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BACKGROUND

In 1975 Companhia Brasileira de Metalurgia e Mineragcao (CBMM), the world’s largest producer of
niobium, started a major initiative to commercialise its niobium production world-wide, supported by a
group of international technical experts.

The first Charles Hatchett Award, for outstanding work on the science and technology of niobium, was
presented in 1979. Over the following 40 years, 163 medals have been presented to authors representing
12 different countries, recognizing world class research in both industry and universities and covering
a wide range of topics and materials.

This has resulted in an enhanced understanding of the role of niobium in advanced materials, allowing
the development of new and improved products in several important market sectors. Over the 40 year
life of the Charles Hatchett Award the annual market for ferroniobium has increased from about 10,000
to 94,000 tonnes.

Early awards were presented for work on the more fundamental aspects of metallurgy related to
niobium, but more recently they have increasingly been given to work developing new applications and
markets. Also, the environmental impacts of the research have become more important when
considering the merits of potential award-winning papers.

Overall, this knowledge-driven initiative, supported by CBMM over a significant period, has realized
significant benefits including:

9 Recognising and rewarding scientists for world class work on niobium, building an international
network of knowledge and expertise;

9 Fostering links between leading researchers and industry with common interests in the
application of niobium and its products;

9 Accelerating our understanding of the role of niobium in novel advanced and functionalized
materials, with the potential to address current and future challenges;

9 Facilitating the development of a wide range of new products which have brought economic,
societal, technical and environmental benefits in important market sectors such as oil and gas,
energy generation and transport;

9 Stimulating interest in new areas of research such as energy storage and lightweight alloys, as
well as raising awareness of the potential of niobium with the next generation of scientists and
potential Charles Hatchett Award winners of the future.

This document reviews the materials and markets addressed by award winners and looks at the impact
of niobium research on the development of advanced materials for important sectors such as energy
and transport.

A more detailed analysis of the the impact of Charles Hatchett award winning research can be found at
http://www.charles-hatchett.com/the-award/history
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FORTY YEARS OF THE AWARD

The Charles Hatchett Award has been presented for research covering a wide range of topics, clearly
demonstrating the diversity of niobium applications in many sectors of industry. Niobium research is
carried out in production facilities, corporate research laboratories, universities and research institutes
across the world, by leading researchers at the forefront of science and technology, with the aim of
better understanding the role of niobium and the development of new applications.

Winning papers are selected following a detailed search of the technical literature published over the
previous two years, with the final decision on the winning paper made by an independent panel of
international experts.

Analysis of Winning Papers
The range of materials covered by the 40 award winning papers is shown in Figure 1.

Not surprisingly most of the awards have been for work on steels, the production of which is by far the
largest consumer of niobium and niobium products. However, seven of the awards (18%) have been for
work on non-ferrous materials. Five of these have been given in the last 20 years highlighting the trend
towards the development of new applications and markets for niobium.
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Figure 1: Materials covered by award winning papers

In Figure 2 the principal markets targeted by the award winning papers are shown. In the case of
microalloyed steels, much of the work was not aimed at a specific market but is applicable across a
range of sectors where microalloyed steels are used. These are classified as “Non-specific Microalloy”
and they have made major contributions to important markets such as Automotive, Oil and Gas, and
Construction. The steels used in these markets consume the vast majority of niobium produced.
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Figure 2: Market sectors covered by award winning papers

Niobium is also a critical component of materials for a wider range of demanding markets. These include
aerospace, where high strength is important to minimise weight, power generation for which high
temperature properties are critical, and medical devices such as scanners, where nuclear and physical
properties must be optimised.

CONTRIBUTION OF NIOBIUM RESEARCH TO IMPORTANT MARKET SECTORS

The technological importance of research can be measured by its impact on the development of new
and improved materials. In the section below, developments in materials used in two key market sectors
are reviewed. These are underpinned by academic and industrial research on niobium, much of which
has been translated into commercial products. Many leading research workers have been recipients of
the Charles Hatchett Award, and this has helped to build up networks and forge links between important
research groups, which increases the rate of progress and fosters new insights and ideas.

Developments in Steels for 0il and Gas Pipelines

Much of the work on the development of thermomechanically processed microalloyed steels has been
directed at increasing the strength for use in high pressure oil and gas pipelines. Figure 3 shows how
strengths have increased over the last 40 years, most rapidly in China.
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Figure 3: Trends in strength of pipeline steels [1]

Increasing transmission pressures leads to benefits in terms of the volumes of oil and gas which can be
transported and hence savings in the amount of steel used. Strengths have increased from X42
(290 MPa) to current levels of X80 (552 MPa) and beyond. The strength increases had to be achieved
whilst maintaining outstanding toughness which became particularly important as oil and gas was
extracted from wells in harsher environments.

Central to producing these combinations of strength and toughness was refinement of the final
microstructure and this was achieved by thermomechanical processing. Niobium is the most effective
element for the suppression of recrystallization, which is essential in order to allow transformation of
austenite from a fine, unrecrystallized microstructure to obtain maximum grain refinement and hence
strength and toughness in the product. About half of the Charles Hatchett Awards have been for work
aimed at gaining a better understanding of the mechanisms by which niobium can be used to obtain the
optimum microstructure and properties in the final product.

Niobium additions also allowed the use of lower carbon contents in microalloyed steels whilst
maintaining strength, which led to significant improvements in weldability. Thermomechanical
processing of niobium microalloyed steels also permits savings in the use of expensive alloying
additions such as molybdenum and nickel.

In addition, niobium allows greater efficiencies during processing. Higher niobium levels raise the
temperatures at which recrystallization is suppressed allowing deformation at higher temperatures,
thereby reducing the loads on the rolling mills.
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Research in this area has underpinned alloy design and optimisation of thermomechnical processing
schedules, minimizing cost and alloy usage, and improving weldability. Without this it would not have
been possible to produce the property enhancements which have led to the development of modern high
strength pipeline materials and the majority of other microalloyed steels.

Developments in Automotive Steels

During the last 40 years major developments have taken place in vehicle design, driven by the need for
improved fuel efficiency and also crash worthiness, both of which require steels with high strength,
toughness and formability. As a result, a range of new steel types, in which niobium is a critical
component, has been developed with enhanced property combinations. Different steel types are often
compared in terms of their strength and ductility in the so called “banana” diagram, Figure 4.

Early developments were directed at improving formability by reducing the interstitial carbon and
nitrogen contents of the steel, and resulted in the family of interstitial free (IF) steels. A further
development was the use of carefully controlled interstitial carbon and nitrogen levels in bake hardening
(BH) steels where strength increases were obtained through a strain aging reaction, making use of the
stored energy resulting from cold working and the thermal cycle used for paint curing. The control of
interstitial levels requires the addition of strong carbide and nitride formers such as niobium.

The IF and BH steels have essentially ferritic microstructures which are not suitable for producing tensile
strengths above approximately 400 MPa. High Strength Low Alloy (HSLA) steels use thermomechanical
processing to develop very fine grain sizes and the role of niobium has been outlined in the previous
section. The resulting grain size strengthening, often coupled with precipitation strengthening, again
involving niobium, allow the production of tensile strengths up to about 600 MPa.

Figure 4: “Banana Diagram” showing the range of steels developed for automotive bodies



