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 Increase knowledge and commitment of stakeholders at all levels, including EU and MS 
authorities, industry (different sectors and the whole supply chain) and NGOs, to provide a 
cultural basis for substitution and chemical innovation. 

 Better link AoAs and substitution with activities at EU and MS level in the areas of 
innovation, recycling and global competitiveness of EU companies. 

 Embed substitution thinking as a core approach to chemicals management in companies 
and authorities to accelerate the timing of substitution planning and the use of alternatives 
earlier in the processes of chemicals assessment and management. 

 Improve coordination and networking between authorities and other organizations that can 
provide substitution support. 

 Increase available resources to assist companies and others in decision-making on 
substitution. 

 Increase the value and quality of assessments of alternatives carried out within the 
framework of the approval and restriction procedures and beyond regulatory programmes, 
through improved advice and training. 

 

This study thus also confirms that successful substitution depends on the possibilities for 
implementation by the companies. They need knowledge and support from their customers, but 
also certainty with regard to the consequences of technological decisions, especially in respect to 
the availability of the substances required for substitution. 

The wide range of applications of the hapoc application was decided upon several times within the 
procedure. In contrast to other applications, the applicant’s focus is on the use of the substance. 
For example, no distinction is made between functional and decorative applications. 

For this reason, we consider the first prerequisite for the preparation of a substitution plan to be the 
grouping of the applications (utilisations or clusters). The formation of clusters creates 
homogeneous groups, with comparable requirements for key functionalities and supply chains. 

This substitution plan checks whether a plan is necessary or not in accordance with the SAGA 
concept on the basis of the subgroups. It is agreed that this is done on the basis of the subgroups 
and not on the basis of the individual company or individual products. Based on the conditions 
described above, the decision is mainly based on the implementation possibilities of the companies 
and how they can be supported in assessing their own situation in a targeted way. At the same 
time, however, common goals are set which have to be aimed for by the participating companies. 

In the foreground is the evaluation and creation of possibilities for all companies to realize 
substitutions and at the same time to continue to exist on the market and thus survive. 

All the discussions have shown that it is not possible to develop a uniform substitution plan for all 
applications and companies. The BAuA study clearly states that only a case-by-case assessment 
makes sense and therefore the specific concerns of the companies and applications affected must 
be the focus of attention.  

The objective of the substitution plan presented here is therefore to enable the participating 
companies to develop plans for the replacement of Cr(VI) technology together with their 
customers. 

To this end, criteria and implementation possibilities are developed, which the companies can 
evaluate with the support of VECCO / hapoc and then implement independently. 
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1. Specifications of the European Commission 

In addition to the above conditions, the European Commission defines the conditions for 
implementation as follows: 

a. Description of a substitution 

 It must have completed the research status (not "in abstracto" or "in laboratory") 
 It must be generally usable. Special applications or exceptional conditions are not 

considered suitable. 
 It must be technically and economically feasible in the EU 
 It must guarantee the production capacity of the component 
 It must be feasible, i.e. it must be feasible under the given production conditions  
 It must take into account the legal and factual conditions for placing on the market 

 

b. Predefined criteria to be addressed 

 Perspectives of the treated alternatives 
 Evidence of other operators using alternatives for the use  
 Information from the consultation or other sources 
 Performance, market acceptance, etc. 

 

2. Criteria for implementation by the companies in the value chain: 

The central responsibility for implementing a possible substitution lies with the companies in the 
production process and their customers. For this reason, their possibilities must be considered first 
and foremost: 

a. Determining criteria for implementation 
 Business model:  

In all cases galvanic job coaters 
 Customer structure and supply chain:  

The requirements are very different 
 Information status of the customers: 

Many customers have not yet considered a possible change 
 Delivery reliability: 

Companies must ensure the availability of products for their customers 

 

b. Drivers for substitution: 
 REACH Authorization Process 
 Assessment of the suitability of possible alternatives in the context of an AfA 
 New opportunities on the market 
 REACH, not authorization process 
 Financial savings 
 Other EU regulations 
 To implement known alternatives on the market 
 Non-EU regulations 

 

c. Obstacles to substitution 
 Technically not feasible to meet user requirements 
 Lack of "new" alternatives for testing 
 Competitive disadvantages compared to those who continue to use the SVHC 
 Lack of human resources to perform the investigations 
 Uncertain acceptance of alternatives in the market 
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Since, due to the structure of the application, all applications have been combined, the possible 
substitution plans have to be separated very carefully.  

According to the European Commission's assessment, however, a substitution plan is also 
mandatory only for decorative-functional applications.  

Within the framework of the discussion, however, we consider it appropriate to make a 
comparative assessment of the other applications on the basis of the criteria for decorative-
functional applications and to describe possible substitutions on the basis of the implementation 
options developed there. 

 

 

Fig. 1: Share of applications by companies involved 
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1. supply chains / sectors 

Together with the companies, main use groups were identified. It has been shown that most 
electroplating companies are active in these groups. 

On average, all companies have 3-5 main applications. These can be identified both from the 
number of products processed and from the share of turnover. 

15 main categories/sectors: 

1. food industry 
2. defence technology 
3. power engineering 
4. automotive - machines/drive 
5. automotive - interior/exterior decoration 
6. textile 
7. aviation 
8. consumer 
9. mechanical engineering / plant construction 
10. plastics/packaging industry 
11. sanitary 
12. furniture 
13. repair 
14. medical technology 
15. toolmaking 

 

These can be divided into further specific sub-categories for individual companies (see also 
sec. 6.2 – Appendix 1). 

