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Hard Chrome Plating (HCP) was scheduled to be  outlawed by the end of 2019, 
however, the sunset date has been extended by a few years. This has not stopped 
leading manufacturers across all sectors from implementing their long developed 
replacement strategies. As companies review the options, Ian Haggan, business 
development manager for hard coatings at Wallwork Group, proposes processes that 
have significant performance advantages.

Background

Since the 1940’s HCP has been the engineers’ choice where a hard, durable and 

attractive coating has been required. The material itself is stable and harmless, but the 
manufacturing process gives rise to hexavalent chromium, an acknowledged carcinogen 
that is hazardous in the plating tank, as a vapour and as waste product from the process. 
The film Erin Brockovich brought to public attention health issues of toxic contamination 
of ground water by hexavalent chromium. Action to outlaw the process has been taken 
in the EU under the REACH regulations and in the USA under OSHA. 

Applications for HCP 
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There are many applications for HCP. In aerospace it is commonly used on hydraulic 
actuators, bearings, shafts, landing gear components, fasteners and gears. In the 
automotive industry it is commonly used as bright trim, on bearing surfaces such as 
crank shafts and other contact surfaces like valve seats and stems. In all kinds of 
tooling, including medical equipment, it provides a hard, durable finish that resists 
staining and harsh cleaning regimes.

The treatment can be applied as an original finish and as a remedial coating where 
components have become worn. The ability to apply the coating at different thicknesses 
is particularly important in mid-life refurbishment as this enables the restoration of 
original tolerances. 

The properties of hard chrome plating that make it attractive include:

 Hardness – typically 1000 – 1100 Hv
 Fatigue resistance
 Thickness – typically 15-25 microns
 Corrosion and chemical resistance
 Process simplicity
 Conformity to the underlying shape 
 Consistency
 Attractive silver finish

Several other processes have been developed since the 1940’s that are technically 
superior.  

Alternatives to HCP – Coatings

Hard, lubricious, chemically resistive and attractive surfaces can be created by a range 
of techniques including physical vapour deposition (PVD), plasma enhanced chemical 
vapour deposition (PECVD) and various forms of heat treatment among others.

PVD and PECVD Processes

Coatings applied by PVD and PECVD can be derived from a range of elemental metals, 
alloys and other pure or hybrid materials and can meet an array of technical capabilities. 
Applied in a controlled environment, conditions of coating application is closely 
regulated to ensure absolute consistency.  
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PVD takes place in a vacuum chamber when a donor material is bombarded with 
high-energy particles to create a vapour through which the component to be coated is 
rotated on a rack. The component has a negative electrical charge so that ionised gas 
and cluster particles from the donor material are drawn to and condense on the surface 
of the component creating an evenly applied hard coating.

PECVD is similar to PVD, but the donor material will be a gas or liquid. During the 
process, precursor gasses are broken down by an electric discharge to create a plasma 
composed of hydrogen and other dopants that condense on the component’s surface to 
create the coating film. PECVD is particularly suited to the internal coating of 
hollow parts.

Coating thicknesses and hardness vary according to material and specification demands, 
but thicknesses of one to 15 microns are usually achieved with a hardness of up to 3500 
Hv. This is significantly greater than HCP.

The use of thinner and harder films opens many new engineering opportunities. 
Coatings can be applied in a single process cycle, in one or multiple layers. This will 
prolong operating life of the coated component, often eliminating mid-life 
refurbishment needs and substantially reducing whole life cost.

Nitron CA

Wallwork has developed alternatives to HCP such as Nitron CA, a chrome and 
aluminium nitride compound that comes closest to a direct replacement in high 
temperature applications. In less demanding situations, chromium nitride is the usual 
option. Deposited using PVD the donor material is evaporated using very high energy 
sources under vacuum. The resulting conformal film can be applied to complex surfaces 
– imparting a range of properties far exceeding those of HCP. These include:
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 Good film adhesion
 High hardness, typically 3000Hv, consequently the wear rate, particularly at   
 high temperature, is significantly reduced
 Low friction – ideal for sliding and rolling wear applications such as bearings   
 and seal surfaces 
 A dense structure arising from the complex design, giving an excellent 
 environmental barrier
 High thermal integrity renders Nitron CA films ideal in high 
 temperature applications
 Environmentally friendly, using solid, non-toxic, recyclable source materials, 
 inert process gases with zero toxic material disposal requirements
 Evenly distributed film with an attractive dark silver-grey colour with a surface  
 finish that requires no further polishing or finishing
 For many applications, the original treatment will last the lifetime of the component,  
 eliminating the need for mid-life renewal with all the associated service and 
 downtime costs

As with all processes there are some downsides. The process takes place within a 
vacuum chamber of limited dimension and is therefore best suited to smaller engineering 
components not-exceeding 300mm. 
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 Good adhesion
 High lubricity
 Exceptional hardness and wear resistance
 Good barrier properties  

Deposited at a thickness of two to four microns, the coatings offer a hardness range 
from 1800Hv to 3000Hv. The proportion of SP² and SP³ carbon, coating thickness and 
number of layers can be engineered to meet specific technical requirements. 

