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1. Summary 
 
Chromium trioxide is listed in Annex XIV of REACH (entry 16) and is subject to authorisation. Its latest 
application date was 21 March 2016 and its sunset date was 21 September 2017. 
 
This application for authorisation (AfA) is being made jointly by a group of four companies established in 
Great Britain (GB) who undertake electroplating using chromium trioxide: 
 

• Aalberts Integrated Piping Systems Ltd (Doncaster, England) 
https://www.pegleryorkshire.co.uk/  
 

• Borough Ltd (Leigh-on-Sea, England) 
https://www.borough.co.uk/  
 

• Quality Plated Products Ltd (Birmingham, England) 
http://www.qppltd.co.uk/  
 

• Samuel Heath and Sons plc (Birmingham England) 
https://www.samuel-heath.com/  

 
The applicants have formed the CrO34UK group and are submitting a joint AfA under Article 62(2) of REACH. 
While the products the applicants manufacture and the sectors they serve differ, each company uses 
chromium trioxide to electroplate articles (referred to as substrates) made from metals and plastics to 
create a metallic chrome coating. The outer chrome coating is free of chromium trioxide and provides the 
coated articles with a resistant, durable and safe finish, normally with a bright or matt silver finish although 
occasionally other finishes such as black are produced. This is referred to as functional chrome plating with 
decorative character.  
 
Two of the applicants also use chromium trioxide for ‘etching’, which refers to specific type of pre-
treatment activity undertaken on plastic substrates. This is an essential step to prepare the substrate for 
subsequent metal plating and involves roughening the surface of the plastic by removing material from the 
surface of the substrate. The etching pre-treatment step is generally inter-related in a way that it cannot 
be separated or individually modified without impairing the overall process or performance of the final 
product. 
 
Plating using chromium trioxide involves immersion of components in a series of treatment baths 
containing chemical solutions or rinses under specific operating conditions and is usually the final step in 
the overall surface treatment process. Pre-treatments (including etching, for plastic substrates) and nickel 
or copper coatings (‘underplates’) are normally applied to prepare the surface prior to chromium plating. 
The specific combination of pre-treatments and underplates is important in determining the specific 
performance criteria and final appearance (bright or matt finish, evenness of the surface etc) of the final 
coated product and varies depending on the required functionalities and the substrate to which it is applied. 
 
The applicants are all currently in compliance with REACH as a result of the AfA made by the Chromium 
Trioxide REACH Authorisation Consortium (CTACSub). The CTACSub AfA is the joint upstream application 
submitted by seven applicants under EU REACH that covers all their downstream users for six defined uses 
of chromium trioxide1. The applicants are amongst these downstream users and use chromium trioxide for 
functional plating with decorative character (use group 3). The European Commission has published its 

 
1 The uses covered are: (1) formulation (2) functional chrome plating (3) decorative chrome plating (4) surface treatment for aeronautics & 

aerospace industries (5) miscellaneous surface treatment and (6) passivation of tin-plated steel. 
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This AoA relates to the applicants’ use of chromium trioxide in the electroplating process, including during 
the etching pre-treatment stage. It forms part of the demonstration made in support of the CrO34UK 
group’s AfA to allow for continued use of chromium trioxide following the end of the transition period on 
30 June 2022. It seeks to determine whether there are any suitable alternative substances and technologies 
to the use of chromium trioxide in functional chrome plating with decorative character. In particular, this 
AoA considers: 
 

a) the technical feasibility of alternatives to chromium trioxide;  
b) the economic feasibility of alternatives to chromium trioxide;  
c) whether transferring to alternatives would result in reduced overall risks to human health and the 

environment; and 
d) whether the alternatives are available to the applicants, i.e. whether they would be of sufficient 

quality and accessible in sufficient quantities. 
 
The objective is to provide input for the SEA and SP to help identify the most likely non-use scenario (NUS) 
in the event that chromium trioxide can no longer be used by the applicants. To this end, the AoA also 
considers the technical and economic feasibility of alternative business models including transferring the 
use of chromium trioxide outside of Great Britain (GB) and the European Union (EU). 
 
Using chromium trioxide in functional chrome plating with decorative character provides many advantages 
due to the resulting properties of coatings deposited from chromium trioxide during electroplating. Key 
functionalities include2:  
 

• enhanced corrosion protection and chemical resistance of finished products; 

• wear / abrasion resistance; 

• good adhesion performance between coatings and substrates; 

• sunlight / UV resistance; 

• temperature / heat resistance; and 

• highly desirable aesthetic qualities. 
 
Since chromium trioxide became subject to authorisation under REACH, it has been very challenging for 
industry to find a single suitable alternative (substance or process) which provides the same multi-
functionality of coatings generated from chromium trioxide. Indeed, some of the applicants have been 
researching into suitable alternatives for etching and plating for over 30 years. However, it remains the case 
that there is no single ‘drop-in’ alternative at the current time3.  
 
This AoA considers a range of potential alternatives to chromium trioxide. For plating, the most promising 
and realistic for future development is electroplating based on trivalent chromium-based solutions 
(chromium sulphate and chromium chloride). Other potential alternatives considered include processes 
based on physical vapour deposition (PVD). For etching, the position is less certain and while alternatives 
based on sulphuric acid and permanganate-based solutions are being actively explored, the results remain 
less promising at this stage of development.  
 
All alternatives currently fail because they are not technically and economically feasible. If products had to 
be manufactured using such alternatives, this would result in significantly inferior product leading to a 
substantial loss of sales and market share, with customers switching to more durable and reliable product 
that had been manufactured using chromium trioxide, most likely manufactured outside GB and the EU.  
 

 
2 EIPPCB, 2006, p48, and TURI, 2006, ch6, p6.  
3 Müller et al., 2020, p17. 
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This means that if the applicants’ uses of chromium trioxide were to cease then their only realistic options 
are ‘managerial’ in nature, such as ceasing the production and supply of chrome-plated products entirely, 
relocating manufacturing operations currently undertaken in GB to a non-UK/EU facility, or outsourcing 
electroplating using chromium trioxide to a third party based outside the UK and the EU. These options are 
carried forward for further analysis in the SEA in terms of considering the most likely NUS.   
 
Despite the current failings of potential alternatives, the applicants continue to devote time and resources 
to research and development (R&D) into alternatives. For plating, these efforts currently centre on trivalent 
chromium processes, in an attempt to address their current performance weaknesses. For etching, the 
applicants will continue working with technology providers such as MacDermid Enthone and Atotech on 
developing solutions to provide viable alternatives although these do not currently exist on the market. It 
is hoped that the issues with alternatives to both plating and etching can be resolved in the future although 
at this point in time this is far from clear and not guaranteed.  
 
Substitution plans have been prepared as part of this AfA to demonstrate the applicants’ commitment to 
moving to Cr(VI)-free alternatives. The SP considers the steps proposed to switch to such alternatives in 
more detail. This involves substantial R&D effort for the investigation of shortlisted alternatives, further 
detailed investigation of process variables, scale-up of the chosen alternative processes to production trials, 
conducting those trials and gathering feedback, obtaining customer approvals and qualification, then 
ultimately transitioning from hexavalent chromium processes to the chosen alternative processes.  
 
The challenges faced by the applicants in terms of substitution should not be understated. For example, the 
automotive sector remains reluctant to commit to switching to trivalent chromium based plating solutions 
and, given the complexity of supply chains, it is difficult if not impossible for electroplaters to demand that 
OEMs change direction. In more recent years there are signs that the sector is preparing to move towards 
alternatives to Cr(VI)-based products, with technology providers proposing solutions to traditional 
problems associated with Cr(III)-based plating, although this is likely to take many years to achieve in 
practice. For sanitary ware, issues remain with corrosion resistance, chemical resistance and aesthetics, 
especially at the luxury end of the market or in high-use environments such as hotels and other hospitality 
settings, and alternatives are not currently available across the entire product portfolio, e.g. for products 
with a matt black chrome finish. For all applicants, the continued availability of imported products from 
outside GB and the EU where the use of chromium trioxide remains legal (or from EU-based manufacturers 
who have applied for authorisation successfully) means that competitors will only be too happy to move 
into any space vacated by the applicants should they not be granted authorisation. 
 
As a result, a review period of 10 years is requested for plating and 12 years for etching. These periods 
are based on what are considered by the applicants to be the schedule required to industrialise alternatives 
to chromium trioxide for functional chrome plating with decorative character for key applications. 
 
 

2. Introduction 
 

2.1. The substance 
 
The substance subject to this analysis of alternatives is chromium trioxide (Table 2). Chromium trioxide was 
included in the EU candidate list of substances of very high concern (SVHC) on 15 December 2010 (ECHA 
Decision ED/95/2010) and was included in Annex XIV of EU REACH on 17 April 2013 (by virtue of Commission 
Regulation (EU) 348/2013).  This was because of intrinsic properties relating to carcinogenicity and 
mutagenicity. It was given a latest application date of 21 March 2016 and a sunset date of 21 September 
2017. EU REACH, including Annex XIV, was transposed to UK law on 1 January 2021. Transitional 
arrangements under UK REACH are directly relevant for the applicants, as explained below. 
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item. Metallic substrates in various brass grades will be chrome-plated at the Doncaster site, whereas 
plastic substrates of differing types (polypropylene/acetal/nylons) will be chrome-plated by a third party.  
 

    
 
Figure 1: Aalberts Integrated Piping Systems Ltd, Doncaster 
 
Aalberts is part of the Integrated Piping Systems Division of Aalberts N.V., a Dutch company that was 
founded under its former name Aalberts Industries by Jan Aalberts in 1975. Aalberts has over 14,000 
employees operating out of 134 locations in over 50 countries around the world. 450 of these employees 
are directly engaged on R&D activities. Other divisions are associated with hydronic flow control systems, 
advanced mechatronics and surface technologies, serving markets associated with eco-friendly buildings, 
semiconductor efficiency, sustainable transportation and industrial niches. 
 
 

2.2.2. Borough Ltd 
 
Borough Ltd is one of the UK’s leading plastic injection moulders and chrome platers of plastics and supports 
many global automotive brands and their suppliers. To ensure the company delivers the highest quality 
chrome plating, it continues to invest in the latest injection moulding and electroplating equipment to 
provide complete control over the components manufactured, which over time have grown larger and 
more complicated. As well as injection moulding and plating on plastics, Borough also undertakes assembly 
work, e.g. performing the intricate assembly work required of corporate emblems for vehicle 
manufacturers with both inserts and die cuts that allow successful fitting to a vehicle.  
 

    
 
Figure 2: Borough Ltd, Leigh-on-Sea 
 
Borough was established in 1947 as ‘Borough Polishing & Plating’. At the time, use of plastics was not 
mainstream so the company’s original focus was on metal finishing, offering gold, nickel, cadmium, silver & 
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zinc plating. In the early 1960s the company pioneered the switch from plating on metal to plating on 
plastics. The business has since grown to employ more than 80 people and delivers some of the highest 
quality moulded and plated parts available to the automotive industry, working with some of the most 
recognisable car brands in the world, some of which the company has worked with for decades.  
 
As well as producing parts for automotive applications, other sectors served by Borough include packaging, 
point of sale, signage and manufacturing, e.g. producing plated plastic parts for domestic appliances. 
Borough also has a product testing department offering customers a number of services to test the quality 
and durability of all the parts it moulds and plates. 
 
 

2.2.3. Quality Plated Products Ltd 
 
Quality Plated Products (QPP) is one of the UK’s leading producers and suppliers of chromium plated plastic 
products to the UK and European markets. The company specialises in plating on plastic, specifically for 
interior and exterior automotive applications, but also for the sanitary ware, household and white goods, 
brewery, display and electronics sectors. The company offers a variety of chrome finishes from bright to 
satin, silver to black.  
 

 
Figure 3: Quality Plated Products Ltd, Birmingham 
 
Operating since 1965, QPP has established itself as an invaluable member of the supply chain, on average 
processing and despatching in excess of 45,000 parts a day. As well as normal, day-to-day large volume 
production, the company has the facility to undertake small volume and prototype runs and can project 
manage customers’ requirements if required, through initial design recommendations, mould tooling, 
injection moulding of components, plating and assembly, providing a range of services all under one roof. 
QPP also has a number of on-site laboratory and environmental testing facilities enabling it to ensure that 
customers’ products fully meet the requirements of any UK or EU legislation, whilst continuing research 
into new decorative finishes. 
 
 

2.2.4. Samuel Heath and Sons plc 
 
Samuel Heath and Sons plc (Samuel Heath) is a British designer and manufacturer of exceptionally crafted 
bathroom fittings & architectural hardware, established in 1820. Integrity and provenance are the 
foundations of Samuel Heath ever since the company first began to manufacture solid brassware from their 
premises in Birmingham, England. The company began as a traditional brass founder, producing a vast array 
of products from bedsteads to high quality giftware and fireside accessories. Building upon this industrious 
heritage, Samuel Heath is now established worldwide as a manufacturer of bathroom accessories, taps, 
showers and architectural hardware with a reputation for stylish design, quality and performance.  
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Figure 4: Samuel Heath and Sons plc, Birmingham 
 
The company operates at the luxury end of the sanitary ware market. Craftsmanship remains central to the 
Samuel Heath ethos and manufacturing combines the very latest in modern production techniques with 
time-served craft skills. Components are formed from brass and then polished by hand to create a flawless 
finish before undergoing a high-quality electroplating process. Each product is then assembled, checked 
and packed by hand. All of these processes take place at the company’s Birmingham factory, ensuring total 
control over manufacturing, quality and environmental responsibility.  
 
 

2.3. The applicants’ use of chromium trioxide 
 
The main uses of chromium trioxide within the use category functional chrome plating with decorative 
character are: 
 

• Etching: A pre-treatment processes for plastic substrates 

• Plating: applying a metallic chrome coating by electroplating on top of specific underplates and on 
different types of substrates, creating either a bright (shiny) or matte silver look, or a black chrome 
coating. 

 
The articles being coated are metal or plastic components which will then be assembled into products for 
automotive, sanitary, heating/plumbing or other applications. A product will often comprise a number of 
components and may involve the use of both metal and plastic plated parts alongside each other. Those 
products will often be used in environments where other chrome-plated products are found, such as a 
bathroom environment or the interior or exterior of a car. This means that a consistent finish that meets 
the visual expectations of customers is essential, not only between component parts of a single product, 
but between different products located in the same space.  
 
For automotive applications, chromium trioxide is used within automobile supply chains to manufacture 
several thousands of metallic chrome plated parts per vehicle manufacturer. Parts cover a wide range of 
applications, from interior and exterior parts with functional and decorative metallic chrome coating as well 
as functional metallic chrome coatings (belt locks to injector valves) in vehicle models with a production 
period of 7-10 years. 
 
