CHROMIUM
ELECTROPLATING:
ION AGE DAWNS

lonic liquids that can be made

commercial scale are the key to new green
technology for the electroplating industry.

Successful trials with chromium

have demonstrated a potential economic and

environmental breakthrough.
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electroplating

‘People have looked at
metal plating using
ionic liquids before but
this is the first process
that is economically
viable on an industrial
scale.’

It could be the start of a new ion age for the
electroplating industry —an environmentally
friendly way of electroplating chromium and
other metals using ionic liquids instead of
highly toxic mineral acids.

Scientists at the University of Leicester believe
that their pioneering green technology
represents a significant advance in achieving
environmental sustainability of a major
industrial process. Corrosion resistant coatings
are of immense importance to the economy.
The bill for metal corrosion in developed
countries amounts to 3-5% of GNP, costing
£40 billion a year in the UK alone. The global
market for electrodeposition of metals and
alloys could be worth as much as $25 billion
ayear.

Economic viability has been demonstrated in
trials carried out with support from the UK’s
Sustainable Technologies Initiative. Results
show the patented ionic liquids are cheap and
easy to make and significantly less toxic.
Energy efficiency of the plating process is
increased from 20% or less to more than 90%,
and working conditions are greatly improved.

‘Chromium plating alone is a massive industry

—in the UK there are hundreds of companies,
all of them using chromic acid technology,’
says project leader Dr Andy Abbott. ‘Thisis a
real breakthrough for a highly conservative
industry. People have looked at metal plating
using ionic liquids before but this is the first
technology that is economically viable on an
industrial scale.’

Conventional chromic acid plating processes
are extremely hazardous because they rely on
hexavalent chromium, which is highly toxic
and carcinogenic. Stringent legislation
restricting use of chromium in this form is
being introduced in Europe and the USA. lonic
liquids allow the use of trivalent chromium,
which is far less toxic.

The UK leads the world in development of
ionic liquids - salts that are fluid at room
temperature and capable of dissolving many
different organic and inorganic materials.

‘There is a large amount of research carried
out in this country and we now think that our
chromium plating and electropolishing
technology will be the first major applications
to be scaled up to use them,’ says Dr Abbott.

lonic liquids are recyclable and non volatile,
so they do not cause atmospheric pollution.
The patented forms developed at Leicester are
based on many common compounds — one
example is a fertiliser and another an additive
for chicken feed, which are already produced
in large quantities. A joint-venture company,
Scionix Ltd, has been set up by the University
and Genacys Ltd, a subsidiary of the Whyte
Group Ltd, to market the compounds for a
growing number of applications.

‘In a very short time we have become the
world’s largest manufacturer of ionic liquids,
simply by the fact that we can make these on
the tonne scale at relatively small cost,’ says
Dr Abbott. ‘That’s the reason this technology
works and it looks environmentally viable.’

Chromium plating is expected to be a leading
application. Trials have proved successful in
plating both corrosion resistant chromium
coatings and defect-free black chromium
coatings, even on aluminium and titanium.

Wear resistant, low friction coatings with the
hardness required for hydraulic systems are
now being tested in the aerospace industry by
Smiths Industries, subcontractors to Airbus.
Success could open up a large market for
critical applications in civil and military
aerospace, industrial hydraulics, automotive
and marine industries. Hard chromium
coatings are essential for hydraulic ramsin
everything from aircraft landing gear to
excavators.

The new process could transform working
conditions and environmental impact of
metal plating industries. It avoids production
of large amounts of hydrogen gas and toxic
chromic acid vapours, and uses no aqueous or
organic solvents. Reduced costs are expected
to be another major attraction to companies.
In addition to major gains in energy efficiency,
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effluent treatment requirements are minimised
and no air pollution control is needed. Firms
can continue to use existing electroplating
equipment.

By making sustainable technology economically
attractive, the process meets the objectives of
the Sustainable Technologies Initiative
programme, which aims to achieve economic
growth and employment while safeguarding
the environment and conserving natural
resources. Funding for the research project from
the DTI LINK scheme and the EPSRC was
matched by the industrial partners Whyte
Chemicals, Poeton Ltd and Smiths Aerospace.

‘The STI LINK project has been extremely
important to us,’ says Dr Abbott. ‘It has brought
us together with market leaders and given them
an incentive to try out new technology. They
have been very interested and now we are seeing
how we can develop the technology together.’

Additional project information
and background

What are ionic liquids?

lonic liquids are salts that are liquid at ambient
temperatures. They are powerful solvents,
capable of dissolving many different organic
and inorganic materials, and work quite
differently from conventional solvents, which
are composed of molecules rather than ions.
Environmental friendliness is an important
attraction —ionic liquids are non volatile and
so do not pollute the atmosphere. They can
replace strong mineral acids and volatile organic
solvents for many different applications.

How are they used for electroplating?

lonic liquids can dissolve a wide range of metals
for electrodeposition, providing an alternative
to hazardous plating solutions. Conventional
chromium plating technology, for example,
uses chromic acid, comprising hexavalent
chromium, which is toxic and carcinogenic.
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lonic liquids allow the use of trivalent
chromium salts, which are far less toxic.

Can any ionic liquids be used?

Most previous work has been carried out on
ionic liquids known as imidazolium salts. These
are difficult and extremely expensive to make.
The new technology overcomes the problem by
using a different approach, taking a simple
organic halide salt and mixing it with a
‘complexing agent’ that reduces the freezing
point of the mixture. The materials used are
choline chloride (Vitamin B4, produced on a
large scale as an additive for chicken feed) and
urea, acommon fertiliser. The resulting ionic
liquid is cheap and easy to make in large
quantities.

Can electroplating be carried out with many
different metals and alloys?

lonic liquids developed by the researchers have
been used plate a variety of metals (Cr, Mn, Fe,
Co, Ni, Cu, Zn, Al, Sn, Pb, Pd, Ag, Pt, Ru and Au)
and alloys (Zn/Cr, Cr/Mn and Zn/Sn). Successful
results have been obtained with a large selection
of substrates, including corrosion sensitive
metals like aluminium.

How does quality compare with conventional
electroplating?

The conventional chromic acid process releases
alarge volume of hydrogen gas, which can make
the coating brittle, reducing quality and yield.
With ionic liquids, only negligible amounts of
hydrogen are generated, minimising cracking
and producing highly corrosion resistant
deposits. However, conventional chrome
electroplating is harder than pure chromium as
it is effectively an alloy, chromium hydride.

Plating with ionic liquids yields pure chromium
deposits, although these have a nano-crystalline
structure that improves hardness. Work is now
focusing on achieving the required degree of
hardness for the most demanding applications
such as hydraulic systems. Test pieces are
undergoing trials in the aerospace industry.
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