 

2. technical criteria - substrates 

In some areas, these "utilisations" can be linked by other overarching criteria. In the decorative 
sector, for example, in almost every category the importance of the substrates to be finished is 
essential.  

On the other hand, in the field of black chrome, there are a large number of special applications 
which can only be grouped in accordance with the above categories to a limited extent. 

Thus, the meaningful groupings differ strongly in the applications. 

 

3. assignment or grouping / definition of utilisation 
 
The particular challenge is therefore to divide the overall application into sub-groups and thus 
enable a transparent assessment of the substitution analysis. In our view, this is a major 
contribution to the future of the instrument of upstream authorisation. 
 
a. Hard chrome 

Hard chrome applications are very specific in the different supply chains. 
Grouping by functionality or technical criteria is only possible to a limited extent. 
Grouping in accordance to the main categories mentioned above has proven to be suitable. 
The companies within these groups are characterised by comparable key functions, 
markets and supply chains. The key functions in these groups allow for an analysis of 
substitution possibilities, while at the same time providing a manageable level of detail. 
This is illustrated in the following 
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The manufacturer and thus the person responsible for the product must be involved in this 
process. Here, communication must be massively strengthened. A joint strategy using the 
possibilities of the VECCO association can make a significant contribution to this. 

hapoc has launched an innovation platform together with Vecco e.V. In this network, necessary 
R&D work can take place with the involvement of the end customer and other interested parties 
(for details, see 6.2 - Appendix 2). 

Due to the current discussion regarding sustainability and recycling, the manufacturers of products 
are increasingly and actively looking for solutions which secure resources. 

Some frequently mentioned aspects are as follows: 

 Appearance of product value: 
In the consumer sector, quality is particularly important in the high-price segment (white 
goods, furniture). In the low-price segment, the willingness to sacrifice quality aspects is 
supposed to be higher. 
 

 Economic areas EU/non-EU: 
The requirements vary between EU and non-EU economic areas. In the non-EU economic 
area, the quality of the Cr(VI) chromium layers is absolutely required. Any reduction is not 
accepted. Due to the competitive situation, customers take their business elsewhere if the 
requirements cannot be met by the job-platers. 
 

 Combination of partial products: 
In most cases the final product is composed of different partial products. Those partial 
products consist of different substrates. In the end, all the individual parts must meet the 
same conditions with regard to functionality and appearance. In the sanitary sector, a 
uniform appearance is vital despite the variety of substrates, e.g. Zebra effects (striped 
texture) are not acceptable. 
 

 Regulatory conditions: 
Medical technology, drinking water, safety engineering etc. determined by laws and local 
regulations 
 

 Overall processes: 
In general, the focus must be on global implementation. Often chrome plating is only a part 
of the overall process, but is firmly integrated in the process development. 

 

2. Customer involvement / Customer interest 

The end customer’s position partly dictates the acceptance in the overall market. This is necessary 
for the industrial implementation. Currently there are only few discussions with customers about 
substitution, but the trend is increasing. 

Enquiries revealed that customers were unable to specify their exact requirements. Some claim to 
withdraw from the EU economic area. At the same time, the need for a change in behaviour and 
planning is increasingly seen. 

Some customers only request proposals from the coaters when their end-clients ask for them. 
Here the legal situation or supply chain compliance is important. 

Sampling is carried out by the coaters in various ways and presented to the customers. However, 
these do not currently decide on changes. The reason is often that their customers do not name 
their applications either. 
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In terms of customer relations, the situation is comparable in all applications: 

1. In the end-consumer segment (e.g. furniture, sewing needles, etc.) the end customer / 
consumer does not care what the product is made of. The technical properties must be 
given. He buys what is offered by the manufacturer. 

2. In some areas (e.g. automotive) innovation often fails because nobody wants to take 
responsibility for the change process. Thus innovation is blocked at an early stage. 

3. In principle, increased activity of R&D into chrome substitutes can be observed. 

4. Job-platers must be active, otherwise they are not involved in further development. 

5. Companies participate in research and development. The problem is the existing 
resources. 

6. At the same time, it was pointed out that information on the development topics may not be 
shared due to existing confidentiality agreements. 

7. Customer contacts must be intensified as a consequence. High quality in the EU must be 
demonstrated, but this can only be done in cooperation with the customer. 

8. There is a risk that other companies and branches in the supply chain will be affected if 
they have focused on Cr(VI) technology during the product development process. By 
looking at the combined end product there is a risk that the end product as a whole will be 
lost for the European Economic area. 

 

3. Product variety 

Many member companies of the hapoc consortium operate the business model of the job-plater. In 
practice, the business model is characterised by a strongly fluctuating product portfolio. The 
number of individual products ranges from a few hundred to 10,000 different articles per company. 

Individual companies have both functional decorative and functional applications. The possibility of 
subgroups / utilisations as we have defined them in this substitution plan enables the companies to 
present their respective specific company situation.  

In this way, the diversity of the industry is reflected and a proven business model is brought into 
line with the requirements of REACH. In our view, this is an important contribution to the future of 
upstream authorisations and the only alternative to a wave of individual authorisations. 

As the trivalent electrolytes are very sensitive to entries of metals (Cu and Zn), the effort required 
to clean the Cr(III) baths is very high.  