For sanitary and heating/plumbing applications, chromium trioxide is used for functional plating of articles 
with decorative character to manufacture products including, but not limited to bathroom and kitchen taps 
and mixers, radiator and plumbing fittings and valves, shower heads, hoses, towel rails, and bathroom and 
kitchen accessories such as soap dishes and mirror frames. These products must maintain performance for 
periods of many years and withstand use of harsh cleaning chemicals and impurities in water, as well as 
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mechanical forces, under a range of temperatures and conditions. The products must therefore 
demonstrate resistance to a range of actions (corrosion, chemicals, wear, sunlight, temperature) and 
hardness. Furthermore, these products must not result in any contamination of water for human 
consumption or use, since this could present a significant public health issue. 
 
 

2.4. Benefits of using chromium trioxide 
 
While the science of modern electroplating dates back to the beginning of the 19th century, it took until 
the early 20th century for chromium plating to begin6. During World War II, the use of metals such as 
chrome was partly put on hold, but its use in applications including those with decorative qualities rapidly 
expanded during the 1950s and has remained popular ever since. The use of chromium trioxide is well-
established, well-understood and achieves the key functionalities required for products used for 
automotive, sanitary, heating and other applications, mainly based on the characteristics of the hexavalent 
chromium compound. These key functionalities are: 
 

• corrosion resistance, needed to prevent corrosion of the products (the coating itself and the 
underlying layers) and therefore protect against degradation due to the process of oxidation of a 
metallic material, due to chemical reactions from the surrounding environment (e.g. water and 
variable humidity and temperature levels commensurate with the environments in which the 
applicants’ products are used). 
 

• wear and abrasion resistance, required to protect the coating and underlying layers from scratches 
and damage, as well as contribute to high corrosion resistance and to preserve decorative 
appearance. 
 

• adhesion, to ensure metallic chromium deposited from chromium trioxide during electroplating 
successfully adheres to the underlying substrate, to prevent damage from cracks and/or blistering.  
 

• chemical resistance, as chemicals in daily contact with the products (e.g. cleaning agents) can 
attack the surface, causing corrosion and adversely affecting surface aesthetics. Chemical 
resistance is all the more important for products likely to be cleaned on a frequent basis, such as 
those used in hotels and similar hospitality settings. Corrosion prevention prolongs product life and 
guarantees its decorative appearance. 
 

• resistance to temperature change and heat, which has to be high to withstand demanding 
conditions the products are exposed to, e.g. in automotive applications or in kitchen or bathroom 
environments. 
 

• ultraviolet (UV) resistance, whereby the coating must be sufficiently robust to withstand natural 
(sunlight) and artificial UV radiation. 
 

• colour and aesthetics, in that the finish must achieve a specific aesthetic appearance to satisfy 
customer demands and expectations. This includes a requirement that products must be capable 
of colour-matching other products (or components of products) found in the same environment, 
e.g. where one product in a bathroom requires upgrading if it has reached end-of-life or where 
multiple chrome components are used on the interior and exterior of vehicles. Surfaces must also 
be free of any defects such as pores, cracks and blistering. 
 

 
6 Dubpernell, 1984, and Giurlani et al., 2018. 
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• longevity, in that products must be capable of satisfying a minimum period of service life, given 
product warranties and the often-demanding and aggressive environmental conditions of use, as 
well as satisfying customer expectations about the quality of the brands. 

 
All of the above-mentioned key functionalities are highly interconnected with each other and therefore it 
is essential that a potential alternative sufficiently fulfils every minimum requirement to achieve a high-
quality surface under the conditions of use.  
 
A number of alternatives are under assessment and these are described further in this AoA.  While R&D 
efforts into substituting chromium trioxide continue (and which are hoped will ultimately be successful), 
this AoA demonstrates the significant challenges associated with finding a substitute which meets all 
requirements for each product and application while also being technically and economically feasible. At 
the present time, there is no ‘drop-in’ replacement available.  
 
 

2.5. About this analysis of alternatives 
 
Chromium trioxide is listed in Annex XIV of REACH and its use requires authorisation. The applicants 
currently benefit from transitional measures under Article 127GA of REACH. However, should an AfA not 
be made by the end of the transitional period then their use will become unlawful.  
 
This AoA has been undertaken as part of work to demonstrate the case for granting the applicants an 
authorisation to allow for continued use of chromium trioxide during the review period. Its aim is to assess 
the feasibility of potential alternatives to the use of chromium trioxide for plating and etching. The objective 
is to identify the most likely ‘non-use scenario’ for the applicants in the event that their use of chromium 
trioxide must cease, to provide input for the socio-economic analysis (SEA) and substitution plan (SP).  
 
Article 60(5) of REACH provides that when assessing the availability of suitable alternative substances or 
techniques, all relevant aspects must be taken into account, including:  
 

a) whether the transfer to the alternative would result in reduced overall risks to human health and 
the environment (as compared to the Annex XIV substance) taking into account risk management 
measures; and 

b) the technical and economic feasibility in Great Britain of alternatives for the applicants for 
replacement of the Annex XIV substance.  

 
The alternative must also be available for the applicants, i.e. it can be accessed in sufficient quantity and 
quality for substitution.  
 
 
 

3. Annual quantities 
 

3.1. Use 1: Etching 
 
The combined annual quantity for both applicants who use chromium trioxide for the etch pre-treatment 
step in the electroplating process for functional chromium plating with decorative character is  tonnes 
per year.  
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The non-confidential annual tonnage band for the use of chromium trioxide for etching is 10 – 100 tonnes 
per year. 
 

3.2. Use 2: Plating 
 
The combined annual quantity for all four applicants using chromium trioxide for functional chromium 
plating with decorative character for automotive, sanitary, heating and other applications is  tonnes per 
year. 
 
The non-confidential annual tonnage band for the use of chromium trioxide for plating is 1 – 10 tonnes per 
year. 
 
 
 

4. Analysis of substance function 
 
Chromium trioxide is used for electroplating a wide variety of products across a number of different sectors, 
including sanitary ware, automotive parts, engineering equipment, tools, electrical goods, gun barrels, 
cosmetic products, furniture, architectural accessories, kitchen utensils, white goods, musical instruments 
and various consumer products.  
 
The thickness of electroplated chromium deposits falls into two classifications7: decorative chrome plating 
and hard chrome plating. In decorative applications, the chrome is plated as a thin (0.25–0.8 μm) layer over 
nickel, which provides an economical, durable and highly corrosion resistant deposit that is also 
aesthetically-pleasing. In hard chrome plating, usually used for engineering purposes, deposits usually have 
a thickness greater than 0.8 μm and are often plated directly onto the substrate. Again, such coatings 
provide excellent resistance to heat, wear, corrosion and erosion.  
 
All sectors rely on the use of different kinds of metal and plastic substrates: 
 

• Those applicants that plate on metal use brass substrates in various grades.  

• Those applicants that plate on plastics use: 

• ABS (acrylonitrile-butadiene-styrene) 

• ABS/PC (ABS with polycarbonate) which is a mix of ABS and PC using varying amounts of PC 
usually containing 45% or 65% volume by volume (v/v) of PC 

• PP (Polypropylene) 

• Acetal plastics, also called polyacetal or polyoxymethylene (POM)  

• Nylon 

• Multi-K moulds, e.g. 2K and 3K components, which refers to products that have been 
manufactured by moulding two or three different materials into one plastic part 

 
In this report, the terms “metal substrates” and “plastic substrates” will be used and all of the above-
mentioned types of substrates are comprised within these terms. If there are technical constraints or 
limitations to a specific kind of substrate, this is indicated as required.  
 
Plastic is used as a substrate for many applications due to a number of advantages it brings for certain 
applications. The principal advantage is that the plated component will be considerably lighter in weight, 
which in some applications is advantageous over metals. This is particularly useful for the automotive sector 

 
7 Mandich & Snyder, 2011 
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where a lower weight of a component contributes to a lower weight of a vehicle with consequent 
reductions in fuel consumption and CO2 emissions. Design can also be more flexible, in that multi-
component plastic components can be selectively plated to result in a mixed finish on the plated part. 
 
On the other hand, plastic components require etching as a pre-treatment step. The etching step is 
necessary for the creation of an electrically conductive surface on plastic substrates. Without this treatment 
the subsequent electrodeposition of different metal layers would not be possible since plastic has a very 
low electrical conductivity on its own. It also ensures a tight bond between the plastic substrate and the 
metal coating. A failure in the etching step will lead to poor adhesion between the substrate and the 
coating.  
 
Importantly, etching with a chromium trioxide-based solution only affects the ABS substrate. Considering 
current advanced manufacturing processes, this is especially important and necessary for the plating of 
plastic parts made of two or three different types of material (referred to as 2K or 3K parts), for example, 
parts made from both ABS and PC. For a two- or three-component part, only the ABS is etched and, as a 
result, plated. Selective etching and plating is essential to achieving the design of these parts; if etching was 
to affect the non-ABS parts as well, factors such as surface structure, physical fit, electrical properties, and 
aesthetic appearance of these parts would be ruined. Selective etching and plating allows platers to 
effectively and efficiently limit use of chromium to those areas in which functionality conferred by 
chromium plate is needed. 
 
 

4.1. The end products  
 
Chromium trioxide is used in functional chrome plating with decorative character to apply a finish to achieve 
an aesthetic, decorative surface with a high durability in contact with aggressive and demanding conditions 
(indoors or outdoors). The vast majority of finishes have a bright or matt silvery appearance. Other less 
common variations include dark satin or black chrome finishes. The metallic chrome layer is applied as final 
coating on top of a multi-layer system and the combination of underplates is responsible for the final 
appearance (bright or matt) of the top coating as well as for its even surface. The underplates vary 
depending on the different required functionalities of the final product and the substrates used.  
 
Functionalities of metallic chrome coatings applied by chromium trioxide-based electroplating have been 
evaluated by the applicants to determine those that are the most important (key functionalities). These 
guarantee that products across all sectors have high aesthetic value and a high-quality, durable product. 
Corrosion resistance is vital to prevent corrosion of the coating, the underlying layers and the whole plated 
product. The chemical resistance must be high, given the chemicals in daily contact with the products, e.g. 
cleaning agents for sanitary ware, salts with regard to automotive products, which can attack the surface, 
causing corrosion and deteriorating the aesthetics. A minimum hardness of the coating combined with a 
high wear and abrasion resistance is necessary to protect the coating and therefore the product from 
scratches and damage, and to preserve the decorative appearance. A high level of adhesion is required 
between the metallic chrome coating top layer and the underlying base / underplates, to prevent damage 
of the surface by cracks and/or blistering. Resistance to temperature change and heat of the final product 
has to be high to withstand the demanding conditions the products are exposed to (for example hot water, 
high outdoor temperatures) and to preserve the coatings from damages and cracks. Additionally, sunlight 
resistance of the coating must be sufficient to withstand natural and artificial UV radiation from light 
conditions i.e. indoors as well as outdoor. Last, but by no means least, colour and cosmetic surface 
appearance (aesthetics) is crucial - the coating process must ensure that the production of all parts, 
independent of production date or plating line, all result with the same appearance and colour. 
 
Typical product examples produced by the applicants are provided in Table 3 and in Figures 5 to 8 below. 
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Automotive interior controls and control panel 
surrounds (source: QPP) 

Interior door handle and trim (source: QPP) 

  

Automotive front grille surrounds in the process of 
being plated (source: Borough) 

Automotive front grille surrounds in situ (source: 
Borough) 

  

Automotive seat speaker surrounds awaiting 
inspection (source: Borough) 

Automotive seat speaker surrounds (satin) in situ 
(source: Borough) 

 
Figure 5: Automotive sector - different interior and exterior parts with metallic chrome coating on plastic 
substrates 
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Bright chrome flow control for shower (source: Samuel 
Heath) 

Matt black chrome single lever basin mixer (source: 
Samuel Heath) 

  

Soap basket bathroom accessory (source: Samuel 
Heath) 

Thermostatic shower set with 2 low controls in chrome 
(source: Samuel Heath) 

 
Figure 6: Sanitary ware - examples of various metallic chrome-coated products on brass substrates 
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Chrome plated angle pattern thermostatic radiator 
valve with integral push-fit fitting (source: Aalberts) 

Chrome plated brass hose union ball-type bibtap valve 
(source: Aalberts) 

  

Compression fittings, various types (source: Aalberts) Thermostatic radiator valve combining metal and plastic 
parts (source: QPP) 

 
Figure 7: Heating/plumbing sector - examples of various metallic chrome-coated products on metal and 
plastic substrates 
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Ventilator for COVID-19 / COPD treatment 
incorporating chrome-plated components for hygienic 

purposes (source: Borough) 

Chrome-plated cooker knobs (source: QPP) 

  

Architectural hardware in various finishes including 
satin and matt black chrome (source: Samuel Heath) 

Drinks industry dispensing fonts / taps prior to being 
chrome-plated (source: Borough) 

 
Figure 8: Examples of metallic chrome-plated products for other applications and sectors on metal and 
plastic substrates 
 
 

4.2. Process description 
 
The following process description provides an overview of the general approach encompassing different 
substrate-specific techniques. Applying a coating of functional chrome with decorative character is a multi-
step process carried out in multiple treatment baths. The process is usually automated, with a plating line 
typically in a horseshoe or ‘U’ configuration, although some applicants also have manual plating lines.  
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Figure 11: Electroplating line, overview (source: Aalberts) 
 

 
 
Figure 12: Electroplating line, detail (source: QPP) 
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Figure 13: Electroplating line, detail (source: Samuel Heath) 
 

 
 
Figure 14: Example of a chromium bath with LEV (lip extraction) to the side and foam film which helps inhibit 
the release of aerosols (source: Borough) 
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Figure 15: Loading ('jigging') area preceding chrome plating stage (source: Aalberts) 
 

 
 
Figure 16: Unloading (‘un-jigging’) and inspection following electroplating (source: QPP) 
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4.2.1. Pre-treatment: general 
 
Chromium trioxide will usually be received as chrome flake (solid) delivered in 25 kg containers. The 
containers will be transported to the storeroom, e.g. by forklift truck or pump truck. When chromium 
trioxide is needed for the baths, the required amount will be weighed out and then typically transferred to, 
and dispensed into, the relevant bath manually. The parts to be plated will be mounted on jigs and the jigs 
then loaded onto racks. The racks are then moved along the plating line, typically by an automated crane, 
although manual processes / plating lines are sometimes also used. The parts will be immersed into the 
different treatment baths in a specific order. 
 
