nitrogen on The Microstructures and Mechanical Properties in Simulated CGHAZ of Vanadium
Microalloyed Steel Varied With Different Heat Inputs, Zhongran Shi, Caifu Yang, Ruizhen Wang, Hang Su, Feng Chai,
Juefei Chu, and Qingfeng Wang, Materials Science and Engineering A, Vol. 649, 2016, pp. 270-281.

Effect of Nitrogen on The Vanadium Precipitation Behavior of Higher Yield Strength Weathering Steels, Qingchun
Liu, Qilong Yong, Zhiwang Zheng, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015
Conference Proceedings, 2015, pp. 941-946.

Effect of V and N on Microstructures and Properties of Grade-70 Tire Cord Steel during Cold Drawing, Hong-yu
Liu, Bao-yi Wan, Xiao-yu Zeng, L. I. N. Chong and Hong-jun Wang, Journal of Iron and Steel Research, International, Vol.
22, No. 2, 2015, pp.171-178.

Effect of Vanadium Addition on API X100 Linepipe Steel, S. Nafisi, M. Arafin, B.S. Amirkhiz, R. Glodowski, L. Collins, J.
Szpunar, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015 Conference Proceedings, 2015,
pp. 715-720.

Effect of Vanadium on The High-Cycle Fatigue Fracture Properties of Medium-Carbon Microalloyed Steel for
Fracture Splitting Connecting Rod, Weijun Hui, Silian Chen, Yongjian Zhang, Chengwei Shao and Han Dong, Materials
& Design, Vol. 66, 2015, pp. 227-234.

Effect of Vanadium on The Microstructure and Elevated Temperature Properties of Fire Resistant Steels, Qingchun
Liu, Qilong Yong, Zhiwang Zheng, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015
Conference Proceedings, 2015, pp. 909-916

R&D and Applications of V-N Microalloyed Steels in China, YANG Caifu, HSLA Steels 2015, Microalloying 2015 and
Offshore Engineering Steels 2015 Conference Proceedings, 2015, pp. 917-930.

Effects of Heat Treatment on Microstructure and Mechanical Properties of V Microalloyed Bulb Flat Steel, CHEN
Xue-hui YANG Cai-fu SU Hang Chai Feng Zhang Qian Hou Yaqging, HSLA Steels 2015, Microalloying 2015 and Offshore
Engineering Steels 2015 Conference Proceedings, 2015, pp. 1088-1093.

Effects of Transformation Temperature on VC Interphase Precipitation and Resultant Hardness in Low-Carbon
Steels, Y-J. Zhang, G. Miyamoto, K. Shinbo, T. Furuhara, T. Ohmura, T. Suzuki, and K. Tsuzaki, Acta Materialia, Vol. 84,
2015, pp. 375-384.

Evaluation of Solid-Solution Hardening of Fe-27 at. pct Al by Vanadium and Comparison to Precipitation
Strengthening by Vanadium Carbides, Petr Kratochvil, Josef PeSic¢ka, Robert Kral, Martin Svec, and Martin Palm,
Metallurgical and Materials Transactions A, Vol. 46, No. 11, 2015, pp. 5091-5094.

From Heterogeneous to Homogeneous Nucleation for Precipitation in Austenite of Microalloyed Steels, Sebastian
F Medina, Acta Materialia, Vol. 84, 2015, pp. 202-207.

Heat Affected Zone Microstructures and Their Influence on Toughness in Two Microalloyed HSLA Steels, Bevis
Hutchinson, Jacek Komenda, Gregory S. Rohrer, and Hossein Beladi, Acta Materialia, Vol. 97, 2015, pp. 380-391.

Hot Deformation Behavior of Vanadium-microalloyed Medium-carbon Steel for Fracture Splitting Connecting Rod,
Wei-jun HUI, Si-lian CHEN, Cheng-wei SHAO, Yong-jian ZHANG, and Han DONG, Journal of Iron and Steel Research,
International, Vol. 22, No. 7, 2015, pp. 615-621.

Improving the Strength-Ductility Balance in High Strength Dual-Phase Steels Through the Addition of Vanadium,
Yu Gong, M. Hua, J. Uusitalo, and A. J. DeArdo, Galvatech 2015 Proceedings, 2015, pp. 197-207.

Influence of Nitrogen Addition on Transformation Behavior and Mechanical Properties of Vanadium Microalloyed
Steels, Jiangnan MA, Ruizhen WANG, Caifu YANG, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering
Steels 2015 Conference Proceedings, 2015, pp. 1163-1169.

