Good afternoon ladies and gentlemen ‐ and thanks to Metal Events for the opportunity
to talk about zircon and its derivatives and some of the new opportunities that are being
pursued.
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Here is the usual disclaimer which in essence says do not take any decisions on the basis
of anything you see or hear during this presentation.
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Here is the structure of my presentation ‐ I hope that you’ll indulge me with a couple of
slides about the Zircon Industry Association and then I’ll move to the main part of the
agenda.
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→ As said here, the Zircon Industry Association was conceived during the course of
2012 and was born on January 1st 2013. Its genesis was a proactive move, aimed at
facilitating demand expansion through education, information and promotion to
stakeholders, both present and future.
At the same time, this strategy would enable the industry to respond to some of the
threats common to many commodities, for example thrifting and competition from
substitute materials in our major markets and an increasingly regulated industrial and
consumer environment.
Market support and development are vital for the sustainable growth of any industry
and individual companies’ activities in this area can be enhanced by an industry
approach. In the regulatory space, regulators generally prefer to deal with industry
associations rather than individual companies.
The industry had no representative body, hence the ZIA and our goal is ambitious ‐ to be
the voice of the entire zirconium value chain. So far, we have made good progress, but
there is some way to go.
→ As shown by the box on the right side, our activities are now focussed on the three
pillars of market development and support, regulatory support and communications.
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Currently we have 20 members, spanning a good part of the value chain, from mining to
milling to zirconia to chemicals and we represent 80% or more of the traded zircon
supply. Geographically, our members are in the USA, Latin America, Europe, Africa and
Asia.
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I am indebted to TZMI for this chart, depicting the zirconium value chain, from mining
through to downstream users ‐ although not down to the ultimate end users ‐ zircon and
its derivatives can be found in many aspects of our daily lives. Zircon can be used
directly in sand form, as a milled product down to micron sizes and as feedstock for a
wide range of oxides and chemicals for eventual use in a wide variety of end uses ‐ about
which more in the next couple of slides.
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• “Refractories” exclude fused zirconia
• “Others” include fused zirconia