At the same time, for an economic production, several components, which have been coated in 
differently managed Cr(III)-plants, have to be combined for the final product (e.g. fitting body, 
outlet, handles). Differences in colour and function must not occur (Zebra-effect). 

Economically, this control of the end product requires a high effort, which is only partially financed 
by the customer. 

The customer needs the guarantee that their products can be processed quickly and reliably. The 
production capacities required must be taken into account. 

When developing the end products, the alternatives must take into account aspects of recycling 
and sustainability. For the substitution plan this means an extended risk analysis with regard to 
these points. 
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4. Operational implementation in the companies 

The main challenge is the organisation of the change-process and the precise and reliable 
planning of the subsequent production. The customer's willingness to give an acceptance 
guarantee is also mandatory. The financial effort regarding Cr(III) is deemed critical but feasible. 

The companies have made various attempts with the Cr(III) coating system, both in-house and in 
cooperation with e.g. chemical manufacturers. 

For example, fitting components for the sanitary industry have been coated and analysed using 
various test procedures (salt spray tests, layer thickness tests, optical tests, cross grid slot tests, 
etc.) 

 An increasing number of companies are dealing with the conversion to, mostly towards 
Cr(III) technologies. The estimation of the timeline for successful substitution ranges from 1 
year to 3 years if the technical conditions are clarified and the customers go along with it. 
Estimated costs (no new building): about € 150.000 – 200.000 
The decisive factor is acceptance by the customers. This must be guaranteed before 
planning. 
 

 Companies which only work with one production line need customer security, because they 
cannot produce for several months whilst the production-line is in the refit-process. 
 

 The main challenge is the organisation of the changeover and the exact and safe planning 
of the subsequent production. Furthermore, the willingness of the customer to give an 
acceptance guarantee is necessary. 
 

 In the hard chrome sector the decision to implement an alternative technology is difficult. To 
replace hard chrome, a typical job coater needs 2-3 different alternative technologies. This 
is not financially feasible. 
 

 An important decision criterion for the implementation is the financial possibilities. Here a 
support from public institutions is necessary for SMEs. 

 

5. Future Application / Barriers to realization 

In summary, the following points must be taken into account for a successful substitution plan: 

 The end-use is often not known even to downstream users. 
 

 An offer can only be made if the use is known. Often, however, reference is only made to a 
quality standard, which only describes the detail requirements to a limited extent. 
 

 Not only the relocation of operations to the non-EU economic area but the relocation of 
orders from the non-EU economic area are both critical. The high quality standard in the EU 
has to be proven, but this can only be done together with the customer. 
 

 Customer contacts are essential. These are taking place and must be intensified as a result 
of the substitution plan. Customers must demand and accept the coatings and the new 
technologies. 
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 Substitution plans are also being drawn by customers without involvement of the job-
platers. Chrome plating is only included in the planning as long as the Cr(VI) process can 
still be used. New products are no longer based on chromium plating. 

 Individual authorisations should be reconsidered for uses that are too special. 
 Many plants will probably close down when Cr(VI) is no longer possible. This assessment is 

independent of the possible alternatives and is based on the individual development 
possibilities of the companies (see also analysis Ch.2.3) 

 

2. Pending technological aspects Cr(III) technology – R&D Needs 

Although the Cr(III) technology is promising, several developments are still necessary: 

 Colouring: 
Will be more reproducible, but not yet definitely resolved. Plating on plastic is deemed a 
foreseeable success.  
In the range of higher temperatures, e.g. ovens, the stability is mandatory. No satisfactory 
results are known for this yet. The possibilities largely depend on the substrate 
 

 Properties of the chrome layer: 
Tribological properties like abrasion or adhesion as well as corrosion protection properties 
are not yet sufficient. The composition and structure of the chromium layer is not yet clearly 
reproducible. Other substances (metals) are often incorporated which influences the 
property ot the coating. 
 

 Stability of the layer - abrasion and scratch resistance: 
The coatings must guarantee typical maintenance behaviour of the end customer. Stability 
against chemical care products and resistance to abrasion and scratching are necessary to 
provide mechanical treatments. 
 

 Substrates to be coated: 
Here lies a key problem. While plastic substrates can be successfully coated in the 
foreseeable future, metallic substrates are still difficult.  
- Iron-based components contaminate the electrolytes with Fe ions, which can be 

incorporated into the layers and have a significant impact on the deposition kinetics. 
- Non-ferrous metal-based substrates cannot yet be coated with an adhesive coating. 
- No relevant findings are yet available for coating die-cast parts. 
- No relevant findings are yet available for coating aluminium alloys.. 
- The combination of different substrates necessary in some areas (e.g. sanitary industry) 

is currently not reproducible (Zebra-effect). 
 

 Hollow part areas: 
Currently, Cr(III) technology is not suitable for coating hollow metallic parts due to the 
reaction kinetics. The main reason for this is, on the one hand, the insufficient subsequent 
transport of Cr(III) and, in the case of metallic materials, the concentration of corrosion 
products such as Fe ions, which disturb the coating process. 
 

 Pre-treatment (see sec. 2.8 for details). 
Various substrates require oxidative activation, either to roughen the surface (plastic) or to 
activate or cleaning (die-casting) with Cr(VI). No alternatives are available here yet. 
 