A number of pre-treatments prepare the surface of the substrates for functional chrome plating with 
decorative character to provide a metallic chrome finish. Adequate preparation of the base substrate is an 
essential part of the process; good adhesion between coating and substrate depends on the force of 
attraction at the molecular level. This means the surface of the substrate must be absolutely free of 
contaminants until the coating process has been completed.  
 
Pre-treatment steps vary between metal and plastic substrates but all pre-treatment types are an essential 
part of the process chain and are not stand-alone processes. 
 
In the case of metal substrates, the surface must be ground and polished, then cleaned from any kind of 
dirt (for example residuals polishing paste) and degreased. Oxides on the surface created during 
manufacturing or transportation, any intermetallic particles precipitated during the course of the 
manufacturing process and any organic material must be removed. If these remain on the surface, the 
subsequent layer could be affected by corrosion and no uniform appearance would result. Removal of 
material from the surface of the substrate is achieved through alkaline cleaning processes, i.e. soak cleaning 
and electrolytic cleaning, in conjunction with intermediate rinsing. These pre-treatments are free of 
chromium trioxide.  
 
In contrast, for plastic substrates, etching is required as a necessary pre-treatment step and is undertaken 
in a chromium trioxide-containing etching bath, as described in further detail below. The etching step is 
necessary for creation of an electrically conductive surface on plastic substrates. Without this treatment 
the electrodeposition of different metal layers would not be possible since plastic has a very low electrical 
conductivity on its own. 
 
 

4.2.2. Pre-treatment: etching of plastic substrates 
 
For plastic substrates, the surface pre-treatment phase involves the following steps: etching, neutralisation, 
activation, acceleration and metallisation as a result of electroless plating. Prior to the etching step the 
plastic substrates are washed with a cleaning solution and rinsed to remove any impurities or contaminants 
which could interfere with the plating process. 
 
Etching 
Etching of plastic substrate with a chromium trioxide-containing solution ‘roughens’ the surface of the 
plastic by removing material from the substrate at a microscopic level, creating a specific number of pores 
with a certain depth (typically between 1 and 3 µm) on the surface. Details of the process are described 
below using ABS as example, as this is the most commonly-used plastic substrate. 
 
During the etching process, a specific amount of 1,3-butadiene is removed selectively from the surface of 
the plastic substrate, creating ‘pores’ on the surface that act as contact points (anchor points) for the 
subsequent, different electroplated metal layers. The quality of the final metallic chrome coating depends 
on adequate pore depth and number of pores. Inadequate etching can cause two major failures: not enough 
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Figure 19: Surface of plastic substrates on completion of chrome plating (source: QPP) 
 
 

4.2.3. Plating 
 
Copper stage 
Depending on the required functionality and use of the final product, a copper layer may be applied on the 
substrate prior to nickel deposition. This is optional for plating on brass and steel substrates. The copper 
layer is used as an underplate to improve adhesion between the substrate and the first layer applied during 
the multi-layer plating process. This is to cover imperfections such as pits and scratches, and to create a 
shinier surface as a basis for the subsequent layers. The brilliant appearance of the copper layer is 
responsible for a bright appearance of the final coating. 
 
If used with plastic substrates, the copper layer serves as a ductile buffer between the soft plastic and the 
subsequent metal layers made of nickel and chrome with increasing hardness. The copper equalises 
tensions resulting from different coefficients of expansion of the different materials occurring in the course 
of temperature differences and temperature changes. The copper layer can therefore prevent cracks and 
blistering or delamination of the subsequent coatings.  
 
Nickel stage 
Nickel is applied by an electrolytic chemical deposition process (electroplating). Multiple nickel layers are 
needed prior to the final, chrome layer being applied, as the multi-layer combination is required to meet 
the required key appearance and performance requirements of the finished product. Such requirements 
include corrosion and chemical resistance, hardness, adhesion and surface appearance of the final product. 
The nickel layer will also characterise the final appearance of the product as matt, satin or bright.   
 
The nickel is applied in a two-layer system. The first nickel layer is sulphur-free, whereas the second layer 
contains sulphur. Depending on the application, different kinds of functional nickel layers, such as micro 
cracked nickel or microporous nickel can be applied on top of the described two-layer nickel system, 
enhancing the corrosion protection of the substrate. 
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A micro cracked nickel layer is a nickel layer applied under high tensile stress. After the application of the 
final metallic chrome layer and a subsequent hot rinsing, micro cracks occur forming a very thin network 
affecting the metallic chrome layer as well as the functional micro cracked nickel layer. This network 
formation is a desired effect and a substantial part of the corrosion protection, since a controlled corrosion 
attack is generally preferred compared to local corrosion attacks or single macro cracks. The development 
of micro cracks can be controlled by reduced electric current and enhanced bath temperature. Depending 
on the process conditions, a conventional process results in between 400 to 800 micro cracks per 
centimetre, while a forced micro cracked process creates about 2000 micro cracks per centimetre. 
 
A microporous nickel layer with integrated inert particulate matter is applied by the same mechanism as 
for micro cracked nickel, but with a reduced electrical current. This kind of layer is applied to enhance the 
potential output between the underlying bright nickel layer and the subsequent metallic chrome coating, 
which leads to an enhanced corrosion protection. The microporous nickel has to comprise more than 
10,000 active pores per square centimetre. 
 
Chrome stage 
The chrome layer is applied by electroplating, similar to the nickel, but utilising chromium compounds in 
the process bath instead of nickel compounds. The chrome plating solution contains dissolved chromium 
trioxide and additives (electrolytes). During the electroplating process, the hexavalent chrome, Cr(VI), is 
reduced to metallic chrome, Cr(0). The chrome plating layer forms a well-adhered coating on top of the 
nickel plating layers. This continues until the metallic chrome coating has reached the desired thickness 
level.    
 
In this process, the concentration of CrO3 is between 250 and 400 g/l. Additives such as sulphuric acid are 
typically added in concentrations of 2 to 4 g/l. The bath temperature is typically in the range between 35 to 
45°C with an average current density between 5 and 25 A/dm². Immersion time is typically between 5-8 
minutes. The thickness of the metallic chrome layer is sector specific and depends on the respective product 
and its applications but is typically in the range between 0.15 µm to 1.0 µm. The bright chrome appearance 
of the product is not solely a result of the metallic chrome layer but also of the respective underplates. In 
contrast, the slightly bluish character of the metallic chrome coating is solely a result of applying a metallic 
chrome layer by chromium trioxide-based electroplating. 
 
Alternatively, black chrome coatings can be produced, which are dark, most often black variations of the 
metallic chrome coating. This results from using a higher current density in the chromium trioxide plating 
bath and the inclusion of other additives such as nitrates or fluorides. Black chrome coatings are typically 
applied with a thickness of 2 to 5 µm. Depending on the intended use of the product, the underplate is 
either a semi bright nickel layer, a matt nickel layer or a copper layer.  
 
Overall, the electrolytic process of plating with chromium trioxide offers several advantages. The process is 
robust and is performed at low temperatures (low energy costs for heating of the bath). The coating is 
applied quickly and, due to the bath application technique, almost any kind of articles of variable geometry 
(flat, complex, with inner cavities, etc.) and size (independently if small or big) can be plated. 
 
Rinsing 
Throughout the chrome electroplating process, parts are rinsed using several baths to prevent the drag-out 
of substances from one plating bath to the next. Rinsing is commonly performed by dipping the product in 
a bath filled with clean rinsing water. It is usually conducted in several steps following a cascade technology. 
The most common technique is counter-current cascade rinsing, for which the part is rinsed in a succession 
of rinsing baths, which are dedicated to the preceding plating bath. Most of the process water is handled 
in a closed-loop system minimising wastewater streams by reusing rinsing water in another process bath of 
the same type.  
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Sampling 
To ensure electrolyte concentrations are kept within optimal parameters, the concentration of Cr(VI) in 
chrome baths must be regularly monitored. Bath analysis involves obtaining samples, typically on a weekly 
basis, which are usually analysed in an on-site laboratory using titration analysis, although may be 
conducted by a third party where no on-site facilities exist. Surface tension sampling will also usually be 
conducted. 
 
Maintenance 
Visual inspections of tanks, heating elements, anodes, electrical panels, transporters, flight bars, contact 
saddles and other related equipment will be performed on daily, weekly and monthly routines as required. 
Chrome baths will periodically be emptied and refilled to avoid excess levels of contamination building up, 
although the intervals at which this is undertaken can span a number of years. Bath emptying and refilling 
work may be undertaken in-house or by specialist third-party contractors under specific risk assessment 
and method statement.  
 
 

4.2.4. Post-treatment 
 
Post-treatments comprise various rinsing and cleaning steps to remove potential remaining process 
chemicals from the product. As final step the products will be dried, using forced air or oven drying 
processes. These post-treatments are chromium trioxide free and differ depending on the base substrate 
and the company or sector specific requirements. 
 
A special post-treatment is required for parts plated using black chrome electroplating to ensure that the 
surfaces are Cr(VI) free. This post-treatment is typically a combination of chemical and physical processes, 
such as electrolytic degreasing, ultrasound treatment and bath applications, dipping the black chrome 
plated parts in sodium dithionite or sodium bisulphite solutions to reduce residual Cr(VI) to Cr(III). Black 
chrome-coated parts also require manual oiling, a process that takes place post-plating. 
 
The transporter will return the flight bars back to the loading area where jigs will be manually removed. 
Careful visual inspection is performed on all individual parts to ensure stringent quality requirements are 
met.  
 
 

4.2.5. Waste treatment 
 
The applicants’ on-site wastewater treatment facilities reduce hexavalent chromium, Cr(VI), to trivalent 
chromium, Cr(III), e.g. using sodium metabisulphite. This process is highly effective, such that residual 
concentrations of Cr(VI) in effluent are very low. The process is automatic – probes measure chrome levels 
and send signals to a control panel which ensures that reagents are dosed automatically according to the 
readings. The treatment occurs through closed pipelines. 
 
Once treated, the wastewater will be sent via a series of tanks (pH and flocculation tanks) to a settlement 
tank where the sludge is allowed to settle before collection via a filter press and removal for disposal by a 
specialist waste handler.  The wastewater is then discharged from the site. Figure 20 below is a schematic 
of one of the applicant’s effluent treatment plants which is provided as an example. Further information 
on waste treatment can be found in the CSR. 
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Figure 20: Schematic of wastewater treatment plant (source: QPP) 
 
Samples will be regularly taken from the final discharge point and analysed in on-site laboratories to ensure 
wastewater is within trade effluent (discharge) consent limits for discharge of wastewater to public sewers, 
as set by the applicants’ local water authorities under the Water Industry Act 1991. The applicants will be 
subject to unannounced visits where wastewater is sampled and checked by the local water authority. 
Three of the four applicants are also regulated under the Environmental Permitting (England and Wales) 
Regulations 2016 which regulates water discharge activities, with limits set by permits that are often lower 
than those required by local water authorities. 
 
 

4.3. Key functionalities of chromium trioxide  
 
The applicants undertake functional plating with decorative character to apply a highly-durable and 
aesthetically-pleasing surface to products for automotive, sanitary, heating/plumbing and other sectors, 
using metal or plastic substrates. The metallic chromium layer is applied as a final coating on top of a multi-
layer system, which combine to provide the key functionalities required. The key functionalities identified 
by the applicants are as follows: 
 

• Corrosion resistance and chemical resistance 

• Wear and abrasion resistance (and, for heating/plumbing applications, impact resistance and 
jointing method resilience)  

• Adhesion 

• Thermal cycle resistance and sunlight / UV resistance 

• Longevity 

• Colour and cosmetic surface appearance (aesthetics)  
 











CrO34UK  Analysis of Alternatives 

45 
 

on similar test criteria, e.g. overnight tests and longer (30-day immersion) tests. After the tests have 
been completed, no visual degradation of the coating should be detectable.  

 
With regard to the automotive sector, tests are usually performed based to individual OEM 
requirements and the coating must withstand chemicals as defined by the OEM without visible 
change after the tests. Exterior automotive parts in particular need to be resistant against car wash 
cleaning agents (car wash resistance).  

 

• Wear and abrasion resistance: The wear resistance of a coating is tested through use of industry 
standard Taber Abrasion test equipment. The test consists of a specimen placed under abrading 
wheels equipped with a rubbing material, e.g. felt strip. A predetermined force is applied and the 
specimen is made to continuously rotate while in contact with the abrading wheels until the desired 
number of rotations is achieved. During the test, a rub-wear action takes place between the 
specimen and the abrading wheels. 

 

• Adhesion: For all sectors, the most commonly used test method of the adhesive properties of a 
coating to the substrate is a cross-cut test. This involves severing the coating down to the substrate 
using a grid of six parallel and six perpendicular cuts, then applying an adhesive tape to the coating 
and removing it. Visual inspection after removal of the tape should not show any detectable defects 
on the cuts.  
 
Adhesion of coated plastic substrate (for example ABS) is tested as peel resistance of the coating, 
with a peel-off (adhesive strength) requirement depending on the type of substrate. In the 
automotive sector, stone-chip resistance is tested via a strip-tape test which also determines the 
adhesive properties of the coating under “outdoor” conditions. 
 

• Thermal cycle resistance: In the sanitary sector, temperature change resistance of coated parts can 
be tested in a temperature cycle test where plated products are heated, typically for 30 minutes to 
a temperature of 70°C followed by a 15 minutes cooling period. The parts are then cooled down, 
e.g. to minus 30°C for 30 minutes and subsequently brought back to ambient temperature. This 
cycle is repeated a number of times. The coated parts then are visually examined and surfaces 
should not show any cracks, blistering or loosening of the coating. For showers, different 
arrangements are often used that see products being subjected to 300 cycles of a changing water 
temperature (e.g. from 65°C to 20°C) for all substrates.  
 
For the automotive sector, temperature change resistance testing varies depending on the 
substrate and OEM requirements. For example, in long-term tests, coated plastic parts may be 
exposed for 3 months to 90°C (partially up to 105°C) and in short term tests they may be exposed 
for several hours. Climate change tests also have to be performed. These tests are comparable to 
the temperature change test, except that there is also a defined humidity (up to 80%) during the 
high temperature phase. The tests are usually performed for up to eight cycles and a duration time 
up to 96 hours. After these tests, the coatings should not show any optical change or delamination. 
 

• Sunlight / UV resistance:  There are several company-specific UV tests applicable in the sanitary 
sector, for example a four-week outdoor weathering of the coated products that needs to be 
passed without showing visual changes or damages. Such tests should be passed without showing 
defects. 
 