This chart is a broad representation of the global zircon market in 2013, based on data
from Roskill’s latest report – thanks to Roskill for allowing me to show these data. A
couple of detailed footnotes are shown at the bottom right.
As ever, ceramics accounts for the single largest market share with 43% of the 1.06 mt
market last year. This number is lower than the corresponding 49% from TZMI’s 2014
report – but Roskill and TZMI have very similar views about the size of the total market
in 2013, i.e. just over 1 million tonnes.
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→ This slide contains data from Roskill’s latest report on the zirconium chemical sector.
Those who know the industry will know that the basic building block for zirconium
chemicals is zirconium oxychloride, more commonly known as ZOC.
→ ZOC spawns a number of zirconium chemicals, such as chemical [as opposed to
fused] zirconia, zirconium basic carbonate – or ZBC and zirconium ortho‐sulphate – or
ZOS. Some of these chemicals are themselves intermediates for production of further
zirconium compounds.
→ The chart at the bottom left is the corresponding chart for fused zirconia and
baddelyite, the latter a naturally occurring form of ZrO2. I will not go into detail here –
study the charts at your leisure and by all means send me or Roskill an email with any
questions that you may have.
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Zircon has a unique suite of properties which give it strong advantages in many
applications. I’ll run quickly through some of them.
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Turning now to the development of new applications for the zirconium value chain, an
important project for us last year was the production of our Technical Handbook on
zirconium and zirconium compounds, published in November. We commissioned this
from a team led by Professor Julian Allwood in the Engineering Department of
Cambridge University.
The handbook has four main chapters as shown as well as a list of references and is
available to anyone who wants it, by application through the contact form on our
website.
With the next few slides I will briefly summarise the findings with respect to emerging
research and development.
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The chart on the right presents the results of a thorough literature survey designed to
discover what are the current research and development trends in the world of
zirconium and zirconium compounds. This survey focused not only on identifying new
material science developments, but also paid special attention to new application
trends. It consisted of the review of abstracts retrieved from a scholar search engine
after looking for the keywords ‘zircon’ (1,740 results), ‘zirconia’ (31,000 results), and
‘zirconium’ (35,700 results). The search was limited to the last five years and included
both scholarly articles and patents.
→ Only the material deemed relevant to each category was considered, accounting for
a total number of 347 references.
→ Two significant, although not really surprising conclusions: ….. read the bottom two
bullet points.
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This chart summarises the main research topics, the most important one being nano‐
materials, followed by biomedical applications, advanced ceramics and catalysis. In the
following slides I will talk briefly about these topics.
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In this chart, the research topics have been ranked by the three high level research
trends ‐ or mega trends ‐ of sustainability and climate change, demographics and
urbanisation and technological trends. I won’t dwell on all this ‐ please request a copy of
the handbook if you’d like more detail.
For those who don’t know what a smart window is, it is a technologically advanced
window system that contains glazing that can change or switch its optical qualities when
a low voltage electrical signal is applied to it, or in response to changes in heat or light.
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We asked the academics who prepared the handbook for us to give their views on the
key target areas of focus for development of new applications for zircon and zirconium
compounds. Here is what they said….
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There is an increasing number of research groups investigating the properties and
advantages of nano‐materials and nano‐structures for different applications ‐ zirconium
compounds are no exception and are commonly used for constructing nano‐structures
with novel properties.
One this slide are listed the research applications contained in our handbook.
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An essential requirement for materials to be used in bio‐medical applications is bio‐
compatibility and thus, before dental fixtures and other implanted ceramic materials can
be used in the human body, extensive clinical research is necessary, both in vivo or in
vitro. The acceptance or rejection of the material by the living tissue or cells and the
effects on the molecular mechanisms of the cells are of paramount importance.
Influencing factors are not only bio‐chemical ‐ they include the physical structures and
surfaces. It is also important to evaluate the impact of the biological environment, the
mouth for example. It was shown that saliva affects the bonding of zirconia implants
and efforts were then directed to finding reliable zirconia bonding agents ‐ novel silane‐
based zirconia primers have been proposed for this purpose.
The largest bio‐medical application of zirconium compounds, particularly zirconia alloys
and composites, is their use as bone replacements and current research is aimed at
understanding the material properties that best suit this application. Chemical
composition plays a key role, but durability and strength are also important, as are
structural and surface modifications. Successful osseointegration has been achieved
with zirconia and research into other zirconium compounds is ongoing.
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Addition of zirconium compounds and nano‐particles to ceramics can lead to novel
properties for specific applications. Similarly, addition of chemical compounds to
traditional zirconium ceramics has also proven useful to alter and enhance their physical
properties.
This slide lists the research topics on advanced ceramics mentioned in our handbook…….
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Zirconium‐based catalysts have been used in a large number of chemical reactions due
to the versatility of zirconium ‐ applications include pollution control, automotive,
chemical refining and hydrocarbon reforming. Because of its versatility to form
chemical compounds, it can be used with a strong base or a strong acid, as well as in
different forms such as slurry, tablets, extrudate or foams, thus augmenting the number
of possible catalytic reactions. The particle size, surface area, porosity and crystallinity
of certain zirconium compounds can be modified to fulfil particular catalytic applications,
Furthermore, zirconium compounds are also used as support media for other catalysts.
On this slide are listed current areas of research and development for zirconium
catalysts.
Robert Friedland, a well know mining entrepreneur, was bullish on the future of
hydrogen fuel cell cars and the impact on metals demand at a recent industry conference.
“This is a very interesting technology,” he said.
“Where the automotive industry goes, the mining industry follows, which is important
because the automotive industry is really big.
“The era of hydrogen fuel cell cars is opening soon in a theatre near you which has huge
implications for the raw materials industry.”
Zirconia is a key of high temperature fuel cells.
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Whilst the focus of this presentation is new applications, I’d like to include this concrete
application which has been around since the 1970’s I’m told. As said on the slide, alkali‐
resistant glassfibre includes a minimum of 16% zircon, expressed as the oxide. The
resistance to the alkali and thus the durability of the fibre is imparted by the zircon.
The new opportunity, albeit an indirect one, is a new range of products which will enable
the use of ARG to be extended from the less demanding non‐structural applications such
as cladding and roofing to certain structural applications, such as residential and
industrial flooring, pre‐cast components, utility poles, etc.
Whereas the traditional applications are a rather stable, low growth market, the
structural market is growing more rapidly ‐ ARG has a very small market share in the
structural sector with significant upside potential ‐ of course the industry will need to
differentiate its more expensive product from its competitors and gain acceptance from
specifiers, etc. We are exploring with the ARG industry how we can help move this
forward.
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ZIA is of course keen to encourage research and development activity that will create
new demand for zircon and its derivatives. In addition to projects that we develop
ourselves, we are prepared to support external projects if they meet certain criteria.
We have created a webpage for this purpose, encouraging submission of relevant project
proposals. So far the response has been small, but as part of our communications
programme we will be reaching out to academia, research institutes, trade associations,
etc. with a link to this page.
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One of the messages that we want to convey to the R&D community and developers of
new applications is that supply of zircon should not be a constraint to their activities.
As can be implied from this chart is that there is considerable latent capacity out there ‐
→ the delta between the high of 2011 and the low of 2013 was about 540,000 tonnes.
However, it should be said that the top slice of the production in 2011 was induced by
the strength of demand which allowed prices to rise very rapidly ‐ some of this
incremental production might not be economic at the current less stratospheric price
levels. It is also arguable that the rapid increase in prices incentivised some buyers to go
long in anticipation of further price rises ‐ considering some of the price forecasts being
made by analysts at the time, such a strategy was not unreasonable. It is probably also
fair to say that there is still some residual excess inventory at various points along the
supply chain.
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One should not forget that the existing mineral sands mines are at varying stages of
maturity and that production from some of them can be expected to decline in the years
ahead, meaning that new, replacement capacity will be needed to support existing and
incremental demand.
The three major zircon producers, Iluka Resources, Richards Bay Minerals and Tronox Sands
all have projects at various stages of development. The most advanced projects are listed
on this slide and represent sustaining as well as potentially expansionary capital
investment.
There are many other projects out there with the potential to add to the zircon supply. In
this context, there is an obvious caveat: that is that market prices must be adequate to
support them. Several years ago I learned the term “inducement price” ‐ i.e. the price
level which is sufficient to induce investment in new capacity. This will obviously vary
from project to project and it is not my job to offer an opinion on what it might be.
One more caveat: the zircon content in the mineral assemblages of many of the new
projects is not as high as for some of the mines operating today. The implication of this is
that for such projects, demand and pricing for TiO2 feedstock is likely to be a more
important driver than demand for zircon.
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There have been some new entrants to the market and some capacity expansions this
year:
Read from the slide.
In conclusion it seems reasonable to say that existing capacity is adequate for the
foreseeable future, whatever that is, let’s say 5‐10 years. As we go out further into the
future, price levels will have to be such as to support the development of new sources.

34

35