Influence of Vanadium Content on Bainitic Transformation of a Low-Carbon Boron Steel During Continuous
Cooling, Kwang-Su Kim, Lin-Xiu Du, and Cai-Ru Gao, Acta Metallurgica Sinica (English Letters), Vol. 28, No. 6, pp.
692-698.

Investigation on Decomposition Behavior of Austenite Under Continuous Cooling in Vanadium Microalloyed Steel
(30MSV6), Seyed Hadi Mohamadi Azghandi, Vahide Ghanooni Ahmadabadi, Iman Raoofian, Fateh Fazeli, Mansour Zare,
Ahad Zabett and Hamed Reihani, Materials & Design, Vol. 88, 2015, pp. 751-758.

Method of Estimating the Long-term Rupture Strength of 11Cr-2W-0.4 Mo-1Cu-Nb-V Steel, Manabu Tamura,
Metallurgical and Materials Transactions A, Vol. 46, No. 5, 2015, pp. 1958-1972.

Microalloyed Steels: Past, Present and Future, Anthony J. DeArdo, HSLA Steels 2015, Microalloying 2015 and
Offshore Engineering Steels 2015 Conference Proceedings, 2015, pp. 17-32.

Microstructural Effects on High-Cycle Fatigue Properties of Microalloyed Medium Carbon Steel 38MNVS, Weijun
Hui, Yongjian Zhang, Chengwei Shao, Silian Chen, Xiaoli Zhao, and Han Dong, Materials Science and Engineering A, Vol.
640, 2015, pp. 147-153.

Microstructure and Mechanical Properties of A Bainitic PM Steel, Chris Schade, Tom Murphy, Alan Lawley and Roger
Doherty, www.gkn.com, 2015.

Microstructure Evolution in The V-N-Ti and Nb-V-Ti Microalloyed Bulb Flat Steel, Chai Feng, Xue Dong-mei, Yang
Cai-fu, SU Hang, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015 Conference Proceedings,
2015, pp. 1045-1053.
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Modelling the Hot Flow Behavior of a Fe-22Mn-0.41 C-1.6 Al-1.4 Si TWIP Steel Microalloyed with Ti, V and Nb, I.
Mejia, F. Reyes-Calderéon and J. M. Cabrera, Materials Science and Engineering A, Vol. 644, 2015, pp. 374-385.

New Development of HSLA Steels in China, ZHANG Xiao-gang, YANG Cai-fu, SHANG Cheng-jia, HSLA Steels 2015,
Microalloying 2015 and Offshore Engineering Steels 2015 Conference Proceedings, 2015, pp. 3-15.

On The Role of Microstructure in Governing The Fatigue Behaviour of Nanostructured Bainitic Steels, Rosalia
Rementeria, Lucia Morales-Rivas, Matthias Kuntz, Carlos Garcia-Mateo, Eberhard Kerscher, Thomas Sourmail and
Francisca G. Caballero, Materials Science and Engineering A, Vol. 630, 2015, pp. 71-77.

Physical Metallurgy and Commercialization of V-N Microalloyed Q460GJC Steel Plates, YANG Xiong-fei, YU Hao,
CHENG Xingde, CHEN Binghua, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015
Conference Proceedings, 2015, pp. 955-960.

Precipitation Characteristics During Isothermal y To a Transformation and Resultant Hardness in Low Carbon
Vanadium-Titanium Bearing Steel, J. Chen, M. Lv, S. Tang, Z. Liu, and G. Wang, Materials Science and Technology,
Advance Articles, 2015.

Precipitation Model in Microalloyed Steels Both Isothermal and Continuous Cooling Conditions, S. F. Medina,
Quispe, A. and Gémez, M., Revista de Metalurgia, Vol. 51, No. 4, 2015, pp. 10-3989.

Relationship Between Microstructure and Mechanical Properties in Nb-V Microalloyed TRIP Steel, Krizan, D., K.
Spiradek-Hahn, and A. Pichler, Materials Science and Technology, Vol. 31, No.6, 2015, pp. 661-668.

Stress—Strain Behavior of Ferrite and Bainite With Nano-Precipitation in Low Carbon Steels, Naoya Kamikawa,
Kensuke Sato, Goro Miyamoto, Mitsuhiro Murayama, Nobuaki Sekido, Kaneaki Tsuzaki and Tadashi Furuhara, Acta
Materialia, Vol. 83, 2015, pp. 383-396.