 Approval: 
As the products are often used for a very long time and the characterisation is done by 
corresponding standards or requirement profiles, the new systems have to be checked for 
compliance. 
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5. Sulphonation and use of peroxides  

The possibility of using sulphonic acid and peroxide-based agents is also being 
examined. 

Both substances can only be managed with great time and effort, however, and cannot 
be used in the long term given their low chemical stability. 

TRL 5 - Component and/or breadboard validation in relevant environment 

 

b. Pending technical issues 

As before, the analysis carried out in the submitted application describes the current 
development status 

 The aforementioned processes are currently on a technical readiness level (TRL) 
between 5 and 6. As of today, none of the processes can be implemented in practice 
with any degree of promise. 

 No releases have yet been granted by any customers. 
 Developments in polymer technology suggest that further intensive development is to 

be expected. 
 Approvals or licences from government authorities and end users are essential. 
 Work is underway to reach a stage of implementation, though any production-related 

impementation will first require having a safe form of technology. 
 Significant factors include the insufficient, long-term adhesion of the downstream 

coating and the, as yet, insufficient process reliability.  
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Abrasion resistance Durability 
Hardness Durability 
Controllable 
thickness 

Requirement precision engineering 

Porous-free Durability and stability 
Good ductility Important for tool production 
Biocompatibility Lack of reactivity with biological environments 
No release of nickel No skin sensitizer (like nickel) 
Biocompatibility Lack of reactivity with biological environments 
 Medicinal use Lack of reactivity with biological environments 
Food Resistance Lack of reactivity with biological environments 
Skin compatibility Must not be a skin sensitizer 
Surface morphology Structuring and stability 
Adhesion Stability of the coating 
Anti-adhesive Tribological property 
Microcrack Network  Corrosion and adhesion 
Self-supporting Stability in complex systems 
Minimum tolerances Precision engineering 
Maximum glide Precision engineering 
Elasticity  Use in robust environments 
Polishing ability Requirement in rework processes 
Layer homogeneity Functional requirements in the finished article 
Accumulated 
functions  

Connection / combination with other parts of the end product 

Haptics/value 
perception 

Improves the added value of the end product 

Magnetic barrier Requirement in most equipment containing electronics or 
electrical circuits 

Thermal conductivity Must quickly release thermal currents or affect the final use 
 

In contrast to decorative-functional plating, here possible alternatives are very much geared 
towards special applications (utilisations). Thus there are some, very specialised, alternative 
processes. 

 

2. Technical alternatives available 

In the case of functional chromium plating, the following technologies are deemed "generally 
available" and thus feasible alternatives: 

Potential alternatives for functional chromium plating based on chromium trioxide 
(BAuA Study 2020 /7/) 

1. Laser Cladding 
2. Salt bath nitriding 
3. Salt bath nitrocarburising 
4. Plasma nitriding 
5. Thermal spraying 
6. Thermal spraying with inductive heating 
7. Physical vapour deposition 
8. Trivalent chrome plating processes 
9. Applications with no identified alternatives 
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a. Cr(III) Technology: 
 

 Chromium-III based processes for hard chromium are being developed 
 Compared to decorative at a very early stage of development 
 Corrosion requirements are only met by additional under-nickeling 
 Hardness requirements are only met by additional heat treatment 
 Layer deposition is much lower. No thick layers (e.g. 200 µm) can be deposited 
 Tribological properties such as the anti-adhesion effect are not achieved 
 Nickel release is a problem in sensitive industries (Medical technology, Food industry) 
 Companies complain about the insufficient input of chemical suppliers in R&D 

 
Economic aspects and costs 

 Deposition rate is about factor 0.5 (higher process costs) 
 Reduced life cycles of electrolytes. Higher costs for bath management and 

maintenance 
 Waste water plant: Much more expensive due to complexing agents 
 Invest: Integration into existing plants may be possible 
 Invest: Chrome (Cr-VI) baths and arrangements must be disposed of 
 Invest: Cost € 175,000 to 300.000 per line (not including nickel and heat treatment) 
 
Risk assessment 

 Under risk considerations, Cr(III) is preferable to chromium trioxide. 
 Coating systems contain nickel and boric acid. In each case on the candidate list of 

REACh 
 

TLR 6 - System/sub-system model or prototype demonstration in an operational 
environment. 

 

b. Physical Vapour Deposition (PVD) 
 

 Deposition of very thin layers of 2-5 µm. 
 Corrosion protection is hardly given. 
 Corrosion protection is achieved in combination with additional galvanic coating  
 High hardness and good protection against abrasion 
 Areas of application in functional sector (e.g. sewing needles) 
 Chamber kiln size is a limiting factor 

 
Economical aspects and costs 

 
 For batch operation, production output is dependent on the chamber kiln size 
 Experience shows that production costs are higher than for hard chrome 
 High investment costs, since several systems are often needed 
 Very energy-intensive process 
 High qualification costs for employees (recruitment, training etc.) 
 Project costs for PVD implementation between € 1.0 million and € 5.0 million 
 
Risk assessment 

 Under risk considerations, PVD is preferable to chromium trioxide. 
 Galvanic production of Cr(VI) targets for PVD could shift the problem 

 
TLR 9 – Actual system. Flight proven through successful mission operations 
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c. Thermal spraying: 
 

 Thermal spraying coatings cannot produce pore-free layers 
 Pore-free layers are a necessary requirement for corrosion protection 

(infiltration/chipping) 
 Chrome layer is the shaping element in the production of plastics (Plastic industry) 
 Chrome layer has direct contact with the plastic melt (Plastic industry) 
 Thermal sprayed cylinders are not resistant to some plastics (Plastic industry) 
 Exact concentricity and cylindricity of < 5 µm cannot be achieved with thermal spraying 
 Less adhesion than hard chrome  
 
Economic aspects and costs 
 
 Due to the use of expensive additives/powders thermal spraying is more expensive 
 Due to the porosity, thicker layers must be applied for grinding 
 Mechanical reworking is more expensive due to the higher hardness and frangibility 
 Longer grinding time and use of diamond-set grinding wheels 
 Higher energy consumption as with hard chrome 
 
Risk assessment 

 Thermal spraying generates respirable A and E fractions. 
 