To test UV resistance for exterior automotive parts, these are typically exposed to xenon arc lights 
for a long period of time (e.g. 3,200 hours). Such tests need to be passed without visual changes of 
the coating. Interior automotive parts are tested in a similar fashion except that the duration of 
testing is much shorter, e.g. the coating must resist to 10 exposure cycles without visual changes. 
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5. Overview of sector-specific regulatory requirements and 
approval processes 

 
In addition to the required performance standards described in the preceding section, the applicants must 
meet regulatory requirements and approval processes relevant to them for each of the markets into which 
their businesses supply. While this includes non-UK markets such as the EU and US, the following 
information focuses on UK requirements to illustrate just this one part of the regulatory backdrop against 
which the applicants operate. Such requirements are important to understand from the perspective of 
identifying potential alternatives to chromium trioxide, because those alternatives must also be capable of 
satisfying those requirements.  
 
 

5.1. Automotive sector 
 

5.1.1. About the automotive sector and automotive supply chains 
 
The UK automotive sector is central to the UK economy and a key part of the country’s industrial strategy. 
It generated £56 billion in turnover and £12.2 billion in gross value added (GVA) in 2020, which was 7.1% 
of UK manufacturing GVA. It is a vital high-skilled UK employer, with 149,000 people employed in 
automotive manufacturing in the UK in 2020 and a further 249,000 jobs estimated to be supported by the 
industry in the wider economy8. The sector is extremely export intensive; it generated £40.1 billion in 
exports in 2016 (£18.3 billion to the EU)9. In addition to overall vehicle production, the quantity of domestic 
sourcing is a key measure of success, with the majority of the automotive sector’s key profit margins relating 
to the efficiency of the supply chain. In 2017, UK vehicle makers sourced 44% of the value of their parts 
from domestic suppliers, rising from 36% in 2011 10.  
 
It is the UK Government’s ambition to secure the country’s position as one of the highest-productivity major 
automotive producers in Europe, in part through greater use of local (domestic) supply chains11.  
 

 
 

Figure 21: Basic structure of the automotive supply chain 

 
8 HM Government, 2022, pp54-55. 
9 House of Commons Committee on Exiting the European Union, 2018, p2.  
10 House of Commons Committee on Exiting the European Union, 2018, p4. 
11 HM Government, 2022, p55. 
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The automotive supply chain is complex and OEMs (vehicle manufacturer) operate a sophisticated, globally 
integrated supply chain, to support their “just in time” production models. Figure 21 provides a simplistic 
example of an automotive supply chain where suppliers are organized in sequential levels called tiers. OEMs 
rely on module and system suppliers (tier 1), who in turn must rely on component manufacturers (tier 2), 
who themselves depend on raw materials suppliers (tier 3). For these purposes, the applicants who supply 
automotive products can be considered as tier 2 suppliers.  
 
The above diagram is simplistic and, in reality, there are considerably more tiers than this within the supply 
chain. In addition, the supply chain is highly complex and integrated, with assembly of vehicles performed 
in a complex network of manufacturing plants forming the multi-tier system depicted above. Each OEM 
may have between 1,500 to 4,500 tier 1 suppliers, who themselves may have between 500 to 1,500 
suppliers themselves. This complexity is illustrated in Figure 22 below.  
 

 
 
Figure 22: Illustration of supply chain complexity 
 
The exact number of parts in a car will vary from vehicle to vehicle but, on average, there will be around 
30,000 parts in a single vehicle, ranging from small nuts and bolts to bodywork panels and the engine block. 
Typically these parts will be arranged into between 4,000 and 9,000 different main components and 
assemblies per car (see Figure 23 below). In terms of chrome-plated parts only, there can be more than 150 
different chrome-plated components.  
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Figure 23: VW Tiguan disassembled into constituent parts (source: Volkswagen) 
 
The UK Government has stated its ambition for 50% of each British-built vehicle to be made from nationally 
sourced components as part of plans to make the UK automotive industry more self-sufficient12. 
 
 

5.1.2. Regulatory requirements & OEM specifications  
 
Regulatory requirements play a crucial role in determining the design and production costs of a vehicle and 
cover vehicle design, component use, manufacturing processes, emissions and more. This is achieved by a 
process known as ‘type approval’, which refers to the confirmation that a design will meet specified 
performance standards and ensures vehicles comply with relevant environmental, safety and security 
requirements. 
 
The Road Vehicles (Approval) Regulations 2020 make provision in the UK for the implementation of 
Regulation (EU) 2018/858 (the ‘Type Approval Regulation’), which has been retained following Brexit. 
Under the Regulations, all new vehicles sold in the UK must be type approved (‘whole vehicle’ approval) by 
a type approval authority prior to registration. The UK type approval authority is the Vehicle Certification 
Agency (VCA), an executive agency of the Department for Transport.  
 
Large OEMs will apply for ‘whole vehicle’ type approval, which brings together all the individual system and 
component approvals for a vehicle into a single legal document enabling a manufacturer to demonstrate 
that it complies with all the relevant technical requirements. The process involves the oversight of the 
selection and testing of samples, the documentation of the specification and the evaluation of the measures 
in place by the manufacturer to ensure Conformity of Production (CoP). A prerequisite of type approval is 

 
12 HM Government, 2017, p202. 
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that the manufacturer has appropriate measures in place to ensure that production samples will continue 
to meet the performance requirements as the products originally examined, which is known as Conformity 
of Production (CoP). 
 
As well as British, European or International Standards, OEMs also derive their own standards for 
automotive production and these will all be used to ensure a vehicle meets type approval requirements. 
OEMs will translate these into set design and engineering specifications which suppliers must meet. Parts 
will be rejected if they fall outside the applicable specifications.  
 
In other words, those supplying chrome-plated products into the automotive sector (i.e. the applicants) 
have very little influence in terms of the specifications of the parts they supply. They have little ability to 
dictate terms to those above them in the automotive supply chain concerning the use of potential 
alternatives to chromium trioxide for functional chrome plating with decorative character. If they fail to 
meet OEM-driven specifications, then the OEM and tier 1 suppliers will impose contractual penalties or 
simply switch to an alternative supplier. Alternative suppliers will most likely be based outside the UK, given 
the authorisation requirements of REACH will apply to other UK-based suppliers, but they may be based in 
the EU and covered by authorisation or an application for authorisation, as is discussed further below.   
 
In particular, the requirements for surface performance are defined by the OEMs, not by the platers 
themselves. Over long years of development the OEMs have created very specific and unique requirements 
for exterior, as well as interior, vehicle parts including very precise expectation on the layer systems with 
which the parts are coated. For instance, the OEMs have extended the guarantees for product surfaces in 
favour of the end customer. Therefore, in the course of the last years the requirements on the surface 
performance have been drastically increased by the OEMs and the platers must ensure these expectations 
are satisfied. Currently, the use of CrVI-based plating is the only way to achieve the requirements in current 
OEM standards (e.g. as regards adhesion and pull-off tests) so there is little choice for platers but to use 
chromium trioxide.  
 
 

5.1.3. The challenge of substitution in the automotive sector 
 
The identification of possible alternatives and the careful validation of their functionalities is a labour/time 
intensive process that will take several years. The European Automobile Manufacturer Association (ACEA) 
notes that even where a technically feasible and economically feasible alternative has been identified, it 
will first need to be validated and, after that, contractual arrangements with suppliers will need to be made 
approximately 3 years before the start of production (industrialisation) and implementation in the supply 
chain13.  
 
At the time of submission of this AfA, most of the OEMs have yet to tell the applicants involved in supplying 
the automotive sector what their intentions are as regards the use of chromium trioxide for chrome-plated 
parts, nor have they updated their specifications. Assuming the OEMs are willing to move away from 
chromium trioxide at some point in the future, the supply chains, as well as the production capacities for 
several hundreds of millions of parts, for the whole automotive sector would need to be re-established 
from the ground up for the components in question. The OEM, tier 1 and other tier suppliers would have 
to ensure that their subcontract platers all used the same systems, controls and colour monitoring. For 
example, one automotive manufacturer uses 32 different electroplaters as direct suppliers and their tier 1 
suppliers will also have multiple different platers supplying them with subcontracted parts. The whole 
supply chain would need to coordinate to ensure they use the same plating systems to give the same (or 
acceptably similar) colour to ensure harmonization across the whole product range. This is achievable but 
would take considerable time, effort and resource.  

 
13 ACEA CLEPA, 2016, p1. 
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Sufficient production capacity with the new technology would then need to be identified, qualified and 
demonstrated to be reliable. Field tests and acceptance tests at customers would need to be performed. 
These "real life" tests extend the duration of qualification. This means more personnel are required at OEM 
level in order to carry out tests for a multitude of new parts and surfaces needing to be qualified at the 
same time. 
 
Within a single vehicle up to 150 chrome-plated parts would be affected. The interaction of each of the 
parts produced with the new technology would then need to be assured at the OEM level. The whole system 
of parts would have to be evaluated, tested and qualified. It is likely that this process would necessitate 
redesign of some related parts to match the modifications to ensure they all function together properly. 
Significantly, this effort may be required for each vehicle series of an OEM. As further supply chains, 
processes and suppliers are involved here the effects on timescales and costs are unpredictable. 
 
The implications for the technology user or parts manufacturer who carry out surface treatment in house 
are substantial. In parallel to the OEM’s testing and qualification, electroplaters may need to secure the 
investment for a new facility or conduct extensive reconstruction measures of the current electroplating 
facility. Once financial investment is secured, land has to be secured and all necessary permits / planning 
permissions need to be granted. The plant would then need to be built and personnel trained in the   new 
technology. New technical qualifications would need to be run through with lessons learned for the parts 
producer, as well as for the OEM. 
 
It is critical to note that the new technology cannot be used for repairs and for spare parts for the vast 
majority of parts already on the market, as specifications for a new technology development differ so much 
that they cannot be used on existing products. The same applies to products under current chromium 
trioxide-based development. These parts will have already undergone several rounds of testing and 
modifications so the processes would have to be repeated for any new technology used, therefore delaying 
the launch of cars which will have to undergo multiple rechecks and verification. 
 
Conversely, if a move away from Cr(VI)-based coatings is not driven by the OEMs, then it is worth briefly 
considering what would happen if it were driven by the applicants. This would be the case, for instance, if 
the applicants were not granted authorisation for the continued use of chromium trioxide in etching and 
plating. Given that the applicants cover the majority of the UK market for plating on plastics, if an 
authorisation is not granted then most of the plating on plastic undertaken in the UK would cease. This is 
because, as this report will demonstrate, there is currently no suitable ‘drop-in’ alternative to Cr(VI)-based 
etching and plating. The work currently undertaken by the applicants would switch either to EU plants who 
hold authorisation to continue using chromium trioxide (or who are covered by applications for 
authorisation that are still pending) or to the rest of the world, most likely the Far East where there are no 
current restrictions on the use of chromium trioxide. However, the OEMs could not achieve this switch 
overnight; the majority of car manufacturers and their Tier 1 suppliers would face a critical parts shortage 
for a period of time. For example, the applicants supply products for  

 
. It will take these organisations many months to move tools and 

production to alternative suppliers and then test and approve these parts before they can be fitted back 
onto vehicles. As many of these OEMs and Tier 1 suppliers are based in the UK, the cost to, and impact on, 
the UK economy would be substantial14.  
 
 

 
14 A good example of the impact the UK automotive sector can have on the wider economy due to critical parts shortages is the recent 

semiconductor shortage which began to manifest in 2020 at the start of the COVID-19 global pandemic. This caused UK growth to slow at a much 
sharper rate forecast by economists, see e.g. Inman, 2021.  
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5.2. Sanitary sector 
 

5.2.1. The Water Fittings Regulations 
 
The principal legislation relating to water supply installations in the UK is the Water Supply (Water Fittings) 
Regulations 1999 for England and Wales, the Water Supply (Water Fittings) (Scotland) Bylaws 2014 for 
Scotland, and the Water Supply (Water Fittings) Regulations (Northern Ireland) 2009 for Northern Ireland. 
Collectively, these are known as the Water Fittings Regulations.  
 
The Regulations set requirements for the design, installation and maintenance of plumbing systems and 
water fittings in England and Wales. They are enforced by water companies in their respective areas of 
supply. The Regulations’ objectives include contamination prevention and water conservation. Water 
systems and fittings in premises that are, or will be, connected to public water suppliers must comply with 
the Regulations. The legal duties are placed on all users, owners or occupiers of premises and anyone who 
installs plumbing systems or water fittings and water-using appliances in them. Water suppliers are 
responsible for the enforcement of the Regulations.  
 
The Water Regulations Approval Scheme (WRAS) was established in support of the aims and objectives of 
the Water Fittings Regulations. WRAS is an independent UK certification body for plumbing products and 
materials, to help businesses and consumers choose compliant products that keep water safe. Its approval 
and listing scheme has become the byword for product approvals in the UK plumbing world. A WRAS-
approved product helps demonstrate compliance with the Water Fittings Regulations (although the product 
must still be installed and operated correctly).  
 
To enable a product to be certified to meet with the requirements of the Water Fittings Regulations, it must 
be mechanically tested to the relevant standards. UKAS-accredited mechanical test facilities in the UK 
include KIWA Ltd (Watertec Trading Division) and NSF International.  
 
All materials used in applicable products must meet with the requirements of BS 6920 (Suitability of non-
metallic materials and products for use in contact with water intended for human consumption, with 
regards to their effect on the quality of the water). In particular, all non-metallic materials which come into 
contact with water intended for domestic use must conform to the requirements of BS 6920. This includes 
several tests which assess the suitably of non-metallic materials to ensure they do not impart odour or 
flavour, cause a change in appearance (colour or turbidity), promote microbial growth or leach substances 
(including toxic metals) harmful to human health. Test facilities in the UK accredited to carry out BS 6920 
testing include Intertek, The Water Quality Centre (WQC) and NSF International. Once fully tested the 
plumbing fittings can be certified in the UK by either WRAS or KIWA Watertec. The certificates of both 
organisations each state that the plumbing fitting complies with the requirements of the Water Supply 
(Water Fittings) Regulations.  
 
All UK water suppliers will accept the installation of products certified by WRAS or KIWA Watertec and the 
applicants have a range of different products that are WRAS-approved.  
 
 

5.2.2. The Water Quality Regulations 
 
The quality of drinking water in the UK is governed by the Water Supply (Water Quality) Regulations 2016 
in England, the Water Supply (Water Quality) Regulations (Wales) 2018 in Wales, the Public Water Supplies 
(Scotland) Regulations 2014 in Scotland, and the Water Supply (Water Quality) Regulations (Northern 
Ireland) 2017. These Regulations implemented the requirements of Council Directive 98/83/EC on the 
quality of water intended for human consumption, which forms part of retained EU law in the UK.   
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The legislation aims to protect human health against harmful effects which could originate from 
contaminants in water designated for human consumption, and to ensure it is pure and suitable for 
consumption. It imposes a duty on water suppliers to supply “wholesome” water. ‘Wholesome’ water is 
water supplied for drinking, washing, cooking or food production that does not contain any element, 
organism or substance at a concentration that would be detrimental to public health (whether on its own 
or in conjunction with anything else), and which does not exceed any concentrations or values in excess of 
parameters listed in the Regulations themselves.  
 