Study on Continuous Cooling Transformation Behavior of Coarse Grain Heat-Affected Zone in V-N-Ti and Nb-V-Ti
Microalloyed Offshore Platform Steels, Feng Lu, Feng Chai, Guangping Cheng, Hang Su, Nan Li, Caifu Yang, HSLA
Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015 Conference Proceedings, 2015, pp. 525-531.

Super-high Strength Low Alloy Steel OCTG with Improved Sour Resistance, Tomohiko OMURA, Mitsuhiro NUMATA,
Toru TAKAYAMA, Yuji ARAI, Atsushi SOUMA, Taro OHE, Hisashi AMAYA and Masakatsu UEDA, Nippon Steel &
Sumitomo Metal Technical Report, No. 107, February 2015.

Technical Requirements for The Development of Marine Steel in China, Hang SU Tao PAN Feng CHAI Caifu YANG,
HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015 Conference Proceedings, 2015, pp.
121-131.

Tensile Behavior of Ferrite-martensite Dual Phase Steels with Nano-precipitation of Vanadium Carbides, Naoya
Kamikawa, Masahiro Hirohashi, Yu Sato, Elango Chandiran, Goro Miyamoto, and Tadashi Furuhara, ISIJ International,
Vol. 55, No. 8, 2015, pp. 1781-1790.

The Effects of Composition and Thermal Path on Hot Ductility of Forging Steels, B. M. Connolly, J. Paules, A.
DeArdo Brendan, M. Connolly, John Paules, and Anthony DeArdo, La Metallurgia Italiana, No. 1, 2015, pp. 3-9.

The Influence of Vanadium Microalloying on The Production of Thin Slab Casting and Direct Rolled Steel Strip, Yu
Li and David Milbourn, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015 Conference
Proceedings, 2015, pp. 343-349.

Vanadium Microalloyed High Strength Martensitic Steel Sheet for Hot-Dip Coating, Bevis Hutchinson, Jacek
Komenda, David Martin, HSLA Steels 2015, Microalloying 2015 and Offshore Engineering Steels 2015 Conference
Proceedings, 2015, pp. 535-540.

Very High Cycle Fatigue of a High Strength Steel Under Sea Water Corrosion: A Strong Corrosion and Mechanical
Damage Coupling, Ruben Pérez-Mora, Thierry Palin-Luc, Claude Bathias, and Paul C. Paris, International Journal of
Fatigue, Vol. 74, 2015, pp. 156-165.

Very High Cycle Fatigue Properties of Cr—Mo Low Alloy Steel Containing V-Rich MC Type Carbides, Weijun Hui,
Yongjian Zhang, Xiaoli Zhao, Chao Zhou, Kaizhong Wang, Wei Sun, and Han Dong, Materials Science and Engineering A,
Vol. 651, 2016, pp. 311-320.

Wear Behavior of Newly Developed Bainitic Wheel Steels, S. Sharma, S. Sangal, and K. Mondal, Journal of Materials
Engineering and Performance, Vol. 24, No. 2, 2015, pp. 999-1010.
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3.Calendar of Technical Conferences and Seminars

10-12 Feb. 2016
Ranchi, India

7 Apr. 2015
London, UK

16-19 May 2016
Pittsburgh, USA

29 May - 2 Jun. 2016
Graz, Austria

23-27 Oct. 2016
Salt Lake City, USA

16-18 Dec. 2016
Chengdu, China

4t International Conference on Thermomechanical Simulation and Processing of Steel
(Simpro’16)

89t Vanitec Projects and Publications Panel Meeting

Materials Science & Technology (MS&T) 2016

The Iron & Steel Technology Conference and Exposition (AISTech 2016)

International Conference on Processing & Manufacturing of Advanced Materials
(THERMEC2016)

The 1st International Conference on Automotive Steel (AutoSteel 2016)

Vanitec Members

AMG Vanadium, Inc.