TLR 9 – Actual system. Flight proven through successful mission operation 

 

d. Salt bath nitriding: 
 
 Corrosion-resistant and hard surfaces with a black appearance 
 Process is used worldwide and can be considered as TRL 9 
 Asian and American suppliers are relying on this process for e.g. engine valves 
 Abrasion, hardness and corrosion show comparable values to hard chrome 
 Not all substrates can be treated 
 Black surfaces are difficult to test with automated optical robot-systems 
 
Economical aspects and costs 

 
 Salt bath nitriding is less costly to use  
 There are few suppliers in Europe, making investment in the technology comparatively 

more expensive 
 Capacities are being built 
 Technology requires separate periphery (exhaust air and waste water technology) 
 Investment costs for the introduction are € 2-4 million 
 
Risk assessment 

 Salt baths contain cyanides 
 High OSH requirements / Highly toxic 
 Risk assessment was already discussed in the trialogue. 
 
TLR 9 – Actual system. Flight proven through successful mission operations 
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e. Laser Welding (High Speed) 

These processes are currently being tested (e.g. EHLA). The technology is used in 
applications where small areas have to be coated selectively. Repair or reworking is an 
issue here. 

 

f. Nickel-based processes 

In connection with nickel, it has been pointed out several times that nickel has been on the 
REACH candidate list for some time. The replacement of an SVHC substance by an SVHC 
substance does not seem very promising due to the expensive additional investments. In 
the field of slide bearings it was pointed out that nickel is not "roll-over-capable". 
Combinations with an additional heat treatment or Cr (III) layer (Savroc) were evaluated as 
insufficient in tests. Investments and energy consumption were also assessed as negative. 

 

There are available alternatives in some utilisations of functional chromium plating. Whether 
these are technically and commercially feasible for the applicant depends strongly on the 
companies possibilities (see sec. 3). 

However, all these technologies working in niche applications have in common that they reach 
their limits outside of these specific applications. 

A generally available process that can be used for all the applications in functional chroming is 
not in the pipeline. Galvanic processes are still the most likely to be implemented here. Cr (III) 
technology is still far behind in comparison to the decorative applications. 

First approaches by Atotech, Conventya (Durathree) have to be tested. To replace hard 
chrome, a company would have to develop about two to three additional alternatives. Taking 
the example of the cost of setting up the alternative salt bath nitriding, with investment costs of 
around € 2 - 5 million, it is clear that this is not a commercially viable option for the job-plater 
SMEs. 

In this respect, we note that from an economic point of view some existing alternative 
technologies are not economically feasible for the applicants and therefore cannot be 
described as generally available, in the definition of the SAGA-concept (see sec. 3). 

 

2. Pending technical issues: 
 
a. Cr(III) Technology 

Although Cr(III) technology is the most promising galvanic alternative, several 
developments are still necessary: 

 Properties of the chromium layer: 
Tribological properties such as abrasion or adhesion as well as corrosion protection 
properties are not yet sufficient. The composition and structure of the chrome layer is 
not yet clearly reproducible. Fe-Ions or other substances are incorporated and influence 
the properties. 
 

 Substrates to be coated: 
This is a major problem. While plastic substrates can be coated successfully in the 
foreseeable future, metallic substrates are still difficult. Iron-based components 
contaminate the electrolytes with Fe ions, which can be incorporated into the layers and 
have a significant impact on the deposition kinetics. Non-ferrous metal based 
substrates cannot yet be coated with an adhesive coating. No systematic findings are 
yet available for die-cast parts. 
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 Hollow parts: 
Currently, Cr(III) technology is not suitable for coating metallic hollow parts due to the 
reaction kinetics.  
 

 Approval: 
As the products have often been used for a very long time and the characterisation is 
based on corresponding standards or requirement profiles, the new technologies must 
be checked for compliance. 
 

 Operating costs: 
The costs of electrolyte management are significantly higher. Similarly, the costs of 
waste water treatment are many times higher. Here the manufacturers have been 
asked to offer more marketable products. 
 

 Requirements for maintenance (electrolytes) (see also decorative) 
Due to the risk of contamination with Fe ions, maintenance such as analysis and 
cleaning of the electrolyte is much more demanding. 
 

 Development of additives, e.g. complex stabilisers  (see also decorative) 
Adapted chemicals are necessary for stable production. At the same time, these must 
not pollute the environment and must be degradable in wastewater treatment plants. 
 

 Coating capacity - Cr(III) is slower (see also decorative) 
As the coating process is currently not yet as fast, an adjustment must be made to the 
production capacity. This is accompanied by the development of suitable electrolytes. 
 