The legislation is enforced by the Drinking Water Inspectorate (DWI) in England and Wales, the Drinking 
Water Quality Regulator (DWQR) in Scotland and the Drinking Water Inspectorate (DWI) in Northern 
Ireland. 
 
For the applicants who produce sanitary ware, this means that materials used in the manufacture of 
products that will be used in contact with drinking water must not negatively affect human health, or the 
smell and taste of drinking water, nor may they result in the release of substances into drinking water above 
acceptable concentrations or values. Given the manufacturing process, the chemical indicator parameters 
of highest interest are nickel and chrome. Under the Regulations, the concentration of nickel in drinking 
water (e.g. caused by Ni migration) must not exceed the threshold value of 20 μg/l and the total chromium 
concentration in drinking water (e.g. caused by chrome leaching) must not exceed 50 μg/l.  
 
 

5.3. Heating / plumbing sector 
 

5.3.1. The Building Regulations  
 
The Building Regulations 2010 (as amended) apply to most new buildings and many alterations of existing 
buildings in England and Wales, whether for domestic, commercial or industrial use. The Regulations 
impose requirements on people carrying out “building work”, defined as the construction or extension of a 
building, the provision or extension of services or fittings, material alterations to buildings, services or 
fittings, and various other types of work including insulation provision, change of use, underpinning and so 
on. Building work must be carried out so that it complies with the applicable requirements set out in Parts 
A to P of Schedule 1. These requirements include provisions on sanitation, hot water safety and water 
efficiency (Part G), drainage and waste disposal (Part G) and conservation of fuel and power (Part L), which 
are relevant to the applicants’ products that are used for heating and plumbing applications.  
 
Supplementing the Regulations are a series of approved documents that give practical guidance on how to 
meet the requirements of the law. These set out what, in ordinary circumstances, may be accepted as 
reasonable provision for compliance with the relevant requirements of the Building Regulations. In 
addition, various British, European and International Standards exist for the design, construction, 
installation, commissioning, operation and maintenance of heating and plumbing products. For instance, 
BS EN 215 lays down requirements and test methods for thermostatic radiator valves. The applicants’ 
products must meet the requirements of the applicable Standards for acceptable use in domestic, 
commercial or industrial premises.  
 
In addition, various third party approval schemes exist which guarantee that products confirm to applicable 
standards and performance requirements. For example, BuildCert is a product testing and certification 
program designed specifically for plumbing products, which offers third-party product certification of 
plumbing products to ensure that they meet national and international standards. A number of the 
applicants’ products are BuildCert approved, such as thermostatic mixing valves for use in various settings, 
including healthcare and commercial.  
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5.3.2. Construction Products Regulations 
 
Many of the applicants’ products will be subject to Regulation (EU) No 305/2011 (the Construction Products 
Regulation), retained with amendments following Brexit. Construction Products are defined as any product 
or kit produced and placed on the market for incorporation in a permanent manner in construction works, 
the performance of which has an effect on the performance of the construction works with respect to the 
basic requirements for construction works. There are a number of such basic requirements but, for these 
purposes, the most relevant are mechanical resistance and stability, hygiene, health and the environment, 
and energy economy and heat retention.  
 
The Regulation requires that construction products placed on the market and either covered by a 
designated standard or conforming to a UK technical assessment must be UKCA marked (previously CE 
marked) and accompanied by a Declaration of Performance. Designated standards' are those approved by 
the Secretary of State and published by the British Standards Institution (BSI).  
 
 

5.4. Regulatory and market context 
 
For the purposes of assessing the implications of a non-granted authorisation and determining the NUS, it 
is necessary to understand the wider regulatory and market factors concerning the continued availability 
of Cr(VI)-based products, despite chromium trioxide being subject to authorisation under REACH both in 
the UK and EU. While REACH requires the use of chromium trioxide to be authorised, chromium trioxide is 
not present in finished products which have a metallic chrome (Cr(O)) coating and, even then, these finished 
products constitute ‘articles’ under REACH, imports of which are not subject to the authorisation 
requirement. Imports of products with Cr(VI)-based coatings are readily available from the rest of the world 
but it is worth noting that they will continue to come from EU-based sources for a considerable period of 
time, as chromium trioxide’s use for functional chrome plating with decorative character has been 
authorised or is likely to be authorised for many EU-based platers under EU REACH. Given these regulatory 
and market factors, the dominance of Cr(VI)-based products is unlikely to change significantly over the next 
decade unless there is considerable improvements made in the quality of alternatives. 
 
Information is presented below on sanitary ware and products for automotive applications specifically, as 
representative of similar arguments that will exist for the wider range of products produced by the 
applicants for use in other sectors of the market. 
 
 

5.4.1. Sanitary ware  
 
The sanitary ware market is competitive and even though in more recent years the market has 
demonstrated a greater interest in different colours and finishes, it remains the case that Cr(VI)-based 
products still dominate overall customer demand. Table 8 below presents data from Eurostat on UK 
production and imports (from EU and non-EU sources) in the two Combined Nomenclature (CN) codes most 
relevant to sanitary ware products. These are: 
 

• 8481 80 19 (28141235) covering “Taps, cocks and valves for sinks, wash basins, bidets, water 
cisterns etc. excluding valves for pressure-reducing/oleohydraulic transmissions, check, safety, 
relief and mixing valves” 

• 8481 80 11 (28141233) covering “Mixing valves for sinks, wash basins, bidets, water cisterns etc. 
excluding valves for pressure-reducing or oleohydraulic/pneumatic power transmissions, check 
valves, safety/relief valves” 
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hazardous substances to safer alternatives. However, if the applicants were not granted authorisation 
meaning that their use of chromium trioxide must cease, then this would not achieve the aims of REACH in 
that the risk would simply be transferred elsewhere. Admittedly this would be to a non-GB location not 
covered by UK REACH and so therefore not of direct concern to any UK regulatory authority. However, the 
UK’s performance on health and safety ranks favourably across the EU16 and the EU itself compares 
favourably to safety standards across the rest of the world17. This means that switching production to a 
non-UK (and likely non-EEA) country may well result in poorer standards of worker protection and 
consequently higher exposure to chromium trioxide by workers and non-workers in the vicinity of the 
production site, with higher levels of ill-health that could be expected as a result. 
 
 
 

6. Identification of potential alternatives  
 

6.1. Efforts made to identify potential alternatives 
 

6.1.1. Research and development (R&D) 
 
The applicants are all downstream users (as defined by REACH) of chromium trioxide and use the substance 
in electroplating processes with the chemicals and technologies provided by specialist suppliers, e.g. 
MacDermid Enthone and Atotech. The applicants can be quite rightly regarded as having expertise in 
producing their products for the applications and sectors to which they supply and will determine key 
functionalities and set performance standards for the products they manufacture. However, their specialist 
suppliers are the holders of the expert knowledge regarding electroplating technologies and any changes 
or improvements are driven by their activity. The applicants are aware that much effort is being expended 
on R&D activities to identify possible alternatives for chromium trioxide in both plating and etching 
although it is not reasonable to expect the applicants themselves to drive this, as they do not have the 
necessary expertise and personnel in-house.  
 
Conversely, specialist technology suppliers often do not have the practical expertise in the application and 
use of their technologies to manufacture products for various applications / sectors of use. This means the 
development of new or improved technologies must be undertaken in cooperation with downstream users 
who do have that expertise. Indeed, the applicants are highly supportive of the drive towards alternatives 
to chromium trioxide and are actively engaging with specialist suppliers and technology providers. Some of 
the applicants have been researching and trialling alternatives to hexavalent chromium since the 1980s, 
although all have found issues with corrosion and chemical resistance, abrasion and aesthetics (colour 
matching). As customers of the technology providers, the applicants can help facilitate and even initiate 
change, e.g. through requesting different specifications, performance standards etc. However, the unique 
functionalities of Cr(VI) as component in chromium trioxide make it an ideal and hard-to-replace substance 
where superior requirements for aesthetics/colour, corrosion and chemical resistance, abrasion resistance 
and other key functionalities are required, given the demanding conditions in which their products will be 
put to use. It is very difficult to find a single alternative which replaces all the multi-functionality of Cr(VI) 
simultaneously. 
 
That said, new technologies are emerging18 and the applicants remain hopeful these will ultimately be 
successful in providing for a suitable alternative to chromium trioxide for functional chrome plating with 

 
16 HSE, 2021. 
17 United Nations Global Compact, 2021, p5. 
18 For example, MacDermid Enthone have recently introduced a new process for plating on plastic called ‘TriMac BLUE’, which is a trivalent 

chromium process that has been specifically designed to mimic CrVI finishes of brilliant silver with a hint of blue.  
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• Ceasing production of all products that require the use of chromium trioxide – in this scenario, the 
applicants would cease to manufacture and supply all chrome-plated products. For some applicants, 
this would represent total closure of the business; other applicants would attempt to continue to 
manufacture and supply products with other finishes in the UK, although again the impact of losing 
chrome-plated products may ultimately lead to business closure. 

 

• Outsourcing production of products that require the use of chromium trioxide – in this scenario, the 
applicants would continue to supply chrome-plated products but would no longer electroplate the 
products themselves in the UK; electroplating would be outsourced to third-party providers based in 
a non-EEA country. (Additionally, given the costs of shipping and complexity of logistics, 
manufacturing of products in their entirety would likely be outsourced, i.e. the casting of metal 
substrates and moulding of plastic substrates.) 

 

• Relocation of production associated with the use of chromium trioxide – In this scenario, the 
applicants would relocate their manufacturing operations (partly or completely) to a non-UK and 
non-EEA country. This would involve establishing their businesses in other territories and setting up 
new production sites. 

 
The managerial options under discussion do not present attractive alternatives to the applicants. However, 
given the lack of any suitable ‘drop-in’ alternative processes / technologies at the present time, the 
applicants must consider these options for the purposes of selecting the NUS should authorisation not be 
granted. This is explored further in the SEA. 
 
 
 

7. Assessment of alternatives: etching (use 1) 
 
This section is relevant to plating on plastic substrates only, for which an etching pre-treatment is required 
(use 1). In this section, the identified potential alternatives are assessed in terms of their: 
 

• technical feasibility; 

• economic feasibility; 

• potential for risk reduction; and 

• availability. 
 
The assessment focuses on technical feasibility in the first instance and, if the alternative is found to have 
critical technical weaknesses which means some of the key functionalities are not fulfilled, economic 
feasibility and other considerations are not then assessed in detail. This is in line with the approach 
suggested in the ECHA guidance on authorisation20 and aims to ensure a proportionate approach is taken 
to the AoA. 
 
To assist with the technical feasibility aspects of the assessment, colour-coded summary tables are 
included, using the criteria set out in Table 16 below. These tables show the findings of the assessment 
against the following three key functionalities: adequate surface preparation (surface roughness); adhesion 
to substrate; and compatibility with substrates, including the ability to selectively etch.  
 
 
 
 

 
20 ECHA, 2021, p45 and p81 
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Figure 24: Comparison of typical etched plastic surfaces – left: after chromium trioxide etching, middle: after 
acidic permanganate etching, right: after alkaline permanganate etching. Data source: CTAC 
 
Acidic permanganate etching solutions show a rapid self-reactivity and decomposition. This results in a 
relatively short lifetime of such etching solutions. Alkaline manganese etching solutions have better stability 
but their etching capability, especially on plastic substrates like ABS and PC, or blends, is not very strong, 
meaning that relatively long treatment periods are needed. 
 
At the current stage of development, the major issue with permanganate based etching solutions in general 
is that it does not provide for the adhesive properties required for subsequent coating steps. As shown in 
Figure 24, the etching rate is much weaker than using a chromium trioxide based etching solution. R&D 
efforts returned variable results and key functionalities varied, such as the depth, form and density of the 
cavities. The instability of potassium permanganate solutions gave rise to the distinct possibility of under- 
or over-etching, resulting in adhesive properties which were significantly inferior to chromium trioxide-
based etching. These inferior adhesive properties lead to extensive blistering of the subsequent chromium 
coating with the plating lifting away from the substrate, potentially causing customer injuries from cuts. In 
addition, poor plating coverage can result due to non-uniform etching. As a result, the high-quality 
appearance and durability requirements for the final product were not met for the respective industry 
sectors. 
 
Given the chemical nature of permanganate solutions, bath maintenance is particularly complex. During 
the etching process, Mn7+ is reduced and MnO2 is precipitated from the etching solution, causing 
interferences with the etched substrate. The MnO2 deposits at the base of the etching baths highly influence 
the overall etching performance, with the quality of products decreasing over time, presenting significant 
challenges for high-volume production. This is because the etching solution is not suitable for regeneration 
due to the nature of the breakdown products which would mean consistent etching would not be achieved 
and the solution would have to be disposed of regularly. More frequent pump-outs of permanganate 
solutions introduce their own risks. Conversely, Cr(VI) etching solutions will typically last for three years due 
to continual regeneration. 
 
Even if permanganate-based etching provided better adhesion, it is not capable of multi-component 
(selective) etching. In the automotive sector, it is common to use 2K or 3K parts, with non-ABS components 
which must not be affected by etching. Permanganate-based etching would need to be adapted for 2K or 
3K parts to ensure it only etches ABS components without affecting others. 
 
Permanganate-based etching has also been found to affect the jigs holding the etched parts, which would 
therefore need to be protected prior to the electroplating step to avoid cross-contamination in subsequent 
processing steps. Issues with jigs also give rise to insufficient plating thickness of plated parts, because 
inadvertent coating of jigs means that less current is then available to be applied directly to the components 
on the jigs.  
 
The applicants continue to support their technology providers in trialling potential alternatives using 
permanganate-based solutions. However, permanganate-based etching solutions are not currently 
technically feasible as an alternative to chromium trioxide-based etching on plastics, principally due to 
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However, on balance, based on the available information on the substances used within this alternative, a 
transition from chromium trioxide to a permanganate-based solution would likely achieve risk reduction 
and constitute a shift to the use of less hazardous substances.  
 
 

7.1.5. Availability  
 
Potassium permanganate is commercially available and widely used for a number of different applications. 
With regard to its use as an alternative for etching of plastics, different companies are working on the 
technical issues. As stated during the CTAC consultation and as experienced by the applicants conducting 
trials with their technology providers, further R&D is necessary to develop this alternative in a way to safely 
gain surfaces of high quality. In addition, industrial implementation and OEM qualification procedures for 
certain applications and sectors would also be required.  
 