60790 Southgate Road
Cambridge, OH 43725

USA

Tel.: +1 740 435 4600

E-mail: vanadium@amg-v.com
Web: www.amg-v.com

Chengde Iron & Steel Group Co Ltd
No.1 Office Building

General Manager Office

Shuang Luan District

Chengde City

China

Tel.: +86 314 4378909

E-mail: cg@cdsteel.cn

Website: www.cdsteel.com.cn

EVRAZ East Metals North America,
LLC

200 East Randolph Drive, Suite 7800
Chicago, lllinois 60601

USA

Tel.: +1 312 533 3641

Website: www.evrazeastmetals.com

Bear Metallurgical Company
679 East Butler Road

Butler, PA 16002-9127

USA

Tel.: +1 724 431 2800

E-mail: info@eramet-bear.com
Website: www.bearmet.com

China Iron & Steel Research Institute
Group

No.76 Xueyuan Nanlu
Haidian,Beijing 100081

China

Tel.: +86 10 62182761

Website: www.cisri.com

EVRAZ Highveld Steel and Vanadium
Limited

P.O. Box 111, Witbank 1035

South Africa

Tel.: +27 13 690 9911

E-mail: general@evrazhighveld.co.za
Website: www.evrazhighveld.co.za

Beijing Zhongkaihongde Technology
Co., Ltd.

Tongfang Technology Square

No.1 Wangzhuang Road, Haidian
District, Beijing, 100083

China

Tel.: +86 10 83185988

EVRAZ East Metals AG
Baarerstrasse 131

6300 Zug

Switzerland

Tel.: +41 41 560 9797

Website: www.evrazeastmetals.com

EVRAZ NTMK

1, Metallurgov Street

Nizhniy Tagil, Sverdlovskaya oblast
622025

Russia

Tel.: +7 3435 497270

E-mail: post@ntmk.ru

Website: www.ntmk.ru
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EVRAZ Stratcor, Inc.

200 East Randolph Drive, Suite 7800
Chicago, lllinois 60601,

USA

Tel.: +1 312 533 3650

Website: www.evrazstratcor.com

Gulf Chemical & Metallurgical
Corporation

302 Midway Road, P.O. Box 2290
Freeport, Texas 77542-2290

USA

Tel.: +1 979 415 1500

E-mail: info@eramet-gulf.com
Website: www.eramet-gulf.com

New Zealand Steel Ltd.
Mission Bush Road

Private Bag 92121
Auckland 1142

New Zealand

Tel.: +64 9 375 8999

Fax: +64 9 375 8213
Website: www.nzsteel.co.nz

VanadiumCorp Resource Inc.

Suite #711, 675 West Hastings Street
Vancouver, BC, V6B 1N2

Canada

Tel.: +1 604 682 2950

E-mail: sp@vanadiumcorp.com
Website: www.vanadiumcorp.com

Evraz Vanady Tula

1, Przhevalskogo Street
Tula, 300016

Russia

Tel.: +7 4872 466 900
E-mail: info@vanady.com
Website: www.vanady.com

Largo Resources Ltd.

55 University Ave., Suite 1101
Toronto, Ontario, M5J 2H7
Canada

Tel.: +1 416 861 9797

E-mail: info@largoresoures.com
website: www.largoresources.com

Panzhihua Iron & Steel Group
Xiangyang Village

East District, Panzhihua,
Sichuan 617067

China

Tel.: +86 10 5969 5097
Website: www.pzhsteel.com.cn

Vanchem Vanadium Products (Pty) Ltd.
Van Eck Road, Ferrobank

PO Box 567, Witbank 1035
Mpumalanga

South Africa

Tel.: + 27 13 696 60 01

E-mail: fundiswag@vanchem.co.za
www.vanchemvanadiumproducts.com

Glencore plc

P. O. Box 3620

Brits, 0230

South Africa

Tel.: +27 12 3180700
Website: www.glencore.com

Mustavaaran Kaivos Oy

Asemakatu 37

F1-90100 Oulu

Finland

Tel.: +358 8 370 090

E-mail: inffo@mustavaarankaivos.com
Website: www.mustavaarankaivos.com

Treibacher Industrie AG
Auer-von-Welsbach-Stralle 1
9330 Althofen

Austria

Tel.: +43 42 62 5050

E-mail: treibacher@treibacher.com
Website: www.treibacher.com

Australian Vanadium

129 Edward Street

Perth WA 6000

Australia

Tel.: +61 8 9228 3333

E-mail: info@australianvanadium.com.au
Website: www.australianvanadium.com.au

Vanitec is a technical and scientific committee, which brings together representatives
of companies and organisations involved in the mining, processing, manufacture,
research and use of vanadium and vanadium-containing products.

Vanitec establishes, collects and makes available information on vanadium, its use,

Tel: +44(0)1892 530448
Fax: +44(0)1892 458481
E-mail: info@vanitec.org
Web:

availability, new scientific and technical developments and trends in its application.
The object of V-Technology is to provide up to date information and to initiate
discussion through the medium of short articles on subjects to the use of vanadium.
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