Heat Treatment Alternatives to HCP

Heat treatment is a process of directly modifying the microstructure of engineering 
components to improve hardness, wear resistance, corrosion resistance and other 
properties. By the controlled heating and cooling, sometimes in the absence of 
atmosphere and sometimes in the presence of gasses or other chemicals, changes occur 
in the crystalline matrix of the metal to lock the structures together. As an alternative to 
HCP four heat treatment processes are outstanding:
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Diamolith – Diamond-Like Carbon (DLC)

Carbon can exist in many forms from highly lubricious SP² bonded graphite to high 
hardness crystalline SP³ bonded diamond. Diamolith is a hybrid form of DLC, deposited 
by PECVD, that combines both SP² and SP³ bonded carbon. The characteristics of the 
coating include:



Gas nitriding is a low temperature thermochemical process to diffuse nitrogen into the 
surface of the metal. Processing takes place in a nitrogen enriched atmosphere at a 
temperature of 490 to 560 degrees C. 

Plasma nitriding is a variant on the same process where diffusion is assisted by the 
presence of a plasma. This takes place at temperatures between 400 to 590 degrees C.  

Carburising is a diffusion process that takes place in a carbon-rich atmosphere at a 
temperature of 800 to 940 degrees C.  

Nitro Carburising enables both nitrogen and carbon to be diffused into the metal 
surface at temperatures of 560 to 720 degrees C.   

All the diffusion processes can be finely controlled to create nitrided/carburised cases in 
the surface of the metal to the prescribed depth and with the desired degree of hardness 
up to 1000Hv. 
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The key benefits of these diffusion processes are:

 High surface hardness
 Extreme resistance to wear, galling, scuffing and seizure
 Fatigue resistance
 Moderate corrosion resistance – though this can be further enhanced by post 
 oxidation processing to create an attractive matt black finish that has corrosion   
 resistance similar to HCP 
 Resistance to heat softening
 Permits low cost ferrous material to be substituted in place of higher cost alloys  
 The process can be applied to larger components – up to several tonnes

Additional Factors

Surface preparation is important to achieving satisfactory results with both coatings and 
heat treatment. Cleanliness and de-contamination of components, particularly thorough 
de-greasing, is also important for efficient processing and subsequent component 
performance. 

Some Practical Examples

Aerospace manufacturers appreciate that HCP replacement provides an opportunity to 
achieve higher performance and meet other technical objectives.

Example one: An aerospace major is proposing to replace HCP with a customised 
version of Nitron MC (hydrogenated tungsten carbide – carbon).  The adaptability of 
this process will enable its use on ferrous, nonferrous, Inconel and titanium alloys. 

This higher thickness Nitron MC, with the modulus of elasticity and hardness 
maintained, is under trial and awaits final qualification before full roll-out.
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Example two: Another leading aerospace prime has made an even clearer decision to 
replace HCP with WCC-H (Hydrogenated Tungsten Carbide-Carbon). WCC-H is a 
member of the diamond-like-carbon family formed by the physical deposition of 
Tungsten metal along with carbon and hydrogen from a hydrocarbon gas (Ethane, 
Acetylene). An initial interface layer of chromium nitride (CrN) is required to maximise 
adhesion of the film.  

The aircraft manufacturer wanted a surface film that improves key properties of 
hardness, corrosion resistance, adhesion and friction over HCP. Wallwork embarked 
upon a development programme to modify the coating architecture of an existing 
WCC-H film, increasing the thickness of the film to 5 µm, whilst maintaining a high 
adhesive strength and Young’s modulus to meet the rigours of components working 
within airframe and landing gear assemblies.

The prime intends to roll-out the coating at the end of 2019, replacing HCP in a range 
of parts made from diverse materials such as stainless steel, nickel and titanium alloys 
as well as softer non-ferrous variants for example, beryllium copper and phosphor 
bronze.

As a prelude to the development, Wallwork and the prime completed the economic 
justification exercise to ensure there is no financial mismatch once replacement 
transition commences.
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Example three:  Another aerospace manufacturer is adopting titanium nitride as a HCP 
replacement. This will sometimes be used with a primary coating of electroless nickel 
as an additional corrosion barrier. Other aerospace manufacturers are adopting chro-
mium nitrate (CrN) or chromium aluminium nitrate (CrAlN) 

Example four: A major European bearing manufacturer is also examining the scope for 
using CrN and CrAlN. New bearing designs will be introduced to take account of the 
differing thickness of the materials, CrN being four to seven micron compared to the 25 
micron thickness typical of HCP coatings. 

Conclusions

The Wallwork Group offers multiple technologies for metal improvement to extend 
performance in challenging environments. The processes outlined here for HCP 
replacement will meet most needs. Where they do not, we welcome the technical 
challenge. We have a portfolio of further processes and in-depth metallurgical research 
and development expertise to find other technical and commercial solutions. 
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More Information
Ian Haggen, Special Coatings

Wallwork Cambridge Ltd.

Buckingway Business Park

Swavesey, Cambridge

CB24 4UG

Tel.  +44 (0) 1954 233 700

Fax.  +44 (0) 1954 233 733

E:  ian.haggan@wallworkht.com

Head Office

Wallwork Group, Lord Street

Bury, Greater Manchester

BL9 0RE

Tel.  +44 (0)161 797 9111

W: www.wallworkht.com
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