 Waste water treatment / environmental aspects (see also decorative) 
The Cr(III) technology requires complex waste water treatment as the electrolytes 
require many additives such as complexing agents. The stability of the additives 
required can lead to complex degradation products, which are critical for the 
environment and additionally burden the wastewater treatment plants. 

 
 
 

b. PVD Technology 
 

 Scope of parts 
It has been stated that PVD technology only works for smaller parts. For larger parts, 
the chamber size is a limiting factor. However, a 20 m roller will probably hardly ever be 
able to be coated with such a technology. 
 

 Reworking 
The introduction of PVD costs approx. € 5 million per site. Here it must be taken into 
account that ideally, a separate chamber must be available for each colour. 
 
 
 

c. Salt bath nitriding technology 
 
 Capacity 

Salt bath nitriding is globally a mature process which is used millions of times. There 
are also corresponding plants in the EU. However, as the focus of European 
manufacturers is still on chrome plating, capacity has to be generated. 
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The most promising technology for electro-plating companies is Cr (III) Technology. 
However, this technology is not yet ready for series production in functional coating. The 
time required here will be longer, as in the decorative sector. When asked, the companies 
quoted a figure of at least 5-6 years. The substitution plan developed in section 3 can 
therefore also be called R&D plan. 

 

 

The following compilation makes no claim to completeness due to the wide variety of 
utilisations. 

However, it will be updated in the context of further developments for substitution and 
serves as a basis for the IT-supported database. 
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4. Extended Analysis and updated AoA 
 

By R&D work, various technologies for "permanent" colouring under UV or chloride 
exposure were investigated. 
Currently there are no alternative coatings or colourings with the required optical, chemical 
and physical properties available. A continuous examination is carried out by the 
companies. 
 
a. Potential alternatives: 

The alternatives listed under point 2 were examined.  
All tests, except the proprietary development based on Cr VI, were negative. 
The colouring has dissolved in chlorinated water within a short period of time. 
Since stainless steel is used because of its corrosion resistance, the formation of a 
continuous passive layer is essential for use in chlorinated water and therefore all the 
above mentioned processes are unsuitable. 
 

b. Pending technical issues 
 Colouring by the precipitation of heavy metals on the surface, similar to cold 

blackening. These processes lead to a reduction in corrosion resistance and are 
therefore not applicable 

 Introduction of metals into the surface by means of electrolysis - here too, the 
corrosion resistance is reduced 

 Colouring of Nickel with HF - this process removes the corrosion resistance. 

 

5. Implementation or developments 

The companies are continuously testing the available technologies. No process is currently 
available.  

Further R&D projects are being carried out. 
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Decision 
criterion 

Description 
Responsibility and 
procedure 

Investment 
reserve 

The companies draw up a financing plan and 
coordinate it with financial backers. The main 
aim is to generate financing from their own 
turnover. 

The companies plan on their own 
responsibility. 
VECCO supports them. 

Depreciation /  
Amortization 

Useful life or tax depreciation to designate the 
refinancing. 
Existing production facilities require 
continuation until final depreciation 

The companies plan on their own 
responsibility. 
VECCO supports. 

Introduction 
substitution 

When can the company plan the changeover?
The companies must be informed 
about available technologies. 
VECCO takes on this task. 

Technology 
development 

Creation of an R&D plan VECCO takes over this task 

Customer 
participation 

Mandatory for supply security 
Customer participation must accompany the 
changeover process 

The companies seek contact with 
customers and agree on changes in 
production.  
VECCO supports 

Old projects / 
product cycles 

Until the conversion, the company must 
continue to produce. The current product 
cycles must be operated. 

The duration and type of products 
are agreed between the companies 
and the customers. 

Spare parts / 
Repairs 

Long-term supply security (spare parts) 
 

Table 8: Key criteria for successful substitution 

 

Based on this distinction, the following section describes the significance of the criteria in the four 
different scenarios. 

Based on these options, the detailed timeline are then defined on the basis of the criteria 
developed in sec. 2. 
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Black Chromium   
 Cr(III) Technology   

 Properties of the chrome layer 6 R&D project 

 
stability of the layer - abrasion and scratch 
resistance 

6 
R&D project 

 Hollow parts 4 R&D project 

 Approval 5 Customer contact 

 Requirements for bath care 5 Contact chemical suppliers 

 
Development of additives, e.g. complex 
stabilisers 

5 
Contact chemical suppliers 

 Coating capacity - Cr(III) is slower 5 R&D project 

 
Waste water treatment / environmental aspects 

5 
Contact chemical suppliers and 
disposal companies 

    

 PVD and Paint   

 
Properties of the chrome layer 

6 
R&D Project : Homogeneity and 
reflectivity 

 
stability of the layer - abrasion and scratch 
resistance 

6 
R&D project: Adhesion and thermal 
stability 

 Throughput and capacity 6 Production development 

    

Hard - functional   
 Cr(III) Technology 5  

 Properties of the chrome layer: 5 R&D project 

 Substrates to be coated: 5 R&D project 

 Hollow parts 4 R&D project 

 Approval  Customer contact 

 Requirements for bathroom care: 5 Contact chemical suppliers 

 
Development of additives, e.g. complex 
stabilisers 

5 
Contact chemical suppliers 

 Coating capacity - Cr(III) is slower 5 R&D project 

    