 

7.1.6. Conclusions 
 
At the current stage, permanganate-based alternatives for etching of plastic substrates is not technically 
feasible and has significant economic disadvantages. From a technical point of view, the major drawback is 
the clearly insufficient adhesive properties, leading to delamination and inacceptable aesthetic appearance 
of the final coating. Furthermore, the permanganate process has very high capital and ongoing operational 
costs. Further R&D efforts are necessary to overcome the existing technical hurdles.  
 
 

7.2. Sulphuric acid-based etching solutions 
 

7.2.1. Substance identity, properties and process description 
 
Like permanganate-based etching discussed above, this alternative is also a wet-in-wet process, meaning 
that the overall technique is comparable to its chromium trioxide-based counterpart. Different mineral 
acids are currently under evaluation as alternatives to chromium trioxide etching pre-treatment. Research 
is currently focused on using sulphuric acid composed with other acids, such as phosphoric acid and nitric 
acid, or with additives, such as peroxymonosulphate salts or peroxidisulphate salts.  
 
A non-exhaustive overview on general information on substances used within this alternative and their 
hazards to health, safety and the environment is provided in Appendix 1. 
 
 

7.2.2. Technical feasibility  
 
For the purposes of this AoA, sulphuric acid-based solutions are assessed as a potential alternative for 
chromium trioxide based etching pre-treatments on plastic substrates.  
 
One of the principal issues with this alternative is that it is not capable of successfully etching 2K or 3K 
components (selective etching). When using 2K or 3K parts, where only one part should be plated, Cr(VI) 
etching can selectively etch the ABS component only, as required. However, sulphuric acid-based 
alternatives is not selective for ABS (1,3-butadiene removal) only and will also affect the other components. 
 
Another major concern is associated with swelling of the plastic substrate. CTAC consultation confirmed 
that it is not technically possible to prevent swelling of the plastic surface when using any kind of acidic 
replacement etching solutions. Other issues related to inadequate preparation of the substrate for an 
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transition cannot simply be performed by changing the plating electrolyte. As Cr(III) plating is very sensitive 
to impurities, an ion exchanger and a number of additional basins/baths are needed to enable adequate 
rinsing processes to reduce impurities as much as possible. This is necessary for both the pre-treatment 
bath technology as well as the Cr(III) plating step.  
 
Process conditions: Trivalent chromium baths are more sensitive to metallic impurities and to the acidity of 
the bath than conventional chromium trioxide plating baths. Even small deviations in the process conditions 
can strongly influence the deposition success, the layer quality and the final appearance. Consequently, 
establishing a reliable process for metallic chrome layers from a Cr(III) electrolyte of reproducible quality 
(colour, corrosion resistance, thickness, hardness, etc.) is challenging and the Cr(III) based plating process 
requires careful handling.  
 
Substrate compatibility: Trivalent chromium plating is generally applicable to all commonly used substrates, 
such as brass and plastic substrates. For all substrates, underplates are required as barrier between the 
electrolytically plated coating and the substrate to create a corrosion resistant and aesthetic surface.  
 
Aesthetics: In general, the metallic chrome plated surface from trivalent chromium electroplating is of a 
similar appearance to surfaces created by chromium trioxide-based electroplating. However, the principal 
drawback to date is that the final colour is not silvery-bluish but slightly yellowish/brownish. The exact 
colour of the coating is a result of the electrolyte used: sulphate-based coatings for example are slightly 
lighter, while chloride-based coatings are slightly darker. The yellowish/brownish shade of the coating is 
caused by iron ions (for example coming from the rack, the substrate, or the production surroundings) that 
enter the Cr(III) electroplating bath as impurities. The iron corrodes to rust once in contact with atmospheric 
oxygen, resulting in a yellowish/brownish colour of the coating. Even the smallest quantities of impurity 
can lead to this effect. The CTAC consultation found that it was very challenging to adequately maintain 
process conditions that prevent the yellowish shade from resulting. In addition, because the plating 
solutions are generally used long-term (for example a chromium trioxide electrolyte can be used for more 
than 5 years, without being renewed completely), then the longer the same plating solution is used, the 
more impurities will be accumulated that may affect the final colour of the product. This makes ensuring a 
uniform appearance of all products plated during the lifetime use of a plating solution difficult.  
 
Besides the yellowish colour, trivalent chrome plated products from different platers will not be the exact 
same colour. Different trivalent chromium coated parts assembled together (for example in the interior of 
a car, or for bathroom installations, or for heating applications such as thermostatic mixing valves, will show 
a slightly different colour and will not match exactly. This is not likely to be acceptable to the applicants’ 
customers. The yellowish colour also occurs after a period of time during normal usage, even if the products 
left the facility coated with a seemingly adequate colour. This means that, in the event of refurbishment or 
repair, new parts would not match the established inventory. 
 
Sector specific assessment: sanitary & heating applications 
Large R&D efforts have been made and are still on-going to establish Cr(III) electroplating as an alternative 
to chromium trioxide electroplating within the sanitary sector in particular. Several feasibility studies have 
been performed on the functionality of metallic chrome coatings generated from different commercially 
available Cr(III) electrolytes on different substrates (plastic, brass). The results were provided for review 
during the CTAC consultation phase. Besides “pure” metallic chrome coating from a Cr(III) electrolyte, 
passivated metallic chrome coating from a Cr(III) electrolyte have been tested. These are “pure” metallic 
chrome coatings with a post-treatment application (generally based on a Cr(III) solution) that aims to 
enhance the properties of the metallic chrome coating. 
 
Corrosion resistance: Tests conducted on Cr(III)-based metallic chrome coatings have yielded highly variable 
results. These tests involved salt spray tests (NSST, AAST and CASS according to BS EN ISO 9227) and 
Kesternich tests according to BS EN ISO 6988. The corrosion resistance of some tested coatings clearly failed 
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the sanitary requirements (for instance already showed corrosion after 200 h salt spray exposure compared 
to 300 h required) or marginally met these requirements (showing slight corrosion within the limits). It 
should be noted that the performance of trivalent chrome plated coatings is highly dependent on the type 
of electrolyte used. This is significantly different to products coated with chromium trioxide, where all 
coatings practically have the same quality. Therefore, considering all tested samples from different 
electrolytes, the corrosion resistance does not sufficiently meet the requirements of the sanitary sector at 
the current stage of development. 
 
Chemical resistance: The chemical resistance of metallic chrome coatings from a Cr(III) electrolyte tested 
by continuous immersion in household cleaning agents (such as vinegar essence or a commercially available 
product), also differs for the different electrolytes. Similar to corrosion resistance, the tested coatings 
clearly failed the sanitary requirements for chemical resistance (by showing severe surface corrosion) or 
marginally met these requirements (only showing slight corrosion, single attack points). The chemical 
resistance was especially low when exposed to acidic cleaning agents. For all tested parts, the chemical 
resistance was lower compared to the metallic chrome coatings from chromium trioxide-based 
electroplating and did not sufficiently fulfil the overall sanitary requirements at the current stage of 
development. 
 
Wear resistance / abrasion resistance: The abrasion resistance of Cr(III) coated parts has been tested using 
Taber abrasion tests. Cr(III)-based coatings generally passed the Taber abrasion test (required 60000 cycles) 
performed with a common microfiber. The test performed with a dry felt cloth resulted in small scratches 
(thin hairlines), but without larger scratches or extensive abrasion. Some other test results revealed that 
the Cr(III) coated surface was scratched after <50 cycles (while requirements are around 300 cycles without 
scratches/damages). While abrasion resistance for Cr(III)-based coatings looks more promising, its success 
depends on the electrolyte solution the coating was generated in. In overall terms, this means that the 
coating offers reduced abrasion resistance when compared to chrome coatings produced from a chromium 
trioxide electrolyte, which does not meet the overall sanitary requirements on abrasion resistance. 
 
Adhesion: In cross-cut tests on Cr(III) based metal coatings on different kind of substrates (metals, alloys 
and plastic), the adhesive properties in general sufficiently fulfilled sanitary requirements. Some flaking of 
the coating was determined, but this damage is thought not to be the result of insufficient abrasion 
resistance but of residual stress of the metallic chrome coating from a Cr(III) electrolyte potentially caused 
during the production process. 
 
Aesthetics: The yellowish/brownish colour is caused independently from the electrolyte used and was 
observed on all tested samples. This does not meet sanitary or heating sector requirements. The final 
consumer may combine parts from different plating companies or brands and would not expect or accept 
a colour mismatch. The mismatch of colours is also an issue in the replacement of sanitary or heating 
products, e.g. like-for-like warranty replacements or on bathroom or kitchen upgrades / refurbishment. Any 
move to Cr(III)-based coatings with such issues would result in customers switching to Cr(VI)-based product 
that remains readily available through imports from outside GB (including from the EU).  
 
In addition, for matt black chrome coatings, the applicants (following discussion with specialist technology 
providers) are not aware of any Cr(III)-based alternative. Previous trials in 2015, 2019 & 2021 attempting 
to produce a matt black chrome finish through Cr(III) processes were all unsuccessful – it was found that 
there was a significant difference in the visual appearance and that the colour was too light and glossy, far 
from a suitable match.  
 
Conclusions, sanitary & heating sector: The overall performance of metallic chrome coatings is highly 
dependent on the Cr(III) electrolyte solution which is used for applying the coating. As shown by a number 
of tests and feasibility studies performed within the sanitary sector, metallic chrome coatings from Cr(III) 
electrolytes are currently not a technically feasible alternative to metallic chrome coatings from chromium 
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tests).  A second comparative study was performed between Autumn 2013 and Spring 2014. In this second 
study, 12 different Cr(III)-based chrome coatings, of which eight were sulphate-based and four chloride-
based, were tested from seven different specialist suppliers of the electrolytes. A total of 3000 plastic 
patterns with different types of metallic chrome coatings from Cr(III) and Cr(VI) electrolytes (chromium 
trioxide) were compared. Of these, 2,400 patterns were examined in laboratory settings and the remaining 
600 were mounted on a total of 72 cars and 10 trucks. Both comparative studies found that none of the 
tested coatings from Cr(III) electrolytes were able to meet the requirements of the automotive sector. 
 
Corrosion resistance: The corrosion resistance of metallic chrome coatings from Cr(III) electrolytes is 
dependent on numerous parameters, such as the type of electrolyte used (sulphate-based or chloride-
based), the underlying layer system (copper, nickel underplate, etc.) and whether the coating is provided 
with a subsequent passivation. In general, the corrosion resistance to sodium salts (tested in NSST and 
CASS) of sulphate-based Cr(III) coatings is better compared to chloride-based Cr(III) coatings, while the 
corrosion resistance to calcium salts (tested for example in Russian Mud tests) is better for chloride-based 
Cr(III) coatings than for sulphate-based Cr(III) coatings. 
 
According to the available information, the corrosion resistance of Cr(III)-based coatings is generally lower 
compared to Cr(VI)-based coatings and generally does not fulfil the automotive requirements (for example 
exterior 480 h NSST or up to 96 h CASS according to BS EN ISO 9227). Post-plating passivation may improve 
results although the applicants have not yet found any alternative systems to perform close to the 
conventional chromium trioxide-based metallic chrome coatings, which do not require passivation.  
 
Chemical resistance: The chemical resistance of metallic chrome coatings from Cr(III) electrolytes is 
generally lower and laboratory tests indicated lower resistance against wheel rim cleaners, pancreatin or 
tree resins. However, as with corrosion resistance, performance is dependent on the respective trivalent 
chromium electrolyte and its resulting type of metallic chrome coating. However, at this stage of 
development and based on their own trials and the experience of others, the applicants do not consider 
the requirements of the automotive sector fulfilled in terms of chemical resistance.  
 
Wear resistance / abrasion resistance: The abrasion resistance of metallic chrome coatings produced from 
Cr(III) electrolytes has been found to be generally lower than metallic chrome coatings produced by 
chromium trioxide electroplating. Again, the performance is dependent on the respective electrolyte and 
resulting type of metallic chrome coating. However, in general, the abrasion resistance does currently not 
meet the requirements for automotive applications.  
 
Aesthetics: As noted above, the exact colour of the coating from Cr(III) electrolytes differs and is a result of 
the electrolytic plating solution. Chromium (III) chloride plating solutions result in a slightly darker chrome 
coating, while the coatings from a chromium (III) sulphate based plating solutions are slightly lighter. 
Impurities in the sensitive bath chemistry can also cause a yellowish/brownish colour of the trivalent 
chromium-based coatings. The long-term colour stability of coatings from Cr(III) electrolytes has also been 
examined in field tests on numerous different samples, with test results showing that coatings from Cr(III) 
electrolytes become gradually darker over time, while the coatings from a chromium trioxide electroplating 
do not change colour at all. As a consequence, the overall aesthetic appearance and long-time colour 
stability clearly do not fulfil the requirements of the automotive sector at the current stage of development. 
Additionally, the colour of the plated product is highly dependent on the kind of electrolyte used. Due to 
the large variety of different parts assembled together per automobile, the different shades of colour will 
result in a colour mismatch. 
 
However, as with sanitary ware, the applicants are aware of new technologies only just coming onto the 
market which are specifically targeted at resolving aesthetics (colour) issues concerning bright silver chrome 
finishes that may provide the required ‘blue’ hue. These will need further evaluation and trialling to 
understand their suitability and also longer-term performance.  
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The applicants manufacture a range of products for various sectors and many of these products, in 
particular sanitary ware, are offered with different finishes, including chrome. Demand for other finishes 
does exist but chrome is by far the dominant colour for all of the applicants’ products. When it comes to 
chrome finishes, the applicants do not currently produce or supply trivalent chromium-based products due 
to the demonstrable quality issues outlined above. Hexavalent chromium-based products offer better 
performance and a higher quality aesthetic and which also ensures availability of spares and colour-
matching of replacements. As a result, if the applicants were forced to switch to Cr(III)-based products, they 
would not expect to enjoy product sales and market shares comparable to their current position.  
 
As has been demonstrated earlier in this report, the most likely outcome would be that customers would 
switch either to alternative suppliers in the EU who hold an authorisation for the use of chromium trioxide 
(or whose application for authorisation has been made but a decision is still pending) or to non-EU suppliers. 
This would result in an almost total loss of market share to competing Cr(VI)-based imports.  
 
