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Using the FFC Process, Metalysis has developed an important new technology for 
extracting tantalum, titanium and other metals from their oxides. 

Harry Pepper and Lee Shaw 

INTRODUCTION 

Metalysis, the technology innovator for the speciality metals industry, is scaling up the FFC Process.  This is a 
novel electrochemical technology that reduces metal oxides to metals and a mixture of metal oxides to alloys 
without melting.  The simplicity of the process, relatively few processing steps and benign reagants will ultimately 
result in a cheaper and cleaner route to produce high-value metals and alloys.  The company controls the 
exclusive, wordwide intellectual property rights to the FFC Process, which is protected by 25 patent families. 

The first patent for the FFC Process was filed in 1998 and the invention was announced in the September 2000 
edition of Nature Magazine, with a particular focus on titanium applications.  This created a storm of interest as 
for many years the titanium industry had been (and still is) searching for a replacement technology to the 
incumbent, expensive and environmentally damaging Kroll process.  Unfortunately, in response to the excitement 
generated at the time, some over optimistic predictions were made about the imminent demise of the Kroll 
process in favour of FFC technology. 

In the period between 2006 and 2008, Metalysis took over the FFC titanium licence and adopted a more rigorous 
and measured approach to both the development of the technology and its communication, ensuring that the two 
activities were kept in proper balance.  The Company has now developed a fundamental understanding of the 
reduction environment, produced commercial grade samples and identified early niches for both titanium and 
tantalum in the powder and near-net-shape markets.  It is now scaling up its technology to achieve a competitive 
pricing position and is engaging with potential customers and partners to develop its sales and distribution 
channels.  As the technology matures and scale grows, Metalysis expects to open up the technology 
progressively to other markets and applications - including a range of titanium products and the aerospace alloy 
Ti 6-4. 

 

TECHNOLOGY 

A molten salt acts as the electrolyte for the electrochemical reduction of a metal oxide to metal. The metal oxide 
is formed and sintered into a suitable shape that forms the cathode which is then immersed in molten electrolyte 
(typically calcium chloride) at a temperature between 800°C and 1,000°C.  When approximately 3 volts i s applied 
between the cathode and carbon anode, the oxygen ions are conducted through the electrolyte and react at the 
anode to form carbon dioxide and carbon monoxide. 

Once the oxygen ions have all been removed, the reduced metal is left on the cathode in its solid state.  It is 
taken from the vessel, washed to remove salt, dried and further post processed as required. 

 

 

 

 

 

 

 



Fig 3:  Development Cells 

Fig 5:  SEM of FFC reduced 
titanium honeycomb 

Fig 2:  Laboratory Cells 

Fig 4:  FFC reduced 
titanium honeycomb 

The simplicity of the above explanation belies the complexity of the conditions under which the FFC Process 
operates.  Over the past four years, Metalysis has developed the technology to a position where its specialist 
team has an intimate understanding of the process dynamics, can prevent and reduce impurities (such as 
carbon, calcium and chlorine) and can control the morphology of its powder. 

Current and Future Facilities 

Metalysis has a number of FFC reduction cells.  There 
are twelve laboratory cells which are used to conduct a 
mixture of fundamental science and blue-sky 
experiments (Figure 2).  The equipment has elaborate 
control, data logging and monitoring systems including a 
mass spectrometer for measuring the composition of the 
process off gases. 

Whilst these cells reduce only gramme quantities of 
material per run, they can be turned around quickly and 
are flexible.  They are hence able to generate large 
quantities of scientific data relatively quickly. 

 

The second design of equipment is capable of 
reducing multi-kilogram quantities of oxide per cycle.  
There are two of these cells; one is dedicated to 
tantalum and the other to titanium (Figure 3).  These 
cells function both to provide development and scale-
up data, as well as samples of FFC product for 
testing, post processing and customer evaluation.  
Like the smaller R&D cells they operate on a batch 
process basis and therefore are unsuitable for 
commercial production quantities. 

 

To address the batch process and other operational and technical limitations of the existing equipment, a novel 
cell design has been developed.  This is the subject of several patent applications.  The design has been 
optimised through laboratory and development cell experiments and a combination of theoretical and physical 
models which have helped identify and reduce scale-up risk.  Construction of the new semi-continuous cells is 
now under way, with commissioning expected in mid 2010.  The design is both capable of being scaled up to 
larger units for commercial production and is modular, so that additional reduction cells can be readily added as 
demand for the product increases. 

FFC Product 

The FFC Process delivers a powder product directly from the cell.  However, in the case of titanium, this powder 
is partially sintered as a result of the reduction temperature being a significant proportion of its melting 
temperature (Tm.= 1,668°C).  By way of contrast, tantalum with its significantly higher melting point (Tm = 3,017°C) 
does not sinter significantly and remains a powder. 

Metalysis has provided both tantalum and 
titanium products to customers who have 
provided independent confirmation of 
product quality for their applications. 

A typical reduced product is shown in Figure 
4 and in Figure 5 as an SEM image.  The 
sintered nature is apparent from the SEM. 

 

 



 

Whilst tantalum is used in a powder form in the electronics industry or
product, FFC titanium requires some post
number of options available to Metalysis, all of which are currently under investigation

The first is to directly consolidate the FFC 
product into, for example, sheet by roll 
consolidation.  Samples of FFC reduced 
titanium have been consolidated to sheet 
and subsequently successfully TIG welded.  
An example of this is shown in Figure 6 

The other possible consolidation routes are 
via conventional powder processes.  Powders 
can be produced from FFC titanium directly 
by grinding, by hydriding-grinding-dehydriding 
and by fusion and gas atomisation.  Figu
to 9 show the structures of FFC titanium 
processed in these ways. 

 

 Fig 7:  Directly milled FFC 

 

Conclusion 
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reasons for confidence in the technology, its benefits and future impact.
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powder applications.  Metalysis’ current scale
economics of these products at commercial volumes and provide a platform from which production will expand.

Whilst tantalum is used in a powder form in the electronics industry or can be easily consolidated into a mill 
product, FFC titanium requires some post-processing before it can be marketed.  In this respect there are a 
number of options available to Metalysis, all of which are currently under investigation 

rectly consolidate the FFC 

consolidation.  Samples of FFC reduced 
titanium have been consolidated to sheet 
and subsequently successfully TIG welded.  

 

The other possible consolidation routes are 
via conventional powder processes.  Powders 
can be produced from FFC titanium directly 

dehydriding 
and by fusion and gas atomisation.  Figures 7 
to 9 show the structures of FFC titanium 

 

Fig 8:  Hydride-dehydride FFC Fig 9:  Gas atomised FFC

Although its post processing work is at a relatively early stage, Metalysis expects to generate significant cost 
ingot metallurgy-mill product route) by adopting the above processing routes to 

produce commercial products.  When these operating cost advantages are added to the much lower capital cost 
dular nature of a FFC titanium facility and significantly reduced emissions, Metalysis has compelling 

reasons for confidence in the technology, its benefits and future impact. 

Despite the early over promises associated with the technology which generated sceptism in the market place, 
the FFC Process is capable of producing commercially pure products that are suitable for a range of niche 
powder applications.  Metalysis’ current scale-up activities are expected to validate both the quality and 

hese products at commercial volumes and provide a platform from which production will expand.
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Fig 6:  FFC roll consolidated and TIG welded 
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