 PVD 9  

 Part spectrum  Customer contact 

 Rework 6 R&D project 

 
stability of the layer - abrasion and scratch 
resistance 

6 
R&D Project: Adhesion and thermal 
stability 

    

 Salt bath nitriding 9  

 Capacities  Customer contact 

 Stability 8 R&D project 

    

 Thermal spraying 9  

 Particle homogeneity and size 6 R&D project 
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Anodising (Special)   
 Materials: Open porosity and high Si content 6 R&D project 

 Defined roughness 6 R&D project 

    

Stainless Steel Colouring (Special)   

 
Colouring due to the precipitation of heavy 
metals 

5 R&D project 

 
Introduction of metals into the surface by means 
of electrolysis 

5 R&D project 

 Colouring of nickel with HF (hydrofluoric acid) 5 R&D project 

Table 20: R&D Topics for successful substitution 
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Cr(III) based 
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electrochemical  
deposition of Cr 
from trivalent 
chromium 
compounds 

Process kinetics understanding and 
controlling 
boundary 
processes 

  

Optimisation of layer build-up
  

Electrolyte development  
process bath 
stability 

  

      

Improvement of 
properties of 
Cr(III) based 
coatings     

Influence of substrate 
properties Metal matrix 

composite coatings 
not possible in 
chromium plating 
today 

  

Micro-structures   

Substrate variations   

Coating layer composition   
Integration of nano-sized 

particels 
  

Improvement of 
properties of other 
electrochemical 
coatings 

Nano-crystalline cobalt 
phosphorous alloy (CoP) 
coating 

  
  

pulse plating or electroless 
plating - (auch NiPCo) 
coating 

  
  

Ni and Ni metal matrix 
composite coatings (Ni-B, Ni-
P; Ni-W) 

  
  

Electroless or 
electrochemical deposition 

  
  

Production 
Engineering 
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aspects ("technical and economically feasible"). In many cases, baths and peripherals can be 
integrated into the existing structure and the electroplating know-how is available in the company. 
Therefore we have prioritised these technologies in the presentation for the hapoc application.  

For the sake of completeness, we have presented the substitution plans for the other technologies 
also.. Implementation will only be possible for specific companies or large groups of companies 
that have the appropriate size and structures. 

The resulting criteria for the applications are summarized in secs. 3.4.4 to 3.4.7. 

 

The general structure for evaluation and implementation is as follows: 

 

 
The first step is the concentration on the Cr(III) 
Technologie 
 
Evaluation of Cr(III) Technology  
 

 

WP 1: Analysis for specific utilisations  
1.1. Group 1 

Analysis of requirements 

1.2. Group 2 
1.3. Group 3 
1.4. Group 4 
1.5. Group 5 
1.6. Group 6 
1.7. Group 7 
1.8. Group xxxx 
WP 2: Major technological challenge: substrate Are special issues given? 
2.1.substrates 

To be defined 
2.2. Environment 
2.3. Technologies 
2.4. … 

Further procedure, if alternative generally available 
 
What have to be done to implement? 

 

WP3: Contact and collaboration with customers  
3.1. Discussion and presentation Contact and information 
3.2. Field test with customers Joint tests 
3.3. Error analysis What can go wrong? 
3.4. Certification Release 
3.5. Customers acceptance  
WP 4: Organisational and logistical change  
4.1. Project planning 

Planing the implementation 
taking company specific 
problems into account 

4.2. Customer orders 
4.3. Financing / Investment / Funding 
4.4. Approval from authorities and customer 
4.5. Construction of the plating line 
4.6. Sampling and field trials 
4.7. Final approval and Release 
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WP 5: Technical implementation and further development  
5.1. Planning for installation of a Cr(III) line 

Technical implementation 

5.2. Positioning of electrolytes 
5.3. Testing and adjustment of electrolytes to the utilisations 
5.4. Further development of the process 
5.4.1. Analysis 
5.4.2. Adjustment of process management 
5.5. Production-related conversion 
WP 6: Adaptation of chemicals used - Cooperation with 
chemical suppliers 

 

6.1. Supporting electrolyte: utilisation of boric acid, etc - 
alternatives? Identifying topics for further 

development 6.2. Additives (e.g. complexing agents) 
6.3. Testing and piloting 
WP 7: Market-economy implementation - new customer 
projects 

 

7.1. Transition from pilot projects (selected series) 
Analysis of market 

requirements 
7.2. Launching of new projects using Cr III 
7.3. Review of existing Cr III capacity 
7.4. Industrialise customer projects 
WP 8: Internal Staff training (in cooperation with VECCO)  
8.1. Technical qualification 

Qualification of employees 
8.2. External continuing education 

Further procedure, if alternative not generally available 
 

WP 9: Further R&D (in cooperation with VECCO)  
9.1. Definition of utilisations 

Identifying specific R&D for 
the utilisation 

9.2. Definition of insufficiently achievable conditions 
9.3. SetUp Joint R&D Projects2 
9.4. Contact with technology providers 

Table 23: Working packages for evaluation of Cr(III) Technology for the different applications 

 

 

The evaluation of the applicability of the Cr(II) Technology then is followed by the evaluation of 
other technologies. The evaluation will be carried out in the same mannor. 

 

 
Second step: 
Evaluation of other adequate technologies to be taken into account. 
  