 

8.1.4. Risk reduction 
 
The alternative Cr(III)-based processes under consideration involve chromium hydroxide sulphate 
(chromium (III) sulphate) and chromium trichloride (chromium (III) chloride). With reference to Appendix 
2, both these substances have workplace exposure limits (WELs) under the Control of Substances Hazardous 
to Health Regulations 2002 (COSHH) and both are classified as hazardous under CLP although for far fewer 
hazards. In particular, neither substance is classified for carcinogenicity and mutagenicity. In this way, the 
move from chromium trioxide to chromium (III) sulphate and chromium (III) chloride can be seen as a move 
to less hazardous substances.  
 
In addition, a move to trivalent chromium-based processes would likely avoid the use of a PFAS for surface 
tension adjustment, a further benefit in terms of risk reduction. PFAS are currently being considered for 
restriction under EU REACH22 and a regulatory management options analysis (RMOA) is being conducted 
under UK REACH23.  
 
Conversely, chromium (III) chloride is classified for skin sensitisation category 1 by EU REACH registrants of 
the substance. A substance evaluation recently published on the ECHA website for chromium (III) oxide24 
noted that a group assessment is currently under development by the evaluating Member State Competent 
Authorities under EU REACH for chromium (III) compounds more generally, due to concerns for skin 
sensitisation. The substance evaluation also identified a data gap for reproductive toxicity and suggested 
this can be addressed in a grouping approach, recommending that ECHA request further testing (an 
extended one-generation reproductive toxicity study and a developmental toxicity study). At the time of 
writing, it is not clear how ECHA might respond to this substance evaluation. It is possible that chromium 
(III) sulphate and chromium (III) chloride have the potential to meet the criteria of ‘equivalent level of 
concern’ under Article 57(f) of REACH due to skin sensitisation although currently no regulatory action is 
proposed in relation to them.  
 
Recent research has indicated that there is the potential for Cr(VI) generation during the Cr(III) plating 
process25. This is because trivalent chromium may be oxidized by hydrogen peroxide (generated by oxygen 

 
22 In particular, the Netherlands and Germany, with support from Norway, Denmark and Sweden are preparing a broad restriction proposal likely 

to cover many thousands of PFAS and a wide range of uses. They are expected to submit the proposal to ECHA in January 2023.   
23 The UK, Welsh and Scottish Governments have asked HSE and the Environment Agency to prepare a RMOA for PFAS. This RMOA will investigate 

the risks posed by PFAS and recommend the best approach to protect human health and the environment from any identified risks. This could 
result in proposals for restriction or other forms of regulatory control in the future.  
24 See https://echa.europa.eu/documents/10162/08bcc9ff-13bc-d854-31ac-ad132898500e  
25 Gharbi et al, 2018 
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reduction or deliberately added to the coating environment), forming hexavalent chromium. The fluorides 
present in the bath (usually added to accelerate film growth and native oxide dissolution) are thought to 
be responsible for promoting hydrogen peroxide formation, subsequently oxidizing Cr(III) to Cr(VI).  
 
The manufacturing process for chromium (III) salts most commonly originates from chromite. To obtain the 
chromium from this mineral, the most widely used method involves an alkaline process which transforms 
the Cr(III) into water-soluble Cr(VI) in alkaline solution which is then separated26. Cr(III) salts can then be 
prepared by the reduction of sodium dichromate with sulphur dioxide. For chromium (III) sulphate, this 
reaction can be represented as follows: 
 

Na2Cr2O7 + 3 SO2 + H2O → Cr2(SO4)3 + 2 NaOH 
 
Here, sodium dichromate would be used as an intermediate and so would not be subject to authorisation 
under REACH, with the increased focus on risk management measures this gives rise to (although it is 
possible that it might be handled under strictly controlled conditions if registered as an intermediate). This 
means that an increased demand for Cr(III) alternatives might result in risk reduction for the users (such as 
the applicants) but would result in increased health risks elsewhere in the supply chain, although it is 
acknowledged that this might occur outside the UK. Alternative processes for manufacturing Cr(III) salts are 
available but not feasible for the applicants due to the presence of Fe ions in the electrolyte and the 
unacceptable effects this would have on colour variations in the finished product.   
 
Use of Cr(III)-based processes would also involve use of boric acid at significant concentrations as part of 
the bath chemistry. Boric acid is classified under CLP as toxic to reproduction category 1B and is itself a 
substance of very high concern (SVHC) under both UK REACH and EU REACH. It was recommended for 
inclusion in Annex XIV of EU REACH in the sixth recommendation round. It does not currently appear on the 
list of substances recommended for inclusion in Annex XIV of UK REACH although in light of its status as a 
SVHC and the previous recommendation for authorisation made at a time where the UK was part of the EU, 
this substance cannot be ruled out for future regulatory action under UK REACH. 
 
Whether the use of boric acid for Cr(III)-based electroplating ‘adds’ to the risks is a matter of some debate, 
in that boric acid is already used for Cr(VI)-based electroplating. This is not as part of achieving the 
chromium finish, but as part of earlier processing steps during nickel electroplating. However, it is true to 
say that Cr(III)-based electroplating would increase the quantity of boric acid to be used and, on this basis, 
would not contribute to overall risk reduction.  
 
The passivation step required with Cr(III)-based electroplating requires the use of potassium permanganate. 
This substance does not currently meet the criteria under Article 57 of REACH to be designated a SVHC but 
nevertheless is classified for reproductive toxicity (category 2) and environmental toxicity (classified for 
both acute aquatic toxicity and chronic aquatic toxicity, category 1). A recent assessment of regulatory 
needs (ARN) by ECHA concluded that there is a need for further EU regulatory risk management27, 
suggesting a combination of restriction and authorisation following a potential redesignation of the 
substance’s classification as toxic to reproduction 1B. 
 
Finally, the various additives and complexing agents present in the Cr(III) electrolyte may affect how the 
wastewater treatment functions and reduce the efficiency of the water treatment. This aspect is not fully 
understood yet but would require additional investigation prior to the use of these electrolytes. 
 

 
26 Zang et al, 2016. 
27 ECHA Assessment of regulatory needs (7 December 2021), available at https://echa.europa.eu/documents/10162/630768d3-fdcd-fe11-7e76-

9c2ce137318b  
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In summary, while it would appear at present that substitution of Cr(VI)-based electroplating processes 
with Cr(III)-based electroplating processes would, on balance, lead to an overall reduction in risk, the 
reduction is not as significant as may be first thought. In addition, it is based on existing knowledge and 
further investigation through substance evaluation may identify additional concerns surrounding 
reproductive toxicity and skin sensitisation. Additionally, if substitution were to reduce risks in one part of 
the supply chain, it would drive them up in another, which does not lead to an overall reduced risk across 
the supply chain (even if it does for that part of it that is regulated by UK REACH authorisation 
requirements).  
 
 

8.1.5. Availability  
 
Cr(III) electroplating technology (in terms of the chemicals and equipment required) is available on the 
market and, as such, Cr(III) alternatives can be regarded as available.  
 
As regards the automotive sector, although some Cr(III)-based products have been recently accepted by 
some automobile manufacturers, these products are not produced completely Cr(VI) free and do not fulfil 
all manufacturers’ requirements across the industry sector, with no long-term field experience of the 
performance of the parts for all interior and exterior uses. Due to the performance requirements and 
expectations of the applicants’ customers in relation to the quality and functionality of their products and 
their long term behaviour (durability), the limited use of Cr(III) to produce chrome-coated parts is not 
considered to be qualitatively comparable for equivalent application within the broad range of uses in the 
automotive sector. The automotive sector supplies a global market which requires exterior parts to 
withstand varied and demanding requirements for use all over the world, for example regarding corrosion, 
sunlight resistance, and/or temperature resistance. 
 
As regards the sanitary sector, Cr(III)-based parts are again available on the market, but these products do 
not fulfil the applicants’, the sector’s and customers’ requirements and expectations. At the current stage, 
trivalent plated products are not a technically feasible alternative, especially in relation to long-term high-
quality applications, for example those necessary in the hotel and wider hospitality industry. 
 
 

8.1.6. Conclusions  
 
Significant efforts have been made and are still on-going to determine if trivalent chrome Cr(III) 
electroplating is a viable alternative to hexavalent chrome Cr(VI) electroplating. However, the mechanical 
properties of trivalent chromium deposits are still poorly understood28 and significant deficiencies that 
have been observed in the physical test performance of the trivalent chrome parts demonstrate that it is 
not currently a suitable alternative to hexavalent chrome electroplating. The significant differences 
reinforce that switching electroplating to a trivalent chrome process is not viable for the applicants and 
should not be regarded as a ‘drop-in’ alternative.  
 
This is important to understand but perhaps not so readily understandable to the layperson; after all, both 
Cr(VI) and Cr(III) processes result in the deposition of chrome onto a substrate, so it is reasonable to ask 
what is giving rise to the differences. These difference arise because Cr(VI) and Cr(III) electroplating 
processes not only utilise different plating chemistries but the metallic layers deposited from each process 
are different in composition: 
 

 
28 Guillon et al, 2022, p2. 
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• Cr(VI) solutions deposit a very consistent metallic layer.  The bulk composition of the layer is 
approximately 90% chromium, with the balance being oxygen.  The surface of the chromium naturally 
converts very quickly to chromium oxide.  This creates a very stable coating layer 

 

• Cr(III) solutions deposit a metallic alloy rather than simply metallic chromium.  The bulk composition 
of the layer is no longer 90% chromium but is reduced to around 80-83%. Other materials are 
incorporated into the layer, such as iron, carbon and sulphur. These other components lead to a 
reduction in the brightness of the metal layer and an increase in the yellowness. These components 
also affect the corrosion resistance and stability of the coating. Unlike Cr(VI)-based plating, the 
surface of the metal deposited by Cr(III)-based plating does not naturally form a stable oxide film.  
There is a lack of oxygen, and its replacement with Fe, C and S at the surface can lead to potential 
colour shifts and reduced corrosion resistance. 

 
Following R&D performed in the last few years, Cr(III)-based chrome coatings appear to be improving and 
products with these coatings are already being used for some sanitary and automotive applications. 
However, they do not fulfil the high-quality, sector-specific requirements and their long-term performance 
is unknown. Further development and testing is necessary to produce marketable Cr(III) coated products, 
to demonstrate they meet key functionalities concerning durability, aesthetics (colour and colour stability), 
corrosion resistance, chemical resistance and abrasion resistance. R&D efforts are still ongoing and are 
supported by the applicants. It is hoped that the issues with trivalent chromium-based alternatives can be 
resolved in the future although at this point in time this is not clear and so cannot be guaranteed. If technical 
feasibility were to be achieved, the Cr(III)-based products will then require sector specific approval, for 
example, with regard to the automotive sector by the OEMs, and within the sanitary sector where products 
need to pass the legal requirements for drinking water safety. Only once this has been achieved can the 
sectors start to transition from chromium trioxide-based electroplating to Cr(III)-based electroplating. 
 
 

8.2. PVD-based processes 
 

8.2.1. Substance identity, properties and process description 
 
Physical vapour deposition (PVD) refers to a variety of vacuum-based processes. The coating material will 
be in a solid (or rarely in a liquid) form and is placed in a vacuum or low-pressure plasma environment. The 
coating material is vaporised by an electric arc or electron beam and deposited onto the surface of the 
substrate in order to build up a thin film. Nitrogen, oxygen or methane are used as gases while argon is 
used for the formation of the plasma phase29.  
 
Vaporizing of the coating material may be conducted by one of the following methods: 
 

• Ion-assisted deposition/ion plating: This is a combined method as a film is deposited on the substrate 
while ion plating bombards the deposited film with energetic particles. The energetic particles may 
be the same material as the deposited film, or may be a different inert (argon) or reactive (nitrogen) 
gas. Ion beam assisted deposition (IBAD) describes a process in a vacuum environment where the 
ions originate from an ion gun; 

 

• Sputtering: This process is a non-thermal vaporization where the surface atoms on the source 
material are physically ejected from the solid surface by the transfer of momentum from bombarding 
particles. Typically, the particle is a gaseous ion accelerated from low pressure plasma or from an ion 
gun; 

 
29 TURI, 2006 
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• Low temperature arc vapour deposition (LTAVD): This is a low temperature PVD-based technique 
applying metal coatings at ambient temperatures. The parts to be coated are placed in the vacuum 
chamber and spun around the metallic source of the coating (the cathode). By applying a vacuum to 
the chamber, a low-voltage arc is created on the metallic source and the metal is evaporated from 
the arc at temperatures of around 100°C. 

 
The conditions for PVD coatings are process-specific and dependent on the substrate and applied coating. 
PVD coating temperatures are typically in the range between 180°C to 450°C, but processes with lower (for 
example LTAVD) and even higher temperatures are also available. The coating time depends on a number 
of factors, such as coating thickness, spinning time of the part in the vacuum chamber, and the geometry 
of the part to be coated. The PVD coating time for metal substrates is typically in the range between 1.5 to 
2 hours. In general, the throughput of parts depends on the size of the vacuum chamber and the geometry 
of the parts. 
 

          
 
Figure 25: Example of a decorative batch PVD coater utilising the LTAVD process (source: 
westcoastpvd.com) 
 
PVD coatings, which are directly applied on the substrate, require an atomically clean surface because they 
are highly sensitive to contaminants (e.g. water, oils and paints) on the surface to be coated. Inadequate or 
non-uniform ion bombardment leads to weak and porous coatings and is the most common failure in PVD 
coating. In most cases, ion bombardment during coating is responsible for a high internal stress. This stress 
accelerates with increasing coating thickness and can lead to delamination of the coating. As a 
consequence, PVD layers are optimally applied with a thickness of about 1-3 μm (in rare cases about 15 
μm). 
 
PVD based processes are being assessed as a potential alternative for conventional chromium trioxide-
based electroplating. This includes matt black chrome finishes, which are applied to sanitary ware by one 
of the applicants which, as discussed above, cannot be achieved using a trivalent chromium-based 
alternative.  
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8.2.2. Technical feasibility: PVD metal  
 
Prior to the application of a PVD metal coating, an initial supporting layer is necessary (especially on brass 
and plastic substrates) as the PVD coating does not provide corrosion resistance to the base substrate itself. 
This supporting layer is typically applied by electroplating.  
 
General assessment 
Substrate compatibility: A number of different substrates can be applied with a PVD coating, including brass. 
Plastic substrates can be coated using low-temperature PVD processes.  
 
Process conditions: PVD coatings, which are directly applied on the substrate, require an atomically clean 
surface because they are highly sensitive to contaminants (e.g. water, oils and paints) on the surface to be 
coated. Inadequate or non-uniform ion bombardment leads to weak and porous coatings and represents 
the most common failure in PVD coatings. In most cases, ion bombardment during coating is responsible 
for a high internal stress. This stress accelerates with increasing coating thickness and can lead to 
delamination of the coating. As a consequence, PVD layers are optimally applied with a thickness of about 
1-3 µm (in rare cases about 15 µm). 
 
