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The CRUPPAIL project brings together a consortium of 

experts who will design, test, and pilot zinc-nickel pulse 

plating from ionic liquids. The use of pulse plating and 

ionic liquids to deliver superior coating properties has 

never been achieved before.  

 

The benefits offered by this innovative process will 

deliver a new wave of sustainable technology to the 

aerospace industry, that replaces cadmium and has 

superior corrosion protection compared to current zinc-

nickel coatings. 

 

 

 

Objectives 
 

CRUPPAIL will deliver Zn-Ni coatings from non-aqueous 

ionic liquids. These coatings will be superior to aqueous 

plated Zn-Ni, providing improved corrosion resistance. 

The corrosion resistance will rival that of traditional 

cadmium plating used in aerospace & defence 

applications.  

The Issue 
 

Cadmium electroplating is widely used in the aerospace industry 

for the corrosion protection of airframe components and 

fasteners manufactured from non–corrosion resisting high 

strength steels. Cadmium plated coatings impart very good 

barrier corrosion resistance, thus providing long–term 

protection, especially in marine environments (which are often 

frequently experienced by aircraft, especially military aircraft).  

 

Cadmium provides a sacrificial coating on steel, which means 

that if the coating is damaged, it will preferentially corrode 

instead of the exposed steel. Cadmium is also self–lubricating 

and has a low coefficient of friction, making it ideal when plating 

threaded components such as screws, bolts and fasteners, as 

only moderate torques are necessary to set the required 

loadings, even in the absence of lubricants.  

 

Unfortunately, cadmium is a heavy metal and it is extremely 

toxic. As a result, its use has been severely curtailed in recent 

years. It is both an industrial and environmental pollutant and is 

classified as a human carcinogen, according to the International 

Agency for Research on Cancer. It also bio-accumulates in the 

liver and kidneys presenting a long–term exposure risk to 

humans. The cyanide baths commonly used to deposit cadmium 

coatings are also highly toxic.  

 

The current operational standards for cadmium coatings and 

their zinc-nickel alternative coatings have been assessed and will 

be used as the key performance indicators for testing the new 

zinc-nickel coatings delivered from ionic liquids. It is imperative 

that the CRUPPAIL project meets the industry standards in order 

to deliver a commercial plating bath. 

For more information see: 

 

www.nocadmium.co.uk 
  

#no_cadmium 
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Industry Applications 
 
With the growing proscription of cadmium there has been much development 

work undertaken around the world to find alternative coatings for the sacrificial 

corrosion protection of steel components.  

 

A good replacement for cadmium needs to be sufficiently sacrificial to protect 

steel substrates, but not be too electronegative to give an unnecessarily high 

corrosion rate. Any candidate materials should also be galvanically compatible 

with both steel and high strength aluminium aircraft alloys. Other important 

property considerations include hydrogen embrittlement, resistance to aircraft 

fluids, lubricity, paint adhesion, electrical properties, cost and environmental 

aspects.  

 

As early as 1988, the Boeing Corporation developed and patented an acid zinc-

nickel plating process as an alternative to cadmium plating for use in aerospace 

applications (Grace et al. 1988). Since then, zinc-nickel technology has become 

increasingly popular in many other industries. 

 

Both Zn–Ni and Zn–Co coatings have been proposed for use in aerospace 

applications. Zn–Ni alloys offer suitable properties, with the optimum corrosion 

resistance in neutral salt spray tests being achieved with compositions 

containing ~14 wt% nickel. In addition, the rest potential of zinc–nickel alloys 

is, like cadmium, compatible with that of aluminium alloys used to manufacture 

aircraft. Also, it has been reported that Zn–Ni plating on an AISI 4340 high 

strength steel caused less embrittlement than cadmium plating. 

 

Zn-Ni coatings are commonly used today in automotive applications, where 

longevity and appearance are important properties. However, many 

applications in aerospace and defence are still not able to switch to cadmium 

alternatives, as the specifications do not match. This is where CRUPPAIL will 

deliver results. Using ionic liquids and deep eutectic solvents, new non-

aqueous plating baths will deliver superior Zn-Ni coatings. This new combined 

chemistry and plating process is expected to produce Zn-Ni corrosion 

protection on par with cadmium. Some initial results include: 

One of the first 

electroplaters to install a 

bespoke zinc-nickel alloy plating line with 

over 20 years’ experience with this 

chemistry, now supplying all the major 

automotive OEMs.  

A UK-based 

distributor, supplying specialist 

chemicals & processes to the 

following industries: semi-conductor, 

PCB, metal finishing, photovoltaic & 

advanced packaging technologies’  

Prof. Karl Ryder, an international expert on 

ionic liquids, has considerable experience of 

depositing similar metal coatings from novel 

ionic liquids plus the formulation & testing of 

ionic liquid plating solutions.   

An umbrella organisation for the surface 

engineering industry providing advice on all 

the latest & forthcoming legislation that may 

have an impact on our industry.  

Specialists in industrial waste treatment plant 

design and build, pollution control and the 

promotion of waste minimisation and resource 

recovery systems. 

Spring 2018 

Mirror like finishes formed on copper substrates 

 

   

  Uniform deposits with small grain boundaries. 

12 
Mar 

20 
Mar 

Understanding Heat 

Treatments Course 

Birmingham  

3 days 

www.sea.org.uk/whtc/uht-course/ 

Advanced Materials Researcher 

Exchange & Investor Showcase 

London 

2 days 

www.mre2018.co.uk 

24 
Apr 

European Conference on 

Nanofilms 2018 

Cranfield University 

3 days 

7 
Oct 

27th Conference on Molten 

Salts and Ionic Liquids 

Portugal 

5 days 

Ionic Liquids: 

These are salts which are fluid at 

ambient temperatures when com-

bined. They have exceptional prop-

erties for dissolving inorganic and 

organic materials.  

It is the structure of the salts and the 

way they interact with metal ions, 

loosely coordinated, that allows 

many of the favourable properties 

to occur.  

These materials are often cheap to 

create from bulk chemicals, have 

low vapour pressure, and are rela-

tively non-toxic. All of which can 

provide great benefits for new in-

dustry applications. 

Pulse Plating: 

Use of pulse rectifiers in the electro-

plating industry allows current con-

ditions to be varied at the electrode 

surface and within the electrolyte. 

These changing conditions within 

the bath chemistry allow for differ-

ent plating deposits to be achieved.  

Pulse plating offers improvements to 

the plating quality. This includes 

hardness, structure of deposits, ad-

hesion, uniformity, as well as im-

proved bath conditions such as 

throwing power, and lower metal 

concentrations. In addition the use 

of pulse plating can also assist with 

the plating of complex shapes.  

https://www.ecwilliams.co.uk/
http://www.agasem.com/
http://www2.le.ac.uk/departments/chemistry/people/academic-staff/dr.-karl-s.-ryder
http://www.sea.org.uk/
http://www.sea.org.uk/events/index.htm/ecnf
http://www.sea.org.uk/events/index.htm/understanding-heat-treatment-course
http://www.sea.org.uk/whtc/uht-course/
http://www.mre2018.co.uk
http://www.sea.org.uk/events/index.htm/ecnf
http://www.sea.org.uk/events/index.htm/understanding-heat-treatment-course