WP 1: Analysis for specific utilisations 
1.1. Group 1 
1.2. Group 2 
1.3. Group 3 
1.4. Group 4 
1.5. Group 5 
1.6. Group 6 
1.7. Group 7 
1.8. Group xxxx 



SUBSTITUTION PLAN 

Use number: 2                hapoc GmbH & Co KG 
Page 83 of 112 

WP 2: Major technological challenge: substrate 
2.1.substrates 
2.2. Environment 
2.3. Technologies 
2.4. … 
Further procedure, if alternative generally available 
WP 3: Contact and collaboration with customers 
3.1. Discussion and presentation 
3.2. Field test with customers 
3.3. Error analysis 
3.4. Certification 
3.5. Acceptance of customers 
WP 4: Organisational and logistical change 
4.1. Project planning 
4.2. Customer orders 
4.3. Financing / Investment / Funding 
4.4. Approval from authorities and customer 
4.5. Construction of production facility 
4.6. Sampling and field trials 
4.7. Final approval and Release 
WP 5: technical implementation 
5.1. Decision: Establishment of an own construction facility 
5.2. Adjustment of the process control (depending on utilisation) 
5.3. Production-related implementation (depending on utilisation) 
WP 6: Contact and cooperation with technology providers 
6.1. Discussion and presentation 
6.2. Field trials 
6.3. Error analysis 
WP 7: Internal Staff training (in cooperation with VECCO) 
7.1. Technical qualification 
7.2. External continuing education 
Further procedure, if alternative not generally available 
WP 8: Further R&D (in cooperation with VECCO) 
8.1. Definition of utilisations 
8.2. Definition of insufficiently achievable conditions 
8.3. SetUp Joint R&D Projects 
8.4. Contact with technology providers 

Table 24: Working packages for evaluation of other technologies for the different applications 
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M6 Own coating line? 
M7 Technology providers offer 
M8 Employees trained 
M9 Definition of necessary R&D projects 

 

3. Timeline Substitution Black chromium 

a. Evaluation of Cr(III) Technology 
M1 Reports on the status of the utilities 
M2 Definition of necessary R&D projects 
 

b. Evaluation and development of PVD Technologies  
M1 Reports on the status of the utilities 
M2 Customer acceptance 
M3 Planning has begun 
M4 Permits issued for implementation 
M5 Own coating line? 
M6 Technology providers offer 
M7 Employees trained 
M8 Definition of necessary R&D projects 
 

c. Evaluation and development of advanced Painting Technologies 
M1 Reports on the status of the utilities 
M2 Customer acceptance 
M3 Planning has begun 
M4 Permits issued for implementation 
M5 Own coating line? 
M6 Technology providers offer 
M7 Employees trained 
M8 Definition of necessary R&D projects 

 

4. Timeline Hard – functional Chromium 

a. Evaluation of Cr(III) Technology 
M1 Reports on the status of the utilities 
M2 Status of industrial implementation defined; further steps depend on it 
M3 Technology is known to customers 
M4 Customers Acceptance 
M5 Planning has begun 
M6 Permits issued for implementation 
M7 Technology can be produced in series 
M6 Cr(III) available for companies use 
M9 Technology can be produced in broader series 
M10 Can boric acid be dispensed? 
M11 Series production with secure supply to children is possible 
M12 About 90% of production converted 
M13 Employees qualified 
M14 Definition of R&D projects necessary for the implementation of Cr(III) technology 
 

b. Evaluation other technologies 
M1 Reports on the status of the utilities 
M2 Status of industrial implementation defined; further steps depend on it 
M3 Customer acceptance 
M4 Planning has begun 
M5 Permits issued for implementation 
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M6 Own coating line? 
M7 Technology providers offer 
M8 Employees trained 
M9 Definition of necessary R&D projects 

 

5. Other 

a. Anodising 
M1 Technology ready 
M2 Substitution done (4 years expected) 
M3 Certification done 
M4 Definition of R&D projects necessary 
 

b. Colouring 
M1 Technology decision 
M2 Substitution predictable (not assessable) 
M4 Definition of R&D projects necessary 
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For practical implementation, it is necessary that the customer is willing to give an acceptance 
guarantee. The companies are of the opinion that the financial expenditure is then critical, but 
feasible. Support from public institutions would intensify the process. 

As soon as the customers have made these commitments, planning for the substitution can begin. It 
is assumed that a changeover can then take place within 2-3 years. 

Nevertheless, some special applications will require a longer period of time. This will be supported by 
the implementation of R&D projects. 

This is also because the companies are already working continuously on the further development of 
their technology with the support of VECCO. The companies have made various attempts with the 
CrIII coating system, both in-house and in cooperation with chemical suppliers for example. These 
efforts require an intensified support of their customers. It is necessary to involve them in the concrete 
discussions, which has not been done sufficiently so far  

 

Where necessary and possible, field tests have been and will be jointly conducted by the companies 
and their customers. This will also occur in conjunction with market companions from the relevant 
industries as well as other branches of industry.  

This has been happening for many years through the VECCO platform. 

In terms of spare parts and repairs, the expectation is that demand will continually recede. This 
therefore makes it necessary to maintain a low level of Cr(VI)-based process capacity.  
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Annex – Justifications for ConfidentialiTy CLAIMS 

 
[Insert text and table here] 
 
Blanked out 
item reference 

Page 
number 

Justification for blanking 

Table 1 14 - 16 List of members is not to public 

Fig. 3 61 Distribution of turnover is internal data 
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