Corrosion resistance: Concerns regarding corrosion resistance are reported in various publications30 and 
other similar applications for authorisation under EU REACH, including consultations reported by the 
CTACSub. In particular, if the coating is scratched or damaged, the corrosion protection provided by the 
layer degrades faster compared to chrome layers. However, this effect depends on several factors in the 
course of the deposition of the PVD coating, such the gases used and their composition, the coating time 
and the temperature. A major problem with PVD coatings is that the substrate can easily be affected by 
corrosion in cases where, for example, moisture migrates between the coating and the substrate. This 
means a supporting layer must be applied prior to the application of a PVD metal coating, as the PVD coating 
does not provide sufficient corrosion resistance to the base substrate itself. By applying supporting layers, 
the corrosion resistance of the PVD metal coating can be increased. 
 
Sector specific assessment: sanitary & heating applications 
Significant R&D efforts have already been conducted and are still ongoing on the technical feasibility of PVD 
and PVD based processes. As part of the CTAC consultation, numerous test results for PVD metal on 
different substrates were provided for review by different companies in the sanitary ware sector. This 
included different metals applied by PVD as well as comparative tests with electrolytically-applied metallic 
chrome coating from different Cr(VI) based electrolytes. PVD metal coatings are currently used as topcoat 
on top of metallic chrome coatings applied by either Cr(III) or Cr(VI) electrolytes for special functional 
(hardness) or special aesthetic (‘steel optic’) purposes. However, these are niche applications and do not 
work without the underlying electroplated metal layers. PVD metal coatings are currently not a stand-alone 
coating technique. 
 
Corrosion resistance: The corrosion behaviour of PVD based coatings has been tested with chemical 
cleaning agents and is further discussed below in combination with chemical resistance. In general, the 
corrosion resistance of PVD based coatings is highly dependent on the kind of coating and coating system 
(including the, potentially necessary, supporting layer). Large technical efforts are considered necessary to 
develop an adequate corrosion resistant coating/coating system for the respective substrates. Compared 
to a metallic chrome coating from chromium trioxide, which generally provides a very high corrosion 
resistance in all cases, PVD coatings do not provide sufficient corrosion resistance to meet sanitary sector 
requirements. 
 

 
30 Müller et al., 2020, p39 
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8.2.3. Technical feasibility: lacquer + PVD systems 
 
General assessment:  
Substrate compatibility: A number of different substrates (metal as well as plastic) can be used in a lacquer 
+ PVD system, although R&D has focused more on plastic substrates. Lacquer + PVD systems can be applied 
on plastic ABS substrates without the need for any etching pre-treatment.  
 
Corrosion resistance: For three-layer lacquer + PVD + lacquer systems, the corrosion resistance is highly 
dependent on the respective kind of applied PVD intermediate layer. In general, PVD aluminium layers as 
intermediate layers provide less corrosion resistance than PVD chrome intermediate layers.  
 
Wear / abrasion resistance: For three-layer lacquer + PVD + lacquer systems with a final lacquer, the wear 
resistance of these coatings is significantly lower compared to a metallic chrome coating, as lacquer is not 
able to fulfil the same abrasion resistance as metallic chrome coatings from chromium trioxide.  
 
Aesthetics: In general, the aesthetic appearance of lacquer + PVD + lacquer systems is highly dependent on 
the final lacquer and is generally considered to be worse than a metallic chrome coating. With regard to a 
two-layer lacquer + PVD coating, using a PVD chrome layer, the aesthetic is determined to be sufficient, but 
due to the very thin PVD coating, there is no ‘metal’ feeling. 
 
Sector specific assessment: sanitary & heating applications 
Significant R&D efforts have been conducted and are still ongoing on the technical feasibility of lacquer + 
PVD systems. Numerous test results of different lacquer + PVD + lacquer systems on different substrates 
were provided for review as part of the CTAC consultation by different sanitary ware producers. 
 
Corrosion resistance: In general, the corrosion resistance of lacquer + PVD systems was found through 
testing to be highly dependent on the kind of coating and coating system and inconsistent data is available 
at the current stage of development. Results from companies operating in the sanitary sector found that 
the corrosion resistance of lacquer + PVD + lacquer coatings did not withstand salt spray exposure testing 
undertaken to BS EN 248, resulting in flaking of the coating, especially at the edges. Further R&D is required 
to reach suitable and repeatable corrosion resistance for these kinds of coatings.  
 
Chemical resistance: Test results of lacquer + PVD + lacquer coatings were not consistent. Some of the 
tested coatings were stated to clearly fail the continuous immersion test in household cleaning agents, 
while other results showed that both continuous immersion tests as well as cleaning agent spray tests with 
household cleaning agents (such as vinegar essence, disinfection agent Sagrotan, etc.) were passed. In 
general, the final lacquer defines the functionality of the overall coating and is considered to be the reason 
for the varying test results. Inconsistent performance is clearly not sufficient (given that the performance 
of Cr(VI)-based chrome coatings is consistent) and further development is needed.  
 
Wear / abrasion resistance: Abrasion resistance of different lacquer + PVD + lacquer coatings using Taber 
abrasion tests sometimes resulted in the total abrasion of the coating. Other tests showed a better abrasion 
resistance but with significant scratches, which still clearly failed performance standards. The principal issue 
is that all lacquer + PVD + lacquer coating systems involve final lacquer layers that are not as hard as metallic 
chrome coatings and this lower hardness is the reason for the overall failure of the abrasion resistance 
tests. This means abrasion resistance cannot be considered sufficient for sanitary sector requirements at 
the current stage of development.  
 
Temperature change resistance / heat resistance: In one test, temperature change resistance of a lacquer 
+ PVD + lacquer coating on ABS was found not to meet required performance standards, with a coating that 
had turned completely milky at the end of the 300 cycle test. Again, the temperature change resistance is 
dependent on the lacquer + PVD + lacquer coating meaning that better solutions may present themselves 
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lines would likely be necessary to realize the same throughput of parts. The CTACSub consultation found 
that the cost for the installation of one PVD coating line is estimated to be about 1 million Euros 
(approximately £833,000), resulting in investment costs (only for the PVD coating) of at least 2 million Euros 
(approximately £1,666,000). This is likely to necessitate building extensions for some of the applicants, to 
accommodate the new technology. 
 
In addition to investment costs, the PVD vacuum chamber would need to must have a sufficient size for the 
respective parts and accommodate the complexity of the parts. In general, the need of a vacuum chamber 
limits the size and the type of parts that can be coated. PVD operates on a ‘line-of-sight’ basis and so is not 
suitable for complex geometries and larger parts. The complexity and size of the parts to be coated with 
PVD has to be taken into account when planning the vacuum-based process. 
 
On top of the capital and operating costs, there are the additional costs that would be associated with the 
expected loss of sales and market share arising from a switch to a product that did not meet all the key 
technical functionalities and so would be regarded as inferior. As described in relation to Cr(III)-based 
electroplating alternatives, the availability of Cr(VI) plated products on the market that have been 
manufactured outside Great Britain means that any reduction in the quality of the applicants’ products 
would be met with a switch by customers to imported products.  
 
In conclusion, PVD-based metal coating does not represent an economically feasible alternative for the 
applicants at the present time.  
 
 

8.2.5. Risk reduction 
 
Based on the available information on the substances used within this alternative (see Appendix 2), many 
substances are not classified; others that are classified are not classified as severely as chromium trioxide. 
In addition, PVD is mainly a closed-system process, reducing the potential for exposure, although exposure 
would remain possible during the degreasing phase and during maintenance. This means that moving from 
chromium trioxide to PVD-based coatings can be seen as a move to less hazardous substances. 
 
However, the above does not consider the risks associated with the lacquer technology. There are a wide 
range of lacquers potentially available and so, at this stage of development, it is not possible to provide 
details of any specific types in order to explore the associated hazards and risks. However, lacquers that 
offer the best performance as regards corrosion, chemical and scratch resistance are typically those that 
contain the most hazardous substances, including volatile organic compounds.  
 
In particular, two-pack (or “2K”) systems that involve the use of a lacquer and a hardener will likely contain 
isocyanates, which are potent respiratory sensitisers. Isocyanates have been said to be the leading cause 
of occupational asthma in the western world31 and it is well-documented that spraying coatings containing 
isocyanates puts workers undertaking such activities at up to 80 times greater risk of developing asthma32. 
Isocyanates have recently become subject to restriction under UK REACH and, given their classification as 
respiratory sensitisers, they have the potential to meet the criteria of ‘equivalent level of concern’ under 
Article 57(f) of REACH. If a lacquer top-coat is required, its application may need to be undertaken manually 
which would increase exposure when compared to an automated process.  
 
 
 
 

 
31 HSE, 2001, p43. 
32 HSE, 2009, p16. 
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8.2.6. Availability  
 
Use of a PVD-based solution would require substantial further R&D effort and does not represent ‘off-the-
shelf’ technology. Bespoke systems would have to be developed for the applicants. In addition, some of the 
nitrides and carbides required have not been REACH-registered or have only been registered at low 
quantities, which suggests their availability is likely to be limited. Therefore, PVD-based processes as an 
alternative to Cr(VI)-based metallic chrome coatings cannot yet be considered as available.  
 
 

8.2.7. Conclusions 
 
Lacquer + PVD + lacquer systems (with either applying a chrome or aluminium coating) are already in use 
for some interior automotive applications but the evaluation of the performance, especially of the long-
term performance of the coatings, is ongoing. Further R&D is justified; for instance, it may be the only 
solution to provide a replacement to matt black chrome finishes for sanitary ware. However, the technology 
does not represent a technically or economically feasible alternative to the applicants, nor can it yet be 
considered sufficiently available. 
 
At the current stage, the most promising PVD based alternative for all kinds of applications and sectors is 
arguably the lacquer + PVD + lacquer system. However, at this stage of development this alternative system 
is not technically feasible to Cr(VI)-based electroplating and economically very difficult to implement 
broadly due the high investments needed. The lacquer + PVD + lacquer systems have still major technical 
failures regarding the corrosion and chemical resistance, abrasion resistance and aesthetic appearance. In 
addition, the PVD coating technique is generally limited to smaller parts (depending on the size of the 
vacuum chamber) and limited geometries (inner diameters may be problematic as well as non-flat 
geometries). 
 
In addition, no sufficient capacity of PVD technology is available on the market for a transition to PVD-based 
processes. The transition to a PVD-based alternative would require high sector wide investments to provide 
sufficient coating capacities for the large number of parts that would have to be coated.  
 
 
 

9. Conclusions 
 
Chromium trioxide is listed in Annex XIV of REACH. Transitional provisions under Article 127GA of UK REACH 
extend the latest application date and sunset date to 30 June 2022 for the applicants, as a GB-based 
downstream users covered by an AfA further up their supply chain made under EU REACH.  
 
The applicants use chromium trioxide for the electroplating of products for sanitary, automotive, 
heating/plumbing and other applications, to apply a metallic chrome coating on top of metal and plastic 
substrates.  This is an essential process to ensure that finished products perform optimally under reasonably 
foreseeable conditions of use and achieve a specific aesthetic appearance to satisfy customer demands and 
expectations. 
 
This AoA relates to the applicants’ use of chromium trioxide for electroplating and, for those applicants who 
plate on plastic, for the use of chromium trioxide for etching as a necessary pre-treatment step. It forms 
part of the demonstration made in support of the AfA to allow for continued use following the end of the 
transition period and extended sunset date of 30 June 2022. It has sought to determine whether there are 
any suitable alternative substances and technologies to the use of chromium trioxide in functional chrome 
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plating with decorative character (and for etching as a pre-treatment step) for sanitary, automotive, 
plumbing / heating and other applications. In particular, this AoA has considered: 
 

(a) the technical feasibility of alternatives to chromium trioxide;  
(b) the economic feasibility of alternatives to chromium trioxide;  
(c) whether transferring to alternatives would result in reduced overall risks to human health and the 

environment; and 
(d) whether the alternatives are available to the applicants, i.e. whether they would be of sufficient 

quality and accessible in sufficient quantities. 
 
Using chromium trioxide in functional chrome plating with decorative character provides many advantages 
due to the resulting properties of coatings deposited from chromium trioxide during electroplating. Key 
functionalities include:  
 

• enhanced corrosion protection and chemical resistance of finished products; 

• wear / abrasion resistance; 

• good adhesion performance between coatings and substrates; 

• sunlight / UV resistance; 

• temperature / heat resistance; and 

• highly desirable aesthetic qualities. 
 
A range of potential alternatives to chromium trioxide have been considered. For etching, no promising or 
realistic alternative is yet available. For plating, the most promising and realistic for future development is 
electroplating based on trivalent chromium-based solutions (chromium sulphate or chromium chloride). 
Other potential alternatives considered include PVD-based processes such as PVD-metal and lacquer + PVD 
systems. However, all of these alternatives currently fail because they are not technically and economically 
feasible. If products had to be manufactured using such alternatives, this would result in a very significant 
loss of sales and market share, with customers switching to more durable, reliable and cheaper products 
that have been manufactured using chromium trioxide, most likely outside GB and the EU. 
 
In this way, the AoA has provided input to the SEA to help identify the most likely NUS in the event that 
chromium trioxide can no longer be used by the applicants. If their use of chromium trioxide were to cease 
then the applicants’ only options are ‘managerial’ in nature, such as ceasing the production and supply of 
chrome-plated products entirely, relocating manufacturing operations currently undertaken in GB to a non-
UK/EU facility, or outsourcing electroplating using chromium trioxide to a third party based outside the UK 
and the EU.   
 
Despite the current failings of potential alternatives, the applicants continue to support research and 
development into alternatives. These efforts currently centre on trivalent chromium-based plating 
processes initially, in an attempt to address their current performance weaknesses. It is hoped that the 
issues with trivalent chromium-based alternatives can be resolved in the future although at this point in 
time this is not clear and cannot be guaranteed.  
 
This means the AoA can also provide input to the SP which considers the steps proposed to switch to a 
hexavalent chromium-free alternative in more detail. This involves substantial R&D effort for the 
investigation and qualification of shortlisted alternatives, scale-up of the chosen alternative process to 
production trials, conducting those trials and gaining customer approvals, then ultimately transitioning 
from hexavalent chromium processes to the chosen alternative process. As a result, a review period of 10 
years is requested for plating and 12 years for etching. These periods are based on what are considered 
by the applicants to be the schedule required to industrialise alternatives to chromium trioxide for 
functional chrome plating with decorative character for key applications.   
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